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Introduction 
 
The ProSolvr RCA Templates for Petrochemicals contain many templates for effective Root Cause Analysis of Petrochemical plant 

problems. They are intended to jumpstart problem investigations and are available for use within the ProSolvr application under 

“Community” templates. Customize any template to fit your specific usage scenario and save it for future reuse.  

These templates cover a wide range of common issues faced in petrochemical operations, such as equipment failures, process 

inefficiencies, safety incidents, and quality control challenges. By providing a structured starting point, they help users quickly identify 

and address the root causes of problems, saving time and resources during critical investigations. 

Each template is designed with Corrective and Preventive Action (CAPA) principles in mind and reflects industry-standard approaches 

to problem-solving. Users can easily modify the templates to include plant-specific parameters, unique operational factors, or 

specialized equipment details. Once tailored to meet individual needs, these templates can be saved for repeated use, ensuring 

consistency and efficiency in future analyses. 

Using the ProSolvr RCA Templates not only streamlines the investigation process but also fosters collaboration among team members 

by providing a shared framework for problem-solving. Whether dealing with recurring issues or tackling new challenges, these 

templates empower petrochemical professionals to make data-driven decisions and improve overall plant performance. 

With ProSolvr’s easy-to-use platform, these templates become valuable assets for root cause analysis, helping petrochemical plants 

operate more safely, efficiently, and profitably. 
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Process Deviations 

RCA Template for:  Feedstock Quality Variability 
 

 

Feedstock quality variability, a persistent challenge in petrochemical industries, can be effectively addressed with ProSolvr, a GEN-AI-

powered root cause analysis (RCA) tool. This variability, which refers to inconsistencies in the physical, chemical, or compositional 

properties of raw materials, often disrupts operations. The consequences include reduced yields, equipment fouling, increased energy 

consumption, and unplanned shutdowns. By leveraging advanced RCA capabilities, ProSolvr empowers organizations to identify and 

resolve the underlying causes of variability with precision and efficiency. 

The root causes of feedstock variability are diverse and multifaceted, often stemming from factors related to human behavior, 

materials, processes, equipment, and the external environment. Human factors are a major contributor, including poor supplier 

communication, miscommunication of feedstock specifications, and a poor understanding of quality control expectations. Operator 

skill level, such as lack of experience with feedstock handling and inadequate training, can further exacerbate issues. Additionally, 

poor handling practices at the receiving end, improper transportation methods, and incorrect blending ratios during feedstock 

blending processes are common operational challenges. 

Material-related issues also significantly contribute to feedstock variability. Supplier quality assurance lapses, such as irregular supplier 

audits, lack of supplier testing standards, and inconsistent supplier specifications, directly impact feedstock consistency. 

Contamination, often caused by improper storage leading to degradation, along with the presence of impurities like sulfur and metals, 

compromises the efficiency of refining processes. Geographic inconsistency among suppliers, along with variations in crude oil grade, 

also contributes to feedstock quality problems. External factors such as volatility in raw material availability or disruptions in the supply 

chain due to geopolitical issues can exacerbate these challenges. 

Machine and equipment factors are equally influential. Equipment wear and tear, particularly in distillation units, and inadequate pre-

treatment systems can introduce variability. Feedstock storage systems, such as poor temperature and pressure control in tanks and 

insufficient tank capacity, further contribute to feedstock degradation. Inadequate maintenance of testing devices, calibration issues 

with quality control instruments, and errors in analytical methods or variability in lab results can lead to inaccurate readings and 

misinterpretation of feedstock quality. Furthermore, poor integration of monitoring technology with control systems, along with 

inadequate real-time monitoring and limited feedstock composition analysis, leaves organizations vulnerable to undetected issues. 
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On the process side, outdated or non-standard testing procedures, inconsistent sampling methods, and poor control over blending 

ratios compound the problem. Inadequate real-time monitoring, such as poor integration with control systems, can further prevent 

early detection of feedstock issues. External factors, including weather conditions such as moisture exposure or extreme 

temperatures, also affect feedstock quality. Extreme weather can lead to contamination and affect storage and transportation, 

compounding the variability problem. 

ProSolvr addresses these challenges by combining Six Sigma principles with a fishbone diagram framework. It systematically 

categorizes potential causes across key operational areas, using GEN-AI capabilities to analyze these factors and link them directly to 

incidents. This process generates actionable insights, empowering teams to implement effective corrective and preventive actions. 

ProSolvr’s structured approach helps users dissect complex issues, uncovering actionable insights that pave the way for improved 

processes and long-term preventive measures. 

By linking causes to incidents and delivering a clear roadmap for corrective and preventive actions (CAPA), ProSolvr transforms 

feedstock variability challenges into opportunities for operational excellence. Discover how ProSolvr can revolutionize your root cause 

analysis process and optimize petrochemical operations for sustained success. 

Feedstock Quality Variability 

• Man (Human Factors) 

o Supplier Communication 

▪ Poor understanding of quality control expectations 

▪ Miscommunication of feedstock specifications 

o Operator Skill Level 

▪ Lack of experience with feedstock handling 

▪ Inadequate training 

• Material (Feedstock-Related Issues) 

o Supplier Quality Assurance 

▪ Irregular supplier audits 

▪ Lack of supplier testing standards 

o Contamination 

▪ Improper storage leading to degradation 

▪ Presence of impurities (e.g., sulfur, metals) 

o Feedstock Source 

▪ Geographic inconsistency in suppliers 

▪ Variation in crude oil grade 

• Method (Processes and Procedures) 

o Feedstock Handling 

▪ Poor handling at receiving end 

▪ Improper transportation methods 

o Feedstock Blending 

▪ Poor control of blending processes 

▪ Incorrect blending ratios 

o Testing Protocols 

▪ Use of outdated or non-standard testing procedures 

▪ Inconsistent sampling methods 

• Machine (Equipment Factors) 

o Processing Equipment 

▪ Wear and tear in distillation units 

▪ Inadequate pre-treatment systems 

o Feedstock Storage Systems 

▪ Poor temperature and pressure control in tanks 
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▪ Insufficient tank capacity 

o Testing Equipment 

▪ Inadequate maintenance of testing devices 

▪ Calibration issues with quality control instruments 

• Measurement (Monitoring and Control) 

o Testing Accuracy 

▪ Errors in analytical methods 

▪ Variability in lab results 

o Inadequate Real-Time Monitoring 

▪ Poor integration of monitoring technology with control systems 

▪ Limited feedstock composition analysis 

• Environment (External Factors) 

o Market Dynamics 

▪ Volatility in raw material availability 

▪ Supply chain disruptions due to geopolitical issues 

o Weather Conditions 

▪ Moisture exposure leading to contamination 

▪ Extreme temperatures affecting feedstock transport and storage 

 

Suggested Actions Checklist  

Here are some corrective actions, preventive actions and investigative actions for feedstock quality variability which may be 

implemented by organizations. 

Man (Human Factors) 

• Supplier Communication 

o Poor understanding of quality control expectations 

▪ Corrective Action: Organize immediate training sessions for suppliers on required quality control standards. 

▪ Preventive Action: Develop and distribute detailed quality control guidelines to all suppliers. 

▪ Investigative Action: Review communication logs and agreements to identify gaps in conveyed 

expectations. 

o Miscommunication of feedstock specifications 

▪ Corrective Action: Correct any erroneous specifications shared with suppliers and verify shipments for 

compliance. 

▪ Preventive Action: Implement a standardized communication protocol for specification updates. 

▪ Investigative Action: Audit past communications to determine the frequency and root of 

miscommunication. 

• Operator Skill Level 

o Lack of experience with feedstock handling 

▪ Corrective Action: Assign experienced personnel to supervise critical feedstock handling operations. 

▪ Preventive Action: Create a comprehensive onboarding and skill enhancement program for new operators. 

▪ Investigative Action: Analyze operator performance data to identify skill gaps. 

o Inadequate training 

▪ Corrective Action: Conduct refresher training focused on recent issues encountered. 

▪ Preventive Action: Schedule periodic training and certification programs. 

▪ Investigative Action: Evaluate the effectiveness of existing training modules against operational 

requirements. 

Material (Feedstock-Related Issues) 

• Supplier Quality Assurance 
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o Irregular supplier audits 

▪ Corrective Action: Immediately schedule and conduct audits for all suppliers. 

▪ Preventive Action: Implement a regular supplier audit schedule with automated reminders. 

▪ Investigative Action: Assess past audit records to identify missed audits and their impact. 

o Lack of supplier testing standards 

▪ Corrective Action: Specify and enforce mandatory supplier testing protocols for each feedstock type. 

▪ Preventive Action: Require suppliers to submit certified test results with each shipment. 

▪ Investigative Action: Investigate supplier testing processes to determine capability gaps. 

• Contamination 

o Improper storage leading to degradation 

▪ Corrective Action: Remove contaminated materials and ensure proper storage practices are followed. 

▪ Preventive Action: Implement stricter monitoring and storage conditions with sensors and alarms. 

▪ Investigative Action: Inspect storage facilities to identify specific issues causing degradation. 

o Presence of impurities (e.g., sulfur, metals) 

▪ Corrective Action: Purge contaminated feedstock and adjust refining parameters to minimize impacts. 

▪ Preventive Action: Collaborate with suppliers to ensure pre-treatment processes are enhanced. 

▪ Investigative Action: Analyze impurity trends to trace back to specific batches or suppliers. 

• Feedstock Source 

o Geographic inconsistency in suppliers 

▪ Corrective Action: Diversify suppliers to balance geographic risks. 

▪ Preventive Action: Establish a supplier qualification program that evaluates geographic reliability. 

▪ Investigative Action: Review the supply chain to identify regional constraints affecting consistency. 

o Variation in crude oil grade 

▪ Corrective Action: Adjust processing parameters to accommodate the current crude oil grade. 

▪ Preventive Action: Develop and enforce specifications for acceptable crude oil grades. 

▪ Investigative Action: Compare historical crude oil grades with processing performance to evaluate impacts. 

Method (Processes and Procedures) 

• Feedstock Handling 

o Poor handling at receiving end 

▪ Corrective Action: Reorganize receiving procedures to prioritize safe and accurate handling. 

▪ Preventive Action: Train personnel on handling protocols and enforce standard operating procedures 

(SOPs). 

▪ Investigative Action: Investigate recent incidents of mishandling to understand root causes. 

o Improper transportation methods 

▪ Corrective Action: Reject improperly transported shipments and demand supplier corrective actions. 

▪ Preventive Action: Collaborate with logistics partners to establish robust transportation standards. 

▪ Investigative Action: Analyze transportation conditions (e.g., temperature, pressure) for recent deliveries. 

• Feedstock Blending 

o Poor control of blending processes 

▪ Corrective Action: Halt and revalidate the blending process for current batches. 

▪ Preventive Action: Automate blending systems to maintain strict process control. 

▪ Investigative Action: Review blending logs and settings for deviations from standard ratios. 

o Incorrect blending ratios 

▪ Corrective Action: Adjust blending ratios and reprocess affected batches. 

▪ Preventive Action: Use real-time flow meters and automated ratio controllers in blending operations. 

▪ Investigative Action: Audit blending records to pinpoint causes of ratio inconsistencies. 

• Testing Protocols 

o Use of outdated or non-standard testing procedures 
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▪ Corrective Action: Replace outdated testing methods with industry-standard practices immediately. 

▪ Preventive Action: Regularly update testing protocols in line with technological advancements. 

▪ Investigative Action: Compare old testing methods against industry benchmarks to identify inadequacies. 

o Inconsistent sampling methods 

▪ Corrective Action: Standardize and enforce proper sampling procedures across teams. 

▪ Preventive Action: Implement detailed sampling SOPs and train personnel accordingly. 

▪ Investigative Action: Review sampling records for variations and associated errors. 

Machine (Equipment Factors) 

• Processing Equipment 

o Wear and tear in distillation units 

▪ Corrective Action: Repair or replace damaged components in distillation units. 

▪ Preventive Action: Introduce predictive maintenance schedules to monitor wear indicators. 

▪ Investigative Action: Inspect failed components to determine root causes of accelerated wear. 

o Inadequate pre-treatment systems 

▪ Corrective Action: Upgrade or retrofit existing pre-treatment systems. 

▪ Preventive Action: Conduct a feasibility study for implementing advanced pre-treatment technologies. 

▪ Investigative Action: Assess system performance and evaluate gaps against process demands. 

• Feedstock Storage Systems 

o Poor temperature and pressure control in tanks 

▪ Corrective Action: Stabilize storage conditions and address tank equipment malfunctions. 

▪ Preventive Action: Install advanced temperature and pressure monitoring systems. 

▪ Investigative Action: Investigate recent storage fluctuations for root cause identification. 

o Insufficient tank capacity 

▪ Corrective Action: Manage inventory to avoid overloading or stock shortages. 

▪ Preventive Action: Plan for future capacity expansion based on demand forecasts. 

▪ Investigative Action: Analyze storage trends and past capacity constraints. 

• Testing Equipment 

o Inadequate maintenance of testing devices 

▪ Corrective Action: Perform immediate maintenance on all critical testing devices. 

▪ Preventive Action: Establish a preventive maintenance program for testing equipment. 

▪ Investigative Action: Evaluate maintenance logs to identify missed schedules. 

o Calibration issues with quality control instruments 

▪ Corrective Action: Recalibrate affected instruments to restore accuracy. 

▪ Preventive Action: Introduce periodic calibration schedules with external certifications. 

▪ Investigative Action: Assess past calibration records to detect patterns of inaccuracy. 

Measurement (Monitoring and Control) 

• Testing Accuracy 

o Errors in analytical methods 

▪ Corrective Action: Reanalyze affected samples using validated methods. 

▪ Preventive Action: Provide training for personnel on standardized analytical procedures. 

▪ Investigative Action: Compare analytical errors to method deviations for root cause determination. 

o Variability in lab results 

▪ Corrective Action: Retest samples with independent verification. 

▪ Preventive Action: Implement cross-checking protocols across laboratories. 

▪ Investigative Action: Investigate lab procedures for inconsistencies in sample preparation. 

Environment (External Factors) 

• Market Dynamics 

o Volatility in raw material availability 
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▪ Corrective Action: Source alternative suppliers to stabilize feedstock supply. 

▪ Preventive Action: Establish long-term contracts with diversified suppliers. 

▪ Investigative Action: Analyze historical market trends and supply disruptions. 

o Supply chain disruptions due to geopolitical issues 

▪ Corrective Action: Activate contingency supply agreements to maintain operations. 

▪ Preventive Action: Build a strategic inventory buffer for high-risk materials. 

▪ Investigative Action: Assess geopolitical risks affecting supply routes. 

• Weather Conditions 

o Moisture exposure leading to contamination 

▪ Corrective Action: Dry contaminated feedstock to restore usability. 

▪ Preventive Action: Upgrade storage facilities with moisture control systems. 

▪ Investigative Action: Evaluate storage practices during high-humidity periods. 

o Extreme temperatures affecting feedstock transport and storage 

▪ Corrective Action: Implement temporary protective measures for transport and storage. 

▪ Preventive Action: Design and utilize temperature-controlled transport and storage systems. 

▪ Investigative Action: Investigate the effects of extreme weather on recent shipments. 

 

Who can learn from the Feedstock Quality Variability template? 

• Process Engineers: They can use RCA insights to optimize refinery operations, ensuring equipment and processes can adapt 

to feedstock quality variability without compromising product quality. 

• Supply Chain Managers: Lessons from RCA help them strengthen supplier evaluations, improve logistics, and establish 

reliable feedstock sourcing strategies to minimize supply disruptions. 

• Quality Assurance Teams: They can refine testing protocols and implement stricter quality control measures to identify and 

address feedstock quality variability before it impacts production. 

• Training and Development Specialists: RCA findings highlight skill gaps, enabling the design of targeted training programs to 

improve operator proficiency and adherence to handling standards. 

• Management and Leadership: They can leverage RCA outcomes to make informed decisions on resource allocation, supplier 

contracts, and investments in advanced equipment and technology. 

Why use this template? 

Using Six Sigma principles, a quality tool like ProSolvr ensures that organizations can come up with CAPA measures for long-term 

process improvement. This iterative approach to problem-solving fosters a culture of continuous improvement, reducing the likelihood 

of similar incidents recurring. GEN-AI-powered, visual RCA tools can revolutionize incident-driven problem-solving by offering a 

systematic, structured, and actionable framework. 

Use ProSolvr by smartQED to address root causes like supplier miscommunication, contamination, and equipment deficiencies in your 

organization. Implement robust CAPA measures, ensuring both immediate resolution and long-term operational excellence in your 

company. 

Curated from community experience and public sources: 

• https://www.sciencedirect.com/topics/engineering/feedstock-variability 

• https://biomassmagazine.com/articles/feedstock-variability-causes-consequences-and-mitigation-of-biological-

degradation-19639 

 

https://www.sciencedirect.com/topics/engineering/feedstock-variability
https://biomassmagazine.com/articles/feedstock-variability-causes-consequences-and-mitigation-of-biological-degradation-19639
https://biomassmagazine.com/articles/feedstock-variability-causes-consequences-and-mitigation-of-biological-degradation-19639
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RCA Template for:  Excessive Energy Consumption 
 

 

Excessive energy consumption in petrochemical plants poses significant challenges, impacting operational efficiency, costs, and 

environmental sustainability. Core processes such as heating, cooling, and chemical reactions demand substantial energy, but 

inefficiencies can lead to higher expenses, increased carbon emissions, and resource strain. 

Several factors contribute to these inefficiencies. Equipment-related issues, such as underutilized machinery or oversized equipment 

for specific processes, result in wasted energy. Inadequate insulation, including missing or degraded materials, causes significant heat 

loss. Additionally, aging equipment often lacks modern energy-saving features, leading to inefficiency. 

Process control problems further exacerbate the issue. Inconsistent process flows, with poorly synchronized operations and 

fluctuating input-output rates, increase energy demands. Suboptimal temperature control, such as deviations from optimal settings 

or inefficient heat exchange processes, not only wastes energy but also compromises product quality and process stability. 

Maintenance practices also play a critical role. Reactive maintenance or delayed repairs contribute to energy inefficiencies by causing 

unexpected breakdowns and extended downtime. Similarly, inadequate calibration of equipment results in suboptimal performance 

and incorrect energy usage data. 

An RCA tool like ProSolvr can significantly aid in addressing excessive energy consumption in petrochemical plants by systematically 

identifying root causes of inefficiencies. To tackle excessive energy consumption, a GEN-AI-powered Root Cause Analysis (RCA) using 

fishbone diagrams and Six Sigma principles is essential. 

ProSolvr help categorize inefficiencies and pinpoint root causes across equipment, processes, and operational practices. supports the 

development of effective corrective and preventive measures by organizations, promoting operational excellence and cost efficiency. 

This systematic approach ensures energy-efficient operations, reduced downtime, and progress toward sustainability goals. 

Excessive Energy Consumption 

• Equipment Efficiency 

o Improper Sizing of Equipment 

▪ Underutilized machinery wasting energy 

▪ Equipment oversized for specific processes 

o Inadequate Insulation 
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▪ Missing or degraded insulation materials 

▪ Poor insulation leading to heat loss 

o Aging Equipment 

▪ Outdated technology without energy-saving features 

▪ Inefficient machinery due to wear 

• Process Control 

o Poor Energy Monitoring Systems 

▪ Inaccurate data collection on energy metrics 

▪ Lack of real-time monitoring for energy use 

o Inconsistent Process Flow 

▪ Poor synchronization of processes 

▪ Fluctuating input/output rates 

o Suboptimal Temperature Control 

▪ Temperature settings deviating from optimal ranges 

▪ Inefficient heat exchange process 

• Maintenance Practices 

o Inadequate Calibration of Equipment 

▪ Equipment running outside energy-efficient specifications 

▪ Incorrect sensor readings affecting energy controls 

o Reactive Maintenance Culture 

▪ Higher energy demands due to unexpected breakdowns 

▪ Limited preventative maintenance on energy-intensive equipment 

o Delayed Maintenance 

▪ Extended downtime leading to restarts 

▪ Energy inefficiencies from unaddressed wear and tear 

• Operational Practices 

o Inefficient Load Distribution 

▪ Increased energy use from peak load scenarios 

▪ Uneven load distribution across equipment 

o Unoptimized Production Scheduling 

▪ Misalignment of energy demand with production cycles 

▪ Inefficient shift patterns causing unnecessary energy peaks 

o High Idle Times 

▪ Poor planning of operations and shutdowns 

▪ Equipment running during inactive periods 

• Human Factors 

o Inadequate Supervision 

▪ Lack of adherence to energy policies and procedures 

▪ Insufficient oversight on energy management practices 

o Operational Errors 

▪ Unnecessary adjustments to machinery settings 

▪ Misoperation of energy-intensive equipment 

o Lack of Training on Energy Efficiency 

▪ Low awareness of energy-saving targets 

▪ Insufficient knowledge on energy-saving practices 

• External Factors 

o Energy Market Prices 

▪ Financial pressures influencing energy-saving investments 
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▪ Rising energy costs contributing to consumption concerns 

o Environmental Conditions 

▪ Humidity affecting equipment efficiency 

▪ Seasonal temperature changes requiring additional heating/cooling 

o Unstable Power Supply 

▪ Increased energy costs due to unstable power 

▪ Frequent power fluctuations affecting process stability 

 

Suggested Actions Checklist  

Here are some corrective, preventive and investigative actions that organizations may use to take care of excessive energy 

consumption in petrochemical plants.  

Equipment Efficiency 

• Improper Sizing of Equipment 

o Corrective Actions: 

▪ Reassess equipment utilization and replace oversized machinery with appropriately sized alternatives. 

▪ Consolidate underutilized machinery by redistributing workloads to existing equipment better suited for 

the specific processes. 

o Preventive Actions: 

▪ Conduct load assessments during the design and procurement stages to ensure machinery is appropriately 

sized for expected operational demands. 

▪ Implement routine reviews of equipment utilization and capacity alignment to identify inefficiencies early. 

o Investigative Actions: 

▪ Review historical data on energy usage and machine capacity utilization to identify the root cause of 

mismatch in sizing. 

▪ Evaluate procurement decisions and specifications to determine why oversized equipment was chosen 

initially. 

• Inadequate Insulation 

o Corrective Actions: 

▪ Replace missing or degraded insulation materials with high-performance insulation options. 

▪ Conduct immediate inspections of areas prone to heat loss and apply remedial measures like additional 

insulation layers. 

o Preventive Actions: 

▪ Develop a maintenance schedule specifically for inspecting and maintaining insulation. 

▪ Implement standard operating procedures for verifying insulation integrity during shutdowns and 

equipment servicing. 

o Investigative Actions: 

▪ Analyze temperature variations in different sections of the process to pinpoint areas with significant heat 

loss. 

▪ Trace back to material specifications and installation practices to identify weaknesses in initial insulation 

design or construction. 

• Aging Equipment 

o Corrective Actions: 

▪ Retrofit outdated machinery with energy-saving components, such as variable frequency drives or energy-

efficient motors. 

▪ Replace excessively worn or inefficient equipment with modern, energy-efficient alternatives. 

o Preventive Actions: 

▪ Establish a lifecycle management plan to schedule timely upgrades or replacements for aging equipment. 
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▪ Regularly benchmark equipment energy efficiency against industry standards to identify underperforming 

units. 

o Investigative Actions: 

▪ Conduct an analysis of failure rates and energy consumption trends of aging equipment to assess the 

economic impact of inefficiencies. 

▪ Review the maintenance and upgrade history to identify gaps in addressing wear and obsolescence. 

Process Control 

• Poor Energy Monitoring Systems 

• Corrective Actions: 

• Calibrate or replace faulty energy monitoring devices to ensure accurate data collection. 

• Introduce interim manual energy monitoring practices while systems are upgraded. 

• Preventive Actions: 

• Develop a periodic calibration schedule for energy monitoring systems to maintain accuracy. 

• Implement robust training for personnel on energy monitoring and maintenance practices. 

• Investigative Actions: 

• Review historical energy data discrepancies to determine when inaccuracies began. 

• Conduct root cause analysis on system design and installation practices to identify weaknesses. 

• Inconsistent Process Flow 

• Corrective Actions: 

• Standardize workflows to ensure synchronized operations between interconnected processes. 

• Introduce buffer storage systems to reduce fluctuations in input and output rates. 

• Preventive Actions: 

• Develop process modeling and simulation tools to predict and mitigate synchronization issues. 

• Train operators on the importance of coordinated process adjustments to avoid mismatches. 

• Investigative Actions: 

• Map out the entire process flow to identify bottlenecks or areas causing input/output imbalances. 

• Analyze system logs for patterns of interruptions or inefficiencies in process synchronization. 

• Suboptimal Temperature Control 

• Corrective Actions: 

• Adjust temperature settings to align with optimal operating ranges identified for each process. 

• Repair or replace faulty heat exchangers to improve efficiency. 

• Preventive Actions: 

• Implement automatic temperature control systems to minimize deviations from set points. 

• Schedule regular inspections of heat exchangers and temperature control devices. 

• Investigative Actions: 

• Analyze deviations in temperature control logs to determine the frequency and causes of variations. 

• Review system designs and previous modifications that could have impacted heat exchange efficiency. 

Maintenance Practices 

• Inadequate Calibration of Equipment 

• Corrective Actions: 

• Recalibrate all affected equipment to bring them back to energy-efficient operating specifications. 

• Replace or repair faulty sensors to ensure accurate readings. 

• Preventive Actions: 

• Establish a comprehensive calibration protocol, including a detailed schedule for all critical equipment. 

• Provide specialized training for maintenance staff on calibration techniques. 

• Investigative Actions: 
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• Review calibration records to identify patterns of neglect or inefficiencies in current practices. 

• Trace incorrect sensor readings to determine if issues stem from environmental factors or sensor quality. 

• Reactive Maintenance Culture 

• Corrective Actions: 

• Shift from reactive to predictive maintenance by introducing condition-based monitoring tools. 

• Immediately address backlog maintenance tasks on critical energy-intensive equipment. 

• Preventive Actions: 

• Implement a preventive maintenance program that includes risk assessments of all major systems. 

• Train personnel in predictive maintenance techniques and ensure adequate staffing for proactive actions. 

• Investigative Actions: 

• Conduct failure analysis to identify patterns and root causes of breakdowns. 

• Review historical maintenance schedules and resource allocation to identify gaps. 

• Delayed Maintenance 

• Corrective Actions: 

• Expedite overdue maintenance tasks to restore system efficiency. 

• Replace heavily worn components to minimize energy losses. 

• Preventive Actions: 

• Develop a maintenance planning system with clear deadlines and resource allocation. 

• Monitor system performance metrics to prioritize high-risk equipment for timely maintenance. 

• Investigative Actions: 

• Analyze reasons for maintenance delays, including workforce shortages, budget constraints, or process 

inefficiencies. 

• Conduct post-maintenance reviews to ensure problems are resolved and do not recur. 

Operational Practices 

• Inefficient Load Distribution 

• Corrective Actions: 

• Redistribute workloads evenly across machinery to avoid overloading specific units. 

• Implement load-balancing systems to optimize energy use dynamically. 

• Preventive Actions: 

• Design workflows to distribute tasks more evenly, minimizing peak load situations. 

• Monitor equipment performance metrics to identify imbalances early. 

• Investigative Actions: 

• Review system logs to determine causes of peak load scenarios. 

• Analyze equipment usage trends to identify why uneven loads occurred. 

• Unoptimized Production Scheduling 

• Corrective Actions: 

• Revise production schedules to align with energy availability and minimize peak demand times. 

• Adjust shift patterns to distribute energy-intensive tasks across off-peak hours. 

• Preventive Actions: 

• Develop a scheduling framework that incorporates energy usage forecasting. 

• Conduct regular reviews of production schedules to ensure alignment with energy-saving goals. 

• Investigative Actions: 

• Analyze historical energy consumption data against production schedules to identify inefficiencies. 

• Examine factors influencing current scheduling decisions, including constraints on manpower and 

equipment availability. 

• High Idle Times 
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• Corrective Actions: 

• Establish strict protocols for shutting down equipment during non-operational periods. 

• Introduce automated systems to detect and shut down idle equipment. 

• Preventive Actions: 

• Plan operational activities with minimal idle periods and optimize startup/shutdown sequences. 

• Train personnel on energy-saving practices during downtime management. 

• Investigative Actions: 

• Review idle-time logs to identify trends and root causes of extended equipment operation during inactivity. 

• Assess planning processes for gaps leading to poorly scheduled operations. 

Human Factors 

• Inadequate Supervision 

• Corrective Actions: 

• Enforce compliance with energy policies through frequent audits and spot checks. 

• Appoint dedicated supervisors to monitor and guide energy management efforts. 

• Preventive Actions: 

• Establish clear accountability for energy management roles in the organizational structure. 

• Train supervisors on energy policies and techniques to enhance oversight capabilities. 

• Investigative Actions: 

• Review previous incidents of policy non-adherence to determine gaps in supervisory roles. 

• Analyze supervision practices to identify areas requiring improvement or additional training. 

• Operational Errors 

• Corrective Actions: 

• Correct machinery settings and reset equipment to optimal operating parameters. 

• Provide immediate feedback and retraining to operators involved in errors. 

• Preventive Actions: 

• Develop standard operating procedures (SOPs) and ensure their visibility near equipment. 

• Introduce certification programs for operators to validate their competence in energy-efficient practices. 

• Investigative Actions: 

• Conduct root cause analysis on incidents of operational errors to identify knowledge or procedural gaps. 

• Review training records and assess whether additional training or reinforcement is needed. 

• Lack of Training on Energy Efficiency 

• Corrective Actions: 

• Conduct workshops and awareness sessions on energy-saving targets and their importance. 

• Provide hands-on training for operators on specific energy-efficient practices relevant to their roles. 

• Preventive Actions: 

• Implement a mandatory training program on energy management for all new and existing staff. 

• Include energy efficiency metrics as a key performance indicator (KPI) in employee evaluations. 

• Investigative Actions: 

• Review previous training materials and feedback to assess their effectiveness. 

• Survey staff to identify areas of confusion or knowledge gaps in energy efficiency. 

External Factors 

• Energy Market Prices 

• Corrective Actions: 

• Negotiate long-term energy contracts to stabilize costs and reduce financial uncertainty. 

• Optimize operations to reduce overall energy consumption and mitigate the impact of price increases. 

• Preventive Actions: 
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• Establish an energy-saving investment fund to support ongoing and future efficiency improvements. 

• Monitor market trends and identify cost-effective alternatives or technologies to mitigate price 

fluctuations. 

• Investigative Actions: 

• Analyze historical energy procurement and pricing decisions for missed opportunities. 

• Review budget allocations for energy-saving initiatives to identify gaps. 

• Environmental Conditions 

• Corrective Actions: 

• Install dehumidifiers or air circulation systems to mitigate humidity impacts. 

• Adjust heating/cooling systems seasonally to optimize energy usage. 

• Preventive Actions: 

• Implement climate control systems with adaptive settings to handle seasonal variations efficiently. 

• Design equipment shelters or environmental controls to protect systems from adverse conditions. 

• Investigative Actions: 

• Study historical environmental conditions and their impact on energy efficiency. 

• Evaluate system performance during extreme conditions to identify vulnerabilities. 

• Unstable Power Supply 

• Corrective Actions: 

• Install power stabilizers or uninterruptible power supply (UPS) systems to minimize fluctuations. 

• Coordinate with utility providers to ensure a more stable power supply. 

• Preventive Actions: 

• Conduct regular power quality audits to identify and mitigate instability risks. 

• Design systems with surge protectors and redundancy to handle power fluctuations. 

• Investigative Actions: 

• Review power supply logs to determine the frequency and impact of instabilities. 

• Engage with utility providers to understand and address root causes of power fluctuations. 

 

Who can learn from the Excessive Energy Consumption template? 

• Plant Operators: Operators can learn to identify energy inefficiencies during regular operations. Understanding root causes 

can help them optimize processes to reduce energy consumption. 

• Maintenance Technicians: Maintenance staff can identify areas where equipment wear contributes to energy inefficiency. 

They can focus on preventive maintenance to ensure energy-efficient operations. 

• Energy Managers: Energy managers can develop strategies to monitor and control energy use effectively. The RCA can help 

them prioritize energy-saving initiatives based on root causes. 

• Production Supervisors: Supervisors can learn to align production schedules with energy-efficient practices. They can 

optimize shift patterns and ensure minimal idle time to conserve energy. 

• Procurement and Equipment Managers: These teams can recognize the importance of selecting properly sized and energy-

efficient equipment. They can adjust procurement strategies to reduce excess energy consumption from oversized 

machinery. 

• Environmental and Sustainability Teams: These teams can use the RCA to target energy-saving projects aligned with 

sustainability goals. They can advocate for practices that reduce overall energy consumption and environmental impact. 
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Why use this template? 

The consequences of excessive energy consumption in petrochemical plants extend beyond financial losses. Increased operational 

costs can erode profit margins, while elevated energy use contributes to higher greenhouse gas emissions, undermining sustainability 

goals. However, the insights gained from a visual GEN-AI powered root cause analysis enable the formulation of a detailed CAPA 

(Corrective and Preventive Action) plan. The structured approach of an RCA not only resolves immediate issues but also ensures long-

term energy optimization in petrochemical plants. 

Unlock the full potential of your petrochemical plant with ProSolvr, a GEN-AI-driven Root Cause Analysis application by smartQED. 

Optimize energy consumption, enhance efficiency, and drive sustainable operations today! 

Curated from community experiences and public sources: 

• https://www.linkedin.com/pulse/energy-efficiency-petrochemical-plants-best-practices-malvin-delgado-vdbie/ 

• https://www.sciencedirect.com/science/article/abs/pii/S036054422031000 
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RCA Template for:  High Off-Gas Production 
 

 

High off-gas production in petrochemical plants, caused by issues like inadequate separation, unstable reactions, and equipment 

inefficiencies, significantly impacts operational efficiency and profitability. Challenges stem from various factors, including Man 

(Human Factors) like inadequate training, poor troubleshooting skills, and operator errors, which result in incorrect operational 

settings and insufficient knowledge of feed-product balance. Material (Feedstock and Input Issues) such as feedstock variability, 

impurities, and catalyst deactivation further exacerbate off-gas levels. Additionally, Method (Processes and Procedures) play a role, 

with inefficient process flow designs, unstable reaction conditions, and deviations from ideal temperature or pressure compounding 

the problem. 

ProSolvr, a GEN-AI-powered root cause analysis (RCA) application, provides petrochemical plants with a robust solution to these 

multifaceted challenges. By integrating a fishbone diagram (Ishikawa diagram) framework with Six Sigma principles, ProSolvr 

systematically categorizes potential causes across domains like Machine (Equipment Factors), addressing issues such as 

malfunctioning temperature controls, reactor fouling, and inefficient distillation columns. It also tackles Measurement (Monitoring 

and Control) gaps, including poor alarm systems, faulty gas flow meters, and inadequate real-time data analysis. ProSolvr’s advanced 

GEN-AI capabilities analyze interconnected factors, offering actionable insights to mitigate high off-gas production effectively. 

What sets ProSolvr apart is its ability to address not just internal factors but also Environment (External Factors) like humidity and 

temperature extremes, as well as utility variations such as power supply instability. By identifying root causes and generating precise 

recommendations for corrective and preventive actions, ProSolvr empowers teams to reduce emissions, optimize processes, and 

achieve long-term operational excellence. With ProSolvr, petrochemical plants can transform high off-gas production challenges into 

opportunities for improved efficiency and sustainability. 

 

High Off-Gas Production 

Man (Human Factors) 

• Inadequate Training 

o Poor troubleshooting skills 

o Insufficient knowledge of feed-product balance 

• Operator Errors 
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o Lack of understanding of system behavior 

o Incorrect operational settings 

Material (Feedstock and Input Issues) 

• Catalyst Performance 

o Use of suboptimal catalyst 

o Deactivation of catalyst 

• Feedstock Variability 

o Impurities in raw materials 

o Low-quality feedstock with high volatile content 

Method (Processes and Procedures) 

• Process Design 

o Inadequate separation stages 

o Inefficient process flow design 

• Operating Conditions 

o Unstable reaction conditions 

o Deviations from ideal temperature/pressure 

Machine (Equipment Factors) 

• Separation Unit 

o Improper gas-liquid separation 

o Inefficient distillation column 

• Reactor Issues 

o Malfunctioning temperature controls 

o Reactor fouling 

Measurement (Monitoring and Control) 

• Monitoring Systems 

o Poor alarm and notification systems 

o Inadequate real-time data analysis 

• Instrumentation Problems 

o Delayed response from sensors 

o Faulty gas flow meters 

Environment (External Factors) 

• Weather Conditions 

o Humidity affecting equipment performance 

o Temperature extremes impacting operations 

• Utility Variations 

o Power supply instability 

o Fluctuations in steam or cooling water supply 

 

Suggested Actions Checklist: 

Here are some corrective actions, preventive actions and investigative actions that organizations may implement. 

Man (Human Factors) 

• Inadequate Training 

o Corrective Actions: Conduct targeted refresher courses focusing on troubleshooting and feed-product balance principles. 

o Preventive Actions: Implement a comprehensive onboarding program with periodic knowledge assessments and 

simulations. 

o Investigative Actions: Review training records and compare with incident data to identify gaps in operator knowledge. 

• Operator Errors 
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o Corrective Actions: Implement standard operating procedures (SOPs) with detailed steps and error-proof instructions. 

o Preventive Actions: Introduce competency-based certifications for operators to ensure mastery of system behavior and 

operational settings. 

o Investigative Actions: Analyze historical operational data to identify patterns in operator errors and correlate with off-

gas incidents. 

Material (Feedstock and Input Issues) 

• Catalyst Performance 

o Corrective Actions: Replace suboptimal or deactivated catalysts with higher-performance alternatives designed for the 

specific process. 

o Preventive Actions: Establish a catalyst testing and monitoring schedule to evaluate performance before degradation 

affects output. 

o Investigative Actions: Conduct a chemical analysis of used catalysts to identify degradation mechanisms or 

contamination. 

• Feedstock Variability 

o Corrective Actions: Introduce feedstock pre-treatment systems to remove impurities and stabilize quality. 

o Preventive Actions: Develop strict feedstock quality standards with supplier agreements ensuring consistent 

specifications. 

o Investigative Actions: Analyze historical feedstock batches to trace quality deviations and link them to off-gas production 

spikes. 

Method (Processes and Procedures) 

• Process Design 

o Corrective Actions: Redesign separation stages and optimize the process flow to improve efficiency and minimize gas 

formation. 

o Preventive Actions: Use advanced modeling tools during the design phase to simulate and prevent inefficiencies in 

process flow. 

o Investigative Actions: Review past process design records and compare with industry benchmarks to identify 

weaknesses. 

• Operating Conditions 

o Corrective Actions: Stabilize reaction conditions by adjusting temperature, pressure, or reactant flow rates to ideal 

parameters. 

o Preventive Actions: Install advanced control systems to maintain precise operating conditions and automatically correct 

deviations. 

o Investigative Actions: Analyze past operating logs to determine trends or events leading to unstable conditions. 

Machine (Equipment Factors) 

• Separation Unit 

o Corrective Actions: Clean and maintain separation units, replacing worn or inefficient components such as trays or 

packing. 

o Preventive Actions: Conduct routine inspections and performance tests on gas-liquid separators and distillation columns. 

o Investigative Actions: Evaluate maintenance records and identify correlations between performance dips and equipment 

age. 

• Reactor Issues 

o Corrective Actions: Repair or replace malfunctioning temperature controls and remove fouling deposits from reactors. 

o Preventive Actions: Implement a proactive maintenance schedule that includes regular reactor cleaning and control 

system checks. 

o Investigative Actions: Perform root cause analysis on fouling deposits to identify process or material contributors. 

Measurement (Monitoring and Control) 

• Monitoring Systems 

o Corrective Actions: Upgrade or recalibrate alarm systems to improve sensitivity and reduce false positives/negatives. 
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o Preventive Actions: Implement a robust maintenance and calibration schedule for all monitoring equipment. 

o Investigative Actions: Review alarm history and analyze missed or delayed notifications during high off-gas events. 

• Instrumentation Problems 

o Corrective Actions: Replace faulty sensors and flow meters, and recalibrate instrumentation to improve response times. 

o Preventive Actions: Invest in higher-quality sensors and meters with better accuracy and durability. 

o Investigative Actions: Evaluate instrument failure rates and correlate with maintenance intervals or environmental 

factors. 

Environment (External Factors) 

• Weather Conditions 

o Corrective Actions: Install weather-resistant equipment enclosures and add dehumidifiers where humidity impacts 

performance. 

o Preventive Actions: Design processes and equipment to operate efficiently under varying temperature and humidity 

conditions. 

o Investigative Actions: Analyze historical production data during extreme weather to identify trends in equipment or 

process failures. 

• Utility Variations 

o Corrective Actions: Stabilize power and utility supply through redundancy systems or auxiliary generators. 

o Preventive Actions: Implement utility monitoring systems to detect fluctuations and switch to backup sources 

seamlessly. 

o Investigative Actions: Review utility supply logs to identify patterns or frequency of fluctuations affecting operations. 

 

Who can use the High Off-Gas Production template? 

• Operations Managers: Operations managers can use the template to analyze production inefficiencies, optimize processes, 

and improve overall plant performance by addressing off-gas issues systematically. 

• Process Engineers: Process engineers can identify technical flaws in reaction conditions or equipment performance, 

leveraging the template to design more stable and efficient processes. 

• Maintenance Teams: Maintenance teams can pinpoint recurring equipment failures, such as reactor fouling or faulty sensors, 

and plan proactive maintenance strategies using the template insights. 

• Training Coordinators: Training coordinators can use the template to identify skill gaps in operator knowledge and design 

targeted training programs to minimize human errors and improve troubleshooting capabilities. 

• Quality Assurance Teams: Quality assurance professionals can utilize the template to investigate material variability, catalyst 

issues, and deviations in quality standards that contribute to high off-gas production. 

• Environmental Compliance Officers: Environmental officers can focus on identifying and mitigating factors that lead to 

increased emissions, ensuring the plant meets regulatory requirements and reduces environmental impact. 

Why use this template? 

Using Six Sigma principles, a GEN-AI-driven root cause analysis with a quality and reliability tool like ProSolvr, focuses on reducing 

variability and enhancing process efficiency. Once the root causes are identified, suitable corrective and preventive actions (CAPA) can 

be implemented. The structured nature of a fishbone diagram ensures comprehensive exploration of potential causes, leaving no 

aspect of the operation unchecked. This not only enhances operational reliability but also aligns the plant’s performance with 

environmental and safety standards, ensuring sustainable operations. 

By focusing on the root causes rather than surface-level symptoms, GEN-AI-powered RCA fosters long-term solutions, minimizing 

recurrence. Unlock effective root cause analysis with ProSolvr by smartQED to drive sustainable solutions and prevent future 

disruptions in your petrochemical plant. 
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Curated from community experiences and public sources: 

• https://www.topsoe.com/processes/off-gas-processing 

• https://www.digitalrefining.com/article/1002727/refinery-off-gas-in-hydrogen-production 
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RCA Template for:  Cooling Tower Malfunction 
 

 

Cooling towers are critical in petrochemical plants for managing heat generated during industrial processes. They help regulate the 

temperature of process fluids and equipment by dissipating excess heat into the atmosphere. This temperature control is essential for 

maintaining operational efficiency, preventing overheating, and ensuring the integrity of equipment. Effective cooling tower operation 

also contributes to overall plant safety, performance, and energy efficiency, as it helps maintain optimal conditions for chemical 

reactions and equipment function, thereby minimizing the risk of thermal damage or process upsets. 

A malfunctioning cooling tower in a petrochemical plant can lead to severe consequences, including significant operational disruptions 

and increased safety risks. Cooling towers are critical for dissipating heat from the process systems, and their failure can cause 

overheating of equipment and process fluids. This overheating can, in turn, lead to reduced efficiency, potential damage to machinery, 

and even unplanned shutdowns, impacting production schedules and increasing operational costs. Additionally, if the cooling system 

is not functioning properly, it could result in the release of harmful emissions or pollutants, leading to environmental and regulatory 

compliance issues. 

To address these issues effectively, a root cause analysis using a fishbone diagram can be highly beneficial. The fishbone template 

helps in systematically identifying and analyzing the various factors contributing to the cooling tower malfunction. By categorizing 

potential causes into groups, the analysis allows for a comprehensive examination of each area. This structured approach facilitates 

pinpointing the exact root causes, whether they involve mechanical failures, operational errors, or external factors. Consequently, it 

helps in developing targeted corrective actions, improving system reliability, and preventing future occurrences of similar problems. 

Cooling Tower Malfunction 

• Human Error 

o Negligence 

o Lack of Training 

o Improper Operation 

• Environmental Factors 

o Airborne Contaminants 

o High Humidity Levels 

o Extreme Temperatures 
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• Design Flaws 

o Insufficient Capacity 

o Poor Material Selection 

o Inadequate Cooling Tower Design 

• Lack of Maintenance 

o Lack of Skilled Maintenance Personnel 

o Inadequate Maintenance Procedures 

o Irregular Maintenance Schedule 

• Water Quality Problems 

o Chemical Contamination 

o Microbiological Growth 

o Scaling and Fouling 

• Mechanical Issues 

o Vibration Issues 

o Mechanical Wear and Tear 

o Corrosion of Components 

 

Suggested Actions Checklist 

This checklist ensures a comprehensive approach to addressing potential root causes of cooling tower malfunctions, facilitating 

effective corrective, preventive, and investigative actions. 

Human Error 

• Negligence 

o Corrective Actions: 

▪ Address any immediate operational or maintenance issues caused by negligence. 

▪ Implement corrective measures to rectify the impact of negligence on cooling tower performance. 

o Preventive Actions: 

▪ Develop and enforce strict operational and maintenance procedures. 

▪ Implement regular audits and checks to ensure compliance with standard practices. 

o Investigative Actions: 

▪ Investigate the circumstances leading to negligence. 

▪ Review incident reports to identify patterns or recurring issues related to negligence. 

• Lack of Training 

o Corrective Actions: 

▪ Provide immediate training for personnel involved in the malfunction. 

▪ Address any gaps in knowledge that contributed to the issue. 

o Preventive Actions: 

▪ Develop and implement a comprehensive training program for all relevant personnel. 

▪ Regularly update training materials to reflect best practices and new technologies. 

o Investigative Actions: 

▪ Assess the effectiveness of existing training programs. 

▪ Investigate the root causes of the lack of training and address them systematically. 

• Improper Operation 

o Corrective Actions: 

▪ Correct any operational errors and restore the cooling tower to proper working condition. 

▪ Implement operational adjustments to correct the issues identified. 

o Preventive Actions: 

▪ Develop and enforce standard operating procedures (SOPs) for cooling tower operation. 
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▪ Conduct regular training and refresher courses on proper operation. 

o Investigative Actions: 

▪ Investigate the causes of improper operation and their impact on performance. 

▪ Review and analyze operational logs and data to identify errors. 

Environmental Factors 

• Airborne Contaminants 

o Corrective Actions: 

▪ Implement filtration systems or other measures to reduce airborne contaminants. 

▪ Clean and inspect the cooling tower for any contamination-related damage. 

o Preventive Actions: 

▪ Regularly monitor and control airborne contaminants in the vicinity of the cooling tower. 

▪ Implement preventative measures such as air filters or barriers. 

o Investigative Actions: 

▪ Investigate sources of airborne contaminants and their effects on the cooling tower. 

▪ Review environmental conditions and their impact on cooling tower performance. 

• High Humidity Levels 

o Corrective Actions: 

▪ Implement dehumidification systems to control humidity levels around the cooling tower. 

▪ Inspect and clean cooling tower components affected by high humidity. 

o Preventive Actions: 

▪ Monitor and control humidity levels in the environment surrounding the cooling tower. 

▪ Use corrosion-resistant materials and coatings to mitigate the impact of high humidity. 

o Investigative Actions: 

▪ Analyze how high humidity levels have affected cooling tower performance. 

▪ Review and assess the effectiveness of existing humidity control measures. 

• Extreme Temperatures 

o Corrective Actions: 

▪ Adjust cooling tower operations to account for extreme temperatures. 

▪ Inspect and repair any damage caused by temperature extremes. 

o Preventive Actions: 

▪ Implement temperature monitoring systems and adjust operational parameters accordingly. 

▪ Use insulation or temperature control systems to mitigate the impact of extreme temperatures. 

o Investigative Actions: 

▪ Investigate the effects of extreme temperatures on cooling tower performance. 

▪ Review past incidents related to temperature extremes and their impact on operations. 

Design Flaws 

• Insufficient Capacity 

o Corrective Actions: 

▪ Upgrade the cooling tower or add additional capacity to meet operational requirements. 

▪ Adjust operational parameters to optimize the existing capacity. 

o Preventive Actions: 

▪ Perform a thorough capacity assessment during the design phase to ensure adequacy. 

▪ Regularly review cooling tower performance and capacity to identify potential needs for upgrades. 

o Investigative Actions: 

▪ Investigate the causes of capacity issues and their impact on cooling tower performance. 

▪ Review design specifications and operational data to identify deficiencies. 

• Poor Material Selection 

o Corrective Actions: 
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▪ Replace or repair components made from suboptimal materials. 

▪ Implement measures to prevent material degradation. 

o Preventive Actions: 

▪ Ensure the use of high-quality, suitable materials in the design and construction of the cooling tower. 

▪ Regularly review and update material specifications based on performance data. 

o Investigative Actions: 

▪ Investigate the impact of material selection on cooling tower performance. 

▪ Review material testing and selection processes to identify areas for improvement. 

• Inadequate Cooling Tower Design 

o Corrective Actions: 

▪ Redesign or modify the cooling tower to address identified design flaws. 

▪ Implement design changes to improve cooling performance. 

o Preventive Actions: 

▪ Conduct a thorough design review and validation process before construction. 

▪ Regularly review design performance and make necessary adjustments. 

o Investigative Actions: 

▪ Investigate the design flaws and their impact on cooling tower performance. 

▪ Review design reviews and validation processes to identify gaps. 

Lack of Maintenance 

• Lack of Skilled Maintenance Personnel 

o Corrective Actions: 

▪ Recruit or train skilled personnel to handle cooling tower maintenance. 

▪ Address any immediate maintenance needs with available resources. 

o Preventive Actions: 

▪ Develop and implement a training program for maintenance personnel. 

▪ Regularly assess and improve the skill levels of maintenance staff. 

o Investigative Actions: 

▪ Investigate the reasons for a shortage of skilled maintenance personnel. 

▪ Review staffing and training practices to identify improvements. 

• Inadequate Maintenance Procedures 

o Corrective Actions: 

▪ Revise maintenance procedures to address any identified deficiencies. 

▪ Implement the updated procedures and monitor their effectiveness. 

o Preventive Actions: 

▪ Develop comprehensive maintenance procedures and ensure they are followed. 

▪ Regularly review and update maintenance procedures based on performance data. 

o Investigative Actions: 

▪ Investigate issues related to inadequate maintenance procedures. 

▪ Review maintenance logs and procedures to identify areas for improvement. 

• Irregular Maintenance Schedule 

o Corrective Actions: 

▪ Develop and implement a regular maintenance schedule. 

▪ Address any backlog or deferred maintenance tasks immediately. 

o Preventive Actions: 

▪ Implement a maintenance management system to ensure timely and regular maintenance. 

▪ Monitor and review the maintenance schedule to ensure adherence. 

o Investigative Actions: 

▪ Investigate the reasons for irregular maintenance and its impact on performance. 
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▪ Review and improve maintenance scheduling practices. 

 

Water Quality Problems 

• Chemical Contamination 

o Corrective Actions: 

▪ Treat or replace contaminated water to restore proper conditions. 

▪ Inspect and clean cooling tower components affected by chemical contamination. 

o Preventive Actions: 

▪ Implement water treatment and monitoring systems to control chemical contamination. 

▪ Regularly test water quality to detect and address contamination early. 

o Investigative Actions: 

▪ Investigate sources of chemical contamination and their effects on cooling tower performance. 

▪ Review and improve water treatment processes. 

• Microbiological Growth 

o Corrective Actions: 

▪ Apply biocides or other treatments to control microbiological growth. 

▪ Clean and sanitize cooling tower components affected by microbiological issues. 

o Preventive Actions: 

▪ Implement regular biocide treatments and microbiological monitoring. 

▪ Design and maintain the cooling tower to minimize conditions favorable to microbial growth. 

o Investigative Actions: 

▪ Investigate incidents of microbiological growth and their impact on performance. 

▪ Review microbiological control measures and their effectiveness. 

• Scaling and Fouling 

o Corrective Actions: 

▪ Remove scale and fouling deposits from the cooling tower components. 

▪ Implement scale and fouling control measures to prevent recurrence. 

o Preventive Actions: 

▪ Use scale inhibitors and regularly clean the cooling tower to prevent scaling and fouling. 

▪ Monitor water quality and adjust treatment processes to control scaling and fouling. 

o Investigative Actions: 

▪ Investigate the causes of scaling and fouling and their impact on performance. 

▪ Review and improve scaling and fouling prevention strategies. 

Mechanical Issues 

• Vibration Issues 

o Corrective Actions: 

▪ Address sources of vibration and reinforce or repair affected components. 

▪ Install vibration dampeners or isolators to reduce vibration impact. 

o Preventive Actions: 

▪ Implement vibration monitoring systems to detect and address issues early. 

▪ Ensure proper installation and support of mechanical components to minimize vibrations. 

o Investigative Actions: 

▪ Investigate the sources and effects of vibrations on cooling tower performance. 

▪ Review installation practices and design specifications for vibration control. 

• Mechanical Wear and Tear 

o Corrective Actions: 

▪ Replace or repair worn components to restore cooling tower functionality. 

▪ Implement measures to address the root causes of wear and tear. 
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o Preventive Actions: 

▪ Implement a predictive maintenance program to monitor and address wear and tear. 

▪ Use durable materials and components to reduce the impact of wear and tear. 

o Investigative Actions: 

▪ Investigate the causes of mechanical wear and tear and their impact on performance. 

▪ Review maintenance practices and materials used to address wear issues. 

• Corrosion of Components 

o Corrective Actions: 

▪ Replace corroded components and apply protective coatings to prevent future corrosion. 

▪ Implement corrosion control measures, such as using corrosion-resistant materials. 

o Preventive Actions: 

▪ Regularly inspect for signs of corrosion and apply preventative measures. 

▪ Use materials and coatings that are resistant to the identified corrosive agents. 

o Investigative Actions: 

▪ Investigate the causes of corrosion and its impact on cooling tower performance. 

▪ Review corrosion control measures and their effectiveness. 

 

Who can learn from the Cooling Tower Malfunction template? 

• Maintenance Personnel: They can use the template to identify potential causes of cooling tower issues and develop more 

effective maintenance routines and troubleshooting strategies. 

• Engineering Teams: Engineers can apply the template to design more robust cooling towers and address design flaws, 

ensuring better reliability and efficiency in the cooling system. 

• Operational Managers: Managers responsible for overseeing plant operations can utilize the template to understand the 

impact of cooling tower malfunctions and implement procedures to mitigate risks and improve overall plant safety. 

• Safety Officers: Safety officers can learn from the template to assess and address safety risks associated with cooling tower 

failures, ensuring compliance with safety regulations and protecting personnel. 

• Training Coordinators: They can use the template to develop targeted training programs for staff on proper cooling tower 

operation, maintenance practices, and troubleshooting techniques. 

• Quality Control Analysts: Analysts can use the template to identify and address water quality problems, ensuring that cooling 

systems operate effectively and meet quality standards. 

Why use this template? 

A Gen-AI powered Root Cause Analysis is crucial for addressing cooling tower malfunctions in a petrochemical plant as it provides a 

systematic approach to identifying the underlying causes of issues that can disrupt plant operations. By thoroughly investigating and 

understanding the root causes, such as design flaws, maintenance deficiencies, or environmental factors, RCA enables plant personnel 

to implement targeted corrective actions and preventive measures. This not only helps in resolving immediate problems but also in 

preventing future occurrences, thus enhancing the reliability and efficiency of the cooling system. Ultimately, effective RCA contributes 

to maintaining operational continuity, ensuring safety, and optimizing resource utilization, which are essential for the smooth and 

cost-effective operation of the petrochemical plant. 

Use ProSolvr by smartQED to analyze and fix equipment malfunction in your organization. 

 

 

Curated from community experiences and public sources: 
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• https://www.getchemready.com/water-facts/solving-the-top-5-cooling-tower-

problems/#:~:text=Over%20time%2C%20microbiological%20deposits%20like,significant%20fouling%20and%20cooling%20i

nefficiencies. 

• https://dynamox.net/en/blog/cooling-towers-and-their-maintenance-challenges 
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RCA Template for:  Off-Spec Production 
 

 

Off-spec production, the creation of products that fail to meet quality standards, is a persistent challenge in petrochemical plants, 

with severe operational, financial, and reputational consequences. Such deviations often result in costly reprocessing or disposal, 

disrupt supply chains, delay delivery schedules, and erode customer trust. Additionally, recurring quality issues expose plants to 

regulatory penalties, further complicating operations and undermining long-term sustainability. Addressing these challenges requires 

a robust approach to identifying and resolving root causes. 

The root causes of off-spec production typically span multiple categories. Human factors, such as operational errors caused by fatigue, 

distraction, or inadequate training, often play a significant role. Limited access to refresher courses or a lack of process-specific training 

can exacerbate these issues. Equipment-related factors, including improperly calibrated instruments, inaccurate readings, and failures 

in critical machinery like pumps or compressors, frequently disrupt process stability. Material issues such as degradation during 

storage, contamination, or variability in raw material quality—like incorrect blending ratios or impurities in feedstock—further 

contribute to deviations. 

Methodological lapses, including non-compliance with standard operating procedures (SOPs), operator shortcuts, or unclear and 

complex SOPs, hinder consistent quality management. Ineffective process controls, such as inadequate monitoring and insufficient 

quality checks, compound these challenges. Additionally, delayed responses to alarms, alarm fatigue, and the use of faulty or poorly 

maintained analytical tools undermine timely interventions. Environmental factors, including uncontrolled plant conditions, high 

humidity, extreme temperatures, and poor workplace ergonomics, create additional layers of complexity. 

ProSolvr, a Gen-AI-powered root cause analysis (RCA) tool, empowers petrochemical plants to address these challenges effectively. 

Integrating Six Sigma principles with visualized fishbone diagrams, ProSolvr provides a structured and intuitive framework for RCA. It 

enables teams to categorize potential causes, identify underlying issues, and implement corrective and preventive actions (CAPA) 

efficiently. By adopting ProSolvr, plants can reduce costs, enhance production reliability, and establish a culture of continuous 

improvement, ensuring consistent delivery of high-quality products while minimizing future off-spec incidents. 

Off-Spec Production 

• Man 

o Errors in Operation 

▪ Fatigue or distraction 
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▪ Misinterpretation of operating procedures 

o Inadequate Training 

▪ Limited access to refresher courses 

▪ Lack of process-specific training 

• Machine 

o Calibration Issues 

▪ Improperly calibrated equipment 

▪ Inaccurate readings 

o Equipment Malfunction 

▪ Pump or compressor failure 

▪ Failure of critical instrumentation 

• Material 

o Storage Issues 

▪ Degradation of materials 

▪ Contamination during storage 

o Variability in Raw Material Quality 

▪ Incorrect blending ratios 

▪ Impurities in feedstock 

• Method 

o Non-compliance with SOPs 

▪ Operator shortcuts 

▪ Unclear or complex SOPs 

o Inadequate Process Controls 

▪ Ineffective quality checks 

▪ Poor process monitoring 

• Measurement 

o Delayed Response to Alarms 

▪ Lack of real-time analysis 

▪ Alarm fatigue among operators 

o Faulty Analytical Tools 

▪ Incorrect readings during tests 

▪ Poorly maintained analytical instruments 

• Environment 

o Workplace Ergonomics 

▪ Noise levels in the plant 

▪ Poor lighting or layout 

o External Environmental Factors 

▪ Uncontrolled plant conditions 

▪ High humidity or extreme temperatures 

 

Suggested Actions Checklist:  

Here are some corrective actions, preventive actions and investigative actions that can help organizations implement suitable 

measures. 

Man 

• Errors in Operation 

o Corrective Actions: 

▪ Implement immediate re-training sessions for operators involved in errors. 
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▪ Review and revise the work schedule to mitigate fatigue. 

o Preventive Actions: 

▪ Introduce mandatory rest periods and rotating shifts to reduce fatigue. 

▪ Simplify and clarify operating procedures to minimize misinterpretation. 

o Investigative Actions: 

▪ Analyze historical error trends to identify patterns in operation failures. 

▪ Conduct interviews with operators to understand the challenges they face. 

• Inadequate Training 

o Corrective Actions: 

▪ Schedule urgent refresher courses for all relevant personnel. 

▪ Develop and deliver targeted training on process-specific areas. 

o Preventive Actions: 

▪ Establish a regular training calendar that includes both general and process-specific topics. 

▪ Implement a certification system to ensure operators are adequately trained before assignment. 

o Investigative Actions: 

▪ Assess gaps in current training programs and resources. 

▪ Conduct feedback surveys to evaluate training effectiveness. 

Machine 

• Calibration Issues 

o Corrective Actions: 

▪ Recalibrate all affected equipment immediately. 

▪ Replace or repair malfunctioning calibration tools. 

o Preventive Actions: 

▪ Schedule periodic calibration checks and maintenance routines. 

▪ Use automated systems to monitor calibration accuracy. 

o Investigative Actions: 

▪ Review calibration records to identify lapses or irregularities. 

▪ Perform root cause analysis on why calibration deviations occurred. 

• Equipment Malfunction 

o Corrective Actions: 

▪ Replace or repair failed pumps, compressors, or instrumentation. 

▪ Conduct a detailed inspection of associated systems to rule out further failures. 

o Preventive Actions: 

▪ Develop a preventive maintenance schedule for critical equipment. 

▪ Ensure availability of spare parts for key machinery. 

o Investigative Actions: 

▪ Analyze equipment performance logs to detect early signs of failure. 

▪ Investigate vendor or manufacturing defects in malfunctioning components. 

Material 

• Storage Issues 

o Corrective Actions: 

▪ Discard degraded or contaminated materials and procure new stock. 

▪ Clean and disinfect storage facilities to prevent further contamination. 

o Preventive Actions: 

▪ Implement proper labeling, monitoring, and segregation protocols for stored materials. 

▪ Install climate control systems in storage areas to prevent degradation. 

o Investigative Actions: 

▪ Inspect storage facilities for vulnerabilities that contributed to the issues. 
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▪ Review material handling and storage procedures for compliance. 

• Variability in Raw Material Quality 

o Corrective Actions: 

▪ Reject substandard raw materials and procure replacements. 

▪ Adjust blending ratios to accommodate minor quality deviations. 

o Preventive Actions: 

▪ Establish stricter quality controls and supplier audits. 

▪ Develop multiple sourcing strategies to reduce dependence on inconsistent suppliers. 

o Investigative Actions: 

▪ Conduct a comprehensive analysis of raw material quality from different suppliers. 

▪ Investigate root causes of quality variability in procurement or production processes. 

Method 

• Non-compliance with SOPs 

o Corrective Actions: 

▪ Re-train operators on the importance of adhering to SOPs. 

▪ Simplify and revise SOPs to make them user-friendly. 

o Preventive Actions: 

▪ Implement regular audits to ensure SOP compliance. 

▪ Create a feedback loop for operators to suggest improvements to SOPs. 

o Investigative Actions: 

▪ Review instances of non-compliance to determine underlying reasons. 

▪ Evaluate SOP clarity, accessibility, and relevance. 

• Inadequate Process Controls 

o Corrective Actions: 

▪ Implement immediate enhancements to quality checks. 

▪ Introduce additional monitoring checkpoints in the process. 

o Preventive Actions: 

▪ Invest in automated control systems to reduce manual oversight gaps. 

▪ Develop robust process monitoring protocols and train staff accordingly. 

o Investigative Actions: 

▪ Examine the effectiveness of current process controls and identify weaknesses. 

▪ Analyze deviations in recent process data to pinpoint failure points. 

Measurement 

• Delayed Response to Alarms 

o Corrective Actions: 

▪ Adjust alarm thresholds and escalation protocols to reduce delays. 

▪ Conduct focused training sessions on alarm prioritization. 

o Preventive Actions: 

▪ Implement tiered alarm systems to differentiate critical from non-critical alerts. 

▪ Provide additional training on alarm response procedures. 

o Investigative Actions: 

▪ Audit alarm logs to identify patterns of delayed responses. 

▪ Interview operators to understand causes of alarm fatigue or oversight. 

• Faulty Analytical Tools 

o Corrective Actions: 

▪ Repair or replace malfunctioning analytical instruments. 

▪ Verify the accuracy of recent test results and re-test if necessary. 

o Preventive Actions: 
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▪ Establish regular maintenance and calibration schedules for analytical tools. 

▪ Use standardized testing methods to ensure consistency. 

o Investigative Actions: 

▪ Investigate the reasons for tool failures, such as wear, misuse, or environmental impact. 

▪ Assess whether tool selection aligns with the demands of the process. 

Environment 

• Workplace Ergonomics 

o Corrective Actions: 

▪ Reconfigure plant layout to reduce ergonomic stressors. 

▪ Provide appropriate personal protective equipment (PPE) for noise or lighting issues. 

o Preventive Actions: 

▪ Conduct regular ergonomic assessments of the workplace. 

▪ Train staff on ergonomic best practices to avoid strain or injury. 

o Investigative Actions: 

▪ Evaluate specific areas of the plant with high ergonomic complaints. 

▪ Investigate whether current designs or workflows contribute to inefficiencies. 

• External Environmental Factors 

o Corrective Actions: 

▪ Implement temporary controls, such as dehumidifiers or temperature regulation systems. 

▪ Adjust operating parameters to mitigate environmental impacts. 

o Preventive Actions: 

▪ Install advanced climate control systems to handle external variability. 

▪ Conduct environmental impact assessments to anticipate seasonal challenges. 

o Investigative Actions: 

▪ Analyze historical data to understand how external factors have affected production. 

▪ Investigate the adequacy of existing infrastructure to cope with environmental challenges. 

 

Who can learn from the Off-Spec Production template? 

• Operations Team: Operators and supervisors can gain insights into the specific actions or omissions that led to errors, such 

as fatigue or misinterpretation of procedures. This learning helps them improve adherence to SOPs, enhance situational 

awareness, and prevent future deviations. 

• Maintenance and Engineering Team: This group can benefit from understanding the causes of equipment malfunctions or 

calibration issues. They can apply these lessons to improve equipment maintenance schedules, calibration practices, and 

repair protocols, ensuring better machine reliability. 

• Quality Assurance (QA) Team: QA professionals can learn about the gaps in process controls, ineffective quality checks, or 

poor monitoring that contributed to off-spec production. This knowledge helps refine quality management systems and 

establish more robust checks. 

• Training and Development Team: Trainers can identify inadequacies in existing training programs, such as limited refresher 

courses or lack of process-specific content. This feedback enables the creation of more comprehensive training modules to 

address skill gaps and operator preparedness. 

• Procurement and Supply Chain Team: Insights into material-related issues, such as variability in raw material quality or 

storage problems, help procurement teams refine supplier selection criteria, enforce stricter quality controls, and optimize 

storage conditions. 



36 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

• Management and Leadership: Leaders and decision-makers can learn about systemic issues, such as non-compliance with 

SOPs or external environmental challenges. These insights guide policy changes, resource allocation, and strategic planning 

to foster a culture of continuous improvement and operational excellence. 

 

Why use this template?  

By systematically addressing root causes, RCA supports continuous improvement. The structured approach through quality tool l ike 

ProSolvr ensures that the plant not only rectifies the immediate problem but also builds resilience against similar challenges in the 

future. This capability underscores the value of integrating GEN-AI into Six Sigma methodologies, enhancing both problem-solving and 

operational excellence. 

Incorporate ProSolvr by smartQED for your root cause analysis today for optimum results. 

Curated from community experiences and public sources: 

• https://biomassmagazine.com/articles/common-causes-of-off-spec-product-16488 

• https://www.epa.gov/sites/default/files/2015-03/documents/infosheetx-petrochemicalproduction.pdf 
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RCA Template for:  Product Purity Deviations 
 

 

Product purity deviations occur when final products fail to meet predefined quality specifications, leading to significant operational, 

financial, and reputational challenges. In petrochemical plants, where precision and consistency are critical, such deviations can disrupt 

downstream processes, damage equipment, and result in regulatory non-compliance. Left unresolved, purity issues can escalate into 

production halts, costly recalls, and diminished customer trust. 

The causes of product purity deviations are multifaceted and often interconnected. Equipment issues such as malfunctioning valves, 

heat exchanger fouling, and inadequate maintenance can compromise process integrity. Process design and control flaws, including 

suboptimal reaction conditions, incorrect process setpoints, and inefficient automation systems, frequently lead to inconsistent 

chemical reactions. Raw material challenges, including cross-contamination during transfer, supplier contamination, and inconsistent 

feedstock quality, further amplify the risk of deviations. Additionally, human errors like failure to follow standard operating 

procedures, insufficient operator training, and incorrect sampling techniques often exacerbate these issues. Measurement 

inaccuracies from miscalibrated instruments or outdated testing methods add yet another layer of complexity. 

Addressing these deviations requires a systematic and structured approach to identifying their root causes. Root Cause Analysis (RCA) 

offers a proven methodology for uncovering and addressing underlying factors. However, the complexity of modern industrial 

processes demands tools that can provide clear and actionable insights. ProSolvr meets this need with its GEN-AI-powered fishbone 

diagram, which organizes potential causes into well-defined categories, ensuring no critical aspect is overlooked. By integrating Six 

Sigma principles, ProSolvr enhances the effectiveness of RCA, enabling teams to systematically address even the most intricate purity 

challenges. 

With ProSolvr, petrochemical plants can confidently tackle product purity deviations, safeguard operational reliability, and maintain 

compliance with industry standards. By adopting this structured approach, organizations not only resolve immediate issues but also 

create a foundation for sustained quality excellence and strengthened customer trust. 

Product Purity Deviations 

• Equipment 

o Operational Failures 

▪ Malfunctioning valves 

▪ Heat exchanger fouling 
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o Design Limitations 

▪ Inadequate equipment specification 

o Maintenance Issues 

▪ Delayed repairs 

▪ Improper preventive maintenance 

• Processes 

o Dynamic Changes 

▪ Feedstock variability 

o Process Design 

▪ Suboptimal reaction conditions 

▪ Inadequate separation techniques 

o Process Control 

▪ Incorrect process setpoints 

▪ Inefficient automation system 

• Raw Materials 

o Contamination During Handling 

▪ Cross-contamination during transfer 

▪ Poor storage conditions 

o Supplier Issues 

▪ Supplier contamination 

▪ Inconsistent feedstock quality 

• Personnel 

o Human Errors 

▪ Failure to follow SOPs 

▪ Incorrect sampling techniques 

o Training and Skills 

▪ Insufficient troubleshooting knowledge 

▪ Inadequate operator training 

• Environmental Factors 

o Utilities 

▪ Power fluctuations 

▪ Impure steam quality 

o External Influences 

▪ High humidity levels 

▪ Fluctuating ambient temperatures 

• Measurement and Testing 

o Sampling and Analysis 

▪ Infrequent testing 

▪ Contaminated sampling containers 

o Calibration Errors 

▪ Miscalibrated gas chromatograph 

▪ Outdated calibration of instruments 

 

Suggested Actions Checklist  

This structure provides targeted actions for correcting existing problems, preventing future occurrences, and thoroughly investigating 

to gain insights for long-term improvements. 

Equipment 
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• Operational Failures 

o Corrective Actions: Replace or repair malfunctioning equipment; clean or replace fouled heat exchangers. 

o Preventive Actions: Conduct regular operational audits and inspections; implement real-time condition monitoring 

systems. 

o Investigative Actions: Perform root cause analysis of recurring equipment failures to determine systemic issues. 

• Design Limitations 

o Corrective Actions: Retrofit or replace equipment that does not meet process requirements. 

o Preventive Actions: Ensure thorough review of equipment design during procurement; align specifications with 

operational demands. 

o Investigative Actions: Evaluate historical data to identify misalignments between equipment design and actual 

performance. 

• Maintenance Issues 

o Corrective Actions: Prioritize pending repairs and conduct a thorough overhaul of neglected equipment. 

o Preventive Actions: Develop and adhere to a robust preventive maintenance schedule; implement a tracking system 

for repairs. 

o Investigative Actions: Audit maintenance records to identify gaps and delays in repair schedules. 

Processes 

• Dynamic Changes 

o Corrective Actions: Adjust process parameters to accommodate feedstock variability; stabilize feedstock quality 

through blending or preprocessing. 

o Preventive Actions: Establish contracts with suppliers for consistent feedstock quality; implement advanced 

feedstock monitoring systems. 

o Investigative Actions: Analyze historical process data to correlate variability with production issues. 

• Process Design 

o Corrective Actions: Reconfigure process parameters to optimize reaction conditions; modify separation units for 

better efficiency. 

o Preventive Actions: Invest in pilot testing of new processes before full-scale implementation; regularly review 

process efficiency. 

o Investigative Actions: Conduct a gap analysis of process design vs. production requirements to identify inefficiencies. 

• Process Control 

o Corrective Actions: Update and recalibrate process setpoints; upgrade outdated automation systems. 

o Preventive Actions: Implement advanced process control (APC) systems; train operators on control systems to avoid 

errors. 

o Investigative Actions: Review logs and incident reports to identify trends or patterns in process deviations. 

Raw Materials 

• Contamination During Handling 

o Corrective Actions: Isolate contaminated batches; revise handling protocols to prevent future incidents. 

o Preventive Actions: Introduce dedicated transfer lines and containers; train personnel on material handling 

standards. 

o Investigative Actions: Examine the contamination chain to pinpoint procedural lapses or inadequate safeguards. 

• Supplier Issues 

o Corrective Actions: Work with suppliers to resolve contamination or inconsistency problems; source alternative 

suppliers if necessary. 

o Preventive Actions: Establish quality assurance protocols for incoming materials; implement supplier audits and 

certification. 

o Investigative Actions: Analyze supplier performance trends to identify recurring issues and their impacts on 

operations. 

Personnel 
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• Human Errors 

o Corrective Actions: Retrain personnel on correct procedures; implement checks for adherence to SOPs. 

o Preventive Actions: Standardize procedures with visual aids and clear instructions; introduce a peer-review system 

for critical tasks. 

o Investigative Actions: Interview involved personnel to understand lapses; assess the adequacy of existing SOPs. 

• Training and Skills 

o Corrective Actions: Conduct immediate training sessions for troubleshooting and operations; assign experienced 

personnel to guide less-skilled staff. 

o Preventive Actions: Implement a structured training and certification program; periodically assess and update 

training content. 

o Investigative Actions: Evaluate the training curriculum to identify gaps in skill development and troubleshooting 

readiness. 

Environmental Factors 

• Utilities 

o Corrective Actions: Stabilize power supply with backup systems; improve steam quality through better treatment 

processes. 

o Preventive Actions: Upgrade utility infrastructure to meet plant needs; conduct regular utility audits and testing. 

o Investigative Actions: Assess utility performance logs and past incidents to identify the root cause of instability. 

• External Influences 

o Corrective Actions: Install dehumidifiers or HVAC systems to manage ambient conditions; adjust operations for 

temperature fluctuations. 

o Preventive Actions: Develop protocols to adapt to seasonal or environmental changes; enhance insulation and 

weatherproofing of equipment. 

o Investigative Actions: Analyze climate data to correlate environmental variations with operational inefficiencies. 

Measurement and Testing 

• Sampling and Analysis 

o Corrective Actions: Resample and reanalyze batches; replace contaminated sampling containers. 

o Preventive Actions: Establish stricter protocols for sampling; conduct regular staff training on sampling techniques. 

o Investigative Actions: Audit sampling procedures to identify risks or lapses in handling and storage. 

• Calibration Errors 

o Corrective Actions: Recalibrate instruments immediately; replace outdated or malfunctioning equipment. 

o Preventive Actions: Establish a schedule for regular instrument calibration; maintain detailed calibration records. 

o Investigative Actions: Review calibration history to identify recurring issues or neglected maintenance routines. 

 

Who can use the Product Purity Deviations template? 

• Operations and Maintenance Teams: They can learn to identify critical equipment issues like malfunctioning valves or 

delayed repairs and adopt preventive measures to ensure smoother operations and minimize downtime. 

• Process Engineers: Insights from RCA help them optimize reaction conditions and refine process control strategies to maintain 

product consistency and reduce deviations caused by inefficient automation systems. 

• Quality Assurance Teams: RCA findings enable QA personnel to tighten sampling protocols and calibration schedules, 

ensuring reliable measurements and reducing errors like miscalibrated instruments. 

• Supply Chain and Procurement Teams: By understanding issues like supplier contamination or feedstock variability, they can 

improve supplier selection processes and enforce stricter quality checks for incoming materials. 

• Training and Development Teams: RCA highlights knowledge gaps, such as insufficient troubleshooting skills, helping them 

design targeted training programs to enhance operator proficiency and procedural compliance. 
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• Environmental and Utilities Management: They can address external factors like power fluctuations or high humidity levels, 

developing infrastructure and protocols to mitigate environmental impacts on product quality. 

Why use this template? 

A GEN-AI powered RCA tool like ProSolvr can assist by offering clarity in connecting these issues to their root causes, allowing engineers 

to formulate targeted corrective and preventive actions (CAPA). This structured approach not only resolves the immediate problem 

but also minimizes the likelihood of recurrence, fostering a culture of continuous improvement and operational excellence within 

petrochemical plants. 

Streamline your root cause analysis with ProSolvr by smartQED, designed to simplify problem-solving for complex issues in 

petrochemical plants. Improve operational efficiency today with a Gen-AI-powered RCA tool. 

Curated from community experiences and public sources: 

• https://blog.falcony.io/en/comprehending-9-common-quality-issues-in-chemical-industry 

• https://www.agilent.com/about/features/energy-chemical.html 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RCA Template for:  Moisture Content Fluctuations 
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Moisture content fluctuations refer to inconsistencies in moisture levels within raw materials, intermediate products, or final products 

during processing. In petrochemical plants, where precise chemical reactions and strict environmental conditions are vital, these 

fluctuations can lead to significant operational challenges. Issues like inefficiencies in chemical reactions, catalyst degradation, 

compromised product quality, and unplanned shutdowns can occur. The causes of such fluctuations are varied and can stem from 

equipment-related issues, such as pipe corrosion, valve leakages, inefficient drying systems, or faulty sensors. Material factors like 

varying moisture content in inputs, contaminated feedstock, and impure additives can also disrupt the process. Additionally, 

environmental conditions such as air ingress due to improper sealing, high ambient humidity, and inefficient HVAC systems further 

complicate moisture control. 

Operational procedures and human factors are also crucial contributors. Inefficient process flows, delayed repairs, and a lack of 

standard operating procedures exacerbate the problem, while human errors, insufficient training, and inadequate inspection routines 

can lead to poor decision-making. Sensor-related issues, including damage, placement errors, and calibration problems, further hinder 

the ability to accurately monitor and control moisture levels. Seasonal variations and sudden weather changes add an extra layer of 

complexity, especially when equipment and systems are not prepared to adapt quickly. Data integrity issues, outdated software, and 

inconsistent monitoring only serve to delay response times and increase the risk of recurring fluctuations. 

ProSolvr, a GEN-AI-powered fishbone-driven root cause analysis application, offers a structured approach to tackling these challenges. 

By using visual cause-and-effect diagrams aligned with Six Sigma principles, ProSolvr helps organizations systematically identify the 

root causes of moisture content fluctuations. This proactive analysis approach allows teams to pinpoint specific issues within 

equipment, materials, environmental conditions, methods, people, and measurement systems. ProSolvr’s ability to clearly map out 

these causes provides actionable insights that support the development of corrective and preventive actions (CAPA). Over time, 

organizations can eliminate the recurring challenges, enhancing process stability and ensuring consistent product quality. 

With ProSolvr, petrochemical plants can address moisture content fluctuations in a data-driven, methodical manner. The application 

streamlines root cause analysis, reduces downtime, and improves operational efficiency. By eliminating the underlying causes of 

fluctuations, ProSolvr helps organizations maintain control over their processes, driving long-term stability and reducing the risk of 

disruptions. 

 

Moisture Content Fluctuations 

• Equipment 

o Leakages 
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▪ Pipe Corrosion 

▪ Valve Leakages 

o Drying Systems 

▪ Inefficient Heat Transfer 

▪ Insufficient Capacity 

▪ Faulty Drying Unit 

o Sensors and Measurement Devices 

▪ Sensor Damage 

▪ Sensor Placement Error 

▪ Sensor Calibration Issues 

• Materials 

o Additives 

▪ Impure Additives 

o Chemical Reactions 

▪ Catalyst Degradation 

▪ Uncontrolled Reaction Conditions 

o Feedstock Quality 

▪ Varying Moisture Content in Inputs 

▪ Contaminated Feedstock 

• Environment 

o Air Ingress 

▪ Improper Sealing 

o Seasonal Variations 

▪ Sudden Weather Changes 

o Humidity 

▪ Inefficient HVAC Systems 

▪ High Ambient Humidity 

• Methods 

o Process Optimization 

▪ Inefficient Process Flow 

o Maintenance 

▪ Delayed Repairs 

▪ Preventive Maintenance Neglect 

o Operational Procedures 

▪ Lack of Standard Operating Conditions 

▪ Inconsistent Procedures 

• People 

o Human Errors 

▪ Poor Inspection Routines 

▪ Incorrect Manual Adjustments 

o Training 

▪ Overlooking Standard Procedures 

▪ Insufficient Operator Knowledge 

• Measurement and Monitoring 

o Analytical Tools 

▪ Data Integrity Issues 

▪ Outdated Software 

o Data Collection 
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▪ Delayed Alarm Triggers 

▪ Inconsistent Monitoring 

 

Suggested Actions Checklist 

Here are some corrective actions, preventive actions and investigative actions, that can help organizations resolve the issues. 

Equipment 

• Leakages 

o Corrective Actions: 

▪ Identify and repair leaks immediately using appropriate sealing methods. 

▪ Replace damaged or degraded components, such as pipes and valves. 

o Preventive Actions: 

▪ Conduct regular inspections of piping and valve systems for signs of wear or corrosion. 

▪ Apply corrosion-resistant coatings to vulnerable equipment. 

o Investigative Actions: 

▪ Analyze the root cause of the leak (e.g., pressure fluctuations, material quality issues). 

▪ Review historical maintenance records to identify patterns or missed warnings. 

• Drying Systems 

o Corrective Actions: 

▪ Replace or repair malfunctioning components, such as heaters or drying units. 

▪ Adjust operational parameters to ensure optimal heat transfer or capacity. 

o Preventive Actions: 

▪ Schedule regular performance testing of drying systems. 

▪ Upgrade systems to handle anticipated capacity demands effectively. 

o Investigative Actions: 

▪ Examine energy efficiency and capacity utilization data to determine contributing factors. 

▪ Inspect system design for potential bottlenecks or inefficiencies. 

• Sensors and Measurement Devices 

o Corrective Actions: 

▪ Replace or recalibrate malfunctioning sensors. 

▪ Relocate sensors if placement is identified as incorrect. 

o Preventive Actions: 

▪ Establish a routine sensor calibration schedule. 

▪ Train personnel on proper sensor handling and placement protocols. 

o Investigative Actions: 

▪ Conduct a failure mode analysis to determine why sensors failed or were misplaced. 

▪ Evaluate whether environmental conditions affected sensor performance. 

Materials 

• Additives 

o Corrective Actions: 

▪ Remove and replace contaminated or impure additives from the system. 

▪ Adjust the formula to neutralize any adverse effects caused by impure additives. 

o Preventive Actions: 

▪ Verify additive quality through pre-use laboratory analysis. 

▪ Source additives only from verified, reputable suppliers. 

o Investigative Actions: 

▪ Trace the supply chain to identify sources of impurity. 

▪ Review storage conditions to rule out contamination during handling. 
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• Chemical Reactions 

o Corrective Actions: 

▪ Re-establish controlled reaction conditions by adjusting temperature, pressure, or catalysts. 

▪ Replace degraded catalysts with fresh or regenerated material. 

o Preventive Actions: 

▪ Maintain reaction condition monitors to prevent uncontrolled variations. 

▪ Use catalysts with proven durability under the operating conditions. 

o Investigative Actions: 

▪ Analyze reaction logs to identify deviations from expected conditions. 

▪ Test degraded catalysts to understand failure mechanisms. 

• Feedstock Quality 

o Corrective Actions: 

▪ Blend inconsistent feedstock with higher-quality material to stabilize moisture levels. 

▪ Remove contaminated feedstock from the processing line. 

o Preventive Actions: 

▪ Implement a robust feedstock testing protocol upon delivery. 

▪ Require supplier certifications for moisture and quality standards. 

o Investigative Actions: 

▪ Review supplier performance history for recurring quality issues. 

▪ Analyze sampling methods to ensure representativeness. 

Environment 

• Air Ingress 

o Corrective Actions: 

▪ Seal identified leaks immediately using appropriate techniques. 

▪ Adjust system pressure to minimize air ingress likelihood. 

o Preventive Actions: 

▪ Inspect and maintain seals regularly to ensure integrity. 

▪ Use advanced sealing materials for high-risk areas. 

o Investigative Actions: 

▪ Test seal materials for compatibility with the operating environment. 

▪ Review design tolerances for environmental protection. 

• Seasonal Variations 

o Corrective Actions: 

▪ Adjust operational settings to accommodate changing environmental conditions. 

▪ Install temporary measures like additional insulation or humidity control. 

o Preventive Actions: 

▪ Include seasonal variability in equipment and process design specifications. 

▪ Develop contingency plans for extreme weather events. 

o Investigative Actions: 

▪ Analyze historical data for weather-related impacts on operations. 

▪ Review facility insulation and HVAC performance under varying conditions. 

• Humidity 

o Corrective Actions: 

▪ Repair or upgrade HVAC systems to handle current humidity loads. 

▪ Introduce dehumidifiers in affected areas. 

o Preventive Actions: 

▪ Conduct regular HVAC system performance checks and maintenance. 

▪ Install humidity sensors to monitor ambient levels in critical zones. 
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o Investigative Actions: 

▪ Audit HVAC design to ensure it meets current operational demands. 

▪ Investigate process areas most affected by high ambient humidity. 

Methods 

• Process Optimization 

o Corrective Actions: 

▪ Redesign inefficient workflows to ensure smoother operation. 

▪ Introduce interim process controls to mitigate inefficiencies. 

o Preventive Actions: 

▪ Perform regular process reviews to identify potential bottlenecks. 

▪ Use simulation tools to test optimization strategies before implementation. 

o Investigative Actions: 

▪ Map process flows to identify inefficiency sources. 

▪ Conduct time-motion studies to evaluate task performance. 

• Maintenance 

o Corrective Actions: 

▪ Address all outstanding repair tasks immediately. 

▪ Implement overdue preventive maintenance tasks without delay. 

o Preventive Actions: 

▪ Develop and adhere to a robust preventive maintenance schedule. 

▪ Invest in predictive maintenance technologies to anticipate failures. 

o Investigative Actions: 

▪ Analyze maintenance logs to identify gaps or delays in execution. 

▪ Investigate resource or scheduling issues causing maintenance neglect. 

• Operational Procedures 

o Corrective Actions: 

▪ Standardize inconsistent procedures across all shifts and operators. 

▪ Establish and enforce standard operating conditions (SOCs). 

o Preventive Actions: 

▪ Regularly update and review operational manuals and guidelines. 

▪ Conduct audits to ensure adherence to SOCs. 

o Investigative Actions: 

▪ Interview operators to identify procedural inconsistencies or challenges. 

▪ Review training content and frequency for alignment with operations. 

People 

• Human Errors 

o Corrective Actions: 

▪ Retrain personnel involved in the incident. 

▪ Implement double-check protocols to catch potential errors. 

o Preventive Actions: 

▪ Develop clear checklists for critical tasks. 

▪ Conduct regular refresher training for all staff. 

o Investigative Actions: 

▪ Review work schedules for signs of fatigue-related errors. 

▪ Interview involved personnel to understand error circumstances. 

• Training 

o Corrective Actions: 

▪ Conduct additional training sessions to address knowledge gaps. 
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▪ Provide immediate mentoring for operators lacking expertise. 

o Preventive Actions: 

▪ Update training programs to include recent learnings and challenges. 

▪ Evaluate training effectiveness regularly through competency assessments. 

o Investigative Actions: 

▪ Analyze training records to identify gaps in coverage or participation. 

▪ Interview supervisors to understand recurring knowledge deficiencies. 

Measurement and Monitoring 

• Analytical Tools 

o Corrective Actions: 

▪ Upgrade or replace outdated software tools. 

▪ Address data integrity issues through thorough audits and validation. 

o Preventive Actions: 

▪ Regularly update software to the latest version with improved features. 

▪ Implement stricter data governance policies. 

o Investigative Actions: 

▪ Review system logs to identify points of data corruption. 

▪ Evaluate tool compatibility with current operational needs. 

• Data Collection 

o Corrective Actions: 

▪ Recalibrate alarm systems to improve responsiveness. 

▪ Address inconsistencies in monitoring devices. 

o Preventive Actions: 

▪ Establish protocols for real-time data cross-verification. 

▪ Train staff on effective data collection techniques. 

o Investigative Actions: 

▪ Analyze historical alarm data for patterns of delay. 

▪ Conduct root cause analysis of monitoring lapses. 

 

Who can use the Moisture Content Fluctuations template? 

• Process Engineers: They can use the template to identify and resolve process inefficiencies, ensuring that moisture levels 

remain within acceptable limits during chemical reactions. 

• Maintenance Teams: The template helps them prioritize equipment inspections, repairs, and preventive maintenance to 

mitigate issues like leakages or sensor failures. 

• Quality Assurance Teams: QA professionals can leverage the template to trace and address material inconsistencies, ensuring 

product quality meets standards. 

• Operations Managers: They can use it to standardize procedures, optimize workflows, and minimize human errors impacting 

moisture content stability. 

• Environmental Specialists: The template aids in addressing external factors such as air ingress or humidity, ensuring the 

plant's environment supports stable operations. 

• Training Coordinators: By highlighting knowledge gaps, the template helps develop targeted training programs to improve 

operator skills and adherence to best practices. 

Why use this template? 
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By categorizing and analyzing the various causes, a quality tool like ProSolvr highlights specific areas for problem-solving. This 

structured approach not only helps resolve the immediate issue but also establishes a foundation for long-term improvements. By 

using Six Sigma principles to focus on eliminating process variability and reducing defects, the visual root cause analysis ensures that 

organizations can take suitable CAPA initiatives.  They can address systemic problems, improving reliability and operational stability 

in petrochemical plants. 

Unlock the power of precision problem-solving with ProSolvr by smartQED—your ultimate RCA tool for identifying root causes. 

Streamline your analysis with Gen-AI driven insights tailored for efficiency and success! 

Curated from community experiences and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/S0165237018310040 

• https://www.bakerhughes.com/panametrics/success-stories/moisture-refinery-recycle-gas-panametrics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RCA Template for:  Distillation Column Malfunction 
 

https://www.sciencedirect.com/science/article/abs/pii/S0165237018310040
https://www.bakerhughes.com/panametrics/success-stories/moisture-refinery-recycle-gas-panametrics
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Distillation columns are essential in petrochemical plants for separating mixtures based on their boiling points. Root Cause Analysis 

(RCA) with a fishbone diagram, or Ishikawa diagram, is a valuable method for tackling distillation column malfunctions. This tool helps 

teams systematically identify and categorize potential causes of the malfunction across various areas. 

Malfunctions in distillation columns can severely disrupt the production process, leading to inefficiencies, safety hazards, and potential 

shutdowns. Common issues include problems with equipment, such as valve issues (incorrect valve size, stuck or jammed valves), 

pump failure (motor burnout, seal leaks), and temperature fluctuations. In addition, incorrect pressure settings or malfunctioning 

pressure sensors can cause significant process disruptions. These problems may arise from equipment wear and tear, operational 

errors, variations in feed quality, or inadequate maintenance schedules. Addressing these root causes is crucial for maintaining plant 

reliability and improving overall efficiency. 

Using a fishbone diagram in the RCA process enables teams to develop targeted corrective and preventive actions. For instance, if 

fouling is identified as a cause, teams might revise maintenance schedules or improve feedstock pre-treatment. If operator error is 

the issue, additional training or updated procedures may be necessary. This structured approach not only resolves the current 

malfunction but also helps prevent future occurrences, thereby improving overall plant reliability and efficiency. 

Distillation Column Malfunction 

• Equipment 

o Valve Issues 

▪ Incorrect valve size 

▪ Stuck or jammed 

o Pump Failure 

▪ Motor burnout 

▪ Seal leaks 

• Process 

o Temperature Fluctuations 

▪ Improper heating/cooling rates 

▪ Faulty temperature control system 

o Incorrect Pressure 

▪ Incorrect pressure settings 

▪ Malfunctioning pressure sensors 
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• Maintenance 

o Poor Repair Quality 

o Inadequate Maintenance Schedules 

• Materials 

o Corrosive Materials 

o Poor Quality Feedstock 

▪ Impurities in the feed 

▪ Inconsistent feedstock 

• Personnel 

o Communication Issues 

o Operator Error 

• Environment 

o Power Supply Fluctuations 

o External Temperature Changes 

 

Suggested Actions Checklist 

This checklist provides a structured approach to addressing potential root causes of distillation column malfunctions, ensuring 

effective corrective, preventive, and investigative actions. 

Equipment 

• Valve Issues 

o Incorrect Valve Size 

▪ Corrective Actions: 

▪ Replace the incorrect valve with the appropriate size. 

▪ Adjust system settings to accommodate the correct valve size. 

▪ Preventive Actions: 

▪ Ensure proper valve sizing during design and installation. 

▪ Implement a review process for equipment specifications before procurement. 

▪ Investigative Actions: 

▪ Investigate the cause of incorrect valve selection. 

▪ Review design and procurement processes for potential gaps. 

o Stuck or Jammed Valve 

▪ Corrective Actions: 

▪ Manually free the stuck valve or replace it if necessary. 

▪ Inspect and lubricate moving parts to prevent future issues. 

▪ Preventive Actions: 

▪ Implement a regular valve inspection and maintenance schedule. 

▪ Use appropriate lubricants to reduce the risk of jamming. 

▪ Investigative Actions: 

▪ Investigate the cause of the valve sticking or jamming. 

▪ Review maintenance practices for adequacy. 

• Pump Failure 

o Motor Burnout 

▪ Corrective Actions: 

▪ Replace or repair the burned-out motor. 

▪ Inspect electrical connections and motor cooling systems. 

▪ Preventive Actions: 

▪ Implement regular motor maintenance and monitoring. 
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▪ Ensure proper cooling and ventilation for motor operation. 

▪ Investigative Actions: 

▪ Investigate the cause of motor burnout. 

▪ Review electrical and mechanical design for potential issues. 

o Seal Leaks 

▪ Corrective Actions: 

▪ Replace damaged seals and inspect surrounding components for damage. 

▪ Clean and properly seat new seals during installation. 

▪ Preventive Actions: 

▪ Use high-quality, compatible seals for the specific application. 

▪ Implement a regular inspection schedule for seal integrity. 

▪ Investigative Actions: 

▪ Investigate the cause of seal failure. 

▪ Review installation and maintenance procedures for potential improvements. 

Process 

• Temperature Fluctuations 

o Improper Heating/Cooling Rates 

▪ Corrective Actions: 

▪ Adjust heating and cooling rates to stabilize temperature control. 

▪ Inspect and recalibrate heating/cooling systems as necessary. 

▪ Preventive Actions: 

▪ Implement process control systems to monitor and adjust heating/cooling rates automatically. 

▪ Train operators on proper temperature management procedures. 

▪ Investigative Actions: 

▪ Investigate the cause of improper temperature control. 

▪ Review process design and control systems for potential improvements. 

o Faulty Temperature Control System 

▪ Corrective Actions: 

▪ Repair or replace malfunctioning temperature control components. 

▪ Recalibrate sensors and control systems to ensure accurate readings. 

▪ Preventive Actions: 

▪ Implement regular maintenance and testing of temperature control systems. 

▪ Use high-quality, reliable sensors and controllers. 

▪ Investigative Actions: 

▪ Investigate the cause of temperature control system failure. 

▪ Review and test control systems to ensure reliability. 

• Incorrect Pressure 

o Incorrect Pressure Settings 

▪ Corrective Actions: 

▪ Adjust pressure settings to appropriate levels. 

▪ Inspect pressure control systems and recalibrate as necessary. 

▪ Preventive Actions: 

▪ Implement automated pressure monitoring and control systems. 

▪ Train operators on proper pressure management procedures. 

▪ Investigative Actions: 

▪ Investigate the cause of incorrect pressure settings. 

▪ Review pressure control procedures and systems for improvements. 

o Malfunctioning Pressure Sensors 
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▪ Corrective Actions: 

▪ Replace or recalibrate malfunctioning pressure sensors. 

▪ Inspect associated wiring and control systems for faults. 

▪ Preventive Actions: 

▪ Implement regular sensor calibration and testing schedules. 

▪ Use high-quality, reliable pressure sensors in critical applications. 

▪ Investigative Actions: 

▪ Investigate the cause of sensor malfunction. 

▪ Review and improve sensor selection and maintenance procedures. 

Maintenance 

• Poor Repair Quality 

o Corrective Actions: 

▪ Reevaluate and redo any poor-quality repairs with appropriate materials and techniques. 

▪ Conduct thorough inspections to ensure repairs meet required standards. 

o Preventive Actions: 

▪ Develop and implement strict repair quality standards. 

▪ Train maintenance personnel on best practices for high-quality repairs. 

o Investigative Actions: 

▪ Investigate reasons behind poor repair quality. 

▪ Review and enhance repair procedures and quality control measures. 

• Inadequate Maintenance Schedules 

o Corrective Actions: 

▪ Implement immediate maintenance to address any issues arising from inadequate schedules. 

▪ Adjust maintenance schedules to ensure timely and effective upkeep. 

o Preventive Actions: 

▪ Develop a comprehensive and detailed maintenance schedule based on equipment needs and historical 

data. 

▪ Use a computerized maintenance management system (CMMS) to track and schedule maintenance tasks. 

o Investigative Actions: 

▪ Investigate the effectiveness of the current maintenance schedule and identify gaps. 

▪ Review past maintenance records and failure data to optimize schedules. 

Materials 

• Corrosive Materials 

o Corrective Actions: 

▪ Replace corroded components and inspect the system for further damage. 

▪ Use corrosion-resistant materials in vulnerable areas. 

o Preventive Actions: 

▪ Implement corrosion monitoring and protection systems. 

▪ Use inhibitors or protective coatings to prevent corrosion. 

o Investigative Actions: 

▪ Investigate the cause and extent of corrosion within the system. 

▪ Review material selection and protection methods to mitigate corrosion risks. 

• Poor Quality Feedstock 

o Corrective Actions: 

▪ Purge and replace poor-quality feedstock to stabilize operations. 

▪ Inspect and clean system components affected by contaminants. 

o Preventive Actions: 

▪ Implement strict quality control measures for incoming feedstock. 
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▪ Work with suppliers to ensure consistent, high-quality materials. 

o Investigative Actions: 

▪ Investigate the source and impact of poor-quality feedstock on system performance. 

▪ Review feedstock procurement and quality control processes. 

• Impurities in the Feed 

o Corrective Actions: 

▪ Filter or treat feedstock to remove impurities before use. 

▪ Inspect and clean equipment affected by impurities. 

o Preventive Actions: 

▪ Implement feedstock quality checks before processing. 

▪ Use filtration or purification systems to ensure feedstock purity. 

o Investigative Actions: 

▪ Investigate the source of impurities and their impact on the distillation process. 

▪ Review and improve feedstock handling and processing procedures. 

• Inconsistent Feedstock 

o Corrective Actions: 

▪ Adjust process parameters to accommodate feedstock variability. 

▪ Work with suppliers to ensure more consistent feedstock quality. 

o Preventive Actions: 

▪ Implement blending or pre-treatment processes to standardize feedstock. 

▪ Develop specifications for feedstock consistency in procurement contracts. 

o Investigative Actions: 

▪ Investigate the causes of feedstock inconsistency. 

▪ Review feedstock sourcing and handling practices. 

Personnel 

• Communication Issues 

o Corrective Actions: 

▪ Address any immediate operational issues caused by communication breakdowns. 

▪ Clarify roles and responsibilities to improve communication during operations. 

o Preventive Actions: 

▪ Implement standardized communication protocols and tools (e.g., digital logs, regular briefings). 

▪ Train staff on effective communication strategies, especially during critical operations. 

o Investigative Actions: 

▪ Investigate incidents involving communication issues to identify root causes. 

▪ Review communication practices and tools used during operations. 

• Operator Error 

o Corrective Actions: 

▪ Correct any operational errors and stabilize the system. 

▪ Provide immediate feedback and retraining to operators involved. 

o Preventive Actions: 

▪ Develop and enforce strict operating procedures and checklists. 

▪ Implement ongoing operator training and certification programs. 

o Investigative Actions: 

▪ Investigate the circumstances leading to operator error. 

▪ Review and improve operator training and operational procedures. 

Environment 

• Power Supply Fluctuations 

o Corrective Actions: 
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▪ Stabilize power supply and restart the distillation process safely. 

▪ Inspect and repair any equipment affected by power fluctuations. 

o Preventive Actions: 

▪ Install uninterruptible power supplies (UPS) or backup generators to ensure consistent power. 

▪ Monitor power quality and implement surge protection. 

o Investigative Actions: 

▪ Investigate the cause of power supply fluctuations and their impact on operations. 

▪ Review and improve power management and contingency plans. 

• External Temperature Changes 

o Corrective Actions: 

▪ Adjust process parameters to compensate for temperature variations. 

▪ Inspect equipment for any damage caused by temperature fluctuations. 

o Preventive Actions: 

▪ Implement temperature monitoring and control systems. 

▪ Use insulation or climate control systems to protect equipment from extreme temperatures. 

o Investigative Actions: 

▪ Investigate the impact of external temperature changes on system performance. 

▪ Review and improve environmental control measures. 

 

Who can benefit from the Distillation Column Malfunction template? 

• Operations and Production Teams: They handle the distillation columns directly and can use the RCA template to understand 

root causes of malfunctions, improving operational procedures. 

• Maintenance and Engineering Teams: Responsible for equipment upkeep and repair, they can use RCA insights to enhance 

maintenance schedules and address equipment-related issues more effectively. 

• Process Engineers: They can optimize process parameters by learning from RCA, ensuring that temperature, pressure, and 

other critical factors are maintained within optimal ranges to prevent malfunctions. 

• Safety and Compliance Officers: They can identify and mitigate safety risks related to distillation column malfunctions using 

the RCA template, ensuring compliance with safety standards and regulations. 

• Quality Assurance Teams: They can understand how poor-quality feedstock or materials contribute to malfunctions, leading 

to better quality control measures in procurement and production processes. 

• Training and Development Managers: They can use RCA findings to design targeted training programs for operators and 

other personnel, reducing human error and improving overall performance. 

Why use this template? 

Using Root Cause Analysis (RCA) for distillation column malfunctions offers significant benefits by providing a systematic approach to 

problem-solving. Gen-AI powered RCA identifies the underlying causes of malfunctions rather than just addressing symptoms, leading 

to more effective and lasting solutions. By analyzing factors such as equipment failures, process deviations, material quality issues, 

and human errors, RCA helps implement targeted corrective and preventive actions. This approach minimizes the likelihood of future 

malfunctions and enhances operational efficiency, safety, and reliability within the plant. 

Use ProSolvr by smartQED to effectively analyze and resolve equipment problems in your plant for smoother operations. 

Curated from community experiences and public sources: 

• Distillation Columns and Internals for Today’s Process Challenges 

• Distillation Column Malfunctions Identification using Higher Order Statistics 

https://www.ddpsinc.com/blog/distillation-columns-and-internals-for-todays-process-challenges#:~:text=Common%20Column%20Issues&text=Vaporization%20of%20volatile%20chemicals%2C%20droplet,internal%20components%20susceptible%20to%20fouling
https://www.researchgate.net/publication/284488438_Distillation_Column_Malfunctions_Identification_using_Higher_Order_Statistics
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RCA Template for:  Reactor Pressure Fluctuation 
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Reactor pressure fluctuation is a critical challenge in petrochemical plants, often disrupting chemical reactions, compromising product 

quality, and posing significant safety risks. These fluctuations arise due to irregularities in pressure regulation systems within reactors, 

which can lead to inefficiencies, costly downtimes, and even catastrophic failures. 

Common causes include equipment malfunctions such as valve malfunction, sticking of control valves, and faulty sensors due to wear 

and tear or incorrect calibration. On the process side, unsteady reaction conditions, fluctuating catalyst activity, poor temperature 

control, and inconsistent feed rates significantly contribute to pressure instability. Human factors, like operator error and inadequate 

training, along with material issues like impurities or contaminants in feedstock, can further compound the problem. Additionally, 

environmental factors, such as power supply disruptions and temperature fluctuations, and management lapses, such as lack of 

preventive maintenance, can exacerbate reactor instability. 

For instance, a poorly calibrated sensor may fail to detect pressure deviations accurately, leading to delayed corrective actions. 

Similarly, sticking control valves may hinder precise pressure adjustments, disrupting reaction stability. Unsteady reaction conditions 

caused by fluctuating catalyst activity can further intensify pressure irregularities, making it difficult to achieve consistent output. 

To address these issues effectively, ProSolvr, a GEN-AI-powered root cause analysis application based on fishbone diagrams and Six 

Sigma methodologies, offers a cutting-edge solution. ProSolvr enables teams to categorize potential causes—equipment, process, 

human factors, materials, environment, and management—and visually map the problem. By identifying root causes, ProSolvr 

empowers teams to implement targeted corrective actions, ensuring efficient and sustainable reactor operations while mitigating 

future risks. 

 

Reactor Pressure Fluctuation 

• Equipment 

o Valve Malfunction 

▪ Faulty Actuator Response 

▪ Sticking of Control Valves 

o Faulty Sensors 

▪ Sensor Wear and Tear 

▪  Incorrect Calibration 

• Process 
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o Unsteady Reaction Conditions 

▪ Fluctuating Catalyst Activity 

▪ Poor Temperature Control 

o Inconsistent Feed Rates 

• Human Factors 

o Operator Error 

▪ Misinterpretation of Readings 

▪ Inadequate Training 

• Materials 

o  Impurities in Feedstock 

▪ Presence of Contaminants 

▪ High Moisture Content 

• Environment 

o Power Supply Issues 

o Temperature Fluctuations 

• Management 

o Inadequate Training Programs 

o Lack of Preventive Maintenance 

 

Suggested Actions Checklist 

Here are corrective, preventive, and investigative actions for Reactor Pressure Fluctuations. 

Equipment 

• Valve Malfunction 

o Corrective Actions: 

▪ Replace or repair faulty actuators and control valves immediately. 

▪ Calibrate valves to ensure accurate control of reactor pressure 

o Preventive Actions: 

▪ Implement a regular valve inspection and maintenance schedule. 

▪ Use more robust, higher-quality actuators and valves. 

o Investigative Actions: 

▪ Conduct a detailed failure analysis of the valve malfunction to determine the root cause of actuator 

response or sticking. 

▪ Inspect the valve operation history to identify wear patterns. 

• Faulty Sensor 

o Corrective Actions 

▪ Replace or recalibrate faulty sensors. 

▪ Immediately replace any worn-out sensors affecting pressure readings. 

o Preventive Actions: 

▪ Install redundant sensors for critical measurements to avoid single-point failures. 

▪ Schedule regular sensor calibration and checks. 

o Investigative Actions: 

▪ Review the sensor's performance history to identify potential issues. 

▪ Investigate the source of sensor wear and tear or calibration issues. 

Process 

• Unsteady Reaction Condition 

o Corrective Actions: 

▪ Stabilize reaction conditions by adjusting operational parameters (e.g., temperature, pressure). 
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▪ Modify catalyst activity or introduce stabilizing agents if necessary 

o Preventive Actions: 

▪ Implement tighter control on reaction conditions and reactor parameters. 

▪ Regularly monitor catalyst activity and adjust as necessary 

o Investigative Actions: 

▪ Analyze data on reaction conditions and pressure fluctuations to identify correlations. 

▪ Investigate fluctuations in catalyst activity and identify any unexpected changes in its performance. 

• Inconsistent Feed Rate 

o Corrective Actions: 

▪ Correct feed rate variations by recalibrating or replacing feeding equipment. 

▪ Adjust feedstock composition to stabilize the flow rate. 

o Preventive Actions: 

▪ Implement continuous feed rate monitoring systems with alarms for deviations. 

▪ Standardize feedstock handling procedures to ensure consistent feed quality. 

o Investigative Actions: 

▪ Inspect feedstock supply systems for blockages, leaks, or issues with pumps and valves. 

▪ Investigate any variability in feedstock composition that could affect the feed rate. 

Human Factors 

• Operator Error 

o Corrective Actions: 

▪ Provide immediate corrective training for operators involved in the incident. 

▪ Revise operating procedures if misinterpretation of readings is identified. 

o Preventive Actions: 

▪ Develop and implement standardized operating procedures (SOPs) with clear instructions. 

▪ Conduct regular training and certification programs for operators. 

o Investigative Actions: 

▪ Review operator logs and actions leading to the pressure fluctuation event. 

▪ Assess operator understanding of reactor pressure control and identify knowledge gaps. 

Materials 

• Impurities in Feedstock 

o Corrective Actions: 

▪ Remove contaminated feedstock from the system. 

▪ Purify or filter the feedstock to eliminate contaminants before feeding into the reactor. 

o Preventive Actions: 

▪ Implement stricter quality control measures on incoming feedstock. 

▪ Install filtration systems to remove impurities from the feedstock stream. 

o Investigative Actions: 

▪ Identify and trace contaminants back to their source in the supply chain. 

▪ Perform analysis on the types of contaminants present (e.g., high moisture content, metals) and their 

impact on the reactor. 

Environment 

• Power Supply Issues 

o Corrective Actions: 

▪ Fix the power supply issue by addressing equipment failure or switching to backup power. 

▪ Ensure continuous power supply to critical reactor control systems. 

o Preventive Actions: 

▪ Regularly maintain backup power systems (e.g., generators, UPS). 

▪ Install power quality monitoring systems to detect fluctuations or disruptions. 
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o Investigative Actions: 

▪ Analyze power failure logs and identify when and why fluctuations occurred. 

▪ Check for issues in the electrical infrastructure that could lead to instability. 

• Temperature Fluctuations 

o Corrective Actions: 

▪ Stabilize reactor temperature by adjusting heating or cooling systems. 

▪ Repair any malfunctioning temperature control devices or insulation. 

o Preventive Actions: 

▪ Implement regular temperature monitoring and control systems. 

▪ Set up alarms for out-of-range temperature conditions. 

o Investigative Actions: 

▪ Investigate temperature control system history for potential malfunctions. 

▪ Examine the reactor environment for potential sources of heat loss or gain. 

Management 

• Inadequate Training Programs 

o Corrective Actions: 

▪ Revise and update training materials to ensure operators understand the reactor's complex systems and 

pressure control. 

▪ Provide targeted retraining for personnel involved in the incident. 

o Preventive Actions: 

▪ Develop a more robust, ongoing training program that covers the latest procedures and technologies. 

▪ Implement a training schedule for all employees with a focus on critical equipment handling. 

o Investigative Actions: 

▪ Review training records to identify gaps in operator knowledge. 

▪ Assess the effectiveness of current training programs and their alignment with real operational needs. 

• Lack of Preventive Maintenance 

o Corrective Actions: 

▪ Initiate immediate corrective maintenance for malfunctioning equipment or systems that contributed to 

pressure fluctuations. 

▪ Conduct a thorough inspection of equipment and processes involved in the incident. 

o Preventive Actions: 

▪ Establish a comprehensive preventive maintenance program, with regular equipment checks. 

▪ Implement monitoring tools to track equipment health and performance. 

o Investigative Actions: 

▪ Review maintenance records to identify any overdue or missed inspections. 

▪ Assess whether preventive maintenance schedules are adequate or require updating based on historical 

performance. 

Who can learn from the Reactor Pressure Fluctuation template? 

• Reactor Operators: Operators can learn how to identify and mitigate issues related to pressure fluctuations, improving their 

ability to maintain stable reactor conditions. They can also better understand the root causes of fluctuations to avoid 

recurrence. 

• Maintenance Teams: Maintenance personnel can learn to troubleshoot and fix equipment malfunctions such as faulty valves 

or sensors that contribute to pressure instability. They can also implement more effective preventive maintenance schedules. 

• Process Engineers: Engineers can learn to optimize reaction conditions and refine process parameters to prevent pressure 

fluctuations. They can integrate findings into improving overall reactor performance and stability. 
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• Quality Control Teams: Quality control personnel can understand how feedstock impurities and fluctuations in feed rates 

can impact reactor pressure. This knowledge helps them implement stricter quality assurance measures on incoming 

materials. 

• Management and Training Coordinators: Management can learn the importance of implementing strong training programs 

and regular maintenance to prevent pressure issues. They can use RCA insights to enhance long-term operational procedures 

and reduce unplanned downtimes. 

Why use this template? 

The structured problem-solving approach of a visual quality tool like ProSolvr can help teams develop preventive measures to avoid 

future reactor pressure fluctuations. Inadequate maintenance programs or lack of preventive measures are often management-

related causes that, once identified, can lead to stronger, more proactive maintenance schedules and improved training systems. By 

utilizing GEN-AI and Six Sigma methodologies, organizations can ensure that the corrective and preventive actions (CAPA) are not only 

rooted in data but also focus on long-term process stability, leading to more efficient and safe operations. 

Discover how ProSolvr by smartQED can streamline root cause analysis in petrochemical plants, helping you identify issues faster and 

implement effective solutions. Enhance operational efficiency with data-driven insights and actionable corrective actions. 

 

Curated from community experiences and public sources: 

• https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1382_web.pdf 

• https://www.sciencedirect.com/science/article/abs/pii/S000925090400716 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Incidents and Historical Failures 

RCA Template for:  Petrochemical Spill, HPL, 2017 
 

https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1382_web.pdf
https://www.sciencedirect.com/science/article/abs/pii/S000925090400716X
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In 2017, Haldia Petrochemicals Limited (HPL), located in Haldia, West Bengal, India, experienced a significant petrochemical spill. The 

incident occurred on January 31, 2017, when a pipeline carrying naphtha—a flammable hydrocarbon liquid used in petrochemical 

processes—ruptured, releasing a large quantity of naphtha into the surrounding environment. This led to contamination of the 

surrounding area, including soil and water bodies. 

The naphtha release posed significant risks due to its toxic and flammable nature, raising concerns about long-term environmental 

damage and risks to local communities. The incident highlighted issues related to the maintenance and monitoring of aging 

infrastructure within the plant, disrupting HPL's operations temporarily and affecting production. This event underscored the urgent 

need for stricter safety and maintenance protocols in the petrochemical industry to prevent such occurrences in the future. 

Root Cause Analysis (RCA) for Petrochemical Spill 

Using a Gen-AI-powered tool like ProSolvr for root cause analysis (RCA) can be crucial in preventing future incidents of a similar nature. 

This method helps break down complex issues into manageable categories, making it easier to identify the underlying causes of the 

spill. By ensuring that all potential causes are considered—not just the most obvious ones—the plant can develop corrective and 

preventive action plans. These plans may involve revising maintenance schedules, improving staff training, upgrading equipment, or 

enhancing monitoring systems. 

Root Causes of Petrochemical Spill at Haldia Petrochemical 

• Equipment Failure 

o Equipment Malfunction 

▪ Corrosion in Pipelines 

▪ Pump Failure 

o Aging Infrastructure 

▪ Poor Safety Culture 

▪ Inadequate Oversight and Inspections 

• Human Error 

o Failure to Follow Protocols 

o Inadequate Training 

▪ Operator Negligence 
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• Process Issues 

o Inadequate Risk Assessment 

o Ineffective Safety Procedures 

• Material Failure 

o Chemical Properties Causing Degradation 

o Use of Substandard Materials 

• Environmental Factors 

o Proximity to Water Bodies 

o Harsh Weather Conditions 

 

Suggested Actions Checklist 

 

Following a root cause analysis (RCA) for a petrochemical spill, the following corrective, preventive and investigative actions can be 

implemented: 

 

Mechanical Failure 

• Equipment Malfunction 

o Corrective: Immediately repair or replace malfunctioning equipment. 

o Preventive: Implement regular equipment checks and predictive maintenance strategies. 

o Investigative: Conduct a root cause analysis of the malfunction to identify underlying issues. 

• Corrosion in Pipelines 

o Corrective: Replace corroded pipeline sections and apply anti-corrosion coatings. 

o Preventive: Establish a corrosion monitoring program with frequent inspections and preventive treatments. 

o Investigative: Analyze the extent and causes of corrosion to determine high-risk areas and improve material 

selection. 

• Pump Failure 

o Corrective: Repair or replace failed pumps and check for systemic issues. 

o Preventive: Regularly test and maintain pumps, ensuring they are operating within specified parameters. 

o Investigative: Review pump performance data and maintenance history to identify the cause of failure and prevent 

recurrence. 

• Aging Infrastructure 

o Corrective: Upgrade or refurbish aging infrastructure components. 

o Preventive: Develop an infrastructure management plan that includes timely upgrades and replacements. 

o Investigative: Evaluate the condition of infrastructure and prioritize areas most at risk for failure. 

Poor Safety Culture 

• Inadequate Oversight and Inspections 

o Corrective: Increase the frequency and thoroughness of safety inspections. 

o Preventive: Implement a safety management system that ensures regular and comprehensive oversight. 

o Investigative: Assess the current inspection protocols and oversight practices to identify gaps and areas for 

improvement. 

Human Error 

• Failure to Follow Protocols 

o Corrective: Retrain staff on the importance of adhering to safety protocols. 

o Preventive: Implement strict supervision and regular audits to ensure compliance with protocols. 

o Investigative: Analyze incidents of protocol breaches to identify why they occurred and how they can be prevented. 

• Inadequate Training 

o Corrective: Provide enhanced training sessions focusing on critical operations and emergency response. 

o Preventive: Establish continuous training programs with regular assessments to ensure knowledge retention and 

application. 
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o Investigative: Evaluate the effectiveness of current training programs and make adjustments as needed based on 

incident reviews. 

• Operator Negligence 

o Corrective: Address specific instances of negligence through disciplinary action and retraining. 

o Preventive: Foster a safety-first culture with clear expectations and accountability for all operators. 

o Investigative: Review work practices and operator behavior to understand the root causes of negligence. 

Process Issues 

• Inadequate Risk Assessment 

o Corrective: Conduct a comprehensive risk assessment to identify potential hazards and implement corrective 

measures. 

o Preventive: Establish a regular risk assessment schedule and integrate findings into operational planning. 

o Investigative: Analyze past risk assessments to identify missed hazards or areas where assessments were not 

comprehensive. 

• Ineffective Safety Procedures 

o Corrective: Revise and enhance safety procedures to address identified shortcomings. 

o Preventive: Regularly review and update safety procedures to align with best practices and emerging risks. 

o Investigative: Perform a gap analysis of current safety procedures to identify and correct weaknesses. 

Material Failure 

• Chemical Properties Causing Degradation 

o Corrective: Replace degraded materials with those resistant to chemical attack. 

o Preventive: Evaluate material compatibility with process chemicals before use and conduct regular material integrity 

tests. 

o Investigative: Analyze the chemical interaction between materials and process fluids to identify degradation 

mechanisms. 

• Use of Substandard Materials 

o Corrective: Replace substandard materials with high-quality, certified alternatives. 

o Preventive: Strengthen material procurement procedures with rigorous quality checks and supplier evaluations. 

o Investigative: Trace the source of substandard materials and assess the impact on system integrity. 

Environmental Factors 

• Proximity to Water Bodies 

o Corrective: Implement additional containment measures to prevent spills from reaching nearby water bodies. 

o Preventive: Conduct regular environmental impact assessments and install protective barriers where necessary. 

o Investigative: Analyze past incidents involving water body contamination to refine containment strategies. 

• Harsh Weather Conditions 

o Corrective: Reinforce equipment and infrastructure to withstand adverse weather conditions. 

o Preventive: Develop a weather monitoring and response plan to minimize the impact of extreme weather on 

operations. 

o Investigative: Review historical weather data and incident reports to identify correlations and improve resilience. 

 

Who Can Benefit from This Template? 

 

• Plant Operations and Maintenance Teams 

o Understanding equipment failures to improve maintenance practices. 

o Enhancing operational procedures and safety protocols. 

• Safety and Compliance Officers 

o Strengthening safety measures and ensuring compliance with regulations. 

o Developing better emergency response plans. 

• Environmental Health and Safety (EHS) Professionals 

o Identifying environmental risks and implementing effective mitigation strategies. 

o Overseeing environmental remediation efforts post-incident. 

• Engineering Teams 
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o Designing and implementing safer, more resilient systems and infrastructure. 

o Addressing technical issues that may have contributed to the spill. 

• Management and Leadership 

o Making informed decisions regarding resource allocation for safety and maintenance. 

o Fostering a culture of safety and continuous improvement within the organization. 

• Training and Development Teams 

o Revising and enhancing training programs based on identified gaps and deficiencies. 

o Ensuring all personnel are adequately trained in updated safety procedures. 

• Regulatory Authorities 

o Assessing compliance with industry standards and implementing necessary policy changes. 

o Using findings for broader industry safety improvements and regulations. 

• Insurance and Risk Management Professionals 

o Reassessing and adjusting risk profiles and insurance coverage based on the incident. 

o Advising on risk mitigation strategies to prevent future spills. 

• Emergency Response Teams 

o Refining response strategies and improving coordination during spill incidents. 

o Learning from real-world scenarios to better prepare for future emergencies. 

• Local Community Representatives 

o Understanding the risks associated with nearby petrochemical facilities. 

o Engaging in discussions about safety improvements and community protection measures. 

 

Why Use This Template? 

 

A fishbone diagram, using Six Sigma principles, is particularly valuable in addressing petrochemical spills because it provides a 

structured, visual approach to identifying and categorizing the underlying causes of such incidents. By breaking down the problem into 

key categories, the fishbone template allows teams to systematically explore all potential contributing factors. This method ensures 

that not only the immediate cause but also deeper, less obvious issues—such as inadequate training, aging infrastructure, or 

ineffective safety procedures—are identified and addressed. 

 

Ultimately, this comprehensive analysis helps in developing targeted solutions to prevent future spills, enhance safety protocols, and 

improve overall operational efficiency in petrochemical facilities. Use ProSolvr by smartQED for efficient problem-solving in your 

petrochemical plant. 

 

Curated from community experience and public sources: 

• ABASCO 

• ScienceDirect 

 

 

 

 

 

 

 

 

 

 

 

RCA Template for:  Corrosion Induced Leak 
 

https://www.abasco.com/petrochemical.html
https://www.sciencedirect.com/science/article/abs/pii/S0304389423013249
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In 2015, Haldia Petrochemicals Limited (HPL) experienced a significant incident involving a corrosion-induced leak in its naphtha 

cracker unit. This leak was caused by corrosion in a high-temperature furnace, leading to the escape of hydrocarbons. The event 

underscored the critical issue of material degradation in petrochemical plants, where high-temperature environments and aggressive 

chemicals can accelerate corrosion. 

The leak raised concerns about maintenance practices and the integrity of the equipment, prompting a review of safety protocols and 

the implementation of more stringent inspection and monitoring systems to prevent future occurrences. This incident highlighted the 

importance of proactive measures to address corrosion to avoid operational disruptions and ensure plant safety. Conducting a root 

cause analysis (RCA) with a fishbone diagram (Ishikawa diagram) is crucial for addressing the corrosion-induced leak at Haldia 

Petrochemicals and preventing similar incidents in the future. 

The diagram systematically identifies and categorizes potential causes of the leak by focusing on key areas. By mapping out these 

factors, a visual RCA tool like ProSolvr enables teams to pinpoint the primary contributors to corrosion, whether related to material 

selection, improper maintenance practices, inadequate corrosion protection measures, or environmental conditions within the plant. 

Once the potential causes are identified, the RCA process involves a detailed examination of each factor to determine the most 

significant underlying issues. 

 

Corrosion-Induced Leak 

 

• Materials 

o Material Degradation: 

▪ Poor quality coatings or protective layers 

▪ Chemical reactions between materials and process fluids 

o Material Quality: 

▪ Substandard material quality leading to faster degradation 

o Material Selection: 

▪ Use of improper materials not resistant to corrosion 

• Environment 

o Temperature Fluctuations: 

▪ Extreme temperature changes causing material stress and weakening 

o External Environmental Factors: 

▪ Saltwater or chemical exposure from the surrounding environment 
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▪ High humidity levels leading to accelerated corrosion 

• Equipment 

o Design Flaws: 

▪ Inadequate design to handle the corrosive nature of the process fluids 

o Inadequate Maintenance: 

▪ Poor inspection procedures failing to detect early signs of corrosion 

▪ Irregular or insufficient maintenance schedules 

o Aging Equipment: 

▪ Lack of replacement of aging parts 

▪ Natural wear and tear of equipment over time 

• Processes 

o Chemical Process Changes: 

▪ Introduction of new chemicals or processes without proper evaluation of corrosion risks 

o Operating Conditions: 

▪ Failure to adhere to recommended operating procedures 

▪ Harsh operating conditions exceeding design specifications 

• Human Factors 

o Negligence: 

▪ Lack of attention to detail during inspections 

▪ Failure to follow standard operating procedures 

o Lack of Training: 

▪ Inadequate knowledge transfer among employees 

▪ Inadequate training on corrosion prevention and detection 

• Management 

o Incident Response: 

▪ Delayed response to initial signs of corrosion 

▪ Lack of a proactive approach to corrosion management 

o Budget Constraints: 

▪ Insufficient budget allocation for corrosion control and equipment upgrades 

o Policy Issues: 

▪ Inadequate policies for regular inspection and maintenance 

 

Suggested Actions 

After conducting a root cause analysis (RCA) of the corrosion-induced leak at Haldia Petrochemicals, the following corrective, 

preventive and investigative actions are recommended to address the identified issues and prevent future incidents: 

Materials 

• Material Degradation 

o Corrective: Reapply or upgrade protective coatings on affected equipment. 

o Preventive: Use corrosion-resistant materials and ensure quality coatings are applied. 

o Investigative: Assess the compatibility of materials with process fluids and analyze the failure of protective layers. 

• Material Quality 

o Corrective: Replace substandard materials with high-quality, corrosion-resistant alternatives. 

o Preventive: Implement strict material quality assurance procedures during procurement. 

o Investigative: Trace the source of substandard materials and review the supplier’s quality control processes. 

• Material Selection 

o Corrective: Replace improper materials with those better suited to resist corrosion in the specific environment. 

o Preventive: Conduct thorough material selection reviews during the design phase, considering the operating 

environment and process fluids. 
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o Investigative: Review past material selection decisions and their outcomes to identify patterns of inappropriate 

selection. 

Environment 

• Temperature Fluctuations 

o Corrective: Implement insulation or thermal protection to reduce material stress from temperature changes. 

o Preventive: Monitor environmental conditions closely and adjust operations to mitigate extreme temperature 

effects. 

o Investigative: Analyze historical temperature data to determine the frequency and impact of fluctuations on 

material integrity. 

• External Environmental Factors 

o Corrective: Apply additional protective coatings or barriers to shield equipment from environmental exposure. 

o Preventive: Regularly monitor and control the exposure of equipment to corrosive external environments such as 

saltwater or chemicals. 

o Investigative: Investigate the extent of corrosion in relation to external factors and assess the effectiveness of 

current protection strategies. 

Equipment 

• Design Flaws 

o Corrective: Redesign equipment components to better withstand the corrosive nature of process fluids. 

o Preventive: Conduct design reviews with a focus on corrosion resistance and material durability. 

o Investigative: Perform failure mode and effects analysis (FMEA) to identify design weaknesses related to corrosion. 

• Inadequate Maintenance 

o Corrective: Enhance inspection procedures to identify early signs of corrosion and implement an immediate 

maintenance schedule. 

o Preventive: Establish a rigorous and regular maintenance schedule with detailed inspection protocols for corrosion 

detection. 

o Investigative: Review maintenance records to identify missed inspections or signs of corrosion that were not 

addressed promptly. 

• Aging Equipment 

o Corrective: Replace or refurbish aging parts to prevent further degradation. 

o Preventive: Implement an equipment lifecycle management plan that includes timely replacement of aging 

components. 

o Investigative: Evaluate the current condition of all aging equipment and prioritize replacement or maintenance 

based on risk assessments. 

Processes 

• Chemical Process Changes 

o Corrective: Reevaluate the introduction of new chemicals or processes and their impact on corrosion. 

o Preventive: Conduct thorough corrosion risk assessments before implementing any chemical process changes. 

o Investigative: Analyze the correlation between recent process changes and the onset of corrosion-related issues. 

• Operating Conditions 

o Corrective: Adjust operating conditions to align with equipment design specifications and reduce corrosion risks. 

o Preventive: Regularly review and update operating procedures to ensure they meet the recommended conditions 

for minimizing corrosion. 

o Investigative: Investigate past operating conditions that exceeded design limits and contributed to corrosion. 

 

 

Human Factors 

• Negligence 

o Corrective: Retrain staff on the importance of thorough inspections and adherence to procedures. 
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o Preventive: Increase oversight and implement checklists to ensure all inspections are completed properly. 

o Investigative: Review inspection logs to identify lapses in attention to detail and procedural adherence. 

• Lack of Training 

o Corrective: Provide comprehensive training on corrosion prevention, detection, and standard operating procedures. 

o Preventive: Implement ongoing training programs with periodic refreshers and updates. 

o Investigative: Assess the effectiveness of current training programs and identify knowledge gaps among staff. 

Management 

• Incident Response 

o Corrective: Improve the response time to signs of corrosion by developing clear response protocols. 

o Preventive: Implement a proactive corrosion management program that includes regular inspections and early 

interventions. 

o Investigative: Analyze past incidents to evaluate the effectiveness and timeliness of the response to corrosion issues. 

• Budget Constraints 

o Corrective: Reallocate funds to prioritize critical maintenance and corrosion prevention efforts. 

o Preventive: Advocate for adequate budget allocation to ensure proper equipment maintenance and corrosion 

control. 

o Investigative: Review the impact of budget constraints on the frequency and severity of corrosion-related issues. 

• Policy Issues 

o Corrective: Revise and enforce policies that require regular inspection and maintenance for corrosion control. 

o Preventive: Develop policies that emphasize proactive corrosion management and continuous improvement. 

o Investigative: Audit current policies to ensure they are aligned with industry standards and best practices for 

corrosion prevention. 

 

Who Can Benefit from the Corrosion-Induced Leak Template? 

 

Several groups can benefit from the insights gained through the Gen-AI-powered root cause analysis (RCA) of the corrosion-induced 

leak at Haldia Petrochemicals: 

 

• Maintenance and Operations Teams: Learn about specific causes of corrosion in equipment and processes, allowing them to 

implement better inspection, maintenance, and operational practices. 

• Engineering and Design Teams: Improve material selection, design of equipment, and overall process layouts to minimize 

corrosion risk in new projects and retrofits. 

• Safety and Risk Management Teams: Gain valuable insights into potential hazards and the effectiveness of current safety 

protocols, aiding in the development of more robust risk management strategies. 

• Plant Management and Leadership: Understand the importance of investing in preventive measures, proper training, and 

resources for effective corrosion management, ensuring long-term operational reliability. 

• Quality Assurance Teams: Establish more stringent quality control processes in material procurement, inspection standards, 

and adherence to industry best practices. 

• Environmental and Regulatory Bodies: Reinforce compliance with regulations and standards related to corrosion 

management, potentially influencing policy updates or new guidelines. 

• Suppliers and Contractors: Improve the quality and suitability of products and services by understanding the specific needs 

of the plant through RCA insights. 

• Other Petrochemical Companies: Use the findings as a case study to evaluate and improve their own corrosion management 

practices, reducing the risk of similar incidents industry wide. 

 

Why Use This Template? 
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Implementing the findings from the fishbone diagram analysis will help prevent similar incidents in the future by addressing the root 

causes of corrosion. This could include updating materials used in high-risk areas, enhancing maintenance and inspection protocols, 

and improving training for staff on corrosion prevention techniques. Additionally, the insights gained can be applied across the plant, 

leading to a comprehensive review and strengthening of safety and operational practices. 

 

By focusing on eliminating or controlling the root causes of corrosion, plants like Haldia Petrochemicals can significantly reduce the 

risk of future leaks, ensuring the continued safe and efficient operation of their facilities. Use ProSolvr by smartQED for efficient RCA 

at your petrochemical plants. 

 

Curated from community experience and public sources: 

 

• ScienceDirect - Corrosion in Petrochemicals 

• ScienceDirect - Corrosion Monitoring 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

https://www.sciencedirect.com/science/article/pii/S1319610321001757
https://www.sciencedirect.com/science/article/abs/pii/S0951832023004003
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RCA Template for:  Olefin Unit Leak, HPL, 2011 

 

The Olefin Unit leak at Haldia Petrochemicals in 2011 was a significant industrial incident that highlighted safety and operational 

challenges in petrochemical plants. Conducting a Root Cause Analysis (RCA) of this incident can provide invaluable insights to help the 

petrochemical industry address underlying issues rather than just treating the symptoms. By systematically investigating the causes 

of the leak, the analysis can identify the specific factors that led to the incident, whether they were related to equipment failure, 

human error, or process inadequacies. 

The Olefin Unit, a critical part of the plant’s operations, is responsible for producing ethylene and propylene, which are essential 

feedstocks for various downstream products. The major leak in 2011 resulted in the release of hazardous gases, raising concerns about 

the safety protocols and the integrity of the equipment used at the plant. 

Utilizing a visual tool like ProSolvr for RCA fosters a culture of continuous improvement within plants like Haldia Petrochemicals. 

Engaging different teams in the analysis and problem-solving process not only resolves the immediate issue but also strengthens 

internal processes and systems. This collaborative approach encourages knowledge sharing and improved communication across 

departments, leading to more robust operational practices. Lessons learned from the 2011 incident can serve as a valuable resource 

for training and informed future decision-making, further contributing to the plant's operational excellence. 

Olefin Unit Leak 

• Equipment 

o Aging Equipment: 

▪ Wear and tear due to prolonged use  

▪ Corrosion of pipes and valves 

o Maintenance: 

▪ Faulty repair work 

▪ Inadequate maintenance schedule 

o Design Issues: 

▪ Inadequate design for pressure handling 

• Human Factors 

o Workforce Fatigue 

▪ Long working hours without sufficient breaks 

o Lack of Supervision 
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▪ Insufficient oversight of critical operations 

o Operator Error 

▪ Miscommunication during shift changes 

▪ Inadequate training for handling emergencies 

• Materials 

o Material Degradation 

▪ Material failure due to chemical reactions with process fluids 

o Substandard Materials 

▪ Use of low-quality pipes and fittings 

• Processes 

o Process Control  

▪ Faulty control systems  

▪ Inadequate monitoring of pressure and temperature 

o Operating Procedures: 

▪ Lack of updated Standard Operating Procedures (SOPs) 

▪ Non-adherence to safety protocols 

• Environment 

o Natural Events 

▪ Lightning or electrical surges causing equipment failure 

o External Factors 

▪ Humidity causing accelerated corrosion 

▪ High ambient temperatures affecting equipment integrity 

• Management 

o Incident Response 

▪ Delayed emergency response planning and execution 

o Budget Constraints 

▪ Underfunding for critical maintenance and upgrades 

o Policy Issues 

▪ Inadequate safety policies 

 

Suggested Actions Checklist  

Based on the RCA of the Olefin Unit leak at Haldia Petrochemicals in 2011, several corrective and preventive and investigative 

measures can be implemented: 

Equipment 

• Aging Equipment 

o Corrective: Replace or refurbish worn and corroded pipes and valves. 

o Preventive: Implement an equipment lifecycle management plan with regular assessments. 

o Investigative: Analyze the extent of wear and corrosion to determine replacement schedules. 

• Maintenance 

o Corrective: Correct any faulty repair work and conduct a comprehensive maintenance check. 

o Preventive: Develop a more rigorous and frequent maintenance schedule. 

o Investigative: Review past maintenance records to identify recurring issues and assess the adequacy of repair work. 

• Design Issues 

o Corrective: Redesign components to handle the required pressure. 

o Preventive: Conduct a design review and stress testing for pressure handling capabilities. 

o Investigative: Perform a failure mode analysis to understand design limitations and their impact. 
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Human Factors 

• Workforce Fatigue 

o Corrective: Adjust work schedules to ensure adequate rest periods. 

o Preventive: Implement a fatigue management program with regular breaks. 

o Investigative: Monitor work schedules and analyze any correlation between fatigue and errors. 

• Lack of Supervision 

o Corrective: Increase supervisory oversight, especially for critical operations. 

o Preventive: Establish clear supervisory responsibilities and regular check-ins. 

o Investigative: Review supervision practices and their impact on operational safety. 

• Operator Error 

o Corrective: Provide retraining focused on communication and emergency handling. 

o Preventive: Develop a standardized communication protocol for shift changes and emergencies. 

o Investigative: Analyze past incidents involving operator error to identify gaps in training or communication. 

Material 

• Material Degradation 

o Corrective: Replace degraded materials and apply protective coatings. 

o Preventive: Use materials resistant to chemical reactions and implement regular inspections. 

o Investigative: Conduct a chemical analysis of process fluids to determine the cause of material degradation. 

• Substandard Materials 

o Corrective: Replace low-quality pipes and fittings with high-grade alternatives. 

o Preventive: Implement strict material quality control checks during procurement. 

o Investigative: Trace the source of substandard materials to prevent future occurrences. 

Processes  

• Process Control 

o Corrective: Repair or replace faulty control systems and enhance monitoring capabilities. 

o Preventive: Implement redundant monitoring systems and regular control system audits. 

o Investigative: Analyze control system performance data to identify recurring faults and their causes. 

• Operating Procedures 

o Corrective: Update Standard Operating Procedures (SOPs) and enforce strict adherence. 

o Preventive: Regularly review and revise SOPs to reflect current best practices and safety standards. 

o Investigative: Audit past operations for compliance with SOPs and identify any gaps in safety protocol adherence. 

Environment 

• Natural Events 

o Corrective: Install surge protection and lightning arrestors on critical equipment. 

o Preventive: Develop a natural event response plan with protective measures. 

o Investigative: Review the impact of past natural events on equipment integrity and operations. 

• External Factors 

o Corrective: Implement environmental controls to reduce humidity and mitigate high temperature effects. 

o Preventive: Enhance monitoring of environmental conditions and their impact on equipment. 

o Investigative: Analyze environmental data to identify trends that may contribute to accelerated corrosion or 

equipment degradation. 

Management  

• Incident Response 

o Corrective: Improve emergency response planning and conduct regular drills. 

o Preventive: Establish a dedicated incident response team with clear protocols. 

o Investigative: Review the timeline and effectiveness of past incident responses to identify areas for improvement. 

• Budget Constraints 

o Corrective: Prioritize funding for critical maintenance and safety upgrades. 
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o Preventive: Advocate for sufficient budget allocation to ensure equipment integrity and operational safety. 

o Investigative: Analyze the impact of budget constraints on maintenance schedules and incident frequency. 

• Policy Issues 

o Corrective: Revise and strengthen safety policies to address identified gaps. 

o Preventive: Implement regular policy reviews and updates, with input from safety and operations teams. 

o Investigative: Conduct a thorough policy audit to ensure alignment with industry standards and best practices. 

 

Who Can Learn from the Olefin Unit Leak? 

• Plant Engineers and Maintenance Teams: Learn the importance of regular equipment inspections and early detection of 

potential issues. 

• Safety and Risk Management Professionals: Refine risk assessment and emergency response strategies, focusing on robust 

safety protocols. 

• Petrochemical Industry Leaders and Managers: Improve organizational practices, focusing on safety culture and continuous 

improvement. 

Why Use This Template? 

Conducting a thorough Gen-AI powered RCA of the Olefin Unit leak, following Six Sigma principles, can yield significant financial and 

reputational benefits for plants like Haldia Petrochemicals. This proactive approach demonstrates to stakeholders, including regulatory 

bodies and the public, a commitment to maintaining high safety standards, helping to preserve the company's reputation and ensuring 

continued success in the competitive petrochemical industry. 

Draft your own templates for efficient and effective problem resolution in your petrochemical plants. 

Curated from community experience and public sources:  

• https://www.digitalrefining.com/article/1000242/a-flexible-approach-to-refinery-olefin-alkylation 

• https://www.thehindubusinessline.com/companies/haldia-petrochemicals-looks-at-becoming-the-first-integrated-player-

in-phenolics-chain/article67412081.ece 

 

 

 
 

 

https://www.digitalrefining.com/article/1000242/a-flexible-approach-to-refinery-olefin-alkylation
https://www.thehindubusinessline.com/companies/haldia-petrochemicals-looks-at-becoming-the-first-integrated-player-in-phenolics-chain/article67412081.ece
https://www.thehindubusinessline.com/companies/haldia-petrochemicals-looks-at-becoming-the-first-integrated-player-in-phenolics-chain/article67412081.ece
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RCA Template for:  Ethylene Glycol Leak, HPL, 2014 

 

The 2014 Ethylene Glycol leak at Haldia Petrochemicals is a significant industrial incident involving the release of hazardous chemicals. 

While specific detailed reports on this incident may not be widely available, general practices in Root Cause Analysis (RCA) and 

information from similar industrial incidents can be applied to understand the likely causes and consequences. 

Ethylene Glycol (C₂H₆O₂) is a colorless, odorless, sweet-tasting liquid commonly used as antifreeze and in the manufacture of polyester 

fibers and resins. It is toxic when ingested and can cause severe health issues such as kidney failure and metabolic acidosis. Prolonged 

exposure can lead to central nervous system depression and organ damage. 

A Root Cause Analysis (RCA) using a fishbone diagram, also known as an Ishikawa or cause-and-effect diagram, is a powerful tool for 

systematically identifying the factors contributing to the Ethylene Glycol leak at Haldia Petrochemicals. This visual RCA tool, aligned 

with Six Sigma principles, helps categorize potential causes into key areas, allowing for a thorough examination of each to uncover 

underlying issues. 

In this case, a Gen-AI powered RCA could highlight specific areas of concern. The analysis might focus on operational procedures, the 

condition of pipes, valves, and seals, and the training and safety protocols followed by plant personnel. 

Ethylene Glycol Leak 

• Human Factors 

o Lack of supervision 

o Operator error 

o Inadequate training 

 

• Process and Procedures 

o Poor inspection practices 

o Inadequate safety protocols 

o Improper maintenance procedures 

• Equipment 

o Aging infrastructure 

o Faulty valves 

o Pipeline corrosion 
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• Materials 

o Chemical reaction with pipeline materials 

o Inferior quality materials 

• Environment 

o Nearby chemical reactions 

o Weather conditions 

• Management 

o Inadequate safety culture 

o Budget constraints 

o Lack of preventive measures 

 

Suggested Actions Checklist  

This checklist provides targeted actions to address the identified causes of failures, ensuring a comprehensive approach to risk 

management. 

Human Factors 

• Lack of Supervision 

o Corrective: Implement a more structured supervisory schedule. 

o Preventive: Increase supervisory staff and conduct regular supervisory training. 

o Investigative: Review the supervision hierarchy and effectiveness. 

• Operator Error 

o Corrective: Conduct retraining sessions for the operators involved. 

o Preventive: Introduce more intuitive controls and fail-safes. 

o Investigative: Perform root cause analysis of errors to identify patterns. 

• Inadequate Training 

o Corrective: Provide comprehensive and updated training programs. 

o Preventive: Implement a continuous training and development plan. 

o Investigative: Assess current training effectiveness through tests and evaluations. 

Process and Procedures 

• Poor Inspection Practices 

o Corrective: Revise inspection procedures to be more thorough. 

o Preventive: Implement a more rigorous inspection schedule with detailed checklists. 

o Investigative: Audit past inspection records to identify lapses. 

• Inadequate Safety Protocols 

o Corrective: Update and enforce safety protocols. 

o Preventive: Regularly review and revise safety protocols as needed. 

o Investigative: Analyze incidents to determine if safety protocols were followed. 

• Improper Maintenance Procedures 

o Corrective: Retrain maintenance personnel on proper procedures. 

o Preventive: Develop standardized maintenance protocols and monitor adherence. 

o Investigative: Review past maintenance records to identify recurring issues. 

Equipment 

• Aging Infrastructure 

o Corrective: Replace or refurbish outdated equipment. 

o Preventive: Implement an asset management plan for timely upgrades. 

o Investigative: Evaluate the remaining lifespan of aging infrastructure. 

• Faulty Valves 

o Corrective: Replace or repair faulty valves immediately. 
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o Preventive: Conduct regular valve testing and maintenance. 

o Investigative: Analyze the failure mode of the valves to identify underlying causes. 

• Pipeline Corrosion 

o Corrective: Repair or replace corroded pipeline sections. 

o Preventive: Apply corrosion inhibitors and coatings. 

o Investigative: Inspect pipelines to determine the extent and cause of corrosion. 

Materials 

• Chemical Reaction with Pipeline Materials 

o Corrective: Neutralize or replace affected pipeline sections. 

o Preventive: Select pipeline materials that are resistant to chemical reactions. 

o Investigative: Analyze the chemical composition of materials and interactions. 

• Inferior Quality Materials 

o Corrective: Replace inferior materials with higher quality alternatives. 

o Preventive: Implement stricter material quality control measures. 

o Investigative: Review material sourcing and testing procedures to prevent recurrence. 

Environment 

• Nearby Chemical Reactions 

o Corrective: Implement isolation measures to prevent interference from nearby reactions. 

o Preventive: Monitor surrounding chemical processes and implement safety buffers. 

o Investigative: Evaluate the impact of nearby chemical activities on operations. 

• Weather Conditions 

o Corrective: Adjust operations to mitigate the impact of adverse weather. 

o Preventive: Develop and implement weather contingency plans. 

o Investigative: Analyze historical weather data to anticipate future impacts. 

Management 

• Inadequate Safety Culture 

o Corrective: Promote safety culture through training and leadership involvement. 

o Preventive: Regularly communicate safety priorities and expectations to all staff. 

o Investigative: Survey employees to gauge the effectiveness of the current safety culture. 

• Budget Constraints 

o Corrective: Prioritize safety and critical infrastructure investments within the budget. 

o Preventive: Advocate for sufficient budget allocation for maintenance and safety. 

o Investigative: Review budget decisions to identify areas where cost-cutting compromised safety. 

• Lack of Preventive Measures 

o Corrective: Immediately implement missing preventive measures. 

o Preventive: Establish a proactive risk assessment and prevention strategy. 

o Investigative: Conduct a gap analysis to identify missing preventive actions. 

 

Who Can Learn from the Ethylene Glycol Leak template? 

• Plant Operators and Engineers: Emphasize the importance of rigorous maintenance, process safety management, and 

continuous equipment monitoring. 

• Safety Managers and Compliance Officers: Reinforce the need for strict adherence to safety protocols and regular audits. 

• Government Regulators: Update and strengthen regulations to ensure adherence to high safety and environmental 

standards. 
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• Environmental Protection Agencies: Advocate for stringent controls, better pollution monitoring, and rapid response 

mechanisms. 

• Engineering and Safety Education Programs: Incorporate this case into curricula to teach the importance of RCA, process 

safety, and the impacts of industrial accidents. 

• Professional Training Providers: Develop training modules on leak prevention, emergency response, and best practices in 

maintenance and safety management. 

Why use this template? 

ProSolvr, a quality tool, enables the identification of both immediate and systemic causes of the leak. This methodical approach aids 

in finding the root cause and guides the development of corrective and preventive actions to mitigate future risks, enhancing overall 

safety and reliability at the plant. 

Similar incidents in the chemical and petrochemical industries often highlight the importance of preventive maintenance, regular 

inspections, and robust emergency response systems. Learning from these incidents can help in preventing future occurrences. Use 

ProSolvr by smartQED to create and customize your own templates in your petrochemical plant. 

Curated from community experience and public sources:  

• https://nj.gov/health/eoh/rtkweb/documents/fs/0878.pdf 

• https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750031.html#:~:text=Ethylene%20glycol%20and%20its%20

toxic,Ethylene%20glycol%20is%20odorless.&text=Indoor%20Air%3A%20Ethylene%20glycol%20can,)%2C%20vapor%2C%20

or%20mist 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://nj.gov/health/eoh/rtkweb/documents/fs/0878.pdf
https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750031.html#:~:text=Ethylene%20glycol%20and%20its%20toxic,Ethylene%20glycol%20is%20odorless.&text=Indoor%20Air%3A%20Ethylene%20glycol%20can,)%2C%20vapor%2C%20or%20mist
https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750031.html#:~:text=Ethylene%20glycol%20and%20its%20toxic,Ethylene%20glycol%20is%20odorless.&text=Indoor%20Air%3A%20Ethylene%20glycol%20can,)%2C%20vapor%2C%20or%20mist
https://www.cdc.gov/niosh/ershdb/emergencyresponsecard_29750031.html#:~:text=Ethylene%20glycol%20and%20its%20toxic,Ethylene%20glycol%20is%20odorless.&text=Indoor%20Air%3A%20Ethylene%20glycol%20can,)%2C%20vapor%2C%20or%20mist
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RCA Template for:  Cracking Furnace Failure 

 
 

 

Using a fishbone diagram for Root Cause Analysis (RCA) in the case of a cracking furnace failure is crucial for systematically identifying, 

analyzing, and addressing root causes, enabling effective resolution and prevention of future incidents. A cracking furnace, also known 

as an ethylene furnace or pyrolysis furnace, is a critical component in petrochemical plants, particularly in producing basic building 

blocks like ethylene, propylene, and other olefins. 

 

These furnaces are central to the process of steam cracking or thermal cracking, which breaks down large hydrocarbon molecules into 

smaller, more valuable ones. In a petrochemical plant like Haldia Petrochemicals, cracking furnaces are used to convert naphtha or 

other hydrocarbons into ethylene and propylene, which are then used to produce polyethylene, polypropylene, and other essential 

petrochemical products. 

The primary function of a cracking furnace is to thermally break down large, complex hydrocarbon molecules such as naphtha, ethane, 

or propane into smaller, simpler molecules like ethylene, propylene, and butadiene. This process occurs at extremely high 

temperatures, typically ranging from 750°C to 1,100°C (1,380°F to 2,000°F), in the presence of steam. 

 

Impact of Cracking Furnace Failures 

Cracking furnaces operate at very high temperatures and pressures. A breakdown might lead to: 

• Uncontrolled Reactions: Increased risk of fires or explosions due to uncontrolled reactions. 

• Chemical Leaks: Potential release of unprocessed hydrocarbons or hazardous chemicals, posing serious risks to plant 

personnel and the environment. 

• Environmental Violations: Release of unburned hydrocarbons or pollutants, leading to environmental regulation violations, 

fines, or cleanup costs. 

• Contamination: Hazardous material spills, leading to soil or water contamination. 
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• Operational Disruptions: Chain reactions of failures or operational issues in downstream equipment, causing extended 

downtime. 

The fishbone diagram, guided by Six Sigma principles, can serve as a documented analysis for future reference, aiding in training and 

process improvement. The insights gained from the visual RCA tool can be used to refine procedures, update maintenance schedules, 

and improve overall plant operations, fostering continuous improvement. 

Root Causes of Cracking Furnace Failure 

• Equipment 

o Wear and Tear 

▪ High temperature exposure 

▪ Corrosion 

o Manufacturing Defects 

▪ Material inconsistency 

▪ Weld defects 

o Design Flaw 

▪ Improper material selection 

▪ Inadequate thermal design 

• Process 

o Incorrect Procedures 

▪ Incorrect fuel mixture 

▪ Inconsistent startup/shutdown practices 

o Control System Failure 

▪ Inadequate automation 

▪ Faulty sensors 

o Operating Conditions 

▪ High pressure conditions 

▪ Exceeding temperature limits 

• Human Factors 

o Inadequate Training 

▪ Lack of emergency response training 

▪ Insufficient knowledge of equipment 

o Operator Error 

▪ Failure to follow procedures 

▪ Misinterpretation of data 

• Materials 

o Material Degradation 

▪ Embrittlement 

▪ Creep due to high temperature 

o Quality of Feedstock 

▪ Variations in feed composition 

▪ Contaminated raw materials 

 

• Environment 

o External Vibrations 

▪ Machinery interference 

▪ Nearby construction 

o Ambient Temperature Fluctuations 
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▪ Uncontrolled humidity 

▪ Extreme weather conditions 

• Maintenance 

o Poor Repair Practices 

▪ Use of substandard replacement parts 

▪ Improper welding techniques 

o Inadequate Inspection 

▪ Infrequent inspection schedule 

▪ Missed signs of wear 

Suggested Actions Checklist 

This detailed checklist can guide the implementation of corrective, preventive, and investigative actions to address the potential 

causes of cracking furnace failure. 

 

Equipment 

• Wear and Tear 

o Corrective: Replace worn-out parts immediately. 

o Preventive: Implement a more frequent inspection schedule. 

o Investigative: Analyze the wear pattern to determine the root cause. 

• High Temperature Exposure 

o Corrective: Replace heat-damaged components. 

o Preventive: Improve thermal insulation or cooling systems. 

o Investigative: Check if operating temperatures exceed design limits. 

• Corrosion 

o Corrective: Replace corroded parts. 

o Preventive: Apply anti-corrosion coatings and consider material upgrades. 

o Investigative: Identify and eliminate sources of corrosive agents. 

• Manufacturing Defects 

o Corrective: Replace defective parts. 

o Preventive: Establish a robust quality control process. 

o Investigative: Trace back to the manufacturing process to find the defect source. 

• Material Inconsistency 

o Corrective: Replace inconsistent materials. 

o Preventive: Implement stricter material testing and validation. 

o Investigative: Review supply chain and material sourcing practices. 

• Weld Defects 

o Corrective: Re-weld or replace defective welds. 

o Preventive: Ensure proper welding techniques and inspections. 

o Investigative: Conduct weld quality audits and retrain welding personnel. 

• Design Flaws 

o Corrective: Redesign faulty components. 

o Preventive: Implement design reviews and stress-testing procedures. 

o Investigative: Perform a thorough failure mode analysis of the design. 

• Improper Material Selection 

o Corrective: Replace with appropriate materials. 

o Preventive: Conduct material suitability assessments during design. 
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o Investigative: Review the selection process and past decisions. 

• Inadequate Thermal Design 

o Corrective: Redesign to improve heat distribution. 

o Preventive: Implement advanced thermal simulations during design. 

o Investigative: Analyze temperature distribution and heat flow. 

Process 

• Incorrect Procedures 

o Corrective: Revise and enforce proper procedures. 

o Preventive: Provide regular training on correct procedures. 

o Investigative: Review procedure compliance and effectiveness. 

• Incorrect Fuel Mixture 

o Corrective: Adjust the fuel mixture to optimal settings. 

o Preventive: Implement automated fuel mixture monitoring. 

o Investigative: Analyze historical data to determine the root cause. 

• Inconsistent Startup/Shutdown Practices 

o Corrective: Standardize startup/shutdown procedures. 

o Preventive: Automate critical steps to reduce human error. 

o Investigative: Review past incidents and operator logs. 

• Control System Failure 

o Corrective: Repair or replace the control system components. 

o Preventive: Implement regular system diagnostics and updates. 

o Investigative: Analyze control system performance and failure history. 

• Inadequate Automation 

o Corrective: Upgrade or expand automation systems. 

o Preventive: Conduct a feasibility study for further automation. 

o Investigative: Evaluate automation gaps and operator dependency. 

• Faulty Sensors 

o Corrective: Replace or recalibrate faulty sensors. 

o Preventive: Implement a sensor maintenance schedule. 

o Investigative: Analyze sensor data for anomalies and deviations. 

• Operating Conditions: High Pressure, Exceeding Temperature Limits 

o Corrective: Reduce operating pressures and temperatures. 

o Preventive: Establish strict operating condition monitoring. 

o Investigative: Review historical data to identify trends or spikes. 

Human Factors 

• Inadequate Training 

o Corrective: Provide targeted training programs. 

o Preventive: Implement ongoing education and certification programs. 

o Investigative: Conduct skill assessments to identify knowledge gaps. 

• Lack of Emergency Response Training 

o Corrective: Conduct emergency response drills. 

o Preventive: Establish a routine emergency training schedule. 

o Investigative: Evaluate past response times and effectiveness. 

• Insufficient Knowledge of Equipment 

o Corrective: Provide specialized equipment training. 

o Preventive: Develop equipment manuals and quick reference guides. 

o Investigative: Assess operators’ familiarity with equipment through tests. 
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• Operator Error 

o Corrective: Provide retraining and review procedures. 

o Preventive: Introduce more intuitive interfaces and fail-safes. 

o Investigative: Conduct root cause analysis of the error. 

• Failure to Follow Procedures 

o Corrective: Reinforce the importance of procedure adherence. 

o Preventive: Monitor compliance and introduce checklists. 

o Investigative: Review incidents to understand the reason for deviation. 

• Misinterpretation of Data 

o Corrective: Improve data presentation and training. 

o Preventive: Standardize data interpretation protocols. 

o Investigative: Analyze the data interpretation process and tools. 

Materials 

• Material Degradation 

o Corrective: Replace degraded materials. 

o Preventive: Implement more frequent material inspections. 

o Investigative: Identify factors contributing to degradation. 

• Embrittlement 

o Corrective: Replace embrittled components. 

o Preventive: Select materials less prone to embrittlement. 

o Investigative: Analyze conditions leading to embrittlement. 

• Creep Due to High Temperature 

o Corrective: Replace components showing signs of creep. 

o Preventive: Use materials with higher creep resistance. 

o Investigative: Monitor temperatures and stress over time. 

• Quality of Feedstock 

o Corrective: Reject or process low-quality feedstock. 

o Preventive: Implement stricter feedstock quality checks. 

o Investigative: Trace back quality issues to suppliers. 

• Variations in Feed Composition 

o Corrective: Adjust processes to accommodate variations. 

o Preventive: Standardize feedstock and monitor composition. 

o Investigative: Analyze variations and their effects on the process. 

• Contaminated Raw Materials 

o Corrective: Remove and replace contaminated materials. 

o Preventive: Implement more rigorous material screening. 

o Investigative: Identify contamination sources and pathways. 

Environment 

• External Vibrations 

o Corrective: Isolate equipment from vibration sources. 

o Preventive: Install vibration dampening systems. 

o Investigative: Conduct vibration analysis and monitoring. 

• Machinery Interference 

o Corrective: Adjust machinery layout to reduce interference. 

o Preventive: Review and optimize plant layout and spacing. 

o Investigative: Monitor equipment interaction and effects. 

• Nearby Construction 
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o Corrective: Coordinate with construction teams to minimize impact. 

o Preventive: Establish a buffer zone and implement protective measures. 

o Investigative: Evaluate the construction schedule and impact on operations. 

• Ambient Temperature Fluctuations 

o Corrective: Adjust operating conditions to compensate. 

o Preventive: Implement temperature control systems. 

o Investigative: Monitor and analyze temperature trends. 

• Uncontrolled Humidity 

o Corrective: Install dehumidifiers or humidity control systems. 

o Preventive: Implement regular environmental monitoring. 

o Investigative: Assess the impact of humidity on equipment and processes. 

• Extreme Weather Conditions 

o Corrective: Take emergency measures to protect equipment. 

o Preventive: Develop and implement a weather contingency plan. 

o Investigative: Analyze historical weather impacts on operations. 

Maintenance 

• Poor Repair Practices 

o Corrective: Re-train maintenance staff and audit repairs. 

o Preventive: Standardize repair practices and quality checks. 

o Investigative: Review past repairs for recurring issues. 

 

• Use of Substandard Replacement Parts 

o Corrective: Replace with parts meeting specifications. 

o Preventive: Implement stricter procurement and part inspection processes. 

o Investigative: Trace and audit the supply chain for quality control. 

• Improper Welding Techniques 

o Corrective: Re-weld using proper techniques or replace welds. 

o Preventive: Conduct regular welding training and certifications. 

o Investigative: Analyze failed welds to identify root causes. 

• Inadequate Inspection 

o Corrective: Conduct immediate and thorough inspections. 

o Preventive: Increase the frequency and scope of inspections. 

o Investigative: Review inspection records and missed issues. 

• Infrequent Inspection Schedule 

o Corrective: Implement an immediate inspection and catch-up schedule. 

o Preventive: Review and revise the inspection schedule to be more frequent. 

o Investigative: Analyze the inspection process for gaps and inefficiencies. 

• Missed Signs of Wear 

o Corrective: Replace or repair worn components identified. 

o Preventive: Improve inspection procedures to better detect wear. 

o Investigative: Reassess past inspection techniques and tools for effectiveness. 

Who can learn from the Cracking Furnace Failure template? 

• Operations Team: Refine operational protocols and prevent similar incidents by understanding process deviations and 

equipment handling issues. 

• Maintenance Team: Enhance inspection routines and timely replacement of critical components to avoid future breakdowns. 
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• Engineering Team: Improve furnace design, material selection, and engineering standards to enhance reliability and safety. 

• Safety and Health Team: Develop stronger safety protocols, improve hazard identification processes, and enhance safety 

training. 

• Management: Make informed decisions regarding resource allocation and prioritize critical infrastructure. 

• Training and Development Team: Address training gaps to better prepare personnel for complex situations. 

• Procurement and Supply Chain Team: Improve procurement practices and ensure proper specifications are met. 

• Environmental Compliance Team: Strengthen environmental controls and ensure compliance with regulations. 

• Quality Assurance Team: Enhance quality control measures and refine testing procedures. 

• External Stakeholders: Evaluate compliance with safety standards and adjust risk assessments. 

• Research and Development (R&D) Team: Drive research initiatives for more reliable and safer furnace operations. 

• Crisis Management Team: Improve crisis management plans and communication protocols for future incidents. 

Why use this template? 

A root cause analysis using a fishbone diagram can be highly effective in identifying the underlying causes of a cracking furnace 

breakdown. This tool helps in narrowing down broad categories to specific root causes by asking "Why?" at each branch, leading to a 

deeper understanding of the problem. Prioritize critical issues first, and through brainstorming sessions with a cross-functional team, 

this Gen-AI powered fishbone diagram encourages collaboration, bringing diverse perspectives to identify causes that might not be 

immediately obvious. 

Use ProSolvr by smartQED to draft and customize templates at your petrochemical plants for efficient problem solving. 

 

Curated from community experience and public sources:  

• https://www.researchgate.net/publication/225333619_Failure_of_ethylene_furnace_outlet_transfer_line_due_to_overhe

ating 

• https://www.sofisglobal.com/applications/guarantee-safe-furnace-cracking-processes/ 

 

 

 
 

 

https://www.researchgate.net/publication/225333619_Failure_of_ethylene_furnace_outlet_transfer_line_due_to_overheating
https://www.researchgate.net/publication/225333619_Failure_of_ethylene_furnace_outlet_transfer_line_due_to_overheating
https://www.sofisglobal.com/applications/guarantee-safe-furnace-cracking-processes/
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RCA Template for:  Moss Landing Power Plant Oil Spill 

 

The Moss Landing Power Plant, situated in California, USA, encountered a catastrophic oil spill in October 2021, causing extensive 

environmental damage and posing significant risks to marine ecosystems and coastal communities. This report aims to provide an in-

depth analysis of the incident, exploring the underlying factors that contributed to this environmental disaster. 

The analysis delved into various aspects of the spill incident, examining factors related to personnel, equipment, procedures, materials, 

management, and external influences. By scrutinizing each aspect, the report aims to uncover the root causes of the oil spill and 

recommend measures to prevent similar incidents in the future. 

Inadequate training and awareness among plant personnel regarding spill prevention and response emerged as significant 

contributors to the incident. Human error and staffing issues further exacerbated the situation, highlighting the need for robust 

training programs and competent staffing to enhance operational safety. 

Equipment failures, maintenance lapses, and the absence of effective leak detection systems were identified as key factors in the spill. 

These shortcomings underscore the importance of rigorous maintenance practices, equipment upgrades, and the adoption of 

advanced technologies to prevent oil spills. 

Gaps in spill response protocols, delayed actions, and insufficient training were evident in the plant's procedures. This emphasizes the 

necessity for well-defined response protocols, continuous training, and simulation exercises to improve preparedness and response 

effectiveness during emergencies. 

Challenges related to poor quality control, aging infrastructure, and the lack of environmentally sustainable alternatives for oil storage 

and handling were observed. Addressing these issues requires investment in high-quality materials, infrastructure upgrades, and the 

adoption of eco-friendly solutions to ensure operational reliability and environmental protection. 

Inadequate oversight, insufficient investment in safety measures, and a lack of transparency within the management structure were 

also identified. Proactive management approaches, routine monitoring, and transparent communication are essential for enhancing 

accountability and fostering a culture of continuous improvement. 
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Moss Landing Power Plant Oil Spill 

• Man 
o Staffing issues 

o Lack of training 

o Human error 

• Machine 
o Lack of leak detection 

o Equipment failure 

o Maintenance lapses 

• Material 
o Lack of eco-friendly options 

o Poor quality control 

o Aging infrastructure 

• Method 
o Insufficient training 

o Inadequate spill protocols 

o Delayed response 

• Measurement 
o Lack of transparency 

o Poor oversight 

o Inadequate investment 

• Environment 
o External pressures 

o Regulatory gaps 

o Extreme weather 
 

The Moss Landing Power Plant oil spill underscores the critical importance of proactive measures and continuous improvement in 

industrial operations. By addressing the root causes identified in this analysis and implementing the recommended measures, the 

plant can enhance safety, protect the environment, and mitigate the risks of similar incidents in the future. This fishbone analysis 

serves as a roadmap for the plant to strengthen its operational resilience, safeguard its reputation, and contribute to a more 

sustainable future for the community and the environment. 

 

Suggested Actions Checklist: 

 

Here are some corrective actions, preventive actions and investigative actions that organizations may find helpful.  

Man 

• Staffing Issues 

o Corrective Action: Hire additional personnel to meet operational demands. 

o Preventive Action: Conduct workforce planning to ensure adequate staffing levels. 

o Investigative Action: Review past staffing reports to identify trends leading to shortages. 

• Lack of Training 

o Corrective Action: Conduct immediate training sessions on spill response and equipment handling. 

o Preventive Action: Implement a regular training schedule and certification process. 
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o Investigative Action: Evaluate training records to assess gaps in employee knowledge. 

• Human Error 

o Corrective Action: Retrain staff involved and review operational errors. 

o Preventive Action: Introduce standard operating procedures (SOPs) with built-in checks and redundancy. 

o Investigative Action: Perform root cause analysis to determine the underlying causes of human errors. 

Machine 

• Lack of Leak Detection 

o Corrective Action: Install advanced leak detection systems. 

o Preventive Action: Regularly calibrate and test detection equipment. 

o Investigative Action: Audit existing systems to determine why the leak went undetected. 

• Equipment Failure 

o Corrective Action: Repair or replace malfunctioning equipment immediately. 

o Preventive Action: Develop a proactive maintenance schedule based on equipment criticality. 

o Investigative Action: Conduct a failure mode and effects analysis (FMEA) on failed equipment. 

• Maintenance Lapses 

o Corrective Action: Perform overdue maintenance tasks immediately. 

o Preventive Action: Establish a computerized maintenance management system (CMMS) for tracking schedules. 

o Investigative Action: Review maintenance logs and identify gaps in adherence to schedules. 

Material 

• Lack of Eco-Friendly Options 

o Corrective Action: Replace existing materials with environmentally friendly alternatives where possible. 

o Preventive Action: Partner with suppliers specializing in sustainable materials. 

o Investigative Action: Evaluate procurement practices to understand barriers to adopting eco-friendly options. 

• Poor Quality Control 

o Corrective Action: Reject substandard materials and engage alternative suppliers. 

o Preventive Action: Introduce stricter material inspection protocols and quality audits. 

o Investigative Action: Investigate the supply chain for quality lapses. 

• Aging Infrastructure 

o Corrective Action: Upgrade or replace outdated infrastructure components. 

o Preventive Action: Conduct regular structural integrity assessments and phased modernization programs. 

o Investigative Action: Analyze historical data on failures linked to infrastructure age. 

Method 

• Insufficient Training 

o Corrective Action: Develop comprehensive, scenario-based training modules. 

o Preventive Action: Schedule annual refresher courses for all personnel. 

o Investigative Action: Review training content and feedback for adequacy. 

• Inadequate Spill Protocols 

o Corrective Action: Update spill response protocols based on best practices. 

o Preventive Action: Conduct regular drills to ensure readiness. 

o Investigative Action: Benchmark against industry standards to identify deficiencies. 

• Delayed Response 

o Corrective Action: Improve communication systems and establish a 24/7 incident response team. 
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o Preventive Action: Set up automated alert systems for quicker incident reporting. 

o Investigative Action: Analyze response timelines to determine bottlenecks. 

Measurement 

• Lack of Transparency 

o Corrective Action: Share incident details with stakeholders promptly. 

o Preventive Action: Develop a clear communication policy and accountability framework. 

o Investigative Action: Assess past incidents for transparency issues and stakeholder feedback. 

• Poor Oversight 

o Corrective Action: Strengthen governance by appointing third-party auditors. 

o Preventive Action: Establish a dedicated oversight committee for regular checks. 

o Investigative Action: Review oversight mechanisms and their effectiveness. 

• Inadequate Investment 

o Corrective Action: Allocate emergency funds to address immediate deficiencies. 

o Preventive Action: Create a long-term investment plan for safety and sustainability improvements. 

o Investigative Action: Perform a cost-benefit analysis of past investments to identify missed opportunities. 

Environment 

• External Pressures 

o Corrective Action: Engage with external stakeholders to address conflicting interests. 

o Preventive Action: Build collaborative partnerships to align goals. 

o Investigative Action: Assess the impact of external factors on operations. 

• Regulatory Gaps 

o Corrective Action: Lobby for stricter regulations and ensure compliance with existing ones. 

o Preventive Action: Develop internal policies that exceed regulatory requirements. 

o Investigative Action: Compare existing regulations with best practices in other regions. 

• Extreme Weather 

o Corrective Action: Implement immediate measures to safeguard vulnerable assets. 

o Preventive Action: Design infrastructure and response plans for resilience against extreme weather events. 

o Investigative Action: Study past incidents to evaluate how weather impacted outcomes. 

Who should use the Moss Landing Power Plant Oil Spill template? 

This template for a detailed Root Cause Analysis (RCA) report on the Moss Landing Power Plant oil spill is designed for various 

stakeholders involved in the incident and its aftermath. Here's a list of potential users who could benefit from using this template: 

• Plant Management and Operations Teams: Plant managers, operational leaders, and safety officers can use this template to 

understand the root causes of the oil spill and implement corrective actions to prevent similar incidents in the future. 

• Environmental Agencies and Regulatory Bodies: Environmental agencies, regulatory bodies, and government officials can 

utilize this template to assess the incident's environmental impact and recommend regulatory changes or enforcement 

actions. 

• Risk Management Teams: Risk management professionals and insurance companies can leverage this template to evaluate 

the incident's risk profile, assess liabilities, and develop risk mitigation strategies. 

• Safety Consultants and Auditors: Safety consultants, auditors, and third-party evaluators can use this template to conduct 

independent assessments, validate findings, and provide expert recommendations to improve safety protocols and 

procedures. 
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• Community and Public Stakeholders: Community leaders, local residents, and other public stakeholders can utilize this 

template to gain insights into the incident, understand its implications for public health and safety, and advocate for improved 

safety and environmental protections. 

• Legal Teams and Attorneys: Legal teams, attorneys, and legal advisors can use this template to gather evidence, assess 

liabilities, and prepare legal strategies for potential litigation related to the oil spill incident. 

• Corporate Communications and Public Relations Teams: Corporate communications and public relations professionals can 

utilize this template to craft clear and transparent communications to stakeholders, manage public perception, and rebuild 

trust in the organization's operations. 

• Investors and Shareholders: Investors, shareholders, and financial analysts can leverage this template to understand the 

incident's financial implications, assess its impact on the company's reputation, and make informed investment decisions. 

Why use the Moss Landing Power Plant Oil Spill template? 

• Comprehensive Analysis: The template provides a structured framework for conducting a thorough analysis of the incident, 

ensuring that all relevant factors are considered. 

• Evidence-Based Insights: By following the template, stakeholders can gather and organize evidence systematically, helping 

them to make informed decisions based on factual data rather than assumptions or biases. 

• Customizable Format: The template is adaptable to specific needs and requirements, allowing users to tailor the analysis to 

their unique circumstances. 

• Clear Communication: The template facilitates clear and concise communication of findings and recommendations, ensuring 

that stakeholders understand the implications of the incident and the proposed corrective actions. 

• Risk Mitigation: Through the analysis provided by the template, organizations can identify potential risks and vulnerabilities 

in their operations, enabling them to develop and implement targeted risk mitigation strategies. 

• Regulatory Compliance: The template aids in identifying areas where the organization may not be compliant with regulatory 

standards and guidelines. 

• Stakeholder Engagement: The structured approach of the template enhances stakeholder engagement by providing a 

transparent and systematic presentation of the incident's causes and the proposed remedial measures. 

• Continuous Improvement: Utilizing the template fosters a culture of continuous improvement within the organization, 

encouraging learning from past mistakes and implementing measures to prevent similar incidents in the future. 

In conclusion, the Moss Landing Power Plant Oil Spill RCA template serves as a valuable tool for stakeholders to understand the 

complexities of the incident, identify areas for improvement, and develop actionable strategies to enhance safety, protect the 

environment, and ensure operational resilience. 

Curated from community experience and public sources: 

• https://www.reuters.com/world/us/major-oil-spill-washes-ashore-california-killing-wildlife-2021-10-03/ 

• https://www.nytimes.com/interactive/2021/10/05/climate/california-oil-spill-map.html 

 

  

https://www.reuters.com/world/us/major-oil-spill-washes-ashore-california-killing-wildlife-2021-10-03/
https://www.nytimes.com/interactive/2021/10/05/climate/california-oil-spill-map.html
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RCA Template for: Texas City Refinery Explosion, 2005 
 

 

The Texas City refinery explosion on March 23, 2005, inside the BP-owned refinery in Texas City was catastrophic, resulting in over 15 

fatalities and more than 170 injuries. Conducting a thorough root cause analysis (RCA) based on Six Sigma principles can help prevent 

such disasters in the future. The blast heavily damaged or destroyed several refinery units, including the isomerization unit where the 

explosion originated. It also caused extensive damage to the surrounding community. 

The force of the explosion was extremely powerful, causing extensive structural damage to the surrounding equipment and buildings 

within the refinery. Fires resulting from the explosion burned for several hours, worsening the damage. Secondary explosions further 

damaged the refinery infrastructure. 

The refinery experienced significant operational disruptions, with repairs and lost production leading to substantial financial losses. 

BP reported losses of hundreds of millions of dollars due to the explosion. Additionally, the explosion released a significant amount of 

pollutants into the air, including volatile organic compounds (VOCs) and other hazardous substances. 

This raised concerns about air quality and potential long-term environmental health effects. Hydrocarbons, which are organic 

compounds consisting primarily of hydrogen and carbon atoms, can have various side effects on human health and the environment 

depending on their type, concentration, and exposure duration. Inhalation of hydrocarbon vapors can lead to respiratory problems 

such as coughing, wheezing, shortness of breath, and irritation of the throat and lungs. Some hydrocarbons, particularly polycyclic 

aromatic hydrocarbons (PAHs) and benzene, are known carcinogens. Chronic exposure increases the risk of developing cancers such 

as leukemia and lung cancer. 

The Texas City Refinery Explosion is a stark reminder of the importance of root cause analysis and the need for continuous 

improvement in safety standards. By learning from past incidents and implementing robust corrective and preventive actions (CAPA), 

industries can enhance their quality and reliability. CAPA helps in identifying the root causes of problems, developing solutions, and 

preventing recurrence. This process ensures operational excellence, safer operations, and the protection of human lives and the 

environment. Tools like ProSolvr can play a pivotal role in executing CAPA effectively, ensuring that lessons learned lead to tangible 

improvements in safety and operational practices. 
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Texas City Refinery Explosion 

 

• Raffinate Tower Issue 

o Indicator showed towers were almost empty, resulting in overfilling 

o Overfilling the Splitter Tower with hydrocarbons 

o Malfunctioning level indicator 

 

• Previous Safety Violations 

o Overemphasis on productivity rather than on safety 

o   Previous safety concerns were not addressed 

o   Radical cost-cutting measures 

o   Not abiding by standard maintenance practices 

• Safety Failure 

o Personal Safety overshadowed Process Safety 

o Failure of high-level alarm designed to alert operators 

o Critical alarms failed or they were ignored 

o Tower instrumentation was redundant 

• Ignition Source close by 

o Lack of audits regarding placement of equipment and machinery 

o Likely presence of a idling diesel truck 

o Likely presence of a running engine 

• Operational Issues 

o Workers unaware of the risks 

o Lack of proper training 

o Lapses in standard operating procedure 

o Miscommunication among workers 

• Hydrocarbon Release 

o 2 turnaround activities in the vicinity at the same time 

o Liquid hydrocarbon overfilled a blowdown drum 

o Release of flammable vapor cloud 

 

Understanding the lessons from the explosion is crucial. The tragedy underscores the need for stringent industrial safety standards in 

refineries of such scale and magnitude. 

Suggested Actions Checklist: 

Here are some corrective actions, preventive actions and investigative actions that petrochemical plants may find useful. 

Raffinate Tower Issue 

Indicator Issues 

• Malfunctioning Level Indicator 

o Corrective Action: Repair or replace the faulty level indicator immediately. 

o Preventive Action: Implement regular calibration and testing schedules for level indicators. 

o Investigative Action: Conduct a failure mode analysis to determine why the indicator malfunctioned. 
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• Indicator Showed Towers Were Almost Empty 

o Corrective Action: Update the indicator system with redundancy to provide secondary verification. 

o Preventive Action: Use advanced level measurement technologies with fail-safe mechanisms. 

o Investigative Action: Analyze historical data to identify recurring issues with level measurement. 

Overfilling the Splitter Tower 

 

• Hydrocarbon Overfilling 

o Corrective Action: Drain excess hydrocarbons and inspect for system damage. 

o Preventive Action: Integrate automatic shut-off systems when levels approach critical thresholds. 

o Investigative Action: Review process control logs to determine why the overfill occurred. 

Safety Violations 

• Overemphasis on Productivity 

o Corrective Action: Rebalance operational priorities to emphasize safety. 

o Preventive Action: Establish a safety-first policy and communicate it through training. 

o Investigative Action: Examine decision-making processes that prioritized productivity over safety. 

• Previous Safety Concerns Not Addressed 

o Corrective Action: Address outstanding safety concerns immediately with remedial actions. 

o Preventive Action: Develop a tracking system for safety issues to ensure they are resolved promptly. 

o Investigative Action: Audit past safety reports to identify trends in unaddressed issues. 

• Radical Cost-Cutting Measures 

o Corrective Action: Reallocate budget to critical safety measures and equipment. 

o Preventive Action: Evaluate the impact of cost-cutting on safety in all future budgeting processes. 

o Investigative Action: Assess past budget allocations and identify areas where safety was compromised. 

• Not Abiding by Standard Maintenance Practices 

o Corrective Action: Complete overdue maintenance and implement corrective maintenance programs. 

o Preventive Action: Enforce adherence to maintenance protocols with audits and penalties for lapses. 

o Investigative Action: Review maintenance logs and identify reasons for non-compliance. 

Safety Failures 

• Personal Safety Overshadowed Process Safety 

o Corrective Action: Train staff on the importance of process safety in mitigating risks. 

o Preventive Action: Incorporate process safety into routine operations and decision-making. 

o Investigative Action: Conduct a gap analysis on the integration of process and personal safety. 

• Failure of High-Level Alarm 

o Corrective Action: Repair or replace malfunctioning alarms. 

o Preventive Action: Regularly test alarm systems and train operators to respond promptly. 

o Investigative Action: Perform root cause analysis on the alarm system failure. 

• Critical Alarms Ignored 

o Corrective Action: Reinforce the importance of responding to alarms through training. 

o Preventive Action: Implement a mandatory logging and acknowledgment system for alarms. 

o Investigative Action: Review operator response logs to understand why alarms were ignored. 

• Redundant Instrumentation Failure 
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o Corrective Action: Inspect and repair redundant systems to ensure functionality. 

o Preventive Action: Set up a failover testing schedule for redundant instrumentation. 

o Investigative Action: Audit the maintenance and testing of redundant systems. 

Ignition Source Proximity 

• Lack of Equipment Audits 

o Corrective Action: Conduct an immediate audit of equipment placement and rectify unsafe conditions. 

o Preventive Action: Implement zoning regulations to prevent ignition sources near critical operations. 

o Investigative Action: Analyze past audit records for gaps in identifying unsafe placements. 

• Idling Diesel Truck 

o Corrective Action: Remove the truck from hazardous areas and shut off engines near operations. 

o Preventive Action: Develop strict no-idling policies for vehicles near hazardous zones. 

o Investigative Action: Investigate why the truck was idling and identify procedural lapses. 

• Running Engine Nearby 

o Corrective Action: Shut down all running engines near the release point. 

o Preventive Action: Install signage and barriers to restrict engine operation in critical areas. 

o Investigative Action: Determine why the engine was operational during hazardous activities. 

Operational Issues 

• Workers Unaware of Risks 

o Corrective Action: Conduct emergency risk awareness training for all employees. 

o Preventive Action: Include risk awareness in onboarding and regular training programs. 

o Investigative Action: Assess communication strategies for gaps in conveying risks. 

• Lack of Training 

o Corrective Action: Deliver targeted training sessions on process safety and emergency procedures. 

o Preventive Action: Implement a mandatory certification program for all workers. 

o Investigative Action: Review training records to identify training gaps. 

• SOP Lapses 

o Corrective Action: Update and enforce SOPs with mandatory compliance checks. 

o Preventive Action: Train employees on SOP adherence and use checklists during critical operations. 

o Investigative Action: Conduct a thorough review of deviations from SOPs. 

• Miscommunication 

o Corrective Action: Resolve misunderstandings and clarify responsibilities immediately. 

o Preventive Action: Use standardized communication protocols and tools during operations. 

o Investigative Action: Analyze communication breakdowns during the incident. 

Hydrocarbon Release 

• Simultaneous Turnaround Activities 

o Corrective Action: Reschedule overlapping activities to avoid interference. 

o Preventive Action: Develop a coordination plan for turnaround activities. 

o Investigative Action: Review planning documents to determine why overlaps occurred. 

• Overfilled Blowdown Drum 

o Corrective Action: Safely drain the drum and inspect for damage. 

o Preventive Action: Use overflow sensors and implement drum level monitoring protocols. 

o Investigative Action: Evaluate why the drum was not monitored during operations. 
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• Flammable Vapor Cloud Release 

o Corrective Action: Mitigate the vapor cloud immediately by using suppression systems. 

o Preventive Action: Upgrade containment systems to prevent vapor release. 

o Investigative Action: Assess the sequence of events leading to the vapor release. 

Who Can Learn from the Texas City Refinery Explosion? 

The lessons from the Texas City Refinery Explosion, 2005, are relevant to a wide range of stakeholders. Industries related to oil and 

gas and chemical engineering can learn from the tragedy. Additionally, regulatory bodies and government agencies can use AI-

powered root cause analysis to address such issues effectively and efficiently.  

Professionals working with occupational safety and health hazards can utilize GenAI-powered root cause analysis to analyze these 

problems. Emergency services and first responders, engineering and design professionals, and most importantly, corporate leadership 

and management teams can learn from this tragedy and work on corrective and preventive actions. 

Why use this template? 

• Using the RCA Fishbone Diagram for the Texas City Refinery Explosion, 2005, can help identify the root causes such as safety 

failures, operational issues, the impact of radical cost-cutting measures, and ignoring previous safety threats. This visual root 

cause analysis enables teams to pinpoint critical issues and take corrective and preventive actions to ensure that management 

focuses more on safety and equipment upgrades rather than solely on productivity and profit. This approach enhances quality 

and reliability, leading to operational excellence and improved team efficiency. 

• Design and extend your template or reuse this with some modification for cause analysis of other problems in ProSolvr by 

smartQED. ProSolvr offers a platform to facilitate such detailed analyses, leveraging advanced tools to enhance problem-

solving and decision-making processes. 

Curated from community experience and public sources: 

• BP America Texas City Refinery Explosion 

• Risktec Findings from the Independent Safety Review Panel 

• ScienceDirect Article 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.csb.gov/bp-america-texas-city-refinery-explosion/
https://risktec.tuv.com/knowledge-bank/texas-city-refinery-explosion-findings-from-the-independent-safety-review-panel/
https://www.sciencedirect.com/science/article/abs/pii/S135063071300304X
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Maintenance and Operational Issues 

RCA Template for: Spare Parts Shortages 
 

 

Spare parts shortages can have a significant impact on the smooth operation of petrochemical plants. These plants rely heavily on a 

complex network of machinery, where even a minor component failure can halt production, leading to substantial financial losses and 

safety risks. The inability to promptly replace critical components can arise from several key issues, including inventory management 

challenges such as improper categorization of critical spares, insufficient stock levels, and inaccurate forecasting within inventory 

systems. 

Supplier-related problems, such as lack of alternative suppliers, quality issues with supplied parts, delayed deliveries, and vendor 

payment delays, further exacerbate the situation. The procurement process can also contribute to delays, with unclear specifications, 

lengthy approval processes, and insufficient supplier communication. Logistical challenges—like improper packaging of parts, 

transport infrastructure issues, and customs clearance delays—add additional complexity, creating a ripple effect across operations. 

These shortages not only disrupt production schedules but also increase maintenance costs and heighten the risk of non-compliance 

with safety and environmental regulations. 

Moreover, human factors such as high staff turnover, negligence in record keeping, and inadequate training can contribute to 

inefficiencies in addressing these shortages. System and technology issues, including lack of system integration, ERP system failures, 

and outdated inventory systems, can hinder the accuracy and speed of addressing spare parts needs. 

When such shortages occur, a visual, GEN-AI-powered root cause analysis using a fishbone diagram, integrated with Six Sigma 

principles, provides a structured approach to problem-solving. By examining an incident after a shortage issue, this method 

systematically identifies underlying causes, allowing for the development of effective corrective and preventive actions (CAPA). The 

fishbone diagram helps categorize issues into distinct areas—inventory management, supplier issues, procurement process, logistics, 

human factors, and system and technology issues—ensuring no potential cause is overlooked. 

ProSolvr’s GEN-AI-powered fishbone-driven RCA method offers a proactive approach to identifying and addressing the root causes of 

spare parts shortages, enabling better inventory planning, supplier management, and reducing downtime risks. 
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Spare Parts Shortages 

• Inventory Management 

o Improper Categorization of Critical Spares 

o Insufficient Stock Levels 

o Inaccurate Forecasting 

• Supplier Issues 

o Lack of Alternative Suppliers 

o Quality Issues with Supplied Parts 

o Delayed Deliveries 

• Procurement Process 

o Vendor Payment Delays 

o Unclear Specifications 

o Lengthy Approval Processes 

• Logistics and Transportation 

o Improper Packaging of Parts 

o Transport Infrastructure Issues 

o Customs Clearance Delays 

• Human Factors 

o High Staff Turnover 

o Negligence in Record Keeping 

o Inadequate Training 

• System and Technology Issues 

o Lack of System Integration 

o ERP System Failures 

o Outdated Inventory Systems 

Suggested Actions Checklist  

This structured approach to CAPA ensures both immediate resolution and long-term prevention of spare parts shortages in critical 

operations in petrochemical plants. 

• Inventory Management 

o Improper Categorization of Critical Spares 

▪ Corrective Action: Reassess and reclassify current spare parts based on criticality and usage frequency. 

▪ Preventive Action: Develop a standardized criticality assessment matrix and provide training to inventory 

staff on its use. 

▪ Investigative Action: Audit historical spare parts categorization and identify discrepancies or errors. 

o Insufficient Stock Levels 

▪ Corrective Action: Expedite procurement for critical items and adjust minimum stock thresholds. 

▪ Preventive Action: Implement a just-in-time (JIT) inventory model with buffer stock for essential spares. 

▪ Investigative Action: Review historical consumption data to identify trends causing stock shortages. 

o Inaccurate Forecasting 

▪ Corrective Action: Revise forecasting methods, incorporating actual consumption rates and demand 

variability. 

▪ Preventive Action: Invest in predictive analytics tools to enhance demand forecasting accuracy. 

▪ Investigative Action: Analyze past forecast errors to determine gaps in methodology or data input. 

• Supplier Issues 

o Lack of Alternative Suppliers 

▪ Corrective Action: Source and onboard additional suppliers for critical parts. 
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▪ Preventive Action: Maintain an approved vendor list with multiple suppliers for each critical part. 

▪ Investigative Action: Evaluate current supplier dependency and identify parts with single-source risks. 

o Quality Issues with Supplied Parts 

▪ Corrective Action: Conduct quality checks on all received parts and return defective items. 

▪ Preventive Action: Establish clear quality assurance (QA) standards and include them in supplier contracts. 

▪ Investigative Action: Investigate the root cause of defects by engaging with suppliers and reviewing their 

processes. 

o Delayed Deliveries 

▪ Corrective Action: Negotiate expedited shipping with suppliers and identify temporary alternatives. 

▪ Preventive Action: Include delivery timelines as a key performance indicator (KPI) in supplier agreements. 

▪ Investigative Action: Analyze patterns of delays to pinpoint systemic supplier or logistical issues. 

• Procurement Process 

o Vendor Payment Delays 

▪ Corrective Action: Clear outstanding dues immediately to restore supplier trust. 

▪ Preventive Action: Automate payment schedules with predefined approval workflows. 

▪ Investigative Action: Review the finance department’s processes for bottlenecks in payment approvals. 

o Unclear Specifications 

▪ Corrective Action: Update and clarify specifications for pending or disputed orders. 

▪ Preventive Action: Develop a template for technical specifications and train procurement teams on its use. 

▪ Investigative Action: Examine past purchase orders to identify inconsistencies in specifications. 

o Lengthy Approval Processes 

▪ Corrective Action: Implement fast-track approval protocols for urgent procurement needs. 

▪ Preventive Action: Streamline the approval hierarchy by defining delegation of authority limits. 

▪ Investigative Action: Map and analyze approval workflows to identify unnecessary delays. 

• Logistics and Transportation 

o Improper Packaging of Parts 

▪ Corrective Action: Repack damaged parts and hold the responsible vendor accountable. 

▪ Preventive Action: Create and enforce packaging guidelines for all parts based on fragility and handling 

requirements. 

▪ Investigative Action: Assess damage records to trace recurring packaging issues. 

o Transport Infrastructure Issues 

▪ Corrective Action: Reroute shipments through alternative transportation methods or routes. 

▪ Preventive Action: Partner with logistics providers with diverse infrastructure capabilities. 

▪ Investigative Action: Investigate specific transportation bottlenecks contributing to delays. 

o Customs Clearance Delays 

▪ Corrective Action: Engage customs brokers to expedite clearance for pending shipments. 

▪ Preventive Action: Pre-clear frequently imported items by maintaining accurate documentation and 

regulatory compliance. 

▪ Investigative Action: Review past customs records to identify causes of repeated delays. 

• Human Factors 

o High Staff Turnover 

▪ Corrective Action: Hire temporary staff to manage the workload and ensure operational continuity. 

▪ Preventive Action: Develop employee retention programs, including competitive compensation and career 

growth opportunities. 

▪ Investigative Action: Conduct exit interviews to understand turnover causes and mitigate future losses. 

o Negligence in Record Keeping 

▪ Corrective Action: Update incomplete or erroneous records immediately. 

▪ Preventive Action: Train staff on proper documentation protocols and introduce periodic audits. 
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▪ Investigative Action: Evaluate instances of missing data to identify gaps in responsibility or oversight. 

o Inadequate Training 

▪ Corrective Action: Provide immediate refresher training for underperforming staff. 

▪ Preventive Action: Establish a structured onboarding and continuous learning program for all employees. 

▪ Investigative Action: Analyze skill gaps through performance reviews and incident records. 

• System and Technology Issues 

o Lack of System Integration 

▪ Corrective Action: Manually consolidate data from disparate systems for ongoing operations. 

▪ Preventive Action: Invest in integrated enterprise resource planning (ERP) software to unify processes. 

▪ Investigative Action: Assess the root cause of data silos and integration failures in current systems. 

o ERP System Failures 

▪ Corrective Action: Restore ERP functionality through immediate IT intervention or system rollback. 

▪ Preventive Action: Establish ERP system redundancies and perform regular system updates. 

▪ Investigative Action: Review system logs to identify and address failure points. 

o Outdated Inventory Systems 

▪ Corrective Action: Upgrade or replace obsolete systems with modern solutions. 

▪ Preventive Action: Implement a lifecycle management plan for inventory software. 

▪ Investigative Action: Analyze historical system performance to justify the upgrade decision. 

Who can learn from this template?  

• Maintenance Teams: Maintenance personnel can learn to identify and mitigate the risks of spare parts shortages, ensuring 

continuous plant operations and minimizing downtime. 

• Procurement Departments: Procurement teams can improve their supplier management, inventory forecasting, and 

purchasing practices to prevent stockouts and delays. 

• Supply Chain Managers: Supply chain professionals can use the RCA to streamline logistics, optimize transportation, and 

reduce customs clearance delays affecting spare parts delivery. 

• Operations Managers: Operations managers can ensure smoother production flows by proactively addressing the root 

causes of parts shortages that lead to production stoppages. 

• HR and Training Departments: HR teams can focus on reducing turnover and improving training for staff handling spare parts 

to prevent errors in record-keeping and inventory management. 

• IT and System Integration Teams: IT professionals can learn from system integration issues highlighted in the RCA, ensuring 

that ERP and inventory management systems work seamlessly for efficient operations. 

Why use this template?  

By identifying the underlying issues with a quality tool like ProSolvr, organizations may implement suitable corrective actions. The root 

cause analysis also aids in developing preventive measures. These CAPAs not only resolve the immediate problem but also build 

resilience against future occurrences, ensuring uninterrupted operations in petrochemical plants. This structured approach ultimately 

minimizes downtime, reduces costs, and enhances overall operational reliability. 

Streamline your root cause analysis with ProSolvr by smartQED to drive effective solutions and lasting improvements in your 

petrochemical plant. 

Curated from community experiences and public sources: 

• https://processandcontrolmag.co.uk/petrochemical-process-engineers-spare-part-shortages-for-ageing-temperature-

control-equipment-poses-operational-challenges/ 

• https://www.european-rubber-journal.com/article/2095363/outside-track-petchem-producers-battling-spare-parts-

shortage 

https://processandcontrolmag.co.uk/petrochemical-process-engineers-spare-part-shortages-for-ageing-temperature-control-equipment-poses-operational-challenges/
https://processandcontrolmag.co.uk/petrochemical-process-engineers-spare-part-shortages-for-ageing-temperature-control-equipment-poses-operational-challenges/
https://www.european-rubber-journal.com/article/2095363/outside-track-petchem-producers-battling-spare-parts-shortage
https://www.european-rubber-journal.com/article/2095363/outside-track-petchem-producers-battling-spare-parts-shortage
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RCA Template for: Maintenance Task Delays 
 

 

 

Maintenance task delays are often caused by a combination of interrelated factors, particularly in industries like petrochemical plants, 

where operational efficiency and equipment reliability are critical. Manpower-related issues such as an insufficient workforce, poor 

workforce scheduling, skill gaps, and low morale are major contributors. High turnover rates, overwork due to understaffing, and a 

lack of recognition further strain staff, leading to delays in maintenance tasks. In addition, problems with materials, such as stockouts 

of critical spares, excessive lead times, supply chain delays, and poor-quality parts, leave equipment vulnerable to failure, prolonging 

downtime. 

Furthermore, methods-related issues also play a significant role in maintenance delays. Ineffective communication, mismanagement 

of priorities, and poor coordination between departments can hinder timely intervention. The lack of historical data, incomplete 

maintenance logs, and unrealistic timelines further complicate the situation. Equipment failures are exacerbated by aging 

infrastructure, insufficient preventive maintenance, and diagnostic issues, such as delayed identification of problems or the lack of 

adequate diagnostic tools. This becomes especially problematic when there is reliance on critical machinery, a lack of redundancy 

systems, and over-reliance on single points of failure, all of which increase the risk of unplanned breakdowns. 

In addition to these internal factors, environmental elements such as changing safety regulations, frequent inspections, and extreme 

weather conditions can disrupt maintenance schedules. Delays in obtaining permits for high-risk tasks or hazardous working conditions 

also contribute to maintenance delays. On top of that, management challenges such as misaligned priorities—focusing on short-term 

fixes over long-term solutions—ineffective escalation processes, and a lack of leadership often prevent issues from being addressed 

promptly. Moreover, inadequate budgeting, where production takes precedence over maintenance, further exacerbates the delays. 

To effectively address maintenance-related incidents, a structured root cause analysis (RCA) is essential. Using a visual Gen-AI tool like 

ProSolvr, which creates a fishbone diagram, can help systematically identify and categorize the root causes of delays. By applying Six 

Sigma principles, RCA ensures a data-driven, process-oriented approach, focusing on the root causes rather than just the symptoms. 

This approach facilitates the implementation of corrective and preventive actions (CAPA), ultimately reducing delays and improving 

operational efficiency. 

Maintenance Task Delays 
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• Manpower 

o Low Morale 

▪ Inadequate recognition 

▪ Overwork due to understaffing 

o Insufficient Workforce 

▪ Poor workforce scheduling 

▪ Unavailability of technicians 

o Skill Gap 

▪ High turnover rates 

▪ Lack of training programs 

• Materials 

o Inventory Management Issues 

▪ Excessive lead times for restocking 

▪ Stockouts of critical spares 

o Poor Quality of Spare Parts 

▪ Inadequate quality checks 

▪ Use of counterfeit parts 

o Supply Chain Delays 

▪ Inefficient procurement processes 

▪ Late vendor deliveries 

• Methods 

o Ineffective Communication 

▪ Miscommunication of priorities 

▪ Poor coordination between departments 

o Poor Documentation 

▪ Lack of historical data for reference 

▪ Incomplete maintenance logs 

o Inefficient Planning 

▪ Unrealistic timelines 

▪ Lack of detailed task schedules 

• Machines 

o Dependency on Critical Machinery 

▪ Lack of redundancy systems 

▪ Over-reliance on single points of failure 

o Diagnostic Issues 

▪ Delayed identification of issues 

▪ Insufficient diagnostic tools 

o Equipment Failure 

▪ Aging infrastructure 

▪ Lack of preventive maintenance 

• Environment 

o Regulatory Compliance 

▪ Changing safety standards 

▪ Frequent inspections causing delays 

o Extreme Weather 

▪ Interruptions due to storms or heavy rains 

▪ Impact of high temperatures 

o Safety Concerns 
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▪ Delayed permits for high-risk tasks 

▪ Hazardous working conditions 

• Management 

o Misaligned Priorities 

▪ Delayed response to known issues 

▪ Focus on short-term fixes 

o Lack of Leadership 

▪ Ineffective escalation processes 

▪ Poor decision-making by supervisors 

o Inadequate Budget 

▪ Prioritization of production over maintenance 

▪ Insufficient funds for maintenance 

Suggested Actions Checklist 

This structured approach to CAPA ensures not just immediate resolution but also long-term improvements, reducing the risk of 

repeated maintenance task delays. 

Manpower 

• Low Morale 

o Inadequate Recognition 

▪ Corrective Actions: Introduce immediate performance-based rewards; recognize outstanding contributions 

publicly. 

▪ Preventive Actions: Develop an employee appreciation program with regular acknowledgment events; 

conduct periodic satisfaction surveys. 

▪ Investigative Actions: Review past employee feedback on recognition policies; assess the current 

performance appraisal system. 

o Overwork Due to Understaffing 

▪ Corrective Actions: Hire temporary staff or redistribute workloads to balance responsibilities. 

▪ Preventive Actions: Establish a headcount analysis process to identify staffing needs proactively; 

implement overtime limits. 

▪ Investigative Actions: Audit historical workload distribution and overtime hours; examine recruitment 

delays. 

• Insufficient Workforce 

o Poor Workforce Scheduling 

▪ Corrective Actions: Adjust schedules to prioritize critical tasks; hire part-time workers if needed. 

▪ Preventive Actions: Use workforce management software to optimize schedules; train supervisors in 

scheduling best practices. 

▪ Investigative Actions: Analyze missed deadlines due to scheduling errors; review skillset alignment with 

task requirements. 

o Unavailability of Technicians 

▪ Corrective Actions: Expedite technician availability through external contractors. 

▪ Preventive Actions: Build a roster of on-call technicians; conduct cross-training for multi-role capabilities. 

▪ Investigative Actions: Evaluate technician downtime and absence patterns; assess redundancy in technical 

roles. 

 

 

• Skill Gap 

o High Turnover Rates 
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▪ Corrective Actions: Offer retention incentives like bonuses or improved working conditions. 

▪ Preventive Actions: Implement mentorship programs; create clear career progression pathways. 

▪ Investigative Actions: Review exit interviews to identify reasons for turnover; benchmark industry 

retention practices. 

o Lack of Training Programs 

▪ Corrective Actions: Launch targeted training for immediate skill deficiencies. 

▪ Preventive Actions: Schedule periodic technical training; allocate budget for skill development annually. 

▪ Investigative Actions: Assess historical training gaps; analyze skill deficiencies in past incidents. 

Materials 

• Inventory Management Issues 

o Excessive Lead Times for Restocking 

▪ Corrective Actions: Negotiate expedited delivery terms with suppliers; use local vendors temporarily. 

▪ Preventive Actions: Maintain minimum stock levels; use predictive analytics for inventory forecasting. 

▪ Investigative Actions: Review restocking timelines and supplier performance; assess planning accuracy. 

o Stockouts of Critical Spares 

▪ Corrective Actions: Procure missing parts immediately from alternate vendors. 

▪ Preventive Actions: Implement a real-time inventory tracking system; categorize and prioritize critical 

spares. 

▪ Investigative Actions: Examine stockout frequency and root causes; audit procurement delays. 

• Poor Quality of Spare Parts 

o Inadequate Quality Checks 

▪ Corrective Actions: Replace defective parts; enhance inspection standards. 

▪ Preventive Actions: Establish quality assurance protocols; pre-qualify suppliers based on stringent criteria. 

▪ Investigative Actions: Review inspection reports and supplier audits; assess failed parts for root cause. 

o Use of Counterfeit Parts 

▪ Corrective Actions: Replace counterfeit components with verified originals; blacklist non-compliant 

suppliers. 

▪ Preventive Actions: Mandate authenticity certificates from vendors; train procurement teams in 

counterfeit detection. 

▪ Investigative Actions: Trace procurement records for counterfeit sources; audit supplier credentials. 

• Supply Chain Delays 

o Inefficient Procurement Processes 

▪ Corrective Actions: Streamline approval workflows; expedite purchase orders for urgent needs. 

▪ Preventive Actions: Implement a centralized procurement system; establish contingency suppliers. 

▪ Investigative Actions: Review historical procurement cycle times; identify bottlenecks in the approval 

process. 

o Late Vendor Deliveries 

▪ Corrective Actions: Penalize vendors for delays; renegotiate delivery timelines. 

▪ Preventive Actions: Set up vendor performance reviews; maintain secondary suppliers for critical items. 

▪ Investigative Actions: Assess recurring delays and vendor reliability; analyze impact of late deliveries on 

operations. 

Methods 

• Ineffective Communication 

o Miscommunication of Priorities 

▪ Corrective Actions: Clarify and reassign tasks with updated priorities. 

▪ Preventive Actions: Implement standardized communication channels; introduce task tracking systems. 

▪ Investigative Actions: Evaluate incidents of priority miscommunication; identify gaps in message delivery. 

o Poor Coordination Between Departments 
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▪ Corrective Actions: Organize immediate cross-departmental meetings to resolve bottlenecks. 

▪ Preventive Actions: Set up regular coordination reviews; appoint liaisons for inter-department 

communication. 

▪ Investigative Actions: Map workflows to locate misalignment points; review past coordination failures. 

• Poor Documentation 

o Lack of Historical Data for Reference 

▪ Corrective Actions: Reconstruct missing data where possible; implement retroactive updates. 

▪ Preventive Actions: Standardize documentation practices; use digital tools for centralized records. 

▪ Investigative Actions: Audit historical documentation; identify trends in incomplete data entry. 

o Incomplete Maintenance Logs 

▪ Corrective Actions: Collect missing log details from maintenance staff. 

▪ Preventive Actions: Train staff in logging practices; automate log entries where feasible. 

▪ Investigative Actions: Review incomplete logs to understand common omissions; audit adherence to 

logging policies. 

• Inefficient Planning 

o Unrealistic Timelines 

▪ Corrective Actions: Adjust schedules to reflect realistic task durations. 

▪ Preventive Actions: Use historical task data to develop benchmarks; engage task owners in planning 

discussions. 

▪ Investigative Actions: Analyze deviations from past timelines; review root causes of timeline 

underestimation. 

o Lack of Detailed Task Schedules 

▪ Corrective Actions: Break tasks into detailed sub-steps; communicate updated schedules to stakeholders. 

▪ Preventive Actions: Implement detailed work breakdown structures; train planners in task management 

tools. 

▪ Investigative Actions: Evaluate past schedules for insufficient details; interview staff on planning gaps. 

Machines 

• Dependency on Critical Machinery 

o Lack of Redundancy Systems 

▪ Corrective Actions: Install backup systems for critical equipment; prioritize redundant setups for high-risk 

operations. 

▪ Preventive Actions: Conduct redundancy analysis during design stages; develop a redundancy roadmap for 

critical machinery. 

▪ Investigative Actions: Evaluate downtime caused by dependency on critical machines; identify cost-benefit 

trade-offs for redundancy investments. 

o Over-Reliance on Single Points of Failure 

▪ Corrective Actions: Diversify operational loads to reduce dependency on single systems. 

▪ Preventive Actions: Establish contingency protocols for failures; conduct regular risk assessments of single 

points of failure. 

▪ Investigative Actions: Analyze failure reports to understand operational dependencies; map system 

vulnerabilities to critical tasks. 

• Diagnostic Issues 

o Delayed Identification of Issues 

▪ Corrective Actions: Increase inspection frequency for high-risk equipment; implement temporary 

monitoring solutions. 

▪ Preventive Actions: Train staff to identify early warning signs; adopt routine diagnostic schedules. 

▪ Investigative Actions: Review historical issue identification timelines; identify patterns in delayed 

detections. 
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o Insufficient Diagnostic Tools 

▪ Corrective Actions: Procure advanced diagnostic tools; engage third-party experts for immediate 

evaluations. 

▪ Preventive Actions: Regularly evaluate and upgrade diagnostic equipment; establish tool calibration 

schedules. 

▪ Investigative Actions: Assess gaps in diagnostic capabilities; benchmark available tools against industry 

standards. 

• Equipment Failure 

o Aging Infrastructure 

▪ Corrective Actions: Replace or refurbish outdated equipment; prioritize high-risk items in the replacement 

schedule. 

▪ Preventive Actions: Develop a lifecycle management plan; allocate annual budgets for phased 

infrastructure upgrades. 

▪ Investigative Actions: Audit equipment failure rates by age; analyze maintenance costs for aging assets. 

o Lack of Preventive Maintenance 

▪ Corrective Actions: Initiate immediate preventive maintenance for at-risk systems; clear backlogs of 

overdue tasks. 

▪ Preventive Actions: Implement a predictive maintenance program; establish a maintenance calendar with 

automated alerts. 

▪ Investigative Actions: Review past maintenance schedules for gaps; analyze equipment failure data for 

preventable causes. 

Environment 

• Regulatory Compliance 

o Changing Safety Standards 

▪ Corrective Actions: Revise existing policies to align with new standards; ensure staff training on updated 

requirements. 

▪ Preventive Actions: Monitor regulatory updates regularly; engage compliance experts to stay ahead of 

changes. 

▪ Investigative Actions: Analyze incidents tied to non-compliance; review gaps in adherence to past 

regulations. 

o Frequent Inspections Causing Delays 

▪ Corrective Actions: Coordinate with inspectors to schedule activities with minimal operational disruption. 

▪ Preventive Actions: Develop pre-inspection checklists; conduct internal mock inspections to ensure 

readiness. 

▪ Investigative Actions: Assess recurring issues flagged in inspections; review procedural inefficiencies 

causing delays. 

• Extreme Weather 

o Interruptions Due to Storms or Heavy Rains 

▪ Corrective Actions: Implement temporary weatherproofing measures; revise schedules around severe 

weather forecasts. 

▪ Preventive Actions: Design facilities with weather-resistant structures; create contingency plans for 

weather-related disruptions. 

▪ Investigative Actions: Analyze historical weather patterns and impacts on operations; evaluate 

effectiveness of prior mitigation strategies. 

o Impact of High Temperatures 

▪ Corrective Actions: Enhance cooling systems; provide temporary heat shields for sensitive equipment. 

▪ Preventive Actions: Insulate critical equipment against extreme temperatures; adjust operating conditions 

during peak heat. 
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▪ Investigative Actions: Review heat-related failures; evaluate maintenance adjustments for extreme 

conditions. 

 

• Safety Concerns 

o Delayed Permits for High-Risk Tasks 

▪ Corrective Actions: Escalate permit approvals; temporarily adjust task sequences to prioritize other 

activities. 

▪ Preventive Actions: Streamline the permit approval process; establish fast-track permits for emergencies. 

▪ Investigative Actions: Audit permit approval times; identify bottlenecks in the permit issuance process. 

o Hazardous Working Conditions 

▪ Corrective Actions: Provide immediate safety measures such as PPE; halt work in unsafe zones until 

mitigated. 

▪ Preventive Actions: Conduct regular safety audits; train staff on hazard identification and mitigation. 

▪ Investigative Actions: Review incident reports related to hazardous conditions; evaluate workplace risk 

assessments. 

Management 

• Misaligned Priorities 

o Delayed Response to Known Issues 

▪ Corrective Actions: Expedite resolution of pending issues; assign dedicated teams to address critical tasks. 

▪ Preventive Actions: Implement an issue prioritization framework; use escalation protocols for critical 

delays. 

▪ Investigative Actions: Review delays in previous issue resolutions; assess decision-making timelines. 

o Focus on Short-Term Fixes 

▪ Corrective Actions: Replace temporary fixes with long-term solutions; halt further shortcuts for critical 

systems. 

▪ Preventive Actions: Emphasize sustainable problem-solving in training; develop a "long-term impact" 

evaluation system. 

▪ Investigative Actions: Analyze repeat issues from short-term fixes; evaluate opportunity costs of not 

pursuing durable solutions. 

• Lack of Leadership 

o Ineffective Escalation Processes 

▪ Corrective Actions: Revise escalation pathways for quicker resolutions; improve access to decision-makers. 

▪ Preventive Actions: Train managers on escalation protocols; use workflow tracking systems for 

transparency. 

▪ Investigative Actions: Map incidents stalled due to escalation delays; assess accountability gaps in 

leadership. 

o Poor Decision-Making by Supervisors 

▪ Corrective Actions: Revisit and correct flawed decisions; involve experienced personnel for future critical 

decisions. 

▪ Preventive Actions: Provide decision-making training; use peer-review systems for major managerial calls. 

▪ Investigative Actions: Audit past decisions for systemic errors; analyze decision-making timelines and 

outcomes. 

• Inadequate Budget 

o Prioritization of Production Over Maintenance 

▪ Corrective Actions: Reallocate funds for urgent maintenance needs; schedule maintenance during low-

demand periods. 

▪ Preventive Actions: Balance production and maintenance priorities in annual planning; justify maintenance 

ROI to stakeholders. 



106 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

▪ Investigative Actions: Assess financial losses from neglected maintenance; review budget allocation trends 

over time. 

o Insufficient Funds for Maintenance 

▪ Corrective Actions: Secure emergency funds for critical repairs; defer non-essential expenses to fund 

maintenance. 

▪ Preventive Actions: Establish a maintenance reserve fund; ensure periodic budget reviews to address 

shortfalls. 

▪ Investigative Actions: Analyze budget discrepancies; evaluate underfunding impacts on maintenance 

outcomes. 

 

Who can learn from the Maintenance Task Delays template? 

• Maintenance Teams: Learn how to optimize their processes, improve scheduling, and adopt preventive measures to minimize 

delays and enhance operational efficiency. 

• Procurement and Supply Chain Managers: Gain insights into improving vendor reliability, inventory management, and 

procurement workflows to ensure the timely availability of quality materials. 

• Human Resources and Training Departments: Understand the need for addressing manpower issues like morale, turnover, 

and skill gaps through better hiring practices, training, and employee engagement initiatives. 

• Operations Management: Learn to balance production priorities with maintenance needs, ensuring sustainable operations 

without overburdening staff or compromising equipment reliability. 

• Safety and Compliance Officers: Identify delays caused by regulatory and safety concerns, enabling them to streamline 

permitting processes and improve workplace safety conditions. 

• Leadership and Strategic Planners: Understand the impact of misaligned priorities, budget constraints, and ineffective 

leadership on delays, driving better resource allocation and strategic decision-making. 

Why use this template? 

GEN-AI can assist in categorizing the root causes efficiently, ensuring that no aspect is overlooked. This structured approach not only 

resolves the immediate issue but also reduces the likelihood of recurrence, aligning with Six Sigma’s focus on continuous improvement. 

GEN-AI-powered RCA, transforms the aftermath of maintenance task delays into an opportunity for organizational learning and 

improvement, helping plants eliminate the problem over time. 

By systematically addressing root causes with ProSolvr, and implementing CAPA thereafter, petrochemical plants can enhance 

operational reliability, improve safety, prevent delays and ensure sustainable performance. Start your RCA journey today with ProSolvr 

by smartQED. 

Curated from community experiences and public sources: 

• https://www.linkedin.com/pulse/complex-maintenance-challenges-faced-/ 

• https://www.innovapptive.com/blog/challenges-of-oil-gas-equipment-maintenance 

 

 

 

RCA Template for: Poor Lubrication Practices 
 

https://www.linkedin.com/pulse/complex-maintenance-challenges-faced-/
https://www.innovapptive.com/blog/challenges-of-oil-gas-equipment-maintenance
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Poor lubrication practices in petrochemical plants can lead to significant machinery reliability issues and operational inefficiencies. 

These challenges often stem from a combination of poor process integration, ineffective training, and inadequate procedures. 

Miscommunication between departments about lubrication responsibilities, overreliance on reactive maintenance, and the lack of 

standardized lubrication schedules often result in inconsistent maintenance. Additionally, a failure to document best practices and 

incomplete lubrication routes exacerbate the problem, leading to equipment damage and unplanned shutdowns. 

Maintenance deficiencies such as missing or damaged grease fittings, incompatible tools, and clogged lubrication pathways can 

worsen wear on critical machinery components. Design issues, such as equipment that is not designed for easy lubrication access, or 

older machines without automated lubrication provisions, further complicate maintenance efforts. A shortage of skilled manpower 

and high turnover rates can contribute to negligence, with less experienced staff failing to follow proper lubrication procedures. 

Inadequate training on lubrication troubleshooting and insufficient formal assessments can leave skill gaps that impact overall 

maintenance quality. 

Substandard materials, including incorrect or contaminated lubricants, can lead to premature equipment failures. Issues with 

inventory management, such as poor tracking of lubricant expiration or stock shortages, further exacerbate the problem. Additionally, 

the absence of KPIs and real-time performance metrics for lubrication practices makes it difficult to measure and improve the 

effectiveness of maintenance efforts. Environmental factors, including limited access to lubrication points, temperature variations, 

and contaminants, can also degrade lubrication quality, leading to equipment damage and operational delays. 

A visual GEN-AI-powered root cause analysis (RCA), using a fishbone diagram based on Six Sigma principles, can effectively diagnose 

these lubrication-related issues. By systematically identifying the underlying causes, ProSolvr enables the implementation of corrective 

and preventive actions (CAPA) that address the root causes and prevent costly breakdowns. This structured approach helps pinpoint 

actionable insights that can drive long-term improvements in lubrication practices and overall equipment reliability. 

Poor Lubrication Practices 

• Methods 

o Poor Process Integration 

▪ Miscommunication between departments about lubrication responsibilities 

▪ Overreliance on reactive maintenance rather than preventive measures 

▪ Lubrication tasks not prioritized in maintenance schedules 

o Ineffective Training Programs 
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▪ On-the-job training lacks formal assessment 

▪ Training doesn't cover troubleshooting lubrication issues 

▪ Training focuses on general lubrication principles 

o Inadequate Procedures 

▪ Failure to document best practices for lubrication 

▪ Incomplete lubrication routes defined 

▪ Lack of standardized lubrication schedules 

• Machines 

o Maintenance Deficiencies 

▪ Missing or damaged grease fittings 

▪ Use of incompatible tools for lubrication 

▪ Improper cleaning of lubrication points 

o Lubrication System Failures 

▪ Sensors or indicators for lubrication levels not functioning 

▪ Clogged lubrication pathways 

▪ Automated systems malfunction due to improper configuration 

o Design Issues 

▪ Complex machinery requiring specialized lubricants without clear guidelines 

▪ Older machines lack provisions for automated lubrication systems 

▪ Equipment not designed for easy lubrication access 

• Manpower 

o Workforce Shortage 

▪ Inconsistent handovers between shifts 

▪ Limited workforce to cover lubrication needs 

▪ High turnover leading to loss of experienced staff 

o Negligence 

▪ Poor adherence to safety guidelines 

▪ Rushing through lubrication procedures without due diligence 

▪ Skipping lubrication during routine maintenance 

o Skill Gaps 

▪ Over-reliance on less experienced staff for lubrication tasks 

▪ Insufficient understanding of lubricant properties and application techniques 

▪ Lack of certified lubrication technicians 

• Materials 

o Application Tools 

▪ Use of incompatible cleaning materials 

▪ Absence of specific tools for applying lubricant in hard-to-reach areas 

▪ Use of uncalibrated or worn-out grease guns 

o Inventory Management Issues 

▪ Overreliance on single suppliers 

▪ Expired lubricants being used due to poor tracking 

▪ Insufficient stock of required lubricants during peak maintenance 

o Substandard Lubricants 

▪ Incorrect lubricant specifications for critical equipment 

▪ Lubricants contaminated during storage or transportation 

▪ Procurement of low-quality lubricants to save costs 

• Measurement 

o KPIs and Metrics 
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▪ Metrics do not reflect real-time performance 

▪ Failure to measure the impact of lubrication practices 

▪ No KPIs for lubrication efficiency 

o Data Management Issues 

▪ Inconsistent data from different equipment monitoring tools 

▪ Errors in manual record-keeping 

▪ No centralized system for tracking lubrication history 

o Insufficient Monitoring 

▪ Absence of condition monitoring to predict lubrication needs 

▪ No trend analysis for equipment lubrication performance 

▪ Lack of regular checks for lubrication effectiveness 

• Environment 

o Access Constraints 

▪ Environmental regulations limiting certain lubricants 

▪ Poorly lit lubrication points 

▪ Tight spaces or hazardous zones 

o Temperature Variations 

▪ Frequent temperature cycling 

▪ Inconsistent storage conditions for lubricants 

▪ Extreme temperatures affecting lubricant viscosity 

o Contaminants 

▪ Chemical exposure degrading lubricant properties 

▪ Water ingress leading to emulsion of lubricants 

▪ High levels of dust and debris near lubrication points 

Suggested Actions Checklist 

Here are some corrective, preventive and investigative actions that might help organizations with resolving their lubrication issues. 

Methods 

• Poor Process Integration 

• Corrective Actions 

• Establish clear communication protocols between departments regarding lubrication responsibilities. 

• Reorganize maintenance workflows to incorporate preventive maintenance schedules. 

• Prioritize lubrication tasks in maintenance scheduling systems. 

• Preventive Actions 

• Conduct cross-departmental workshops to align understanding of lubrication responsibilities. 

• Develop a robust preventive maintenance policy and incorporate it into the maintenance strategy. 

• Regularly review and update maintenance schedules to include lubrication as a critical task. 

• Investigative Actions 

• Audit interdepartmental communication channels to identify lapses. 

• Review past maintenance records to assess the frequency and impact of reactive versus preventive 

maintenance. 

• Analyze lubrication scheduling practices to identify and rectify gaps. 

 

• Ineffective Training Programs 

• Corrective Actions 

• Implement formal assessments to evaluate the effectiveness of on-the-job training. 

• Update training content to include troubleshooting lubrication issues. 
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• Supplement general lubrication principles with specific, equipment-related training modules. 

• Preventive Actions 

• Develop a structured and certified training program tailored for lubrication tasks. 

• Incorporate practical troubleshooting exercises into regular training sessions. 

• Schedule periodic refresher training sessions for all maintenance staff. 

• Investigative Actions 

• Evaluate the current training program’s content and delivery methods. 

• Conduct feedback surveys from staff to identify knowledge gaps. 

• Review incident reports to determine if poor training contributed to lubrication failures. 

• Inadequate Procedures 

• Corrective Actions 

• Document and disseminate best practices for lubrication procedures. 

• Create complete and detailed lubrication route maps for all equipment. 

• Develop standardized lubrication schedules tailored to equipment specifications. 

• Preventive Actions 

• Regularly update documentation to reflect changes in lubrication practices or equipment. 

• Include lubrication route reviews as part of routine audits. 

• Integrate lubrication schedules into the plant’s computerized maintenance management system (CMMS). 

• Investigative Actions 

• Examine existing documentation for omissions or inaccuracies. 

• Assess the effectiveness of current lubrication routes through performance data analysis. 

• Evaluate maintenance history for instances where lack of procedures led to failures. 

Machines 

• Maintenance Deficiencies 

• Corrective Actions 

• Replace or repair missing and damaged grease fittings. 

• Ensure compatible tools are available and used for lubrication tasks. 

• Train staff on proper cleaning techniques for lubrication points. 

• Preventive Actions 

• Schedule regular inspections to identify and address maintenance deficiencies. 

• Procure and maintain a supply of compatible tools and accessories. 

• Implement standard operating procedures for lubrication point cleaning. 

• Investigative Actions 

• Review maintenance logs to identify recurring deficiencies. 

• Investigate incidents where improper maintenance contributed to failures. 

• Conduct root cause analysis of equipment failures linked to lubrication issues. 

• Lubrication System Failures 

• Corrective Actions 

• Repair or replace faulty sensors and indicators for lubrication levels. 

• Clear clogged lubrication pathways to restore functionality. 

• Reconfigure automated lubrication systems for optimal performance. 

• Preventive Actions 

• Schedule routine checks of lubrication systems and components. 

• Maintain a stock of spare parts for sensors, indicators, and system components. 

• Train staff on proper configuration and troubleshooting of automated systems. 

• Investigative Actions 
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• Examine maintenance records to determine causes of system failures. 

• Investigate instances where lubrication levels were not adequately monitored. 

• Analyze the configuration of automated systems for potential setup errors. 

• Design Issues 

• Corrective Actions 

• Redesign or retrofit machinery to accommodate standardized lubricants. 

• Install provisions for automated lubrication systems in older machines. 

• Modify equipment to improve access to lubrication points. 

• Preventive Actions 

• Work with equipment manufacturers to design machinery optimized for lubrication. 

• Include lubrication accessibility as a criterion in new equipment procurement. 

• Conduct periodic design reviews to address emerging lubrication challenges. 

• Investigative Actions 

• Analyze the design features of equipment with recurring lubrication issues. 

• Review historical data to identify patterns linked to design shortcomings. 

• Engage with operators and maintenance staff to gather feedback on accessibility issues. 

Manpower 

• Workforce Shortage 

o Corrective Actions 

▪ Streamline shift handover processes with checklists and digital tools to ensure consistency. 

▪ Reallocate resources or hire temporary staff to meet immediate lubrication needs. 

▪ Implement retention initiatives to reduce turnover and retain experienced personnel. 

o Preventive Actions 

▪ Optimize workforce planning to ensure adequate coverage for lubrication tasks. 

▪ Develop succession plans and mentorship programs to mitigate the impact of high turnover. 

▪ Introduce employee engagement programs to improve job satisfaction and retention. 

o Investigative Actions 

▪ Analyze historical shift handover data to identify patterns in inconsistencies. 

▪ Evaluate workforce allocation models to detect gaps in task coverage. 

▪ Conduct exit interviews to understand the reasons for staff turnover. 

• Negligence 

o Corrective Actions 

▪ Conduct refresher training to reinforce adherence to safety guidelines. 

▪ Review and enforce procedures to ensure thorough execution of lubrication tasks. 

▪ Monitor maintenance routines to ensure lubrication tasks are not skipped. 

o Preventive Actions 

▪ Establish a culture of accountability through regular performance reviews. 

▪ Implement checklists to verify that all lubrication tasks are completed properly. 

▪ Reward consistent compliance with safety and maintenance standards. 

o Investigative Actions 

▪ Audit incident reports to identify trends linked to negligence. 

▪ Interview staff to uncover reasons for procedural lapses. 

▪ Review compliance records to pinpoint recurring violations of safety protocols. 

• Skill Gaps 

o Corrective Actions 

▪ Provide targeted training to enhance understanding of lubrication properties and techniques. 

▪ Pair less experienced staff with seasoned mentors for on-the-job learning. 
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▪ Certify technicians in lubrication-specific tasks to standardize expertise. 

o Preventive Actions 

▪ Develop a comprehensive training program for lubrication procedures. 

▪ Require periodic certification renewal to ensure skill levels are maintained. 

▪ Integrate hands-on training modules into onboarding processes. 

o Investigative Actions 

▪ Assess the training program to identify gaps in content and delivery. 

▪ Analyze lubrication-related incidents to determine if skill gaps were a contributing factor. 

▪ Collect feedback from staff on their confidence and proficiency in lubrication tasks. 

Materials 

• Application Tools 

o Corrective Actions 

▪ Replace incompatible or worn-out tools with appropriate, calibrated equipment. 

▪ Supply specific tools designed for accessing hard-to-reach lubrication points. 

▪ Train staff on proper cleaning material selection and application techniques. 

 

o Preventive Actions 

▪ Conduct routine inspections of tools to ensure they remain in good condition. 

▪ Maintain an inventory of specialized tools for diverse lubrication needs. 

▪ Standardize the procurement process to ensure tool compatibility. 

o Investigative Actions 

▪ Audit tool usage patterns to identify mismatches or misuse. 

▪ Examine maintenance logs for instances of improper tool application. 

▪ Evaluate the adequacy of current tool inventory for lubrication tasks. 

• Inventory Management Issues 

o Corrective Actions 

▪ Source alternate suppliers to reduce dependency on a single vendor. 

▪ Dispose of expired lubricants and establish a tracking system to avoid future lapses. 

▪ Replenish lubricant stock levels to meet peak maintenance demands. 

o Preventive Actions 

▪ Implement an inventory management system to track lubricant lifecycle and stock levels. 

▪ Build relationships with multiple suppliers for redundancy in procurement. 

▪ Schedule routine inventory audits to identify potential shortages or expiration risks. 

o Investigative Actions 

▪ Review inventory records for patterns in stockouts or expired product use. 

▪ Conduct root cause analysis for procurement delays or stock discrepancies. 

▪ Evaluate supplier performance to ensure reliability and quality. 

• Substandard Lubricants 

o Corrective Actions 

▪ Replace incorrect or low-quality lubricants with products meeting equipment specifications. 

▪ Implement proper storage and handling protocols to prevent contamination. 

▪ Reassess procurement criteria to prioritize lubricant quality over cost. 

o Preventive Actions 

▪ Establish quality control measures for incoming lubricant shipments. 

▪ Train staff on proper storage practices to maintain lubricant integrity. 

▪ Partner with trusted suppliers to ensure consistent quality. 

o Investigative Actions 

▪ Test lubricants for compliance with required specifications. 



113 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

▪ Audit storage conditions to identify potential contamination risks. 

▪ Investigate past procurement decisions that led to substandard lubricant use. 

Measurement 

• KPIs and Metrics 

o Corrective Actions 

▪ Develop and implement real-time performance metrics for lubrication efficiency. 

▪ Measure and analyze the impact of current lubrication practices on equipment reliability. 

▪ Introduce KPIs specific to lubrication activities and outcomes. 

o Preventive Actions 

▪ Regularly review and update lubrication-related KPIs to reflect operational priorities. 

▪ Train staff to interpret and act on lubrication metrics. 

▪ Incorporate KPI tracking into the maintenance reporting process. 

o Investigative Actions 

▪ Analyze historical KPI data to identify trends and anomalies. 

▪ Investigate metrics that fail to correlate with actual equipment performance. 

▪ Review the process for defining and measuring lubrication-related KPIs. 

• Data Management Issues 

o Corrective Actions 

▪ Standardize data collection methods across all equipment monitoring tools. 

▪ Digitize lubrication history records to reduce manual errors. 

▪ Centralize data storage for easier access and analysis. 

o Preventive Actions 

▪ Implement automated systems for consistent data logging. 

▪ Conduct regular training for staff on proper record-keeping practices. 

▪ Schedule periodic data audits to ensure accuracy and completeness. 

o Investigative Actions 

▪ Compare data entries across systems to identify inconsistencies. 

▪ Audit manual records for errors or omissions. 

▪ Analyze equipment logs to uncover data management issues. 

• Insufficient Monitoring 

o Corrective Actions 

▪ Establish a regular schedule for lubrication checks and condition monitoring. 

▪ Introduce trend analysis to identify performance deviations early. 

▪ Implement visual or digital indicators for lubrication effectiveness. 

o Preventive Actions 

▪ Equip staff with tools and training for effective condition monitoring. 

▪ Create a system for trend-based predictions of lubrication needs. 

▪ Ensure regular review of lubrication performance data during maintenance audits. 

o Investigative Actions 

▪ Examine records for missed lubrication checks or gaps in monitoring. 

▪ Investigate failures where monitoring lapses played a role. 

▪ Review the adequacy of current monitoring techniques and tools. 

Environment 

• Access Constraints 

o Corrective Actions 

▪ Install adequate lighting at lubrication points and address hazardous zones. 

▪ Redesign equipment layout to improve access to tight spaces. 

▪ Evaluate alternative lubricants that comply with environmental regulations. 
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o Preventive Actions 

▪ Conduct ergonomic reviews of lubrication tasks to improve accessibility. 

▪ Regularly inspect lubrication areas for environmental or physical challenges. 

▪ Establish protocols for safe and efficient lubrication in restricted zones. 

o Investigative Actions 

▪ Assess equipment placement and design for access challenges. 

▪ Review compliance with environmental regulations affecting lubricant selection. 

▪ Gather feedback from staff on accessibility issues during lubrication tasks. 

• Temperature Variations 

o Corrective Actions 

▪ Adjust lubricant specifications to suit temperature extremes. 

▪ Optimize storage conditions to maintain lubricant stability. 

▪ Insulate or modify equipment to minimize the effects of temperature cycling. 

o Preventive Actions 

▪ Develop a system for monitoring temperature variations in storage and operations. 

▪ Train staff on selecting and applying lubricants for varying temperature conditions. 

▪ Procure lubricants specifically designed for temperature resilience. 

o Investigative Actions 

▪ Review incidents of lubricant failures linked to temperature extremes. 

▪ Audit storage facilities for temperature control compliance. 

▪ Analyze equipment performance under varying temperature conditions. 

• Contaminants 

o Corrective Actions 

▪ Clean contaminated lubrication points and replace degraded lubricants. 

▪ Install protective covers or seals to minimize exposure to dust and debris. 

▪ Repair or improve drainage systems to prevent water ingress. 

o Preventive Actions 

▪ Regularly inspect equipment and lubrication points for contamination risks. 

▪ Establish cleaning schedules to maintain a contamination-free environment. 

▪ Train staff on best practices for contamination prevention. 

o Investigative Actions 

▪ Test lubricants for contamination levels and identify sources. 

▪ Audit equipment placement for proximity to chemical or water exposure. 

▪ Investigate processes prone to dust or debris accumulation near lubrication points. 

Who can use the Poor Lubrication Process template? 

• Maintenance Teams: Maintenance personnel can use the template to identify and address lubrication-related issues, 

ensuring equipment reliability and reducing downtime. 

• Engineering Departments: Engineers can leverage the template to design processes and machinery with optimized 

lubrication systems and standardized procedures. 

• Operations Managers: Managers can utilize the template to integrate lubrication practices into operational schedules, 

improving overall plant efficiency. 

• Training Coordinators: Training personnel can use the template to develop targeted programs that address skill gaps and 

enhance staff competency in lubrication tasks. 
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• Quality Assurance Teams: QA teams can apply the template to audit and monitor lubrication practices, ensuring compliance 

with best practices and standards. 

• Procurement Specialists: Procurement staff can reference the template to ensure the purchase of high-quality lubricants, 

tools, and spare parts aligned with operational needs. 

Why use this template? 

By using Six Sigma's emphasis on minimizing process variability, a visual GEN-AI-powered root cause analysis with a quality tool like 

ProSolvr, not only resolves existing issues but also builds resilience against future occurrences. The structured CAPA plans ensure that 

every identified weakness is addressed, whether it's through redesigning processes, enhancing training, or implementing robust 

monitoring systems, thus fostering a culture of continuous improvement in petrochemical operations. 

Take the guesswork out of problem-solving with ProSolvr by smartQED, a powerful RCA tool that simplifies root cause analysis using 

intuitive templates and smart visualizations. Streamline your investigations with confidence—try ProSolvr today! 

Curated from community experiences and public sources: 

• https://www.ifmservices.com/blog/the-vital-benefits-of-lubrication-in-petrochemical-plant-machinery/ 

• https://www.machinerylubrication.com/Read/29528/common-lubrication-problems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RCA Template for: Inconsistent SOP Compliance 
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Inconsistent adherence to Standard Operating Procedures (SOPs) can severely impact operations in petrochemical plants, where 

precision, safety, and efficiency are paramount. A range of factors contributes to this issue, including poorly defined SOPs, complex 

steps without visual aids, missing updates for new regulations, and lack of clarity in procedures. These deficiencies can result in 

confusion, errors, and significant consequences—ranging from increased safety risks and operational inefficiencies to production 

delays and potential environmental violations. 

People-related factors, such as low engagement and resistance to changes in SOPs, can drive personnel to overlook or disregard 

established protocols. Perceptions that SOPs are overly bureaucratic or lack recognition for compliance often lead to a lack of 

motivation for adherence. Inadequate training, insufficient emphasis on critical SOP steps, and limited onboarding for new hires leave 

employees unprepared to follow procedures effectively. Additionally, inconsistent enforcement—where supervisors fail to lead by 

example or standardized audit mechanisms are absent—weakens the importance of SOP compliance. 

On the equipment side, mismatches between equipment design and process requirements can make SOPs difficult to follow. Non-

user-friendly control panels, systems requiring workarounds not included in SOPs, and insufficient accessibility (such as digital SOP 

systems with usability issues or outdated manuals) all contribute to SOP deviations. 

Environmental factors also play a role, with insufficient emergency drills, lack of specific guidelines for handling crisis situations, and 

distractions such as fatigue, crowded workspaces, or high noise levels making SOP adherence more challenging under pressure. 

A visual, Gen AI-powered root cause analysis (RCA) utilizing a fishbone diagram and Six Sigma principles can significantly improve post-

incident problem-solving. By identifying not just immediate causes but deeper systemic issues contributing to SOP non-compliance, 

ProSolvr’s RCA helps organizations address the root causes across people, processes, equipment, environment, and materials. This 

systematic approach enables organizations to implement effective corrective, preventive, and investigative actions that drive lasting 

improvements and stronger SOP adherence. 

 

 

Inconsistent SOP Compliance 

• People 

o Low Engagement 
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▪ Resistance to changes in SOPs 

▪ Perception that SOPs are overly bureaucratic 

▪ Lack of recognition for SOP adherence 

o Lack of Training 

▪ Insufficient emphasis on critical SOP steps 

▪ Limited refresher courses for experienced staff 

▪ Inadequate onboarding for new hires 

• Processes 

o Inconsistent Enforcement 

▪ Supervisors not leading by example 

▪ Lack of standardized audit mechanisms 

▪ Uneven application across shifts 

o Poorly Defined SOPs 

▪ Missing updates for new regulations 

▪ Overly complex steps without visual aids 

▪ Lack of clarity in procedures 

• Equipment 

o Equipment Design Mismatch 

▪ Non-user-friendly control panels 

▪ Failure to align equipment with process requirements 

▪ Equipment requiring workarounds not in SOP 

o Insufficient Accessibility 

▪ Lack of multilingual SOP options 

▪ Digital SOP systems with usability issues 

▪ Outdated or unavailable SOP manuals 

• Environment 

o Emergency Situations 

▪ Insufficient drills for crisis scenarios 

▪ Lack of specific guidelines for emergency handling 

▪ SOP deviations under time pressure 

o Distractions in the Workplace 

▪ Fatigue due to long shifts or harsh conditions 

▪ Crowded workspaces complicating SOP adherence 

▪ High noise levels disrupting focus 

• Materials 

o Supply Chain Disruptions 

▪ Lack of communication between procurement and operations 

▪ Incorrect material substitutions 

▪ Delays leading to procedural shortcuts 

o Variability in Material Quality 

▪ Poor storage conditions affecting material integrity 

▪ Material inconsistencies requiring process changes 

▪ Use of substandard raw materials 

 

• Management 

o Policy Misalignment 

▪ Inconsistent communication about policy changes 

▪ Poor integration of SOP compliance metrics in KPIs 
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▪ SOP policies not aligned with operational realities 

o Leadership Gaps 

▪ No follow-through on corrective actions 

▪ Lack of accountability for non-compliance 

▪ Insufficient emphasis on SOP compliance culture 

Suggested Actions Checklist 

Here are some corrective actions, preventive actions and investigative actions that can help organizations after the analysis. 

People 

• Low Engagement 

o Corrective Actions: 

▪ Conduct targeted workshops to address resistance and explain the rationale behind recent SOP changes. 

▪ Simplify and align SOPs with operational workflows to reduce perceived bureaucracy. 

▪ Implement a recognition program to reward employees for consistent SOP adherence. 

o Preventive Actions: 

▪ Establish regular engagement surveys to gather feedback on SOP-related concerns. 

▪ Introduce SOP improvement committees involving employees at all levels. 

▪ Create an ongoing program to celebrate compliance and improvements. 

o Investigative Actions: 

▪ Review historical data on SOP adherence trends to identify patterns of resistance. 

▪ Evaluate the effectiveness of past recognition initiatives and modify them as needed. 

▪ Analyze feedback mechanisms for adequacy in capturing employees' concerns. 

• Lack of Training 

o Corrective Actions: 

▪ Develop and deliver focused training modules emphasizing critical SOP steps. 

▪ Schedule refresher courses for experienced staff who may have outdated knowledge. 

▪ Enhance onboarding programs to include robust SOP training. 

o Preventive Actions: 

▪ Standardize training schedules, including mandatory refresher sessions. 

▪ Incorporate SOP adherence into annual competency assessments. 

▪ Regularly update training content to reflect changes in SOPs and industry best practices. 

o Investigative Actions: 

▪ Analyze training records to determine gaps in SOP-related learning. 

▪ Assess the effectiveness of current training programs through post-training evaluations. 

▪ Investigate onboarding processes for inconsistencies across departments. 

Processes 

• Inconsistent Enforcement 

o Corrective Actions: 

▪ Train supervisors to model desired behaviors and enforce SOP compliance uniformly. 

▪ Develop and implement a standardized audit process for SOP adherence. 

▪ Ensure consistent communication of compliance expectations across all shifts. 

o Preventive Actions: 

▪ Embed SOP enforcement metrics into supervisor performance evaluations. 

▪ Schedule periodic audits to verify compliance and adherence across shifts. 

▪ Create a peer-review system to complement supervisory enforcement. 

o Investigative Actions: 

▪ Analyze audit results for trends in enforcement inconsistencies. 
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▪ Evaluate supervisor training programs for gaps in compliance leadership. 

▪ Review compliance rates across shifts to identify and address disparities. 

 

• Poorly Defined SOPs 

o Corrective Actions: 

▪ Update SOPs to align with current regulations and include visual aids for clarity. 

▪ Simplify complex procedures to improve usability without compromising safety. 

▪ Ensure SOPs are reviewed and clarified by cross-functional teams. 

o Preventive Actions: 

▪ Schedule regular reviews of SOPs to ensure ongoing relevance and accuracy. 

▪ Create a cross-departmental SOP review board to ensure diverse input. 

▪ Develop a template for SOPs to ensure standardization and readability. 

o Investigative Actions: 

▪ Perform root cause analyses for errors linked to unclear SOPs. 

▪ Benchmark against industry standards to identify SOP weaknesses. 

▪ Review historical updates to SOPs for missed regulatory or operational changes. 

Equipment 

• Equipment Design Mismatch 

o Corrective Actions: 

▪ Redesign control panels and interfaces to align with user-friendly standards. 

▪ Modify equipment to eliminate the need for workarounds that conflict with SOPs. 

▪ Conduct a detailed analysis to ensure equipment meets process requirements. 

o Preventive Actions: 

▪ Involve operators in the design and selection process for new equipment. 

▪ Establish alignment checks between SOPs and equipment functionality during procurement. 

▪ Conduct periodic reviews of equipment to ensure ongoing compatibility with SOPs. 

o Investigative Actions: 

▪ Review incident reports to identify recurring issues tied to design mismatches. 

▪ Analyze operator feedback for usability concerns related to equipment. 

▪ Audit past equipment upgrades for compliance with SOP requirements. 

• Insufficient Accessibility 

o Corrective Actions: 

▪ Translate SOPs into relevant languages for multilingual accessibility. 

▪ Redesign digital SOP systems to improve usability and ensure reliability. 

▪ Update or replace outdated SOP manuals with current and accessible versions. 

o Preventive Actions: 

▪ Regularly assess and update the digital SOP interface for usability enhancements. 

▪ Conduct periodic reviews to ensure all SOPs remain accessible in required languages. 

▪ Standardize a distribution process for SOP updates to ensure availability. 

o Investigative Actions: 

▪ Evaluate past complaints related to SOP accessibility for patterns. 

▪ Assess digital systems for uptime and ease of access issues. 

▪ Review SOP distribution logs for discrepancies in availability. 

 

Environment 

• Emergency Situations 

o Corrective Actions: 

▪ Conduct emergency drills that include SOP adherence under simulated crisis conditions. 
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▪ Develop specific SOP guidelines tailored to common emergency scenarios. 

▪ Train staff to prioritize SOP compliance even under time pressure. 

o Preventive Actions: 

▪ Schedule regular emergency preparedness training, including SOP adherence. 

▪ Include emergency scenario planning in routine SOP updates. 

▪ Establish a rapid-feedback mechanism to refine emergency SOPs after drills or real incidents. 

o Investigative Actions: 

▪ Analyze performance during past emergencies to identify SOP deviation trends. 

▪ Review emergency SOPs for gaps in handling various scenarios. 

▪ Investigate staff feedback on the practicality of emergency SOPs. 

• Distractions in the Workplace 

o Corrective Actions: 

▪ Adjust shift schedules to mitigate fatigue from long working hours. 

▪ Optimize workspace layouts to reduce crowding and improve movement. 

▪ Implement noise-reducing measures to minimize disruptions. 

o Preventive Actions: 

▪ Incorporate ergonomics and workflow efficiency in workplace design. 

▪ Introduce shift rotation policies to prevent prolonged exposure to harsh conditions. 

▪ Conduct periodic environmental assessments to preempt distraction risks. 

o Investigative Actions: 

▪ Review incident logs for links to distractions caused by environmental factors. 

▪ Assess the effectiveness of noise and fatigue mitigation measures. 

▪ Evaluate workspace utilization for potential sources of crowding or inefficiency. 

Materials 

• Supply Chain Disruptions 

o Corrective Actions: 

▪ Improve communication protocols between procurement and operations. 

▪ Develop contingency plans for material substitutions. 

▪ Streamline logistics to minimize delays that lead to procedural shortcuts. 

o Preventive Actions: 

▪ Establish partnerships with multiple suppliers to mitigate disruptions. 

▪ Integrate supply chain planning into operational SOPs. 

▪ Implement a robust inventory management system to buffer against delays. 

o Investigative Actions: 

▪ Analyze supply chain failures to identify communication breakdowns. 

▪ Review historical data on material substitutions for patterns of inconsistency. 

▪ Audit procurement processes for alignment with operational needs. 

• Variability in Material Quality 

o Corrective Actions: 

▪ Enhance storage conditions to prevent material degradation. 

▪ Standardize material specifications to reduce inconsistencies. 

▪ Implement stricter quality checks for incoming materials. 

o Preventive Actions: 

▪ Develop supplier qualification programs to ensure consistent material quality. 

▪ Establish environmental controls for storage areas. 

▪ Conduct periodic reviews of material quality standards and enforcement. 

o Investigative Actions: 

▪ Audit rejected material records to identify recurring issues with suppliers. 
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▪ Investigate storage condition records for compliance with best practices. 

▪ Analyze deviations in material properties to trace root causes. 

Management 

• Policy Misalignment 

o Corrective Actions: 

▪ Clearly communicate policy changes to all stakeholders. 

▪ Integrate SOP compliance metrics into individual and team KPIs. 

▪ Align SOP policies with the practical realities of operations. 

o Preventive Actions: 

▪ Conduct periodic policy reviews with input from operational teams. 

▪ Establish clear communication channels for policy updates. 

▪ Monitor the implementation of policies to ensure alignment with operations. 

o Investigative Actions: 

▪ Review discrepancies between policies and operational execution. 

▪ Evaluate past policy updates for clarity and comprehensiveness. 

▪ Assess communication processes for policy dissemination. 

• Leadership Gaps 

o Corrective Actions: 

▪ Hold leaders accountable for non-compliance through performance reviews. 

▪ Implement leadership training programs focused on fostering a compliance culture. 

▪ Ensure corrective actions are followed through and documented. 

o Preventive Actions: 

▪ Embed SOP compliance into leadership competency frameworks. 

▪ Establish mentorship programs to promote leadership accountability. 

▪ Develop escalation mechanisms to address leadership lapses proactively. 

o Investigative Actions: 

▪ Analyze incident reports for leadership-related failures. 

▪ Evaluate the effectiveness of current leadership training initiatives. 

▪ Review follow-through on past corrective actions for consistency. 

Who can use the Inconsistent SOP Compliance template? 

• Operations Managers: Ensure SOP compliance across teams, identify root causes of non-compliance, and implement 

corrective and preventive measures. 

• Quality Assurance Teams: Evaluate SOP adherence, standardize processes, and ensure regulatory and safety standards are 

consistently met. 

• Supervisors and Team Leaders: Monitor daily operations for SOP deviations, enforce compliance, and provide on-the-job 

coaching where necessary. 

• Training and Development Teams: Design and deliver targeted training programs to address gaps in SOP understanding and 

application. 

• HSE (Health, Safety, and Environment) Specialists: Investigate SOP deviations related to safety and environment, and 

propose improvements to mitigate risks. 

• Compliance and Audit Professionals: Conduct audits to assess adherence levels, identify systemic issues, and recommend 

policy and procedural updates. 



122 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

Why use this template? 

Each deviation from an SOP increases the likelihood of cascading failures that are particularly costly and dangerous in petrochemical 

environments. However, a structured approach to RCA with a visual tool like ProSolvr fosters a culture of accountability and safety in 

the plant. It minimizes future risks, making it invaluable for high-stake petrochemical environments, eventually eliminating the 

problems forever. 

Enhance operational efficiency and safety—use ProSolvr by smartQED for comprehensive RCA in your petrochemical plants today! 

Curated from community experiences and public sources: 

• https://www.osha.gov/sites/default/files/publications/OSHA3918.pdf 

• https://www.getmaintainx.com/blog/what-is-a-standard-operating-procedure-sop-includes-template 

 

  

https://www.osha.gov/sites/default/files/publications/OSHA3918.pdf
https://www.getmaintainx.com/blog/what-is-a-standard-operating-procedure-sop-includes-template
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RCA Template for: Contamination Issues 

 

Contamination in petrochemical plants occurs when unwanted materials or substances infiltrate processes, products, or equipment. 
This issue can stem from various sources, including material handling inefficiencies, raw material quality issues, equipment design 
flaws, inadequate maintenance, and human error. Common contributors include contaminated pipelines or tankers, inefficient pigging 
practices, improper raw material storage, exposure to moisture, insufficient filtration systems, and skipped sampling procedures 
during quality checks. Contamination not only reduces product quality but also leads to costly downtime, damages equipment, and 
poses safety hazards. 

Addressing these challenges requires a structured root cause analysis (RCA) to pinpoint the underlying issues and prevent recurrence. 
GEN-AI-powered tools like ProSolvr streamline RCA using fishbone diagrams rooted in Six Sigma principles. By systematically 
categorizing potential causes, ProSolvr ensures that no critical factor is overlooked. For instance, an RCA might identify contamination 
stemming from poor supplier quality control, stagnation in pipeline dead legs, valve leakages, or skipped calibration checks. These 
findings can be directly linked to corrective and preventive actions (CAPA), providing actionable insights to mitigate future risks. 

ProSolvr enables teams to efficiently analyze contamination incidents by focusing on actionable steps. This includes implementing 
stricter feedstock testing protocols, enhancing filtration systems, revising maintenance schedules to include routine cleaning, and 
ensuring proper adherence to standardized operating procedures. Environmental factors like condensation, high humidity, and 
external contaminants such as biological growth or dust can also be addressed through better storage practices and improved air 
filtration systems. Additionally, ProSolvr helps tackle personnel-related issues, such as communication gaps and insufficient training, 
by highlighting their impact on contamination risks and recommending targeted interventions. 

By addressing the root of contamination issues—whether they originate from material handling, equipment, maintenance, processes, 
environmental factors, or personnel—ProSolvr empowers petrochemical plants to improve operational efficiency, reduce downtime, 
and safeguard product quality. Its structured and proactive approach ensures that preventive measures address not just the symptoms 
but the underlying causes, making contamination incidents less likely to recur. 

Contamination Issues 

• Material Handling 
o Transportation Issues 

▪ Contaminated pipelines or tankers 
▪ Inefficient pigging practices 
▪ Lack of regular cleaning 

o Raw Material Quality 
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▪ Improper raw material storage 
▪ Contamination with debris during transfer 
▪ Exposure to moisture 

o Impurities in Feedstock 
▪  Inadequate feedstock testing procedures 
▪  Poor supplier quality control 

• Equipment 
o Design Flaws 

▪  Insufficient filtration systems 
▪  Bypass during high-pressure events 
▪ Filter cogging 

▪  Poor pipeline design 
▪ Use of incompatible materials 
▪  Dead legs causing stagnation 

o Maintenance 
▪ Use of worn-out parts 

▪ Valve leakages 
▪ Seal failure 

▪ Inadequate maintenance schedules 
▪ Skipping calibration checks 
▪ Overlooking routine cleaning 

• Processes 
o Lack of SOP Adherence 

▪ Non-standardized procedures 
▪ Lack of proper documentation 
▪ Variation across shifts 

▪ Ignoring Contamination Checks 
▪  Skipping sampling procedures 
▪  Missed inspection protocols 

o Improper Operating Conditions 
▪ Deviations in chemical compositions 

▪ Use of impure reactants 
▪ Inconsistent catalyst performance 

▪ Incorrect temperature or pressure 
▪ Fouling in equipment 
▪ Formation of unwanted by-products 

• Environment 
o Climate Factors 

▪ Temperature fluctuations 
▪ Condensation forming in equipment 

▪ High humidity levels 
▪ Moisture ingress in storage tanks 
▪ Accelerated corrosion 

o External Contaminants 
▪ Contaminated cooling water 

▪ Biological growth (algae, microbes) 
▪ Cross-contamination from other systems 

▪ Dust and particulates from surroundings 
▪ Nearby construction activities 
▪ Poor air filtration systems 

• Personnel 
o Communication Gaps 

▪ Inadequate reporting systems 
▪ Delay in escalation 
▪ Failure to log contamination events 
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▪ Lack of proper shift handovers 
▪ No real-time communication during emergencies 
▪ Missed updates on contamination alerts 

o Training and Awareness 
▪ Negligence in handling materials 

▪ Mishandling sensitive equipment 
▪ Ignoring proper transfer techniques 

▪ Lack of knowledge about contamination sources 
▪ Rare refresher training 
▪ Insufficient onboarding processes 

Suggested Actions Checklist 

Here are some corrective, preventive and investigative actions that organizations might implement. 

Material Handling 

• Transportation Issues 
o Corrective Action: 

• Inspect and clean transport vehicles and equipment immediately. 
o Preventive Action: 

• Develop and enforce a regular cleaning and inspection schedule for transport vehicles and pipelines. 
o Investigative Action: 

• Analyze transportation routes and practices to identify contamination risks. 

• ·Raw Material Quality 
o Corrective Action: 

• Relocate improperly stored materials to compliant storage conditions. 
o Preventive Action: 

• Implement controlled storage systems with appropriate environmental conditions. 
o Investigative Action: 

• Audit storage facilities and handling procedures to identify weak points. 

• · Impurities in Feedstock 
o Corrective Action: 

• Reject impure feedstock and review supplier agreements. 
o Preventive Action: 

• Establish rigorous incoming material testing protocols. 
o Investigative Action: 

• Analyze supply chain and vendor practices for quality control deficiencies. 

Equipment 

• · Design Flaws 
o Corrective Action: 

▪ Retrofit or replace flawed equipment designs to minimize contamination risks. 
o Preventive Action: 

▪ Include contamination resistance as a key criterion in equipment procurement. 
o Investigative Action: 

▪ Conduct design reviews and root cause analyses for past contamination incidents. 

• Maintenance 
o Corrective Action: 

▪ Replace worn parts immediately to restore functionality. 
o Preventive Action: 

▪ Implement a preventive maintenance schedule with part replacement thresholds 
o Investigative Action: 
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▪ Analyze historical maintenance data for trends in part wear and replacement delays. 

Processes 

• · Lack of SOP Adherence 
o Corrective Action: 

▪ Retrain workers on SOPs and enforce adherence through supervision. 
o Preventive Action: 

▪ Standardize and document procedures across all shifts and departments. 
o Investigative Action: 

▪ Identify reasons for deviations in SOP adherence through interviews and audits. 

• · Improper Operating Conditions 
o Corrective Action: 

▪ Adjust operating parameters to recommended conditions. 
o Preventive Action: 

▪ Install automated monitoring systems for real-time adjustment of operating conditions. 
o Investigative Action: 

▪ Evaluate why deviations occurred and identify gaps in monitoring. 

Environment 

• Climate Factors 
o Corrective Action: 

▪ Address immediate climate-related contamination risks, such as sealing affected tanks. 
o Preventive Action: 

▪ Use weather-resistant materials and equipment and control environmental conditions in sensitive areas. 
o Investigative Action: 

▪ Study environmental records to correlate contamination incidents with climate variations. 

• ·External Contaminants 
o Corrective Action: 

▪ Remove contaminants and inspect affected systems for damage. 
o Preventive Action: 

▪ Install advanced filtration systems and enforce strict containment protocols. 
o Investigative Action: 

▪ Identify external sources of contamination and evaluate the effectiveness of barriers. 

Personnel 

• Communication Gaps 
o Corrective Action: 

▪ Clarify responsibilities and improve communication channels among workers. 
o Preventive Action: 

▪ Implement real-time communication tools and robust reporting systems. 
o Investigative Action: 

▪ Analyze past incidents for communication breakdowns and misinterpretations. 

• Training and Awareness 
o Corrective Action: 

▪ Conduct immediate refresher training sessions for affected personnel. 
o Preventive Action: 

▪ Develop a recurring training program emphasizing contamination prevention and response. 
o Investigative Action: 

▪ Review training materials and records to identify gaps in knowledge and skills. 

Who can learn from the Contamination Issues template? 
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• Plant Operators and Engineers: These professionals can learn how equipment design flaws, such as poor filtration systems 
or valve leakages, contribute to contamination, enabling them to optimize operations and prevent equipment-related 
failures. 

• Quality Control Teams: They can use the insights to strengthen raw material testing, sampling protocols, and inspection 
procedures, ensuring that impurities and other contaminants are detected and addressed early. 

• Maintenance Personnel: By understanding how inadequate maintenance schedules, worn-out parts, and skipped cleaning 
routines lead to contamination, they can plan proactive maintenance strategies. 

• Supply Chain Managers: They can identify risks like improper raw material storage, contaminated pipelines, and poor supplier 
quality control, improving transportation and storage practices. 

• EHS (Environmental, Health, and Safety) Teams: These teams can focus on mitigating environmental contamination risks, 
such as external pollutants, moisture ingress, and biological growth, to ensure safe and compliant operations. 

• Training and HR Teams: By analyzing personnel-related issues like negligence, mishandling, and insufficient onboarding, they 
can develop targeted training programs to improve awareness and reduce human errors. 

Why use this template? 

A GEN-AI-powered root cause analysis tool like ProSolvr promotes a culture of continuous improvement by providing a clear pathway 
for addressing contamination issues. The insights derived from these tools help implement CAPA, such as upgrading filtration systems 
to handle impurities, conducting regular employee training to minimize negligence, and standardizing operating procedures across 
shifts to reduce variability. Additionally, systematic RCA enables petrochemical plants to establish robust monitoring and prevention 
strategies, such as better storage practices to prevent moisture ingress and improved design standards to eliminate dead legs in 
pipelines. By addressing these root causes, facilities can reduce downtime, improve product quality, and enhance operational safety. 

Use ProSolvr by smartQED to draft and customize templates in your petrochemical plants and remove operational challenges forever.  

Curated from community experiences and public sources: 

• https://pmc.ncbi.nlm.nih.gov/articles/PMC6181304/ 

• https://www.sciencedirect.com/topics/chemistry/petroleum-contamination 
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Environment and Safety Hazards 

RCA Template for: Excessive VOC Emissions  
 

 

Volatile Organic Compounds (VOCs) are organic chemicals that easily vaporize into the atmosphere, posing significant health and 

environmental risks. Excessive VOC emissions in petrochemical plants occur when these emissions exceed permissible limits, often 

due to failures in systems, equipment, or processes designed to control them. Such emissions can damage a company’s reputation, 

result in costly fines, and lead to production interruptions from shutdowns required for corrective actions. 

In petrochemical settings, these emissions contribute to environmental pollution and regulatory violations, and can also pose 

workplace hazards, such as toxic exposure and an increased risk of fires or explosions. 

For example, inadequate ventilation systems—such as those with poor design or maintenance—can allow VOCs to accumulate in work 

areas, increasing health risks to personnel. Improper chemical storage, including failure to segregate incompatible chemicals, may lead 

to dangerous chemical reactions that release VOCs. Inefficient monitoring systems, such as outdated or uncalibrated technology, can 

result in undetected emissions, exacerbating the issue. Equipment malfunctions from irregular maintenance or worn-out parts, as well 

as insufficient training in emission control, further contribute to uncontrolled VOC emissions. 

ProSolvr, a GEN-AI-powered root cause analysis application, revolutionizes how petrochemical plants manage VOC emissions. By using 

a structured fishbone diagram framework and Six Sigma principles, ProSolvr systematically identifies root causes, categorizes them 

into actionable areas, and provides tailored Corrective and Preventive Actions (CAPA). By addressing inefficiencies in monitoring, 

storage, ventilation, and training, ProSolvr helps organizations achieve regulatory compliance, improve workplace safety, and ensure 

sustainable operations. 

Excessive VOC Emissions 

• Inadequate Ventilation Systems 

o Inadequate Ventilation System Design 

o Poorly Maintained Ventilation Systems 
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o Insufficient Number of Ventilation Systems 

• Improper Chemical Storage 

o Failure to Segregate Incompatible Chemicals 

o Inadequate Containment Measures 

o Improper Labeling of Chemicals 

• Inefficient Monitoring Systems 

o Failure to Calibrate Monitoring Devices 

o Inaccurate Monitoring Equipment 

o Outdated Monitoring Technology 

• Equipment Malfunction 

o Lack of Regular Maintenance Schedules 

o Improper Equipment Installation 

o Old Equipment 

• Inadequate Personnel Training 

o Inadequate Knowledge of VOC Emission Control 

o Insufficient Safety Training 

o Lack of Comprehensive Training Programs 

• Poor Maintenance Practices 

o Inadequate Cleaning of Equipment 

o Failure to Replace Worn-out Parts 

o Irregular Equipment Inspections 

Suggested Actions Checklist: 

These corrective, preventive and investigative actions can provide a structured approach to addressing excessive VOC emissions and 

mitigating their recurrence. 

Inadequate Ventilation Systems 

• Inadequate Ventilation System Design 

o Corrective Actions: Redesign ventilation systems to ensure adequate airflow capacity and compliance with industry 

standards. 

o Preventive Actions: Implement a design review process for future installations to include adequate ventilation 

considerations. 

o Investigative Actions: Review design specifications and historical performance data to identify where airflow 

requirements were underestimated. 

• Poorly Maintained Ventilation Systems 

o Corrective Actions: Perform immediate inspection and servicing of ventilation systems, including cleaning and 

replacing damaged components. 

o Preventive Actions: Establish a regular maintenance schedule for ventilation systems and assign accountability for 

ongoing monitoring. 

o Investigative Actions: Inspect maintenance logs and records to identify gaps in maintenance schedules and actions. 

• Insufficient Number of Ventilation Systems 

o Corrective Actions: Install additional ventilation units in areas identified as high-risk for VOC buildup. 

o Preventive Actions: Conduct a risk assessment to determine future ventilation needs during plant expansions or 

modifications. 

o Investigative Actions: Review plant layout and identify areas where additional systems could be required to meet 

safety standards. 
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Improper Chemical Storage 

• Failure to Segregate Incompatible Chemicals 

o Corrective Actions: Reorganize the storage layout and segregate incompatible chemicals immediately. 

o Preventive Actions: Develop and enforce strict chemical segregation protocols as part of a site-wide chemical safety 

program. 

o Investigative Actions: Conduct a safety audit of chemical storage practices and identify if incompatible chemicals 

were stored together previously. 

• Inadequate Containment Measures 

o Corrective Actions: Install or repair containment measures such as secondary containment or spill barriers. 

o Preventive Actions: Designate a team for periodic containment system inspections and enhancements. 

o Investigative Actions: Investigate the failure of containment measures by examining design plans and past 

maintenance work on containment systems. 

• Improper Labeling of Chemicals 

o Corrective Actions: Label all chemicals correctly and ensure they are easily identifiable. 

o Preventive Actions: Establish a standard operating procedure (SOP) for chemical labeling and periodic audits of 

labeling practices. 

o Investigative Actions: Check inventory records and spot-check chemical containers to assess labeling compliance. 

Inefficient Monitoring Systems 

• Failure to Calibrate Monitoring Devices 

o Corrective Actions: Immediately calibrate all affected monitoring devices and verify readings. 

o Preventive Actions: Create and enforce a calibration schedule for all monitoring devices, ensuring that they are 

checked regularly. 

o Investigative Actions: Investigate calibration records to identify missed or incomplete calibrations. 

• Inaccurate Monitoring Equipment 

o Corrective Actions: Replace or repair inaccurate monitoring equipment. 

o Preventive Actions: Introduce a regular review and validation process for monitoring equipment performance. 

o Investigative Actions: Test equipment accuracy against industry standards or cross-check with alternative 

measurement tools to identify discrepancies. 

• Outdated Monitoring Technology 

o Corrective Actions: Upgrade to modern, more accurate monitoring equipment. 

o Preventive Actions: Establish a technology review cycle to replace outdated monitoring systems every 3-5 years. 

o Investigative Actions: Review the age and functionality of all monitoring systems and assess their effectiveness 

against current technological standards. 

Equipment Malfunction 

• Lack of Regular Maintenance Schedules 

o Corrective Actions: Create and implement a detailed maintenance schedule for all critical equipment. 

o Preventive Actions: Assign dedicated personnel to monitor and enforce the adherence to maintenance schedules. 

o Investigative Actions: Audit previous maintenance logs and identify any recurring patterns of neglect or scheduling 

gaps. 

• Improper Equipment Installation 

o Corrective Actions: Correct installation errors and ensure proper setup of all equipment. 

o Preventive Actions: Introduce a detailed installation checklist and post-installation review to ensure compliance 

with design specifications. 
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o Investigative Actions: Conduct an audit of installation practices and review past installation records for 

inconsistencies or errors. 

• Old Equipment 

o Corrective Actions: Replace aging equipment that no longer meets safety or operational standards. 

o Preventive Actions: Implement an asset lifecycle management program to replace equipment based on age and 

performance benchmarks. 

o Investigative Actions: Review equipment maintenance and failure history to determine which items are most likely 

to fail due to age. 

Inadequate Personnel Training 

• Inadequate Knowledge of VOC Emission Control 

o Corrective Actions: Conduct immediate refresher training on VOC emission control for relevant personnel. 

o Preventive Actions: Develop a comprehensive training program that includes regular updates and certifications on 

VOC management. 

o Investigative Actions: Review training records and conduct skill assessments to identify knowledge gaps. 

• Insufficient Safety Training 

o Corrective Actions: Provide emergency response and safety training to employees, focusing on VOC-related hazards. 

o Preventive Actions: Establish a mandatory safety training program with regular assessments and updates for all 

personnel. 

o Investigative Actions: Investigate incident reports to determine if safety training failures contributed to VOC 

emissions. 

• Lack of Comprehensive Training Programs 

o Corrective Actions: Develop and roll out a comprehensive training curriculum covering all aspects of VOC emissions 

and related safety protocols. 

o Preventive Actions: Establish a robust training plan with periodic evaluations and improvements based on new 

industry standards and plant changes. 

o Investigative Actions: Audit existing training programs to ensure they cover all necessary areas and are up to current 

industry standards. 

Poor Maintenance Practices 

• Inadequate Cleaning of Equipment 

o Corrective Actions: Clean and decontaminate all affected equipment immediately. 

o Preventive Actions: Create a cleaning schedule for all equipment and ensure it is adhered to regularly. 

o Investigative Actions: Review maintenance logs to identify missed or insufficient cleaning intervals. 

• Failure to Replace Worn-out Parts 

o Corrective Actions: Replace worn-out or damaged parts that could be contributing to VOC emissions. 

o Preventive Actions: Implement a parts replacement schedule based on equipment performance data and 

manufacturer's recommendations. 

o Investigative Actions: Review equipment failure history to pinpoint recurring issues with specific parts or 

components. 

• Irregular Equipment Inspections 

o Corrective Actions: Conduct thorough inspections of all equipment to identify and fix potential sources of VOC 

emissions. 

o Preventive Actions: Develop and enforce a regular inspection schedule with clearly defined intervals. 

o Investigative Actions: Investigate inspection reports and identify if any missed inspections correlate with recent 

emission incidents. 
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Who can learn from the Excessive VOC Emissions template?  

• Safety Managers: Understanding VOC RCA helps safety managers identify and mitigate hazards related to VOC emissions, 

ensuring a safer working environment and regulatory compliance. 

• Environmental Compliance Officers: They can use VOC RCA to understand emission sources and develop strategies to reduce 

environmental impact, staying in line with legal and environmental standards. 

• Maintenance Technicians: Learning VOC RCA enables maintenance teams to identify equipment failures or inefficiencies, 

allowing them to address underlying causes and improve equipment reliability. 

• Process Engineers: Process engineers can apply VOC RCA to optimize plant operations, improve chemical handling 

procedures, and design more efficient systems that minimize emissions. 

• Plant Operators: Operators who are directly involved in day-to-day plant operations can learn how to spot signs of potential 

VOC-related issues and take proactive measures to prevent them. 

• Training and HR Managers: These professionals can integrate VOC RCA into training programs, ensuring that staff across all 

departments are aware of the risks, preventive measures, and best practices for controlling VOC emissions. 

Why use this template?  

GEN-AI-powered analysis with a quality and reliability tool like ProSolvr provides a comprehensive framework for not only solving the 

immediate problem but also for implementing CAPA to minimize the risk of recurrence. It fosters safer and more compliant 

petrochemical operations. This approach also emphasizes standardization and continual improvement, ensuring that systemic issues 

are rectified permanently. 

Use ProSolvr by smartQED for efficient root cause analysis in petrochemical plants to identify critical issues and drive effective 

solutions. Empower your team with crucial insights to prevent future incidents and improve operational safety. 

Curated from community experiences and public sources: 

• https://www.mdpi.com/2073-4433/10/12/760 

• https://www.sciencedirect.com/science/article/pii/S2590162123000321 
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RCA Template for: High Noise Levels 
 

 

 
High noise levels are a common problem in petrochemical plants. They come from many sources like machinery vibrations, high-

pressure operations, or inadequate acoustic design. These noise levels can create a dangerous workplace, causing hearing loss, making 

communication harder, and reducing worker safety. High noise levels can also be a sign of mechanical problems like corrosion, 

improper specifications, or lubrication problems. These issues don’t just make noise worse—they also harm equipment and lower 

efficiency, making it very important to control noise. 

In petrochemical plants, aging equipment without a replacement plan or worn-out parts due to poor maintenance makes noise worse. 

Environmental factors like material expansion causing vibration or a poor plant layout with no sound barriers add to the problem. 

Problems like inefficient load balancing during operations or improper shutdown/startup procedures also increase noise levels, which 

puts stress on workers and machines. Solving these problems means finding the main causes and taking steps like Corrective and 

Preventive Actions (CAPA) to stop them from happening again. 

ProSolvr, a GEN-AI-powered root cause analysis application, helps petrochemical plants solve these noise issues. It uses a visual 

fishbone diagram and Six Sigma methods to group and organize the causes of noise. This makes it easier for teams to see the problem 

clearly and find solutions. ProSolvr helps plants fix mechanical issues, improve maintenance, and create safer, quieter workplaces. 

High Noise Levels  

• Equipment 

o Aging Equipment 

▪ Lack of replacement strategy 

▪ Corrosion or fatigue 

o Design Issues 

▪ Outdated designs 

▪ Improper specifications 

o Poor Maintenance 

▪ Worn-out components 

▪ Lubrication issues 
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• Environment 

o Temperature and Humidity 

▪ Material expansion causing vibration 

▪ Effects on machinery noise 

o External Noise Sources 

▪ Traffic or nearby industrial activity 

o Acoustic Design 

▪ Poor plant layout 

▪ Lack of sound barriers 

• Processes 

o Continuous Operations 

▪ Inefficient load balancing 

▪ Unmonitored wear and tear 

o Improper Shutdown/Startup 

▪ Lack of optimized procedures 

▪ Sudden changes causing vibration 

o High-Pressure Operations 

▪ Improper pressure control 

▪ Excessive flow velocities 

• Materials 

o Aging Infrastructure 

▪ Structural integrity issues 

▪ Pipe thinning 

o Poor Quality 

▪ Improper installation methods 

▪ Substandard raw materials 

o Vibration-Prone Materials 

▪ Use of incompatible materials 

▪ Low-damping materials 

• Management 

o Lack of Training 

▪ Lack of adherence to noise regulations 

▪ Insufficient awareness of noise risks 

o Budget Constraints 

▪ Low investment in noise control 

▪ Deferred maintenance 

o Inadequate Policies 

▪ Weak noise abatement strategies 

▪ Lack of regular inspections 

• Personnel 

o Communication Gaps 

▪ Ineffective feedback mechanisms 

▪ Delays in reporting issues 

o Work Habits 

▪ Overlooking maintenance schedules 

▪ Improper installation techniques 

o Untrained Staff 

▪ Neglect of early warning signs 
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▪ Inappropriate handling of equipment 

 

Suggested Actions Checklist  

Here are some corrective actions, preventive actions and investigative actions which organizations may implement to tackle high noise 

levels in their plants. 

Equipment 

• Aging Equipment 

o Lack of replacement strategy 

▪ Corrective Action: Replace outdated equipment immediately if deemed unserviceable or causing excessive 

noise. 

▪ Preventive Action: Develop a lifecycle management plan to schedule regular replacements based on usage and 

wear data. 

▪ Investigative Action: Audit equipment age and performance to identify critical assets lacking a replacement 

plan. 

o Corrosion or fatigue 

▪ Corrective Action: Conduct repairs or replace corroded/fatigued parts to restore integrity. 

▪ Preventive Action: Apply protective coatings and schedule periodic inspections for early detection of wear. 

▪ Investigative Action: Perform metallurgical analysis to determine the extent and root causes of degradation. 

• Design Issues 

o Outdated designs 

▪ Corrective Action: Retrofit machinery with modern, noise-reducing technologies. 

▪ Preventive Action: Ensure new acquisitions align with updated noise reduction standards. 

▪ Investigative Action: Review original design specifications and assess their limitations. 

o Improper specifications 

▪ Corrective Action: Modify or upgrade components to meet operational needs. 

▪ Preventive Action: Improve design review processes to align specifications with operational requirements. 

▪ Investigative Action: Compare operational conditions against original design assumptions. 

• Poor Maintenance 

o Worn-out components 

▪ Corrective Action: Replace or repair damaged components causing excessive noise. 

▪ Preventive Action: Implement predictive maintenance programs using vibration analysis. 

▪ Investigative Action: Inspect maintenance logs to identify trends of recurrent failures. 

o Lubrication issues 

▪ Corrective Action: Reapply appropriate lubricants and replace damaged parts if needed. 

▪ Preventive Action: Establish a lubrication management plan and use condition monitoring to avoid lapses. 

▪ Investigative Action: Investigate lubrication schedules and compliance with manufacturer guidelines. 
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Environment 

• Temperature and Humidity 

o Material expansion causing vibration 

▪ Corrective Action: Adjust clearances or install dampers to reduce vibration impacts. 

▪ Preventive Action: Use materials with lower thermal expansion coefficients in critical components. 

▪ Investigative Action: Monitor environmental conditions and evaluate their impact on material performance. 

o Effects on machinery noise 

▪ Corrective Action: Install noise-insulating enclosures for sensitive equipment. 

▪ Preventive Action: Optimize HVAC systems to stabilize temperature and humidity levels. 

▪ Investigative Action: Analyze noise patterns against environmental data to identify correlations. 

• External Noise Sources 

o Traffic or nearby industrial activity 

▪ Corrective Action: Install soundproof walls or acoustic barriers around the facility. 

▪ Preventive Action: Conduct site selection and soundproofing measures during plant construction or expansion. 

▪ Investigative Action: Perform environmental noise impact assessments to quantify external contributions. 

• Acoustic Design 

o Poor plant layout 

▪ Corrective Action: Rearrange equipment locations to minimize noise propagation. 

▪ Preventive Action: Incorporate acoustic modeling during future layout planning. 

▪ Investigative Action: Review existing layouts for noise hotspots and identify improvements. 

o Lack of sound barriers 

▪ Corrective Action: Erect noise barriers or install acoustic insulation panels. 

▪ Preventive Action: Integrate noise control solutions during project design phases. 

▪ Investigative Action: Evaluate the efficacy of installed barriers through sound level measurements. 

Processes 

• Continuous Operations 

o Inefficient load balancing 

▪ Corrective Action: Redistribute loads to balance wear and noise generation. 

▪ Preventive Action: Automate load management with real-time monitoring systems. 

▪ Investigative Action: Analyze operational logs to identify imbalances and overload patterns. 

o Unmonitored wear and tear 

▪ Corrective Action: Inspect and replace worn components. 

▪ Preventive Action: Implement a monitoring system to track wear rates and noise levels. 

▪ Investigative Action: Assess past maintenance records to determine unmonitored wear causes. 

• Improper Shutdown/Startup 

o Lack of optimized procedures 

▪ Corrective Action: Develop and enforce standard operating procedures (SOPs) for shutdowns/startups. 



137 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

▪ Preventive Action: Train operators on optimized procedures to minimize noise-related risks. 

▪ Investigative Action: Review past incidents to evaluate procedural gaps. 

o Sudden changes causing vibration 

▪ Corrective Action: Gradually adjust operating parameters to prevent sudden vibrations. 

▪ Preventive Action: Use control systems with gradual ramp-up/down functionalities. 

▪ Investigative Action: Investigate the frequency and triggers of sudden parameter changes. 

• High-Pressure Operations 

o Improper pressure control 

▪ Corrective Action: Repair or recalibrate faulty pressure control systems. 

▪ Preventive Action: Install automated pressure monitoring and control mechanisms. 

▪ Investigative Action: Audit the performance of existing pressure regulation devices. 

o Excessive flow velocities 

▪ Corrective Action: Replace undersized piping or valves causing excessive flow. 

▪ Preventive Action: Redesign flow systems to reduce velocities and noise. 

▪ Investigative Action: Analyze flow data for patterns contributing to elevated noise. 

Materials 

• Aging Infrastructure 

o Structural integrity issues 

▪ Corrective Action: Reinforce or replace structurally compromised sections. 

▪ Preventive Action: Schedule structural audits to detect early signs of deterioration. 

▪ Investigative Action: Conduct failure analysis on damaged components to understand root causes. 

o Pipe thinning 

▪ Corrective Action: Replace affected sections to prevent leaks and noise amplification. 

▪ Preventive Action: Use ultrasonic testing to monitor wall thickness. 

▪ Investigative Action: Investigate process conditions causing accelerated thinning. 

Poor Quality 

• Improper installation methods 

o Corrective Action: Reinstall components following correct procedures. 

o Preventive Action: Establish quality assurance checks during installations. 

o Investigative Action: Audit installation processes for adherence to standards. 

• Substandard raw materials 

o Corrective Action: Replace faulty materials with certified alternatives. 

o Preventive Action: Strengthen procurement policies to source high-quality materials. 

o Investigative Action: Analyze supplier records to identify inconsistencies in material quality. 

Vibration-Prone Materials 

• Use of incompatible materials 

o Corrective Action: Substitute with vibration-resistant materials. 

o Preventive Action: Use simulation tools to select materials with suitable properties. 

o Investigative Action: Test and analyze material properties to ensure compatibility. 
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• Low-damping materials 

o Corrective Action: Add dampers or replace materials with high-damping alternatives. 

o Preventive Action: Incorporate vibration damping as a design requirement. 

o Investigative Action: Study the impact of material choices on noise levels. 

Management 

Lack of Training 

• Lack of adherence to noise regulations 

o Corrective Action: Conduct mandatory training on compliance with noise standards. 

o Preventive Action: Establish periodic refresher training sessions for all staff. 

o Investigative Action: Evaluate training program effectiveness through compliance audits. 

• Insufficient awareness of noise risks 

o Corrective Action: Organize awareness campaigns highlighting noise hazards. 

o Preventive Action: Incorporate noise risk education into onboarding programs. 

o Investigative Action: Assess employee knowledge levels through surveys or interviews. 

Budget Constraints 

• Low investment in noise control 

o Corrective Action: Allocate emergency funds to address critical noise issues. 

o Preventive Action: Include dedicated noise control budgets in annual financial planning. 

o Investigative Action: Review past budgets to identify underinvestment trends. 

• Deferred maintenance 

o Corrective Action: Address overdue maintenance tasks promptly. 

o Preventive Action: Implement a preventive maintenance program with prioritized funding. 

o Investigative Action: Examine the financial impact of maintenance delays. 

Inadequate Policies 

• Weak noise abatement strategies 

o Corrective Action: Develop and implement robust noise abatement plans. 

o Preventive Action: Regularly review and update noise management policies. 

o Investigative Action: Compare current policies against industry best practices. 

• Lack of regular inspections 

o Corrective Action: Schedule and perform immediate inspections for high-risk areas. 

o Preventive Action: Set up a periodic inspection program with defined responsibilities. 

o Investigative Action: Analyze past inspection records for frequency and scope gaps. 

Personnel 

• Communication Gaps 

o Ineffective feedback mechanisms 

▪ Corrective Action: Implement clear reporting channels and ensure timely action on complaints. 

▪ Preventive Action: Develop structured feedback and escalation procedures. 

▪ Investigative Action: Investigate delays or breakdowns in communication chains. 
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o Delays in reporting issues 

▪ Corrective Action: Expedite issue resolution through direct reporting systems. 

▪ Preventive Action: Encourage a culture of proactive reporting and accountability. 

▪ Investigative Action: Assess trends in delayed reports to identify underlying causes. 

• Work Habits 

o Overlooking maintenance schedules 

• Corrective Action: Enforce adherence to scheduled maintenance through strict monitoring. 

• Preventive Action: Automate reminders and approvals for maintenance activities. 

• Investigative Action: Review compliance records for missed or overdue tasks. 

o Improper installation techniques 

• Corrective Action: Retrain staff responsible for installations. 

• Preventive Action: Certify workers on approved installation standards. 

• Investigative Action: Evaluate installation logs for patterns of repeated errors. 

• Untrained Staff 

o Neglect of early warning signs 

▪ Corrective Action: Address overlooked issues and conduct refresher training on noise indicators. 

▪ Preventive Action: Use mentoring programs to improve on-the-job learning for early detection. 

▪ Investigative Action: Analyze incidents to evaluate training gaps in identifying noise-related risks. 

o Inappropriate handling of equipment 

▪ Corrective Action: Provide hands-on training for proper equipment operation. 

▪ Preventive Action: Require skill certification before granting operational responsibilities. 

▪ Investigative Action: Audit operational errors linked to inadequate handling practices. 

Who can learn from High Noise Levels template?  

• Maintenance Teams: Maintenance personnel can learn about the importance of regular inspections, timely lubrication, and 

predictive maintenance practices to prevent issues like worn-out components or lubrication failures that contribute to high 

noise levels. 

• Engineering and Design Teams: Engineers can use RCA findings to understand how outdated designs, improper specifications, 

and vibration-prone materials lead to noise issues, enabling them to incorporate noise-reduction principles into future 

designs. 

• Management and Leadership: Managers can recognize the importance of budget allocation, regular inspections, and robust 

policies to mitigate high noise risks, as well as the necessity of investing in noise control measures and staff training. 

• Operations Teams: Operators can gain insights into how improper shutdown/startup procedures, inefficient load balancing, 

and high-pressure operations contribute to noise problems, helping them optimize their daily practices. 

• Health, Safety, and Environment (HSE) Professionals: HSE teams can use the RCA to better understand how environmental 

factors, such as poor acoustic design and external noise sources, impact plant noise levels, enabling them to implement noise 

abatement strategies and protect worker health. 

• Training and Development Teams: Training personnel can leverage the RCA to design targeted programs that address gaps 

in staff knowledge and skills, such as early warning sign recognition, proper equipment handling, and adherence to noise 

control regulations. 

 

Why use this template? 
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By addressing the root causes, organizations can not only resolve current issues but also establish robust preventive strategies to 

minimize future noise-related risks in petrochemical plants. This systematic process reinforces operational reliability and worker 

safety, ensuring compliance with regulatory standards and fostering a proactive organizational culture. This approach also facilitates 

the development of CAPA measures and helps organizations get rid of challenges permanently over time. 

Struggling with persistent noise challenges in your plant? ProSolvr by smartQED can simplify root cause analysis (RCA) with its user-

friendly platform, integrating Six Sigma principles to identify, analyze, and resolve issues effectively. 

Curated from community experiences and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/B9780323951548000128 

• https://aecl.co.uk/services/petrochemical-

noise#:~:text=Noise%20generated%20by%20Oil%20and,cause%20damage%20to%20employees'%20hearing 
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RCA Template for: Cooling Water Contamination 
 

 

Cooling water contamination is a serious issue in petrochemical plants, often causing equipment damage, reduced efficiency, and 

unplanned shutdowns. ProSolvr, a GEN-AI-powered root cause analysis application, helps plants tackle these challenges by identifying 

the root causes of contamination. Using a fishbone diagram and Six Sigma principles, ProSolvr categorizes issues like algae growth, 

poor maintenance, and human errors to provide clear corrective and preventive actions, ensuring better water quality, improved 

equipment performance, and safer operations. 

Contaminants such as suspended solids, algae, and dissolved chemicals disrupt cooling water systems by causing corrosion, blockages, 

and scale build-up. Faulty water treatment systems, poor cooling tower maintenance, and ineffective filtration allow these issues to 

persist. Seasonal changes, external pollutants, and cross-contamination with process fluids make the situation worse, while incorrect 

chemical dosing and substandard make-up water destabilize water chemistry further. 

Human factors like lack of training, poor adherence to standard procedures, and gaps in supervision add to the problem. Management 

lapses, such as insufficient maintenance schedules and outdated monitoring practices, delay effective solutions. ProSolvr 

systematically addresses these challenges, helping petrochemical plants maintain operational efficiency, reduce downtime, and 

enhance safety.  

Cooling Water Contamination 

• Equipment 

o Faulty water treatment systems 

o Poor maintenance of cooling towers 

o Ineffective filtration systems 

o Corrosion in piping systems 

o Leakage in heat exchangers 

• Processes 

o Blockages in distribution systems 

o Inconsistent monitoring procedures 
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o Cross-contamination with process fluids 

o Inefficient blowdown practices 

o Incorrect dosing of treatment chemicals 

• Environment 

o Seasonal variations causing changes in raw water properties 

o Algae and microbial growth in cooling towers 

o High temperature or humidity levels affecting water quality 

o External pollutants entering the system 

• Materials 

o Build-up of scale and fouling 

o Ineffective anti-corrosion agents 

o Use of incompatible pipe materials 

o Substandard quality of make-up water 

• Personnel 

o Poor adherence to standard operating procedures (SOPs) 

o Human error in chemical handling 

o Inadequate supervision of water quality 

o Lack of training on water treatment practices 

• Management 

o Poorly defined accountability 

o Inadequate quality control systems 

o Gaps in regular maintenance schedules 

o Insufficient investment in modern water treatment technologies 

 

Suggested Actions Checklist  

Here are some corrective, preventive and investigative actions that organizations may find useful while dealing with cooling water 

contamination. 

Equipment 

• Faulty water treatment systems 

o Corrective Actions: Repair or replace defective components; recalibrate the system. 

o Preventive Actions: Schedule periodic inspections; implement predictive maintenance. 

o Investigative Actions: Review system design and past maintenance records; assess water treatment capacity. 

• Poor maintenance of cooling towers 

o Corrective Actions: Clean and repair damaged components; replace degraded materials. 

o Preventive Actions: Establish routine cleaning and inspection schedules. 

o Investigative Actions: Examine maintenance logs for gaps; identify areas prone to neglect. 

• Ineffective filtration systems 

o Corrective Actions: Upgrade or replace filters; backwash clogged filters. 

o Preventive Actions: Install filtration performance monitors; ensure spare parts availability. 

o Investigative Actions: Analyze filtration efficiency and the type of contaminants bypassing the system. 

• Corrosion in piping systems 

o Corrective Actions: Replace corroded pipes; apply anti-corrosion coatings. 

o Preventive Actions: Use corrosion-resistant materials; monitor corrosion rates. 

o Investigative Actions: Conduct root cause analysis to determine corrosion sources. 

• Leakage in heat exchangers 
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o Corrective Actions: Seal or replace faulty heat exchanger tubes. 

o Preventive Actions: Perform regular pressure tests; inspect gaskets and seals. 

o Investigative Actions: Assess the design, operation, and past failures of the heat exchanger. 

Processes 

• Blockages in distribution systems 

o Corrective Actions: Remove blockages; flush and clean the system. 

o Preventive Actions: Install strainers; schedule periodic cleaning. 

o Investigative Actions: Identify the source of debris or sediments causing blockages. 

• Inconsistent monitoring procedures 

o Corrective Actions: Reinforce consistent monitoring practices; address lapses in compliance. 

o Preventive Actions: Develop clear SOPs; implement automation and alarms for critical parameters. 

o Investigative Actions: Audit monitoring logs to identify patterns of inconsistency. 

• Cross-contamination with process fluids 

o Corrective Actions: Isolate the contamination source; repair leaks. 

o Preventive Actions: Install backflow preventers; conduct regular system audits. 

o Investigative Actions: Trace contamination pathways and verify the integrity of isolation devices. 

• Inefficient blowdown practices 

o Corrective Actions: Adjust blowdown rates; ensure proper execution of the process. 

o Preventive Actions: Implement automation for blowdown processes; train operators. 

o Investigative Actions: Review water chemistry data to assess the frequency and adequacy of blowdowns. 

• Incorrect dosing of treatment chemicals 

o Corrective Actions: Recalibrate dosing pumps; re-train personnel on chemical dosing. 

o Preventive Actions: Use automated dosing systems; conduct routine checks on chemical levels. 

o Investigative Actions: Analyze dosing records and water quality to identify discrepancies. 

Environment 

• Seasonal variations causing changes in raw water properties 

o Corrective Actions: Modify treatment protocols to address seasonal changes. 

o Preventive Actions: Monitor raw water properties regularly; develop contingency plans. 

o Investigative Actions: Study historical trends in raw water quality variations. 

• Algae and microbial growth in cooling towers 

o Corrective Actions: Apply biocides; clean the affected areas thoroughly. 

o Preventive Actions: Install UV disinfection systems; use appropriate biocide dosing programs. 

o Investigative Actions: Examine water conditions contributing to microbial growth. 

• High temperature or humidity levels affecting water quality 

o Corrective Actions: Optimize cooling tower operation; install temperature control measures. 

o Preventive Actions: Use heat-resistant and efficient cooling tower designs. 

o Investigative Actions: Analyze temperature trends and their effects on system performance. 

• External pollutants entering the system 

o Corrective Actions: Remove pollutants and clean affected areas. 

o Preventive Actions: Install covers or barriers; ensure effective intake screening. 

o Investigative Actions: Identify pollution sources and assess environmental control measures. 
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Materials 

• Build-up of scale and fouling 

o Corrective Actions: Descale affected equipment; adjust water treatment. 

o Preventive Actions: Use anti-scaling chemicals; ensure regular system flushing. 

o Investigative Actions: Analyze water hardness and treatment efficacy. 

• Ineffective anti-corrosion agents 

o Corrective Actions: Replace ineffective agents with suitable alternatives. 

o Preventive Actions: Conduct chemical efficacy tests; train staff on proper chemical use. 

o Investigative Actions: Review treatment agent specifications and performance. 

• Use of incompatible pipe materials 

o Corrective Actions: Replace incompatible materials with suitable alternatives. 

o Preventive Actions: Select materials based on system conditions during design. 

o Investigative Actions: Evaluate system design and material compatibility. 

• Substandard quality of make-up water 

o Corrective Actions: Improve pre-treatment processes; use higher-quality water sources. 

o Preventive Actions: Regularly test make-up water quality; install advanced filtration systems. 

o Investigative Actions: Identify quality deviations and their sources. 

Personnel 

• Poor adherence to standard operating procedures (SOPs) 

o Corrective Actions: Reinforce SOP compliance through training; address deviations. 

o Preventive Actions: Conduct periodic SOP refresher training; implement audits. 

o Investigative Actions: Examine cases of non-compliance and their root causes. 

• Human error in chemical handling 

o Corrective Actions: Correct errors and mitigate risks; review incident reports. 

o Preventive Actions: Conduct regular chemical handling workshops; use clear labels and instructions. 

o Investigative Actions: Identify training gaps and procedural flaws leading to errors. 

• Inadequate supervision of water quality 

o Corrective Actions: Assign qualified personnel for oversight; improve supervision protocols. 

o Preventive Actions: Develop a structured supervision framework; monitor supervisor performance. 

o Investigative Actions: Assess supervisor training and availability during critical operations. 

• Lack of training on water treatment practices 

o Corrective Actions: Organize immediate training sessions; hire skilled professionals if needed. 

o Preventive Actions: Conduct regular training programs; assess staff competencies periodically. 

o Investigative Actions: Review past training modules and feedback. 

Management 

• Poorly defined accountability 

o Corrective Actions: Assign specific roles and responsibilities; document accountability protocols. 

o Preventive Actions: Implement a clear organizational structure; establish performance reviews. 

o Investigative Actions: Audit accountability frameworks and identify gaps. 

• Inadequate quality control systems 

o Corrective Actions: Revise and strengthen quality control measures. 

o Preventive Actions: Install automated QC systems; conduct regular audits. 

o Investigative Actions: Examine historical data for trends of system inadequacies. 
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• Gaps in regular maintenance schedules 

o Corrective Actions: Address missed maintenance tasks immediately; reschedule overdue work. 

o Preventive Actions: Use CMMS software to manage schedules; ensure proper resource allocation. 

o Investigative Actions: Analyze root causes of missed maintenance and system downtime. 

• Insufficient investment in modern water treatment technologies 

o Corrective Actions: Allocate funds for upgrading technologies; prioritize critical investments. 

o Preventive Actions: Conduct regular assessments of technology needs; create a future-focused budget. 

o Investigative Actions: Evaluate historical investment decisions and their impact on system performance. 

Who can learn from the Cooling Water Contamination template? 

• Maintenance Teams: Maintenance teams can learn about the importance of regular inspections and proactive measures to 

prevent issues like corrosion in piping systems and leakage in heat exchangers, ensuring system longevity. They can also refine 

their maintenance schedules to address gaps identified during the RCA. 

• Operations Personnel: Operations personnel can gain insights into better adherence to standard operating procedures (SOPs) 

and improved chemical handling practices. This helps minimize human errors such as incorrect dosing of treatment chemicals 

and inconsistent monitoring. 

• Water Treatment Specialists: Specialists can understand the critical need for maintaining effective filtration systems and 

upgrading treatment technologies. This helps mitigate issues caused by faulty water treatment systems and build-up of scale 

and fouling in cooling water systems. 

• Environmental and Quality Teams: These teams can learn how external factors, like seasonal variations in raw water 

properties or external pollutants entering the system, impact cooling water quality. They can implement improved monitoring 

and contingency plans to ensure compliance and quality standards. 

• Management and Decision-Makers: Management can understand the role of poorly defined accountability and insufficient 

investment in modern technologies in operational failures. This emphasizes the importance of resource allocation and clear 

role definitions to prevent future issues. 

• Training and Development Coordinators: Training teams can identify gaps in knowledge, such as those leading to human 

error in chemical handling or inadequate supervision of water quality, and develop targeted training programs to upskill staff 

and foster expertise. 

Why use this template? 

The insights gained from a root cause analysis can be pivotal for developing corrective and preventive actions (CAPA). For instance, 

identifying substandard quality of make-up water as a root cause might lead to corrective measures like upgrading pre-treatment 

systems and preventive actions like enhanced monitoring protocols. By leveraging GEN-AI to streamline the root cause analysis 

process, petrochemical plants can ensure comprehensive problem resolution and foster a culture of continuous improvement. 

Empower your team to tackle challenges in your organization with precision and confidence—start with ProSolvr by smartQED today! 

Curated from community experiences and public sources:  

• https://realtechwater.com/applications/industrial-water/cooling-water-contamination/ 

• https://www.sciencedirect.com/topics/earth-and-planetary-sciences/cooling-water 

 

 

 

 

 

https://realtechwater.com/applications/industrial-water/cooling-water-contamination/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/cooling-water
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RCA Template for: Stack Emissions Exceeding Limits 
 

 

Stack emissions exceeding regulatory limits occur when pollutants released from industrial chimneys or stacks surpass the permissible 

thresholds set by environmental authorities. In petrochemical plants, this is a critical issue because these emissions often contain 

harmful substances like carbon monoxide, sulfur oxides, nitrogen oxides, and unburned hydrocarbons. Such exceedances can lead to 

environmental degradation, regulatory penalties, reputational damage, and forced shutdowns. They can also jeopardize the health 

and safety of workers and surrounding communities, increasing liability for the plant. 

There are many factors that contribute to excessive stack emissions in petrochemical plants. Inadequate staffing or lack of training 

may result in negligence and insufficient oversight of operational processes. Non-compliance with procedures and improper 

combustion can lead to inefficient chemical reactions, creating more pollutants. Aging infrastructure and malfunctioning equipment, 

such as outdated machines, exacerbate the issue by failing to properly manage emissions. Additionally, contaminants in input 

materials, such as low-quality fuel or improper catalyst use, complicate the process, making it harder to control emissions. Calibration 

issues in measurement tools and incomplete monitoring due to faulty sensors or poor data analysis further hinder detection and 

prevention of excess emissions. 

In addition to these internal factors, external influences like surrounding industrial activities, regulatory changes, and even external 

weather conditions can impact stack emissions. These variables need to be closely monitored and addressed to prevent violations and 

ensure safety. 

Once an emission incident occurs, visual GEN-AI-powered root cause analysis (RCA) using a fishbone diagram and Six Sigma methods 

can be instrumental in identifying and addressing the underlying causes. The fishbone diagram categorizes potential causes into logical 

groups, helping teams trace the root issues systematically. By focusing on gaps in the maintenance schedule and other operational 

weaknesses, organizations can then implement Corrective and Preventive Actions (CAPA). ProSolvr helps streamline this process by 

quickly identifying inefficiencies and providing tailored solutions to reduce stack emissions, ensure regulatory compliance, and 

improve safety in petrochemical plants. 
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Stack Emissions Exceeding Limits 

• Manpower 

o Inadequate Staffing 

o Negligence 

o Lack of Training 

• Methods 

o Non-Compliance with Procedures 

o Inadequate Maintenance Schedule 

o Improper Combustion 

• Machines 

o Calibration Issues 

o Aging Infrastructure 

o Malfunctioning Equipment 

• Materials 

o Contaminants in Input Materials 

o Improper Catalyst Use 

o Low-Quality Fuel 

• Measurement 

o Incomplete Monitoring 

o Data Analysis Errors 

o Faulty Sensors 

• Environment 

o Surrounding Industrial Activities 

o Regulatory Changes 

o External Weather Conditions 

Suggested Actions Checklist 

Here are some corrective, preventive and investigative actions that organizations may find useful to tackle issues in their plants. 

Manpower 

• Inadequate Staffing 

o Corrective Actions: Temporarily reassign or hire additional personnel to meet immediate staffing needs. 

o Preventive Actions: Establish a workforce planning system to maintain optimal staffing levels. 

o Investigative Actions: Review historical staffing levels and correlate with operational performance to identify 

patterns. 

• Negligence 

o Corrective Actions: Address specific incidents through counseling, retraining, or disciplinary measures. 

o Preventive Actions: Develop clear accountability frameworks and reward systems to promote diligence. 

o Investigative Actions: Analyze incident reports to understand recurring negligence-related issues. 

• Lack of Training 

o Corrective Actions: Conduct immediate skill-specific training for affected staff. 

o Preventive Actions: Implement a continuous learning program with regular skill assessments. 

o Investigative Actions: Evaluate training records to identify gaps and prioritize essential modules. 
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Methods 

• Non-Compliance with Procedures 

o Corrective Actions: Reinforce adherence by reissuing clear procedural guidelines and conducting audits. 

o Preventive Actions: Integrate compliance metrics into performance evaluations. 

o Investigative Actions: Examine procedure logs to pinpoint deviations and their underlying reasons. 

• Inadequate Maintenance Schedule 

o Corrective Actions: Update the maintenance schedule to cover missed tasks and address immediate issues. 

o Preventive Actions: Introduce predictive maintenance systems to ensure proactive upkeep. 

o Investigative Actions: Review historical maintenance records to identify inconsistencies or oversights. 

• Improper Combustion 

o Corrective Actions: Adjust combustion settings and conduct immediate equipment repairs or recalibrations. 

o Preventive Actions: Develop detailed combustion protocols and schedule regular inspections. 

o Investigative Actions: Analyze emission data trends to determine combustion inefficiencies. 

Machines 

• Calibration Issues 

o Corrective Actions: Recalibrate affected machinery and verify accuracy. 

o Preventive Actions: Establish a routine calibration schedule aligned with equipment specifications. 

o Investigative Actions: Examine past calibration data to understand frequency and adequacy. 

• Aging Infrastructure 

o Corrective Actions: Replace or repair damaged infrastructure components. 

o Preventive Actions: Develop an asset lifecycle management plan for timely upgrades. 

o Investigative Actions: Conduct structural assessments to evaluate current conditions and risks. 

• Malfunctioning Equipment 

o Corrective Actions: Repair or replace malfunctioning units and test their performance. 

o Preventive Actions: Maintain a spare parts inventory and establish routine checks. 

o Investigative Actions: Investigate failure logs to detect patterns or recurring issues. 

Materials 

• Contaminants in Input Materials 

o Corrective Actions: Isolate and replace contaminated materials in current operations. 

o Preventive Actions: Work with suppliers to enforce stricter material quality standards. 

o Investigative Actions: Perform root cause analysis on the contamination source, including supply chain audits. 

• Improper Catalyst Use 

o Corrective Actions: Stop operations, remove improperly used catalysts, and replace them with the correct type. 

o Preventive Actions: Train staff on proper catalyst handling and ensure storage protocols are followed. 

o Investigative Actions: Review catalyst usage logs to trace the error. 

• Low-Quality Fuel 

o Corrective Actions: Replace low-quality fuel with approved alternatives to meet operational standards. 

o Preventive Actions: Establish stricter fuel procurement criteria and perform quality checks. 

o Investigative Actions: Audit procurement records to identify sources of substandard fuel. 
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Measurement 

• Incomplete Monitoring 

o Corrective Actions: Install additional monitoring equipment and expand monitoring coverage. 

o Preventive Actions: Conduct periodic evaluations of monitoring systems to ensure comprehensive data collection. 

o Investigative Actions: Analyze gaps in existing monitoring systems to determine their root causes. 

• Data Analysis Errors 

o Corrective Actions: Correct erroneous data points and recalibrate analysis tools. 

o Preventive Actions: Provide advanced training for personnel in data analysis techniques. 

o Investigative Actions: Audit data handling procedures to identify vulnerabilities in analysis workflows. 

• Faulty Sensors 

o Corrective Actions: Replace or repair faulty sensors and recalibrate systems. 

o Preventive Actions: Schedule routine sensor diagnostics and recalibration. 

o Investigative Actions: Examine sensor failure logs to determine potential causes. 

Environment 

• Surrounding Industrial Activities 

o Corrective Actions: Coordinate with neighboring industries to mitigate collective emissions impact. 

o Preventive Actions: Implement joint monitoring programs to track and manage cumulative emissions. 

o Investigative Actions: Analyze emissions patterns to isolate the contribution of external industrial activities. 

• Regulatory Changes 

o Corrective Actions: Update operational practices to comply with new regulations. 

o Preventive Actions: Stay informed about potential regulatory shifts and engage in policy consultations. 

o Investigative Actions: Evaluate non-compliance risks from past and current regulatory changes. 

• External Weather Conditions 

o Corrective Actions: Adjust operations temporarily to mitigate weather-related impacts on emissions. 

o Preventive Actions: Develop weather-adaptive operational guidelines to handle seasonal changes. 

o Investigative Actions: Review meteorological data to understand correlations between weather conditions and 

emissions. 

Who can use the Stack Emissions Exceeding Limits template? 

• Operations Team: They can learn about improving day-to-day process compliance, monitoring, and maintenance schedules 

to avoid emissions exceedances. 

• Maintenance Engineers: Insights from the RCA can help them refine maintenance protocols, address aging infrastructure, 

and ensure proper equipment calibration. 

• Environmental Health and Safety (EHS) Officers: EHS teams can use RCA findings to enhance regulatory compliance 

strategies and minimize environmental and health risks. 

• Training and Development Staff: They can develop targeted training programs to address gaps in workforce skills, reducing 

negligence and improving operational awareness. 

• Procurement and Supply Chain Teams: These teams can focus on sourcing higher-quality raw materials and catalysts, 

reducing the risk of contaminants and suboptimal inputs. 

• Management and Leadership: They can use RCA outcomes to drive organizational improvements, allocate resources 

effectively, and foster a culture of accountability and innovation. 
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Why use this template? 

A structured post-incident RCA process not only solves immediate problems but also establishes long-term preventive mechanisms. It 

helps in enhancing operational efficiency, ensuring compliance with regulations, and reducing the risk of future emissions 

exceedances. Furthermore, by linking causes to CAPA, the process ensures a holistic response, encompassing both immediate fixes 

and systemic improvements. This ultimately supports the plant’s sustainability goals and fosters a safer, more reliable operating 

environment. Six Sigma principles emphasize reducing variability and enhancing process consistency, which is crucial for preventing 

recurrence and solving the problem permanently. 

Take your problem-solving to the next level with ProSolvr by smartQED, a powerful tool to reveal root causes and implement effective 

CAPA. Start optimizing your operations today! 

 

Curated from community experiences and public sources:  

• https://www.ppsthane.com/stack-emissions-monitoring-testing 

• https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/emission-limit 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

https://www.ppsthane.com/stack-emissions-monitoring-testing
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/emission-limit
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RCA Template for: Fire at Haldia Petrochemicals 

 

In September 2019, a significant fire broke out at the Haldia Petrochemicals Ltd. (HPL) plant in Haldia, West Bengal, India. The incident 

occurred in one of the naphtha cracker units, which is a critical component in the production of ethylene and propylene, key raw 

materials for petrochemical products. 

The fire led to extensive damage to the plant and forced the company to halt operations temporarily. The incident caused concern 

over safety protocols and the maintenance of equipment in such high-risk environments. Thankfully, there were no casualties, but 

around 15 people were injured. The fire highlighted the need for stringent safety measures and a thorough investigation to prevent 

future occurrences. 

For the Haldia Petrochemicals fire, a root cause analysis (RCA) using fishbone diagram could be used to investigate various factors that 

might have contributed to the fire, such as equipment failure, human error, inadequate safety protocols, or external environmental 

factors. The authorities might investigate whether the equipment was properly maintained or if there were any design flaws. They 

could assess whether operational procedures were followed correctly. It could also involve examining the quality and storage of 

naphtha, and they could look at training and competency of the personnel involved. 

In conclusion, the Haldia Petrochemicals fire serves as a stark reminder of the critical importance of robust safety measures, regular 

equipment maintenance, and comprehensive staff training in preventing industrial disasters. By thoroughly investigating and 

addressing the root causes, companies can implement targeted corrective actions to mitigate risks and enhance safety in their 

operations. Tools like ProSolvr enable organizations to systematically explore potential causes and develop effective solutions, helping 

to prevent future incidents. 

Fire at Haldia Petrochemicals  

• Equipment 

o Instrumentation Failure 

o Design Flaws 

o Lack of Maintenance 

o Aging Equipment 
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• Processes 

o Process Control Failure 

o Faulty Emergency Shutdown Procedures 

o Improper Handling of Chemicals 

o Inadequate Safety Procedures 

• People 

o Negligence 

o Human Error 

o Lack of Training 

• Materials 

o Storage Issues 

o Quality of Materials 

o Chemical Reactions 

o Flammable Materials 

• Environment 

o Nearby Ignition Sources 

o Poor Ventilation 

o Humidity and Corrosion 

o Extreme Temperatures 

• Management 

o Delayed Response 

o Cost-Cutting Measures 

o Inadequate Risk Assessment 

o Lack of Safety Culture 

Suggested Actions Checklist  

This checklist provides a comprehensive approach to addressing the root causes of the fire at Haldia Petrochemicals, ensuring that 

corrective, preventive, and investigative actions are implemented. 

Equipment 

• Instrumentation Failure 

o Corrective: Repair or replace faulty instruments and sensors immediately. 

o Preventive: Implement a rigorous calibration and testing schedule for all instrumentation. 

o Investigative: Conduct a root cause analysis of instrumentation failures to identify and rectify underlying issues. 

• Design Flaws 

o Corrective: Modify or redesign flawed equipment to meet safety and operational standards. 

o Preventive: Conduct design reviews and hazard analysis during the equipment procurement phase. 

o Investigative: Analyze design documents and failure reports to identify and correct design flaws. 

• Lack of Maintenance 

o Corrective: Perform overdue maintenance on all critical equipment and machinery. 

o Preventive: Establish and adhere to a strict preventive maintenance schedule. 

o Investigative: Review maintenance logs to determine the causes of missed or delayed maintenance. 

• Aging Equipment 

o Corrective: Replace or refurbish aging equipment that no longer meets safety standards. 

o Preventive: Develop a lifecycle management plan for all equipment, including timely upgrades and replacements. 

o Investigative: Evaluate the condition of aging equipment to determine remaining useful life and plan replacements. 
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Processes 

• Process Control Failure 

o Corrective: Implement improvements in process control systems, including upgrading control software or hardware. 

o Preventive: Regularly audit and update process control protocols to ensure they align with current safety standards. 

o Investigative: Analyze past incidents of process control failures to identify systemic issues and improve controls. 

• Faulty Emergency Shutdown Procedures 

o Corrective: Revise and enhance emergency shutdown procedures to ensure they are effective and reliable. 

o Preventive: Conduct regular drills and simulations to test and improve shutdown procedures. 

o Investigative: Review the performance of shutdown systems during incidents to identify gaps and areas for 

improvement. 

• Improper Handling of Chemicals 

o Corrective: Retrain staff on proper chemical handling procedures and ensure compliance. 

o Preventive: Implement strict protocols for the handling, storage, and disposal of chemicals. 

o Investigative: Investigate incidents involving improper chemical handling to identify causes and prevent recurrence. 

• Inadequate Safety Procedures 

o Corrective: Revise and enhance safety procedures to address identified gaps. 

o Preventive: Conduct regular safety audits and risk assessments to ensure procedures are comprehensive and up-to-

date. 

o Investigative: Review past safety incidents to identify weaknesses in current procedures and make necessary 

adjustments. 

People 

• Negligence 

o Corrective: Implement disciplinary actions and reinforce the importance of adhering to safety protocols. 

o Preventive: Foster a culture of safety and accountability through continuous training and awareness programs. 

o Investigative: Examine instances of negligence to understand the root causes and implement corrective measures. 

• Human Error 

o Corrective: Address human errors through retraining and closer supervision of critical tasks. 

o Preventive: Introduce error-proofing techniques, such as checklists and automation, to minimize the risk of human 

error. 

o Investigative: Conduct a human factors analysis to identify common errors and develop strategies to prevent them. 

• Lack of Training 

o Corrective: Provide immediate, targeted training for staff on critical safety and operational procedures. 

o Preventive: Develop a comprehensive training program that includes regular refresher courses and assessments. 

o Investigative: Review training records and performance evaluations to identify and address training gaps. 

Materials 

• Storage Issues 

o Corrective: Reorganize storage areas to ensure safe and compliant storage of materials, particularly flammable and 

hazardous substances. 

o Preventive: Implement strict storage protocols and conduct regular inspections of storage facilities. 

o Investigative: Investigate storage practices to identify potential risks and make necessary improvements. 

• Quality of Materials 

o Corrective: Replace substandard materials with higher-quality alternatives that meet safety standards. 

o Preventive: Implement strict quality control measures for all materials used in production processes. 
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o Investigative: Analyze material failures to determine if quality issues contributed to the fire and address any 

supplier-related problems. 

• Chemical Reactions 

o Corrective: Review and adjust chemical handling and storage procedures to prevent dangerous reactions. 

o Preventive: Conduct hazard assessments for all chemicals used on-site to identify and mitigate risks of adverse 

reactions. 

o Investigative: Investigate the chemical interactions that occurred during the incident to prevent future occurrences. 

• Flammable Materials 

o Corrective: Improve the storage and handling of flammable materials to minimize fire risk. 

o Preventive: Implement strict protocols for the use and storage of flammable substances, including safe distances 

from ignition sources. 

o Investigative: Assess the role of flammable materials in the fire and adjust procedures to reduce risks. 

Environment 

• Nearby Ignition Sources 

o Corrective: Identify and eliminate or control potential ignition sources near flammable materials. 

o Preventive: Implement zoning and safety barriers to keep ignition sources away from hazardous areas. 

o Investigative: Investigate the origin of the ignition and adjust safety protocols accordingly. 

• Poor Ventilation 

o Corrective: Improve ventilation systems to ensure the safe dispersion of flammable vapors and gases. 

o Preventive: Regularly inspect and maintain ventilation systems to prevent the buildup of hazardous atmospheres. 

o Investigative: Evaluate the effectiveness of current ventilation systems in preventing the accumulation of dangerous 

fumes. 

• Humidity and Corrosion 

o Corrective: Implement corrosion control measures and ensure proper maintenance of affected equipment. 

o Preventive: Monitor environmental conditions and implement measures to control humidity and prevent corrosion. 

o Investigative: Analyze the impact of environmental factors such as humidity on equipment integrity and adjust 

maintenance schedules. 

• Extreme Temperatures 

o Corrective: Adjust process conditions or implement protective measures to manage extreme temperatures. 

o Preventive: Monitor temperature conditions and ensure that equipment and processes are designed to handle 

extremes. 

o Investigative: Investigate the impact of extreme temperatures on the incident and implement design or operational 

changes as needed. 

Management 

• Delayed Response 

o Corrective: Review and revise emergency response plans to ensure timely and effective action during incidents. 

o Preventive: Conduct regular emergency drills and training sessions to improve response times and coordination. 

o Investigative: Analyze the response timeline during the fire to identify delays and improve response procedures. 

• Cost-Cutting Measures 

o Corrective: Re-evaluate cost-cutting measures that compromise safety and operational integrity. 

o Preventive: Prioritize safety and risk management in budgeting and resource allocation decisions. 

o Investigative: Investigate the impact of cost-cutting on safety performance and adjust financial strategies to ensure 

adequate funding for safety. 

• Inadequate Risk Assessment 
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o Corrective: Conduct thorough risk assessments for all processes and equipment, focusing on identifying and 

mitigating fire hazards. 

o Preventive: Implement a robust risk management framework that includes regular updates and reviews of risk 

assessments. 

o Investigative: Review past risk assessments to determine why they failed to identify the hazards that led to the fire 

and improve the assessment process. 

• Lack of Safety Culture 

o Corrective: Initiate a company-wide safety culture improvement program, including leadership commitment and 

employee engagement. 

o Preventive: Embed safety into every aspect of operations, from decision-making to daily practices, through 

continuous training and communication. 

o Investigative: Assess the current safety culture to identify weaknesses and develop strategies to foster a stronger 

commitment to safety at all levels of the organization. 

Who can learn from the Fire at Haldia Petrochemicals template?  

• Petrochemical Industry Professionals: Engineers, safety officers, and operations managers in the petrochemical industry can 

learn valuable lessons on maintaining equipment, adhering to safety protocols, and managing high-risk environments. The 

RCA can provide insights into preventive measures and best practices to avoid similar incidents. 

• Safety and Compliance Regulators: Government and industry regulators responsible for enforcing safety standards can use 

the findings from the RCA to refine and strengthen safety regulations and compliance requirements. This can lead to improved 

guidelines and practices across the industry. 

• Plant Maintenance Teams: Maintenance personnel can gain insights into the importance of regular equipment checks, 

preventive maintenance, and the need for early detection of potential issues. Understanding the root causes of the fire can 

help them develop more effective maintenance strategies and improve their response to potential failures. 

• Emergency Response Teams: Firefighters, emergency responders, and crisis management teams can learn about the 

challenges and complexities of handling fires in petrochemical plants. The RCA can offer insights into how to better prepare 

for and respond to similar emergencies, improving their preparedness and effectiveness. 

• Training and Development Experts: Professionals involved in developing training programs for plant operators and safety 

personnel can use the lessons from the RCA to design more comprehensive and realistic training scenarios. This ensures that 

staff are better prepared to handle emergencies and adhere to safety protocols. 

 Why use this template?  

By using a Gen-AI powered root cause analysis for the Haldia fire, investigators could systematically explore potential causes under 

each category. Identifying these root causes allows the company to implement targeted corrective actions, such as enhancing 

maintenance routines, updating safety protocols, or improving staff training, to mitigate the risk of future incidents. 

 

Use ProSolvr by smartQED to draft your own templates and analyze problems in your organization for efficient problem resolution. 

 Curated from community experience and public sources:  

• https://timesofindia.indiatimes.com/city/kolkata/13-haldia-petrochemicals-limited-workers-injured-in-fire-at-naptha-

plant/articleshow/71229926.cms 

• https://www.business-standard.com/article/pti-stories/hpl-plant-shut-down-after-fire-119092100514_1.html 

https://timesofindia.indiatimes.com/city/kolkata/13-haldia-petrochemicals-limited-workers-injured-in-fire-at-naptha-plant/articleshow/71229926.cms
https://timesofindia.indiatimes.com/city/kolkata/13-haldia-petrochemicals-limited-workers-injured-in-fire-at-naptha-plant/articleshow/71229926.cms
https://www.business-standard.com/article/pti-stories/hpl-plant-shut-down-after-fire-119092100514_1.html
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RCA Template for: Gas Leak at Haldia Petrochemicals 

 

In May 2009, a significant gas leak occurred at Haldia Petrochemicals Limited (HPL), located in West Bengal, India. The incident involved 

the leakage of a hazardous gas, later identified as propylene, from one of the chemical processing units. The leak resulted in the release 

of toxic fumes into the atmosphere, prompting an emergency response from local authorities. 3 people lost their lives in the incident.  

Several employees and local residents reported symptoms such as nausea, dizziness, and respiratory issues due to exposure to the 

gas. Emergency services quickly evacuated the affected areas, and the plant was temporarily shut down to manage the situation and 

investigate the cause of the leak.  

A root cause analysis (RCA) is essential to understanding the underlying factors that contributed to the gas leak at Haldia 

Petrochemicals. One effective tool for RCA is the fishbone diagram, also known as the Ishikawa diagram, that uses the Six Sigma 

principles. This diagram systematically identifies potential causes of an issue by categorizing them into different groups. For the 2009 

incident, the fishbone analysis could explore potential causes like equipment failure, operator error, inadequate maintenance 

procedures, poor-quality materials, or even environmental factors such as temperature fluctuations. 

Gas Leak at Haldia Petrochemicals 

• Human Factors 

o Operator Error 

▪ Failure to monitor pressure levels properly 

▪ Incorrect operation of valves or equipment 

Inadequate Training 

▪ Insufficient knowledge of safety protocols 

▪ Lack of proper training for handling gas-related emergencies 

• Equipment/Material Failure 

o Sensor Malfunction 

▪ Inaccurate readings from gas detection sensors 

o Corrosion 

▪ Pipeline or storage tank corrosion due to prolonged exposure to chemicals 
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o Valve Failure 

▪ Poor quality of valve materials leading to degradation 

▪ Malfunctioning or defective valve 

• Process/Procedures 

o Poor Risk Assessment 

▪ Inadequate hazard identification and mitigation planning 

▪ Underestimating the risks involved in the process 

o Inadequate Safety Procedures 

▪ Failure to update procedures with the latest safety standards 

▪ Lack of detailed safety checklists for gas handling 

• Environmental Factors 

o Corrosive Environment 

▪ Presence of corrosive agents in the environment affecting materials 

o High Temperature 

▪ Elevated temperatures leading to increased pressure in the gas lines 

• Management/System Failures 

o Inadequate Monitoring Systems 

▪ Lack of real-time monitoring systems for early detection of leaks 

o Poor Communication 

▪ Failure in communication between departments regarding potential hazards 

o Lack of Safety Culture 

▪ Inadequate leadership focus on preventive measures 

▪ Insufficient emphasis on safety in organizational culture 

o Maintenance Practices 

• Inadequate Spare Parts Inventory 

o Unavailability of high-quality spare parts leading to makeshift repairs 

• Deferred Maintenance 

o Lack of routine inspections for corrosion and wear 

o Delayed or neglected maintenance of critical equipment 

 
Suggested Actions Checklist 

Here is a detailed checklist of suggested corrective, preventive actions (CAPA), and investigative actions for each cause identified in 

the fishbone analysis: 

Human Factors 

• Operator Error 

o Corrective Actions: Retrain operators on proper procedures for monitoring pressure levels and valve operation; 

implement stricter supervision during critical operations. 

o Preventive Actions: Develop a comprehensive training program with regular refresher courses; introduce 

automated systems to monitor and control critical parameters. 

o Investigative Actions: Review operator actions leading up to the incident; interview operators to identify gaps in 

knowledge or procedural understanding. 

• Inadequate Training 

o Corrective Actions: Schedule immediate training sessions on safety protocols and emergency response; update the 

training curriculum to include scenario-based learning. 
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o Preventive Actions: Establish a continuous learning program to ensure ongoing competency; implement a 

certification program for operators handling hazardous materials. 

o Investigative Actions: Audit existing training materials and methods; gather feedback from employees on training 

effectiveness. 

Equipment/Material Failure 

• Sensor Malfunction 

o Corrective Actions: Replace or recalibrate faulty sensors; implement temporary manual monitoring until sensor 

reliability is confirmed. 

o Preventive Actions: Establish a routine calibration schedule; invest in advanced sensor technologies with 

redundancy features. 

o Investigative Actions: Analyze sensor data logs to determine the malfunction timeline; perform RCA on sensor 

design, installation, and environmental conditions. 

• Corrosion 

o Corrective Actions: Replace corroded components with corrosion-resistant materials; apply protective coatings to 

vulnerable areas. 

o Preventive Actions: Implement a rigorous corrosion inspection program; use corrosion inhibitors where applicable. 

o Investigative Actions: Conduct metallurgical analysis of corroded components; review environmental and chemical 

exposure conditions. 

• Valve Failure 

o Corrective Actions: Replace defective valves with certified alternatives; inspect similar valves for signs of failure. 

o Preventive Actions: Standardize procurement procedures to ensure high-quality valves; implement a predictive 

maintenance program. 

o Investigative Actions: Examine the failed valve for defects or improper installation; review maintenance logs for past 

valve inspections. 

Process/Procedures 

• Poor Risk Assessment 

o Corrective Actions: Update the risk assessment to identify all potential hazards; implement additional safety 

measures. 

o Preventive Actions: Develop a thorough risk assessment procedure with regular reviews; incorporate HAZOP 

studies. 

o Investigative Actions: Review the original risk assessment for missed hazards; interview the team responsible for 

the assessment. 

• Inadequate Safety Procedures 

o Corrective Actions: Revise procedures to align with industry standards; introduce detailed checklists for gas 

handling. 

o Preventive Actions: Establish a procedure review committee; provide additional training on new or revised 

procedures. 

o Investigative Actions: Audit current procedures for deficiencies; benchmark against industry standards for 

improvement. 
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Environmental Factors 

• Corrosive Environment 

o Corrective Actions: Replace or reinforce materials with corrosion-resistant alternatives; implement environmental 

controls to reduce exposure. 

o Preventive Actions: Conduct regular environmental assessments; install monitoring systems for environmental 

conditions. 

o Investigative Actions: Analyze environmental data for severity and impact; review material performance history. 

• High Temperature 

o Corrective Actions: Upgrade equipment to withstand higher temperatures; implement cooling systems or insulation. 

o Preventive Actions: Establish a temperature monitoring system; review process parameters to minimize 

temperature fluctuations. 

o Investigative Actions: Analyze temperature data for trends; conduct thermal analysis of affected systems. 

Management/System Failures 

• Inadequate Monitoring Systems 

o Corrective Actions: Install or upgrade real-time monitoring systems; implement a centralized monitoring system. 

o Preventive Actions: Regularly test monitoring systems for accuracy; establish response protocols for detected 

abnormalities. 

o Investigative Actions: Evaluate the design and configuration of existing systems; perform FMEA on monitoring 

systems. 

• Poor Communication 

o Corrective Actions: Establish clear communication protocols for hazard reporting; implement a formal incident 

reporting system. 

o Preventive Actions: Conduct regular communication drills; create cross-functional teams for safety issues. 

o Investigative Actions: Analyze communication logs for breakdowns; review organizational communication 

structures. 

• Lack of Safety Culture 

o Corrective Actions: Launch a safety awareness campaign; introduce safety performance metrics in evaluations. 

o Preventive Actions: Establish a safety leadership program; hold regular safety meetings. 

o Investigative Actions: Conduct surveys to assess safety culture; review past incidents for safety culture 

contributions. 

Maintenance Practices 

• Inadequate Spare Parts Inventory 

o Corrective Actions: Conduct a full inventory review and procure necessary parts; establish relationships with reliable 

suppliers. 

o Preventive Actions: Implement a CMMS to track inventory; create a preventive maintenance schedule. 

o Investigative Actions: Audit inventory management for critical part availability; review decision-making on makeshift 

repairs. 

• Deferred Maintenance 

o Corrective Actions: Address deferred maintenance tasks; hire additional maintenance staff if needed. 

o Preventive Actions: Establish a rigorous maintenance schedule; integrate predictive maintenance technologies. 

o Investigative Actions: Review maintenance logs for deferrals; interview maintenance personnel for task completion 

barriers. 
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Who can learn from the Haldia Petrochemicals Gas Leak template? 

• Operations and Maintenance Teams: Emphasizing proper equipment maintenance and operational procedures to prevent 

future incidents. 

• Safety and Health Officers: Enhancing safety protocols, improving emergency response plans, and ensuring compliance with 

safety regulations. 

• Engineers and Technical Staff: Identifying technical flaws in equipment design and material selection; designing safer 

systems. 

• Environmental and Compliance Teams: Understanding the environmental impacts and ensuring adherence to environmental 

regulations. 

• Senior Management and Leadership: Fostering a strong safety culture and ensuring organizational commitment to safety. 

• Emergency Response Teams: Improving the effectiveness of emergency response and refining communication strategies. 

• Training and Development Teams: Identifying training gaps and ensuring adequate preparedness for potential hazards. 

Why use this template? 

By using a visual RCA tool like ProSolvr, Haldia Petrochemicals could systematically examine each potential cause of the gas leak. This 

methodical approach enables the company to identify not just the immediate cause of the leak but also contributing factors, allowing 

for a comprehensive strategy to prevent similar incidents in the future. The template could explore whether there were lapses in 

training or protocol adherence, or it could involve analyzing the quality of the chemicals used and their compatibility with the 

equipment. Implementing corrective actions based on this analysis can enhance safety protocols and reduce the likelihood of future 

accidents. 

Use ProSolvr by smartQED to enhance your understanding of safety and operational excellence in your plant, contributing to the 

prevention of similar incidents in the future. 

Curated from community experience and public sources:  

• https://timesofindia.indiatimes.com/city/kolkata/3-dead-in-haldia-gas-leak/articleshow/4573267.cms 

• https://www.hindustantimes.com/india/3-workers-die-in-hpl-plant-company-denies-gas-leak/story-

4zDLIaARmCHQDDBe5jKNbJ.html 

 

 

 

 

 

 

 

 

 

 

 

https://timesofindia.indiatimes.com/city/kolkata/3-dead-in-haldia-gas-leak/articleshow/4573267.cms
https://www.hindustantimes.com/india/3-workers-die-in-hpl-plant-company-denies-gas-leak/story-4zDLIaARmCHQDDBe5jKNbJ.html
https://www.hindustantimes.com/india/3-workers-die-in-hpl-plant-company-denies-gas-leak/story-4zDLIaARmCHQDDBe5jKNbJ.html
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RCA Template for: Pollution of Hooghly River 
 

 

Industrial pollution has been a significant concern in the Hooghly River, with various industries contributing to the contamination of 

this vital waterway. Haldia Petrochemicals, located near the river, has been scrutinized in the past for environmental impacts 

associated with its operations. The pollution concerns primarily stem from industrial effluents discharged into the river, which may 

include hazardous substances such as heavy metals and other chemicals. This pollution poses serious risks to the river's ecosystem 

and public health, particularly affecting local communities dependent on the river. 

The issue highlights broader challenges with industrial pollution in the region, where enforcement of environmental regulations may 

not always be stringent enough to prevent harmful discharges. The situation in the Hooghly River reflects a pattern of environmental 

degradation, with increasing contamination from multiple sources, including industrial units, domestic sewage, and agricultural runoff. 

Root cause analysis (RCA), using tools like the fishbone diagram, can be instrumental in addressing the pollution of the Hooghly River 

by identifying and eliminating the underlying causes of contamination. By employing a visual RCA tool like ProSolvr, investigators can 

pinpoint specific failures in industrial waste management processes, such as inadequate treatment of wastewater or improper disposal 

of toxic effluents. Once these root causes are identified, targeted corrective actions can be implemented, such as upgrading 

wastewater treatment facilities, enforcing stricter environmental protocols, or providing better training for employees. 

Pollution of Hooghly River  

• Process 

o Inadequate Waste Treatment 

▪ Insufficient monitoring of effluent quality 

▪ Failure in regular maintenance of treatment systems 

▪ Suboptimal design of treatment processes 

• Material 

o Hazardous Chemicals Used 

▪ Inefficient use of safer alternatives 

▪ High toxicity of materials used in production 
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▪ Improper handling of raw materials 

• Equipment 

o Failure in Pollution Control Equipment 

▪ Inefficiency in equipment design leading to leaks or spills 

▪ Lack of timely repairs and upgrades 

▪ Malfunctioning of scrubbers, filters, or other control devices 

• Human Factors 

o Lack of Training and Awareness 

▪ Insufficient knowledge of environmental regulations 

▪ Failure to follow safety protocols 

▪ Inadequate training for handling hazardous materials 

• Environment 

o Geographical and Climatic Factors 

▪ Seasonal variations affecting pollutant dispersion 

▪ Heavy rainfall causing overflow of contaminated waste 

▪ Proximity to the river increasing risk of contamination 

• Management 

o Inadequate Regulatory Compliance 

▪ Lack of transparency and accountability in reporting pollution levels 

▪ Failure to conduct regular audits and inspections 

▪ Weak enforcement of environmental laws 

 

Suggested Actions Checklist 

Based on the root cause analysis of the pollution of the Hooghly River by Haldia Petrochemicals, here are some suggested actions. 

Process 

• Inadequate Waste Treatment 

o Corrective: Upgrade or repair waste treatment systems to ensure they meet regulatory standards and effectively 

treat effluents. 

o Preventive: Implement regular maintenance schedules and performance monitoring for waste treatment systems. 

o Investigative: Review the design and operation of waste treatment processes to identify and address inefficiencies. 

• Insufficient Monitoring of Effluent Quality 

o Corrective: Install or upgrade monitoring systems to provide accurate and real-time data on effluent quality. 

o Preventive: Establish a comprehensive monitoring and reporting protocol for effluent quality, including routine 

checks. 

o Investigative: Analyze past effluent quality data to identify trends or issues and assess the effectiveness of current 

monitoring practices. 

• Failure in Regular Maintenance of Treatment Systems 

o Corrective: Conduct immediate repairs and maintenance on any failing treatment systems. 

o Preventive: Develop and adhere to a preventive maintenance schedule for all treatment equipment. 

o Investigative: Review maintenance logs to determine why regular maintenance was not performed and adjust 

practices accordingly. 

• Suboptimal Design of Treatment Processes 

o Corrective: Redesign or upgrade treatment processes to improve efficiency and compliance with environmental 

standards. 
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o Preventive: Involve environmental engineering experts in the design and evaluation of treatment systems to ensure 

optimal performance. 

o Investigative: Evaluate the current design of treatment processes to identify flaws and potential improvements. 

Material 

• Hazardous Chemicals Used 

o Corrective: Substitute hazardous chemicals with safer alternatives wherever possible and ensure proper disposal of 

hazardous materials. 

o Preventive: Establish protocols for the safe use and handling of hazardous chemicals and promote the use of less 

harmful substances. 

o Investigative: Assess the impact of hazardous chemicals on effluent quality and explore safer alternatives to reduce 

environmental risks. 

• Inefficient Use of Safer Alternatives 

o Corrective: Implement the use of safer alternatives in production processes and ensure their effective application. 

o Preventive: Evaluate and update materials and chemical usage policies to prioritize safer alternatives. 

o Investigative: Review material usage practices to determine why safer alternatives are not being used effectively 

and make necessary changes. 

• High Toxicity of Materials Used in Production 

o Corrective: Replace highly toxic materials with less harmful options and improve handling procedures. 

o Preventive: Incorporate toxicity assessments into the material selection process and aim to minimize the use of 

hazardous substances. 

o Investigative: Analyze the impact of toxic materials on the environment and adjust procurement practices 

accordingly. 

• Improper Handling of Raw Materials 

o Corrective: Review and improve handling procedures for raw materials to prevent leaks and spills. 

o Preventive: Implement training programs and standard operating procedures for the safe handling and storage of 

raw materials. 

o Investigative: Investigate incidents involving improper handling to identify causes and implement corrective 

measures. 

Equipment 

• Failure in Pollution Control Equipment 

o Corrective: Repair or replace malfunctioning pollution control equipment to ensure effective operation. 

o Preventive: Establish a maintenance and inspection routine for all pollution control devices to prevent failures. 

o Investigative: Assess past equipment failures to determine root causes and enhance the reliability of control 

systems. 

• Inefficiency in Equipment Design Leading to Leaks or Spills 

o Corrective: Redesign or upgrade equipment to address design flaws and prevent leaks or spills. 

o Preventive: Implement design reviews and upgrades to ensure equipment meets environmental and safety 

standards. 

o Investigative: Review design specifications and failure incidents to identify and rectify inefficiencies in equipment 

design. 

• Lack of Timely Repairs and Upgrades 

o Corrective: Address overdue repairs and implement necessary upgrades to improve equipment performance. 

o Preventive: Develop a proactive maintenance and upgrade schedule to keep equipment in optimal condition. 
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o Investigative: Examine maintenance records to identify reasons for delays in repairs and upgrades, and implement 

improvements. 

• Malfunctioning of Scrubbers, Filters, or Other Control Devices 

o Corrective: Repair or replace malfunctioning scrubbers, filters, or other control devices to restore proper function. 

o Preventive: Regularly maintain and calibrate control devices to ensure their effectiveness in pollution control. 

o Investigative: Analyze malfunction incidents to determine causes and improve maintenance practices for control 

devices. 

Human Factors 

• Lack of Training and Awareness 

o Corrective: Provide comprehensive training programs on environmental regulations, safety protocols, and handling 

hazardous materials. 

o Preventive: Develop and maintain ongoing training programs to ensure employees are aware of environmental 

responsibilities. 

o Investigative: Review training records and incidents to identify gaps in knowledge and adjust training programs 

accordingly. 

• Insufficient Knowledge of Environmental Regulations 

o Corrective: Educate employees on current environmental regulations and compliance requirements. 

o Preventive: Regularly update training materials and conduct workshops to keep employees informed about 

regulatory changes. 

o Investigative: Evaluate the impact of regulatory knowledge on compliance and implement measures to enhance 

understanding. 

• Failure to Follow Safety Protocols 

o Corrective: Enforce strict adherence to safety protocols and implement disciplinary measures for non-compliance. 

o Preventive: Regularly review and reinforce safety protocols through training and communications. 

o Investigative: Analyze incidents of protocol failure to identify causes and improve adherence to safety procedures. 

• Inadequate Training for Handling Hazardous Materials 

o Corrective: Enhance training programs focused on the safe handling, storage, and disposal of hazardous materials. 

o Preventive: Integrate hazardous materials handling into routine training and ensure all employees are proficient. 

o Investigative: Review past incidents involving hazardous materials to identify training deficiencies and improve 

programs. 

Environment 

• Geographical and Climatic Factors 

o Corrective: Implement measures to manage the impact of local climatic conditions on pollutant dispersion and waste 

management. 

o Preventive: Design environmental controls and systems to account for geographical and climatic factors. 

o Investigative: Assess the influence of local conditions on pollution and develop strategies to mitigate their impact. 

• Seasonal Variations Affecting Pollutant Dispersion 

o Corrective: Adjust pollution control measures based on seasonal variations to manage pollutant dispersion 

effectively. 

o Preventive: Monitor seasonal changes and adapt waste management and control systems accordingly. 

o Investigative: Analyze seasonal impacts on pollutant dispersion to improve control strategies and environmental 

impact assessments. 

• Heavy Rainfall Causing Overflow of Contaminated Waste 

o Corrective: Improve waste storage and treatment facilities to handle heavy rainfall and prevent overflow. 
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o Preventive: Implement measures to manage stormwater and prevent contamination during heavy rainfall events. 

o Investigative: Evaluate past incidents of waste overflow to identify causes and develop better management 

practices. 

• Proximity to the River Increasing Risk of Contamination 

o Corrective: Implement barriers and containment systems to prevent contamination from reaching the river. 

o Preventive: Develop and enforce protocols for managing risks associated with proximity to water bodies. 

o Investigative: Assess the risk of contamination due to the location and develop strategies to mitigate environmental 

impact. 

Management 

• Inadequate Regulatory Compliance 

o Corrective: Address non-compliance issues by implementing corrective actions and improving adherence to 

regulations. 

o Preventive: Establish a compliance management system with regular audits and updates to ensure ongoing 

adherence to regulations. 

o Investigative: Review regulatory compliance history to identify patterns of non-compliance and implement 

measures to improve compliance. 

• Lack of Transparency and Accountability in Reporting Pollution Levels 

o Corrective: Improve reporting practices to ensure accurate and transparent communication of pollution levels. 

o Preventive: Implement clear reporting protocols and regular reviews to maintain transparency and accountability. 

o Investigative: Examine past reporting practices to identify shortcomings and enhance transparency in environmental 

reporting. 

• Failure to Conduct Regular Audits and Inspections 

o Corrective: Schedule and conduct regular audits and inspections to ensure environmental compliance. 

o Preventive: Develop a comprehensive audit and inspection program to identify and address issues proactively. 

o Investigative: Review past audit and inspection results to determine why regular checks were not conducted and 

improve practices. 

• Weak Enforcement of Environmental Laws 

o Corrective: Strengthen enforcement practices to ensure compliance with environmental laws and regulations. 

o Preventive: Develop and implement a robust enforcement strategy to address non-compliance and enforce 

regulations effectively. 

o Investigative: Analyze the effectiveness of current enforcement measures and identify areas for improvement. 

Who can learn from Pollution of Hooghly River template? 

• Environmental Regulators and Policy Makers: To develop and enforce stricter regulations for industrial waste management. 

• Industrial and Environmental Engineers: To improve waste treatment systems and sustainable practices. 

• Corporate Management: To enhance environmental responsibility and governance. 

• Environmental NGOs and Activists: To advocate for stronger regulations and industry accountability. 

• Local Communities: To understand the impact of industrial pollution and advocate for better environmental practices. 

• Academia and Researchers: To use the RCA as a case study for environmental management and policy studies. 
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Why use this template? 

Using a Gen-AI powered root cause analysis tool like ProSolvr can help organizations and regulators understand and mitigate the 

environmental impact of industrial operations on the Hooghly River. By systematically identifying and addressing critical issues, this 

approach promotes more sustainable practices and compliance with environmental regulations. 

Use ProSolvr by smartQED for a structured method to identify, address critical environmental issues for promoting a healthier 

environment. 

Curated from community experience and public sources:  

• https://cpcb.nic.in/displaypdf.php?id=SGFsZGlhX1NlcF8yMDE0LnBkZg 

• https://cpcb.nic.in/displaypdf.php?id=Q0VQSS1IYWxkaWElMjBSZXBvcnQucGRm 
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RCA Template for: Non-Compliance with Environment Norms 
 

 

Between 2008 and 2010, Haldia Petrochemicals Limited (HPL) was scrutinized by the West Bengal Pollution Control Board (WBPCB) 

for non-compliance with environmental norms, particularly regarding air and water pollution. The main issues involved the discharge 

of untreated or inadequately treated effluents into nearby water bodies, posing significant risks to the Hooghly River and its aquatic 

ecosystem. 

Additionally, the plant emitted pollutants at levels higher than permitted, raising health concerns among local residents. These 

violations highlighted shortcomings in the company's environmental management practices, including the operation of effluent 

treatment plants (ETPs) and air pollution control systems. These environmental breaches had severe consequences, affecting the local 

environment and the health and livelihoods of nearby communities. The WBPCB issued notices to HPL, demanding immediate 

corrective actions. The non-compliance also damaged the company's reputation, attracting increased scrutiny from environmental 

groups and the public. Despite HPL's efforts to address these issues, the recurrence of such incidents pointed to systemic problems 

within the company's environmental management and operational processes, necessitating a deeper investigation into the root 

causes. 

A Root Cause Analysis (RCA) using a fishbone diagram can help address these issues by identifying the underlying causes of non-

compliance rather than just treating the symptoms. By uncovering root causes, such as deficiencies in pollution control equipment 

maintenance, lapses in monitoring protocols, or insufficient employee training, HPL can implement targeted corrective actions. This 

approach not only resolves current issues but also prevents future occurrences, leading to more sustainable and compliant operations. 

Non-Compliance with Environmental Norms 

• Management 

o Poor Monitoring and Review 

▪ Inadequate response to previous non-compliance issues 

▪ Infrequent audits 

o Lack of Commitment to Environmental Policies 
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▪ No clear environmental compliance strategy 

▪ Insufficient focus on sustainability 

• Process 

o Non-optimized Production Process 

▪ Inadequate pollution control mechanisms 

▪ Excess emissions due to outdated production technology 

o Inefficient Waste Management 

▪ Ineffective waste disposal procedures 

▪ Poor segregation of hazardous materials 

• Equipment 

o Poor Maintenance 

▪ Delayed repairs and replacements 

▪ Regular breakdowns leading to uncontrolled emissions 

o Outdated Equipment 

▪ Inefficient monitoring systems 

▪ Lack of modern pollution control devices 

• People 

o Non-compliance Culture 

▪ Low employee motivation for environmental compliance 

▪ A culture that overlooks minor violations 

o Lack of Training 

▪ Poor awareness of environmental impact 

▪ Inadequate training on environmental regulations 

• Materials 

o Poor Quality Control 

▪ Non-compliant materials being used 

▪ Inconsistent quality leading to excess waste 

o Use of Hazardous Chemicals 

▪ Lack of alternatives for cleaner materials 

▪ Reliance on high-pollutant raw material 

• Environment 

o Geographical Factors 

▪ Local climatic conditions affecting emissions 

▪ Location-specific challenges such as proximity to water bodies 

o Regulatory Pressure 

▪ Strict regulations with inadequate support 

▪ Rapid changes in environmental laws 

 

 

 

 

 

Suggested Actions Checklist 
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Here are some corrective, preventive and investigative actions for non-compliance with environmental norms.  

Management 

• Poor Monitoring and Review 

o Corrective: Implement immediate monitoring and review processes to ensure compliance with environmental 

norms. 

o Preventive: Establish a routine audit schedule, including third-party reviews, to regularly assess compliance with 

environmental regulations. 

o Investigative: Review past non-compliance incidents to understand why they were not adequately addressed and 

improve monitoring systems. 

• Inadequate Response to Previous Non-Compliance Issues 

o Corrective: Address outstanding non-compliance issues by taking appropriate corrective actions to meet 

environmental standards. 

o Preventive: Develop a structured response plan for addressing non-compliance incidents promptly and effectively. 

o Investigative: Analyze the root causes of the delayed response to previous non-compliance issues and implement a 

more robust follow-up process. 

• Infrequent Audits 

o Corrective: Conduct an immediate comprehensive audit to identify any existing environmental compliance issues. 

o Preventive: Increase the frequency of environmental audits to ensure ongoing compliance and early detection of 

potential issues. 

o Investigative: Assess the effectiveness of the current audit schedule and make adjustments to prevent future lapses 

in compliance. 

• Lack of Commitment to Environmental Policies 

o Corrective: Clearly communicate the importance of environmental compliance to all levels of management and staff. 

o Preventive: Develop and implement a robust environmental policy that includes clear goals, strategies, and 

responsibilities. 

o Investigative: Evaluate the current commitment to environmental policies across the organization and identify areas 

for improvement. 

• No Clear Environmental Compliance Strategy 

o Corrective: Develop and implement a comprehensive environmental compliance strategy with clear objectives and 

action plans. 

o Preventive: Regularly review and update the compliance strategy to reflect changes in regulations and industry best 

practices. 

o Investigative: Analyze gaps in the existing compliance strategy to identify why a clear strategy was not previously 

established. 

• Insufficient Focus on Sustainability 

o Corrective: Integrate sustainability goals into the company’s overall strategy and operational practices. 

o Preventive: Establish sustainability initiatives and continuously monitor their effectiveness to ensure long-term 

environmental compliance. 

o Investigative: Conduct a sustainability audit to determine the current state of the company’s practices and identify 

areas for improvement. 

Process 

• Non-optimized Production Process 

o Corrective: Optimize production processes to reduce emissions and environmental impact immediately. 
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o Preventive: Implement process optimization techniques such as Lean manufacturing and Six Sigma to continuously 

improve environmental performance. 

o Investigative: Analyze current production processes to identify inefficiencies contributing to excess emissions and 

other environmental impacts. 

• Inadequate Pollution Control Mechanisms 

o Corrective: Install or upgrade pollution control systems to meet regulatory standards and reduce emissions. 

o Preventive: Regularly maintain and test pollution control equipment to ensure effective operation and compliance. 

o Investigative: Review past incidents where pollution control mechanisms failed or were inadequate to understand 

why and how to improve them. 

• Excess Emissions Due to Outdated Production Technology 

o Corrective: Replace outdated production technology with modern, more efficient, and environmentally-friendly 

alternatives. 

o Preventive: Invest in ongoing research and development to adopt the latest technologies that reduce environmental 

impact. 

o Investigative: Evaluate the environmental impact of current production technologies and plan for necessary 

upgrades. 

• Inefficient Waste Management 

o Corrective: Implement effective waste disposal procedures and improve the segregation of hazardous materials. 

o Preventive: Establish a comprehensive waste management program that includes recycling, reduction, and proper 

disposal methods. 

o Investigative: Conduct a waste audit to identify inefficiencies and areas for improvement in current waste 

management practices. 

• Poor Segregation of Hazardous Materials 

o Corrective: Improve the segregation process for hazardous materials to prevent contamination and ensure safe 

disposal. 

o Preventive: Regularly train employees on the proper segregation and handling of hazardous materials. 

o Investigative: Analyze incidents of improper segregation to identify the root causes and implement corrective 

actions. 

Equipment 

• Poor Maintenance 

o Corrective: Perform immediate maintenance on critical equipment to ensure proper functioning and compliance 

with environmental norms. 

o Preventive: Develop a preventive maintenance schedule focused on equipment that has a significant environmental 

impact. 

o Investigative: Review maintenance logs to identify trends or patterns that have led to equipment failures and 

environmental non-compliance. 

• Delayed Repairs and Replacements 

o Corrective: Expedite repairs and replacements for equipment that is critical to environmental compliance. 

o Preventive: Establish a priority system for repairs and replacements based on environmental impact and compliance 

risk. 

o Investigative: Investigate the reasons for delays in repairs and replacements and develop strategies to improve 

response times. 

• Regular Breakdowns Leading to Uncontrolled Emissions 

o Corrective: Repair or replace equipment that is prone to breakdowns to prevent uncontrolled emissions. 

o Preventive: Implement a predictive maintenance program to identify and address potential failures before they 

occur. 
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o Investigative: Analyze the causes of equipment breakdowns and their impact on emissions to develop preventive 

strategies. 

• Outdated Equipment 

o Corrective: Replace outdated equipment with modern, environmentally-compliant alternatives. 

o Preventive: Regularly assess equipment for compliance with environmental standards and plan for timely upgrades. 

o Investigative: Evaluate the current state of equipment to determine the environmental impact of outdated 

machinery. 

• Inefficient Monitoring Systems 

o Corrective: Upgrade monitoring systems to provide accurate and real-time data on environmental performance. 

o Preventive: Regularly calibrate and maintain monitoring systems to ensure they are functioning effectively. 

o Investigative: Review the effectiveness of existing monitoring systems and identify areas where improvements are 

needed. 

• Lack of Modern Pollution Control Devices 

o Corrective: Install modern pollution control devices that meet current regulatory standards. 

o Preventive: Stay updated on advancements in pollution control technology and proactively adopt new solutions. 

o Investigative: Assess the adequacy of current pollution control devices and plan for necessary upgrades. 

People 

• Non-compliance Culture 

o Corrective: Address the existing culture of non-compliance by reinforcing the importance of adhering to 

environmental regulations. 

o Preventive: Foster a culture of compliance through regular training, awareness programs, and incentives for 

environmental performance. 

o Investigative: Conduct surveys or interviews to understand the reasons behind the non-compliance culture and 

develop strategies to change it. 

• Low Employee Motivation for Environmental Compliance 

o Corrective: Increase employee motivation through recognition, rewards, and accountability measures for 

environmental performance. 

o Preventive: Implement programs that encourage employee engagement in environmental initiatives and 

compliance efforts. 

o Investigative: Evaluate current motivation levels among employees and identify factors contributing to low 

engagement in compliance. 

• A Culture that Overlooks Minor Violations 

o Corrective: Reinforce the importance of addressing all violations, regardless of their perceived significance, to ensure 

full compliance. 

o Preventive: Develop and enforce a zero-tolerance policy for environmental violations, emphasizing the cumulative 

impact of minor issues. 

o Investigative: Analyze past incidents where minor violations were overlooked and determine the reasons for this 

oversight. 

• Lack of Training 

o Corrective: Provide immediate training on environmental regulations and best practices to all relevant employees. 

o Preventive: Develop a comprehensive training program that includes regular updates on environmental standards 

and procedures. 

o Investigative: Assess current training programs to identify gaps in knowledge and understanding of environmental 

compliance. 

• Poor Awareness of Environmental Impact 
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o Corrective: Conduct awareness campaigns to educate employees about the environmental impact of their actions 

and the importance of compliance. 

o Preventive: Integrate environmental awareness into the company’s onboarding process and ongoing training 

programs. 

o Investigative: Evaluate the effectiveness of past awareness programs and identify areas where additional efforts are 

needed. 

• Inadequate Training on Environmental Regulations 

o Corrective: Provide targeted training on specific environmental regulations that are relevant to the company’s 

operations. 

o Preventive: Regularly update training materials to reflect changes in environmental laws and industry best practices. 

o Investigative: Review past training sessions to determine if they adequately covered all necessary regulations and 

compliance requirements. 

Materials 

• Poor Quality Control 

o Corrective: Implement strict quality control measures to ensure materials used in production meet environmental 

standards. 

o Preventive: Regularly test materials for compliance with environmental regulations and quality standards. 

o Investigative: Analyze incidents where poor-quality materials were used and identify the root causes of these issues. 

• Non-compliant Materials Being Used 

o Corrective: Replace non-compliant materials with alternatives that meet environmental standards. 

o Preventive: Establish a material review process to ensure all materials used in production are compliant with 

environmental regulations. 

o Investigative: Review the procurement process to identify how non-compliant materials were selected and used in 

production. 

• Inconsistent Quality Leading to Excess Waste 

o Corrective: Address quality inconsistencies by improving material sourcing and testing procedures. 

o Preventive: Implement continuous quality improvement programs to reduce waste and enhance material 

consistency. 

o Investigative: Conduct a waste analysis to determine how material quality issues are contributing to excess waste 

and non-compliance. 

• Use of Hazardous Chemicals 

o Corrective: Minimize the use of hazardous chemicals by switching to safer alternatives where possible. 

o Preventive: Regularly review chemical usage and explore opportunities to reduce reliance on hazardous materials. 

o Investigative: Evaluate the current use of hazardous chemicals to identify potential environmental risks and develop 

mitigation strategies. 

• Lack of Alternatives for Cleaner Materials 

o Corrective: Invest in research and development to identify and implement cleaner, more environmentally-friendly 

materials. 

o Preventive: Continuously evaluate material options to ensure the company is using the best available alternatives 

for environmental compliance. 

o Investigative: Analyze barriers to adopting cleaner materials and develop strategies to overcome these challenges. 

• Reliance on High-Pollutant Raw Materials 

o Corrective: Reduce reliance on high-pollutant raw materials by sourcing alternatives that have a lower 

environmental impact. 

o Preventive: Implement a sustainable sourcing strategy that prioritizes environmentally-friendly materials. 
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o Investigative: Conduct a supply chain analysis to identify opportunities for reducing the use of high-pollutant 

materials. 

Environment 

• Geographical Factors 

o Corrective: Adjust operational practices to account for the specific environmental challenges posed by the plant’s 

location. 

o Preventive: Implement location-specific environmental management plans to mitigate the impact of geographical 

factors on compliance. 

o Investigative: Assess the influence of geographical factors on environmental performance and identify strategies to 

address these challenges. 

• Local Climatic Conditions Affecting Emissions 

o Corrective: Modify processes or install additional control systems to reduce emissions impacted by local climatic 

conditions. 

o Preventive: Monitor climatic conditions regularly and adjust operations as needed to maintain compliance. 

o Investigative: Analyze how local climate variations influence emissions and develop contingency plans for extreme 

conditions. 

• Location-Specific Challenges Such as Proximity to Water Bodies 

o Corrective: Implement enhanced pollution control measures to protect nearby water bodies from contamination. 

o Preventive: Establish a comprehensive water management plan that includes regular monitoring and protective 

measures. 

o Investigative: Conduct an environmental impact assessment to understand the specific risks associated with the 

plant’s proximity to water bodies. 

• Regulatory Pressure 

o Corrective: Ensure immediate compliance with all regulatory requirements and address any outstanding issues 

raised by authorities. 

o Preventive: Stay updated on regulatory changes and proactively adjust operations to maintain compliance. 

o Investigative: Analyze the impact of regulatory pressure on operations and develop strategies to ensure ongoing 

compliance. 

• Strict Regulations with Inadequate Support 

o Corrective: Seek external expertise or partnerships to help meet regulatory requirements and improve compliance 

efforts. 

o Preventive: Engage with regulators to understand their expectations and work collaboratively to address compliance 

challenges. 

o Investigative: Evaluate the adequacy of current resources and support systems for meeting strict regulatory 

requirements. 

• Rapid Changes in Environmental Laws 

o Corrective: Adjust operations immediately to comply with any new or revised environmental laws. 

o Preventive: Implement a regulatory monitoring system to track changes in laws and ensure timely compliance. 

o Investigative: Analyze how rapid regulatory changes impact the company’s compliance efforts and develop 

strategies to manage these changes effectively. 

A systematic RCA can reveal the root causes of HPL's environmental non-compliance, allowing for targeted corrective actions. 

Addressing these root causes is essential for restoring compliance, safeguarding the environment, and maintaining HPL's reputation. 

The corrective, preventive, and investigative actions suggested will help HPL develop a more sustainable approach to operations, 

ensuring long-term environmental and regulatory compliance. 
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Who can learn from the Non-Compliance with Environmental Norms template? 

• Environmental Compliance Officers: These professionals are responsible for ensuring that organizations adhere to 

environmental regulations. Learning from the RCA template can help them identify gaps in compliance and implement 

effective strategies to prevent future violations. 

• Plant Operations Managers: Operations managers in industrial plants can use insights from the RCA to optimize production 

processes, improve equipment maintenance, and ensure that operations align with environmental standards. 

• Health, Safety, and Environment (HSE) Teams: HSE teams can use the RCA to enhance their safety protocols, conduct more 

effective environmental audits, and foster a culture of compliance within their organizations. 

• Corporate Sustainability Officers: These officers focus on integrating sustainability into business operations. The RCA 

template can guide them in identifying areas where sustainability efforts may be lacking and how to strengthen 

environmental stewardship across the company. 

• Regulatory Authorities and Inspectors: Government bodies and inspectors responsible for monitoring industrial compliance 

with environmental laws can learn from the RCA to better understand common non-compliance issues and refine their 

inspection and enforcement strategies. 

• Environmental Advocacy Groups: NGOs and advocacy groups working to protect the environment can use the RCA findings 

to support their campaigns, push for stricter regulations, and engage with companies to improve their environmental 

practices. 

Why use this template? 

The Gen-AI powered root cause analysis can be particularly useful for addressing non-compliance with environmental norms at Haldia 

Petrochemicals because it allows for a structured examination of all potential factors contributing to the issue. By categorizing causes 

with the Six Sigma principles, the fishbone diagram helps identify specific deficiencies, such as poor maintenance practices, 

inadequate training, or insufficient pollution control mechanisms. This visual and systematic approach ensures that all underlying 

causes are considered, enabling the development of targeted corrective actions to prevent future non-compliance and improve overall 

environmental performance. 

Use ProSolvr by smartQED for efficiently analyzing the lapses in your petrochemical plants for better problem resolution. 

Curated from community experience and public sources:  

• https://cpcb.nic.in/displaypdf.php?id=SGFsZGlhX1NlcF8yMDE0LnBkZg 

• https://www.linkedin.com/pulse/recommeations-from-stakeholders-haldia-ecological-guha-roy-chowdhury 
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RCA Template for: Hazardous Waste Management 
 

 

Haldia Petrochemicals, one of India’s major petrochemical hubs, frequently encounters challenges in managing and disposing of 

hazardous wastes. Due to the nature of petrochemical production, large quantities of hazardous by-products, including solvents, heavy 

metals, and toxic chemicals, are generated. Improper handling and disposal of these wastes can lead to severe environmental and 

health impacts. A root cause analysis (RCA) using Six Sigma principles can help identify the causes behind these issues and implement 

effective solutions. 

Incidents like the 2014 fire at the Haldia Petrochemicals plant highlight the risks associated with poor hazardous waste management. 

In this case, improper handling and storage of chemical waste contributed to the escalation of the fire, resulting in significant 

operational disruptions and environmental damage. Such events underscore the importance of rigorous waste management practices 

and the need for continuous improvement. 

Over the years, Haldia Petrochemicals has faced several complaints and issues regarding improper waste management and hazardous 

waste disposal: 

• 2007: The West Bengal Pollution Control Board (WBPCB) issued notices to Haldia Petrochemicals for improper management 

of hazardous waste. 

• 2010: Environmental activists and local communities raised concerns about the improper disposal of industrial waste, 

including hazardous chemicals, in the vicinity of the Haldia plant. The company faced pressure from both the WBPCB and the 

Ministry of Environment and Forests (MoEF) to address these waste management issues. 

• 2013: A report alleged that Haldia Petrochemicals was involved in the illegal disposal of hazardous waste, including the 

improper treatment of effluents and emissions. 

Implementing RCA in the aftermath of such incidents helps in refining waste management protocols, enhancing safety measures, and 

ensuring compliance with environmental regulations. A visual RCA tool like ProSolvr can help address issues of inadequate storage 

facilities, insufficient waste treatment technologies, and lapses in regulatory compliance. 
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Improper Waste Management 

• Management 

o Insufficient budget allocation for waste management systems 

o Inadequate training for staff on waste disposal protocols 

o Lack of strict policies for hazardous waste management 

• Processes 

o Inadequate inspection and auditing mechanisms 

o Lack of proper documentation and monitoring of hazardous waste 

o Inefficient waste segregation processes 

• Equipment 

o Inadequate maintenance of storage facilities for hazardous chemicals 

o Frequent breakdowns of disposal machinery 

o Outdated or insufficient waste processing equipment 

• Materials 

o Inadequate labeling and packaging of hazardous materials 

o Inconsistent supply of protective materials for waste handling 

o Use of high-risk chemicals with complex disposal requirements 

• Environment 

o Unpredictable weather conditions affecting storage and disposal 

o Poor site layout leading to inefficient waste transport and disposal 

o Proximity to water bodies increasing the risk of contamination 

 

Suggested Action Checklist 

This checklist addresses each root cause of improper waste management, ensuring that corrective, preventive, and investigative 

actions are implemented to improve waste management practices and compliance. 

Management 

• Insufficient Budget Allocation for Waste Management Systems 

o Corrective: Reallocate budget to prioritize waste management systems and improvements. 

o Preventive: Develop a long-term financial plan that includes adequate funding for waste management. 

o Investigative: Review past budget allocations and expenditures to identify gaps and justify future funding needs. 

• Inadequate Training for Staff on Waste Disposal Protocols 

o Corrective: Conduct immediate training sessions for all relevant staff on proper waste disposal procedures. 

o Preventive: Establish ongoing training programs and regular refreshers to keep staff updated on best practices. 

o Investigative: Evaluate training records and incident reports to identify gaps in training effectiveness. 

• Lack of Strict Policies for Hazardous Waste Management 

o Corrective: Develop and enforce comprehensive policies and procedures for hazardous waste management. 

o Preventive: Regularly review and update waste management policies to align with current regulations and best 

practices. 

o Investigative: Analyze past incidents of non-compliance to refine policies and prevent recurrence. 

Processes 

• Inadequate Inspection and Auditing Mechanisms 

o Corrective: Implement a robust inspection and auditing schedule for waste management systems. 
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o Preventive: Introduce automated tracking systems for waste inspections and audits. 

o Investigative: Review historical inspection data and audit results to identify deficiencies and improve processes. 

• Lack of Proper Documentation and Monitoring of Hazardous Waste 

o Corrective: Improve documentation practices and ensure accurate monitoring of hazardous waste. 

o Preventive: Implement a centralized waste tracking system with clear documentation requirements. 

o Investigative: Assess past documentation and monitoring failures to develop better practices. 

• Inefficient Waste Segregation Processes 

o Corrective: Review and improve waste segregation procedures to ensure effective separation of waste types. 

o Preventive: Educate staff on proper waste segregation techniques and implement automated sorting systems if 

feasible. 

o Investigative: Investigate instances of improper waste segregation to identify root causes and adjust processes 

accordingly. 

Equipment 

• Inadequate Maintenance of Storage Facilities for Hazardous Chemicals 

o Corrective: Perform immediate repairs and upgrades to storage facilities to meet safety standards. 

o Preventive: Establish a routine maintenance schedule for all hazardous chemical storage facilities. 

o Investigative: Analyze past maintenance records to identify reasons for inadequate upkeep and improve practices. 

• Frequent Breakdowns of Disposal Machinery 

o Corrective: Repair or replace malfunctioning disposal machinery and implement quality checks. 

o Preventive: Schedule regular maintenance and inspections for disposal machinery to prevent breakdowns. 

o Investigative: Examine breakdown reports and machinery performance data to identify common issues and address 

them. 

• Outdated or Insufficient Waste Processing Equipment 

o Corrective: Upgrade or replace outdated waste processing equipment to enhance efficiency and safety. 

o Preventive: Invest in modern waste processing technologies and maintain an equipment lifecycle management plan. 

o Investigative: Review equipment performance and failure data to determine necessary upgrades and 

improvements. 

Materials 

• Inadequate Labeling and Packaging of Hazardous Materials 

o Corrective: Re-label and repackage hazardous materials according to regulatory standards. 

o Preventive: Implement strict labeling and packaging protocols for all hazardous materials. 

o Investigative: Assess labeling and packaging practices to identify compliance issues and make necessary 

adjustments. 

• Inconsistent Supply of Protective Materials for Waste Handling 

o Corrective: Ensure a consistent supply of protective materials for all waste handling activities. 

o Preventive: Establish reliable procurement and inventory management processes for protective materials. 

o Investigative: Investigate supply chain issues that led to inconsistencies and address any procurement problems. 

• Use of High-Risk Chemicals with Complex Disposal Requirements 

o Corrective: Implement specific handling and disposal procedures for high-risk chemicals. 

o Preventive: Evaluate and, if possible, reduce the use of high-risk chemicals by switching to safer alternatives. 

o Investigative: Review disposal incidents involving high-risk chemicals to refine disposal practices and ensure 

compliance. 
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Environment 

• Unpredictable Weather Conditions Affecting Storage and Disposal 

o Corrective: Enhance weatherproofing measures for waste storage and disposal areas. 

o Preventive: Implement contingency plans for extreme weather conditions, including protective measures for waste 

storage. 

o Investigative: Analyze the impact of weather conditions on waste management practices and adjust strategies 

accordingly. 

• Poor Site Layout Leading to Inefficient Waste Transport and Disposal 

o Corrective: Redesign site layout to optimize waste transport and disposal processes. 

o Preventive: Regularly review and improve site layout based on operational needs and efficiency studies. 

o Investigative: Investigate inefficiencies in the site layout to identify design flaws and implement corrective changes. 

• Proximity to Water Bodies Increasing the Risk of Contamination 

o Corrective: Implement additional safeguards and containment measures to prevent contamination of nearby water 

bodies. 

o Preventive: Conduct environmental impact assessments and adjust waste management practices to mitigate 

contamination risks. 

o Investigative: Review incidents of contamination to determine the impact of proximity to water bodies and improve 

containment measures. 

Who can learn from the Hazardous Waste Management template? 

• Environmental Health and Safety (EHS) Teams: Improve waste management protocols and ensure compliance with 

environmental regulations. 

• Operational and Maintenance Staff: Enhance daily operations through better training and risk minimization. 

• Management and Leadership: Make informed decisions on resource allocation, policy changes, and strategic planning. 

• Regulatory Agencies: Refine guidelines and regulations based on RCA findings. 

• Community Stakeholders: Understand the measures being taken to prevent hazardous waste issues. 

• Educational Institutions and Researchers: Develop strategies and educational materials for better hazardous waste 

management. 

Why use this template? 

Root cause analysis (RCA) systematically identifies the underlying causes of improper waste management and disposal, enabling 

targeted solutions to prevent recurrence. By analyzing past incidents, RCA uncovers systemic problems and improves waste 

management practices, contributing to better overall environmental and operational outcomes. 

Use ProSolvr by smartQED to analyze the causes behind inadequate waste management in your plant to prevent future containment 

issues. 

Curated from community experience and public sources:  

• Tu-04-2022-04-43-42Haldia Petrochemicals Ltd.pdf (wbpcb.gov.in) 

• https://www.haldiapetrochemicals.com/storage/compliances/compliance-pdf-38.pdf 

https://www.wbpcb.gov.in/files/Tu-04-2022-04-43-42Haldia%20Petrochemicals%20Ltd.pdf
https://www.haldiapetrochemicals.com/storage/compliances/compliance-pdf-38.pdf#:~:text=HPL%20generates%20liquid%20waste%20water%20from%20Naphtha
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RCA Template for: Confined Space Hazards 

 

In the petrochemical industry, confined spaces such as storage tanks, silos, reactors, and pipelines are common but pose significant 

hazards due to limited ventilation, restricted access, and the presence of dangerous substances. The primary risks include toxic gas 

exposure, oxygen deficiency, and explosive atmospheres, all of which can have fatal consequences if not properly managed. Workers 

entering confined spaces face dangers like suffocation, poisoning, or burns, and rescue operations are often challenging due to 

restricted entry and limited space. These conditions increase the likelihood of accidents, emphasizing the need for rigorous protocols 

for entry, work, and emergency procedures. 

The most critical underlying causes of confined space hazards include inadequate emergency response plans, improper ventilation 

systems, and insufficient training and awareness. For instance, a lack of monitoring for hazardous gases, insufficient airflow, and failure 

to conduct emergency drills significantly increase the risk of incidents. Unsafe work practices, such as ignoring safety procedures and 

failing to follow confined space entry protocols, further exacerbate these dangers. 

Root cause analysis (RCA) using tools like a fishbone diagram is instrumental in identifying and addressing these hazards. By 

systematically investigating past incidents, RCA uncovers the underlying factors contributing to unsafe conditions. For example, RCA 

might reveal that defective gas detectors, poor communication of hazards, or insufficient training on emergency response led to 

previous incidents. Addressing these root causes enables targeted preventive actions to reduce risks and improve safety protocols. 

Integrating RCA with Six Sigma principles further strengthens safety programs by identifying recurring issues and implementing 

permanent solutions. These solutions may include better engineering controls, improved PPE standards, and more effective operating 

procedures. 

Confined Space Hazards 

• Inadequate Emergency Response Plan 

o Failure to Conduct Emergency Drills 

o Lack of Emergency Communication Systems 

o Inadequate Training on Emergency Response 

• Unsafe Work Practices 
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o Failure to Follow Confined Space Entry Protocols 

o Improper Use of Equipment 

o Ignoring Safety Procedures 

• Inadequate Communication 

o Failure to Communicate Emergency Procedures 

o Lack of Clear Confined Space Entry Procedures 

o Poor Communication of Hazards 

• Equipment Malfunction 

o Malfunctioning Communication Devices 

o Failure of Personal Protective Equipment 

o Defective Gas Detectors 

• Improper Ventilation Systems 

o Lack of Monitoring for Hazardous Gases 

o Improper Use of Ventilation Equipment 

o Insufficient Airflow in Confined Spaces 

• Inadequate Training and Awareness 

o Inadequate Hazard Communication Training 

o Failure to Recognize Confined Spaces 

o Lack of Confined Space Entry Training 

 

Suggested Actions Checklist  

Here is a checklist for organizations to come up with corrective, preventive and investigative actions. 

Inadequate Emergency Response Plan 

• Corrective Action   

o Conduct immediate emergency drills to test the response plan. 

o Install emergency communication systems where lacking. 

o Provide comprehensive emergency response training for all relevant staff. 

• Preventive Actions 

o Schedule regular emergency drills with detailed review sessions. 

o Establish a reliable emergency communication network. 

o Update training programs periodically to include best practices and simulated emergency scenarios. 

• Investigative Actions 

o Conduct a root cause analysis of past emergency response failures. 

o Review drill logs and analyze weaknesses in the response process. 

o Assess gaps in existing communication systems and identify areas for improvement. 

Unsafe Work Practices 

• Corrective Actions 

o Re-educate employees on confined space entry protocols. 

o Restrict the use of improper equipment and enforce compliance with PPE standards. 

o Reinforce adherence to safety procedures and provide disciplinary actions for non-compliance. 

• Preventive Actions 

o Conduct regular safety audits to ensure compliance with entry protocols. 

o Implement routine checks on equipment to verify safe operation. 
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o Promote a safety culture emphasizing the importance of following procedures. 

• Investigative Actions 

o Evaluate recent incidents of unsafe practices to identify patterns or root causes. 

o Interview employees to understand any perceived obstacles to following protocols. 

o Examine the adequacy of current training on safe work practices. 

Inadequate Communication 

• Corrective Actions 

o Provide immediate clarification of emergency and entry procedures to all personnel. 

o Establish a clear, standardized protocol for hazard communication. 

o Conduct refresher sessions to reinforce the importance of hazard awareness. 

• Preventive Actions 

o Develop clear, written communication standards for confined space hazards and procedures. 

o Implement a process for regularly reviewing and updating communication protocols. 

o Use signage and communication aids to make procedures easily accessible in confined space areas. 

• Investigative Actions 

o Analyze past instances of communication failures to determine their impact. 

o Evaluate the current training materials for clarity and completeness. 

o Survey workers to identify any gaps in their understanding of hazard communication. 

Equipment Malfunction 

• Corrective Actions 

o Immediately replace or repair malfunctioning communication devices and PPE. 

o Inspect and recalibrate gas detectors and other critical equipment. 

o Conduct thorough inspections to ensure all equipment meets safety standards. 

• Preventive Actions 

o Establish a routine maintenance schedule for all confined space equipment. 

o Maintain a log for tracking equipment performance and any recurring issues. 

o Provide additional training on proper equipment use and maintenance. 

• Investigative Actions 

o Conduct failure analysis on malfunctioning equipment to identify causes. 

o Review maintenance logs to pinpoint lapses in routine checks or repairs. 

o Consult manufacturers to determine if additional safeguards are needed. 

Improper Ventilation Systems 

• Corrective Actions 

o Install or upgrade ventilation equipment as necessary to ensure proper airflow. 

o Begin real-time monitoring of hazardous gases in confined spaces. 

o Modify ventilation systems to meet recommended safety standards. 

• Preventive Actions 

o Implement regular inspections and calibration of ventilation equipment. 

o Create a testing protocol for hazardous gases prior to confined space entry. 

o Designate ventilation requirements as part of the confined space entry procedure. 

• Investigative Actions 

o Conduct air quality testing in confined spaces to identify potential risks. 
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o Review historical air monitoring data for trends in gas levels or airflow issues. 

o Assess ventilation design to confirm suitability for all confined space tasks. 

Inadequate Training and Awareness 

• Corrective Actions 

o Provide immediate hazard communication and confined space entry training to all employees. 

o Update training materials to include the latest best practices and hazard information. 

o Conduct refresher sessions for employees who have not received recent training. 

• Preventive Actions 

o Implement a training schedule that includes regular refreshers and advanced modules. 

o Develop an evaluation process to ensure understanding and competency. 

o Create materials that explain how to recognize and mitigate confined space hazards. 

• Investigative Actions 

o Analyze training records to identify gaps in employee knowledge and skills. 

o Conduct a needs assessment to determine if current training meets safety standards. 

o Gather feedback from employees on training quality and knowledge retention. 

Who can use the Confined Space Hazards template? 

• Operations and Maintenance Teams: These teams, responsible for equipment checks, confined space entries, and ongoing 

maintenance, will benefit from improved safety protocols, clearer communication, and access to safer, better-maintained 

equipment, reducing their risk of injury. 

• Safety and Health Officers: By using insights from the RCA, safety officers can refine emergency response plans, enforce PPE 

standards, and ensure safety training is tailored to mitigate the identified root causes, helping them create a safer workplace. 

• Emergency Response Teams: With enhanced training and clearer emergency procedures, these teams will be better prepared 

to handle confined space incidents efficiently and effectively, reducing response time and improving worker safety. 

• Training and Development Staff: The RCA findings allow training departments to target specific weaknesses, improve hazard 

communication, and conduct more comprehensive training sessions, leading to a workforce better prepared for confined 

space challenges. 

• Plant Management and Supervisors: Management gains insights to address recurring safety issues, improve compliance with 

safety standards, and foster a proactive safety culture, ultimately reducing liability and enhancing productivity by minimizing 

incidents. 

• Compliance and Regulatory Auditors: RCA-driven improvements help auditors by ensuring safety practices align with 

industry regulations and standards, providing documented processes and proof of ongoing risk mitigation efforts to meet 

compliance requirements. 

Why use this template?  

With ProSolvr, a Generative AI-powered Root Cause Analysis (RCA) application, the petrochemical industry gains a powerful tool to 

enhance safety protocols. ProSolvr simplifies hazard identification, visualizes RCA findings, and supports the identification of 

Corrective and Preventive Actions (CAPAs). By continuously improving confined space entry protocols, ProSolvr helps reduce the 

likelihood of serious incidents, safeguard workers’ health, and foster a culture of safety excellence. 

Enhance safety and efficiency in your petrochemical operations—use ProSolvr by smartQED for comprehensive, AI-driven root cause 

analysis today! 
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Curated from community experiences and public sources: 

• https://www.draeger.com/Content/Documents/Content/fachartikel-cse-7643-en.pdf 

• https://www.compliancequest.com/whitepaper/confined-space-hazard-oil-

gas/#:~:text=Some%20common%20safety%20hazards%20in,Oxygen%20Deficiency 
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RCA Template for: Chemical Exposure 

 

Chemical exposure in petrochemical plants poses significant risks to both workers and the environment. These risks stem from the 

nature of chemicals involved in production processes, which can be toxic, flammable, corrosive, or reactive. Exposure can occur 

through inhalation, skin contact, or ingestion, leading to acute effects like respiratory distress, burns, or poisoning, as well as long-

term health issues like cancer or respiratory disease. 

In addition, accidental leaks or spills may cause environmental contamination, affecting soil, water, and local ecosystems. Managing 

these risks requires stringent safety measures, regular training, and the use of appropriate personal protective equipment (PPE). 

Chemical exposure in petrochemical plants can occur due to several interconnected factors that compromise safety. Complacency 

among workers, leading to a failure to follow established safety procedures, often arises from routine familiarity, causing critical steps 

to be overlooked. Inadequate ventilation systems, resulting from poor air circulation, exacerbate this risk by allowing hazardous 

substances to linger in the air, increasing the likelihood of inhalation exposure. 

When workers are inadequately trained, particularly in emergency response, they may respond ineffectively or delay action in 

hazardous situations, which can escalate exposure. Furthermore, when safety protocols are insufficient and safety audits reveal a lack 

of consistent maintenance, protective measures are likely weakened, leading to unaddressed risks and higher potential for chemical 

exposure. 

Root cause analysis (RCA), especially through tools like ProSolvr based on fishbone (Ishikawa) diagram, helps identify underlying factors 

contributing to chemical exposure incidents. A fishbone diagram categorizes potential causes into main areas like equipment, 

environment, processes, and human factors. 

By systematically examining each category, plant managers and safety professionals can pinpoint specific weaknesses in plant 

operations, such as faulty equipment, inadequate safety procedures, or insufficient worker training. This structured approach helps 

ensure that all contributing factors are considered, revealing root causes that might otherwise be overlooked, such as a lack of 

scheduled maintenance or procedural lapses. 
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Chemical Exposure 

• Failure to follow Safety Procedures 

o Insufficient consequences for safety violations 

o Pressure to prioritize production over safety 

o Complacency among workers 

• Inadequate Safety Protocols 

o Lack of safety audits and inspections 

o Inconsistent enforcement of safety procedures 

o Outdated safety protocols 

• Poor Ventilation Systems 

o Lack of regular maintenance of ventilation systems 

o Inadequate air circulation 

o Blocked or malfunctioning ventilation systems 

• Improper Handling of Chemicals 

o Inadequate labeling of chemical containers 

o Improper storage of chemicals 

o Spills and leaks during chemical transfer 

• Inadequate Personal Protective Equipment (PPE) 

o Inadequate PPE maintenance 

o Failure to use PPE consistently 

o Incorrect or ill-fitting PPE 

• Lack of Proper Training 

o Inadequate communication of safety procedures 

o Insufficient emergency response training 

o Lack of awareness on chemical hazards 

 

Suggested Actions Checklist  

Here’s a comprehensive CAPA (Corrective Action, Preventive Action, and Investigative Action) checklist for addressing chemical 

exposure risks in a petrochemical plant: 

Failure to Follow Safety Procedures 

• Corrective Actions: 

o Establish a system of consequences for safety violations. 

o Communicate disciplinary actions for non-compliance to all employees. 

o Address production pressures by scheduling routine meetings to balance safety and productivity goals. 

• Preventive Actions: 

o Regularly reinforce the importance of safety over production through training and internal communications. 

o Encourage a safety-oriented culture by rewarding adherence to procedures. 

o Schedule routine safety drills to minimize complacency and reinforce safe behaviors. 

• Investigative Actions: 

o Conduct interviews with employees to identify root causes of non-compliance. 

o Review recent production targets and assess if they may have encouraged shortcuts. 

o Audit past incidents to determine if complacency or other human factors were contributing factors. 
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Inadequate Safety Protocols 

• Corrective Actions: 

o Update safety protocols to meet current standards. 

o Conduct a thorough safety audit to identify gaps in protocols. 

o Implement a strict monitoring process to ensure compliance with updated protocols. 

• Preventive Actions: 

o Schedule regular safety audits and inspections to maintain high standards. 

o Enforce a protocol review process to keep all safety procedures up to date. 

o Standardize enforcement practices across all shifts to ensure consistent application. 

• Investigative Actions: 

o Review inspection records to identify recurring issues in safety protocols. 

o Interview staff to gather insights on inconsistencies in procedure enforcement. 

o Conduct a root cause analysis to understand why safety audits may have been neglected. 

Poor Ventilation Systems 

• Corrective Actions: 

o Perform immediate maintenance on malfunctioning or blocked ventilation systems. 

o Increase frequency of ventilation inspections and ensure prompt repair of issues. 

o Install monitoring systems to track air quality and alert staff to poor ventilation. 

• Preventive Actions: 

o Establish a regular preventive maintenance schedule for ventilation systems. 

o Improve facility design to enhance natural or mechanical ventilation where needed. 

o Train maintenance personnel on early detection and repair of ventilation issues. 

• Investigative Actions: 

o Examine maintenance logs to identify trends in ventilation issues. 

o Analyze air quality data to understand ventilation performance over time. 

o Interview workers to gather feedback on areas where ventilation may be insufficient. 

Improper Handling of Chemicals 

• Corrective Actions: 

o Label all chemical containers clearly and consistently per regulatory standards. 

o Implement secure storage protocols for hazardous chemicals. 

o Develop standard procedures for chemical transfer to reduce spills and leaks. 

• Preventive Actions: 

o Conduct regular checks to ensure all containers are properly labeled. 

o Designate specific storage areas with clear labeling and organize them by hazard class. 

o Install spill control measures, such as drip pans and secondary containment systems. 

• Investigative Actions: 

o Review past chemical handling incidents to identify frequent handling errors. 

o Observe chemical handling practices to pinpoint common mistakes. 

o Survey employees on their understanding of chemical handling protocols. 
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Inadequate Personal Protective Equipment (PPE) 

• Corrective Actions: 

o Ensure PPE is maintained and replaced regularly to maintain effectiveness. 

o Implement strict policies requiring PPE use in designated areas. 

o Offer proper PPE fitting sessions to ensure all staff have correct and comfortable gear. 

• Preventive Actions: 

o Schedule regular PPE inspections and replacements to ensure all items meet safety standards. 

o Reinforce PPE protocols through regular training sessions and visible reminders. 

o Assess and upgrade PPE materials as new, safer options become available. 

• Investigative Actions: 

o Review records of PPE usage and incidents related to improper PPE use. 

o Interview staff to understand reasons behind non-compliance with PPE policies. 

o Analyze PPE selection criteria to ensure all PPE fits job-specific hazards. 

Lack of Proper Training 

• Corrective Actions: 

o Improve communication of safety procedures through clear, accessible materials. 

o Provide regular emergency response training tailored to chemical hazards. 

o Introduce hazard-awareness training specific to the chemicals used in the plant. 

• Preventive Actions: 

o Schedule regular refresher courses on safety protocols and emergency procedures. 

o Standardize onboarding training to ensure new hires are fully briefed on all hazards. 

o Develop a program to increase staff knowledge of chemical hazards, including safe handling and first-aid procedures. 

• Investigative Actions: 

o Assess the current training program’s effectiveness by surveying employees. 

o Review past training records to determine gaps in procedure communication. 

o Interview staff on their understanding of emergency procedures and hazard recognition. 

Who can learn from the Chemical Exposure template? 

• Operations and Maintenance Teams: These teams can learn about specific equipment failures or procedural issues identified 

during RCA, allowing them to adjust maintenance schedules, implement preventive measures, and refine operational 

practices to reduce future risks. 

• Health, Safety, and Environmental (HSE) Professionals: HSE teams gain a better understanding of potential hazards, such as 

chemical exposure points or unsafe work practices. RCA findings can guide them in developing more effective safety 

protocols, enhancing emergency response plans, and reinforcing safety training for plant personnel. 

• Management and Executives: Leaders can use RCA results to make informed decisions about resource allocation, policy 

changes, and process improvements. By understanding the root causes of incidents, management can prioritize investments 

in safety technologies, staff training, and equipment upgrades, fostering a proactive safety culture. 

• Quality Assurance and Compliance Teams: These teams benefit by identifying systemic issues that may affect quality or 

compliance with industry standards. RCA can reveal process gaps or inconsistencies that need addressing to ensure 

adherence to regulatory requirements and quality benchmarks, thus avoiding penalties or reputational damage. 

• Engineering and Design Teams: By examining root causes related to equipment or process design, these teams can identify 

areas where improvements or redesigns may prevent future failures. RCA findings inform design modifications that enhance 

safety, reliability, and efficiency in new or existing systems. 
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• Training and Development Personnel: Insights from RCA allow these teams to develop targeted training programs that 

address specific gaps in knowledge or skills among plant personnel. This ensures that employees are better prepared to 

recognize hazards, follow proper procedures, and respond effectively to potential incidents. 

Why use this template?  

Using ProSolvr, a Generative AI-powered visual root cause analysis (RCA) application for chemical exposure, offers substantial benefits 

in identifying and mitigating risks efficiently. By using root cause analysis, petrochemical plants can address the fundamental issues 

behind chemical exposure risks, leading to a culture of safety and compliance that benefits both employees and surrounding 

communities. Once the root causes are identified, corrective actions can be implemented to prevent future incidents. This could 

involve upgrading equipment, enhancing training programs, and reinforcing safety protocols to limit chemical exposure. Regular 

inspections, preventive maintenance, and continuous process improvements also contribute to a safer working environment. 

Curated from community experiences and public sources:  

• https://www.sciencedirect.com/science/article/abs/pii/S0013935120303881 

• https://www.prevor.com/en/chemical-risks-in-petrochemical-industry/ 
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RCA Template for: Uncontrolled Gas Releases  

 

Uncontrolled gas releases in petrochemical plants are critical incidents involving the unintentional discharge of flammable or toxic 

gases into the environment. These events can be triggered by several factors, including equipment malfunctions, inadequate 

maintenance, operator errors, or external factors like corrosion or weather conditions. A structured fishbone analysis (Ishikawa 

diagram) is an invaluable tool for identifying and mitigating the root causes of these incidents. 

The repercussions of uncontrolled gas releases are severe, with potential for catastrophic events like explosions, fires, and 

environmental contamination. Beyond the immediate physical dangers, these incidents pose significant operational and reputational 

risks, including regulatory fines and loss of public trust. Despite robust detection systems and strict adherence to safety protocols, 

these releases remain a persistent challenge, underscoring the necessity of root cause analysis to not only address the current issues 

but also implement sustainable preventative measures. 

Applying Six Sigma principles within this RCA framework allows for a systematic approach to categorizing potential causes— whether 

stemming from mechanical, procedural, or human factors. By thoroughly mapping these relationships, plants can identify latent 

defects or gaps, such as improper calibration of safety valves or inadequate staff training. For instance, an equipment failure may 

highlight systemic issues in the preventive maintenance schedule, while operational errors could reveal deficiencies in the plant’s 

safety culture or communication processes. 

Ultimately, leveraging RCA through tools like fishbone diagrams enables petrochemical plants to pinpoint precise failure modes, 

enhance safety protocols, and significantly reduce the likelihood of future gas releases. This proactive, data-driven approach fosters a 

more resilient operational environment. 

Uncontrolled Gas Releases 

• Equipment 

o Aging Equipment 

▪  Wear and tear in seals and gaskets 

▪  Corrosion in pipes and valves 

o Failure of Safety Devices 



190 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

▪  Gas detectors failing 

▪  Pressure relief valves malfunctioning 

o Maintenance Issues 

▪  Use of improper tools 

▪  Inadequate maintenance schedule 

• Process 

o Incorrect Start-up/Shutdown Procedures 

▪  Insufficient cool-down periods 

▪  Errors during plant start-up 

o Process Design Flaws 

▪  Poorly designed pressure control systems 

▪  Inadequate fail-safes in the system 

o Operating Procedures 

▪  Lack of monitoring during critical operations 

▪  Deviations from SOPs 

• Human Factors 

o Decision-making Under Pressure 

▪  Lack of clarity in roles and responsibilities 

▪  Rushed decisions during emergencies 

o Human Error 

▪  Miscommunication during shift handovers 

▪  Operator fatigue leading to mistakes 

o Training Deficiencies 

▪  Lack of regular drills and simulations 

▪  Insufficient training on emergency procedures 

• Environment 

o Corrosive Environment 

▪  High humidity accelerating equipment degradation 

▪  Presence of corrosive chemicals in the atmosphere 

o External Hazards 

▪  Natural disasters impacting plant stability 

▪  Nearby construction causing vibrations or damage 

o Weather Conditions 

▪  High winds disrupting gas flow or dispersal 

▪  Extreme temperatures affecting equipment integrity 

• Materials 

o Supply Chain Issues 

▪  Poor quality control from suppliers 

▪  Delays in receiving critical replacement parts 

o Material Compatibility 

▪  Use of substandard materials in construction 

▪  Incompatible materials causing corrosion 

o Quality of Raw Materials 

▪  Contaminated feedstock leading to process upsets 

▪  Impurities in gases causing unexpected reactions 

• Management 

o Safety Culture 

▪  Lack of enforcement of safety regulations 
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▪  Complacency towards safety protocols 

o Resource Allocation 

▪  Understaffing in critical areas 

▪  Insufficient budget for maintenance and upgrades 

o Policy and Procedure Gaps 

▪  Inadequate incident investigation and follow-up 

▪  Lack of a robust risk management framework 

 

Suggested Actions Checklist 

Here are some corrective, preventive and investigative actions for uncontrolled gas releases which organizations may implement.  

Equipment 

• Aging Equipment 

o Wear and tear in seals and gaskets 

▪ Corrective Actions: 

▪ Replace worn seals and gaskets immediately. 

▪ Apply temporary fixes if immediate replacement is not feasible, with a plan for prompt follow-up. 

▪ Preventive Actions: 

▪ Implement a regular inspection and replacement schedule for seals and gaskets. 

▪ Use high-quality materials designed to withstand the specific operating conditions. 

▪ Investigative Actions: 

▪ Analyze failure modes of seals and gaskets to determine root causes of wear. 

▪ Investigate whether material selection and environmental factors contributed to the degradation. 

o Corrosion in pipes and valves 

▪ Corrective Actions: 

▪ Remove and replace corroded sections of pipes and valves. 

▪ Apply corrosion inhibitors and protective coatings where feasible. 

▪ Preventive Actions: 

▪ Regularly inspect piping and valves for early signs of corrosion. 

▪ Use corrosion-resistant materials and coatings in high-risk areas. 

▪ Investigative Actions: 

▪ Investigate the sources and mechanisms of corrosion. 

▪ Review the effectiveness of current corrosion prevention measures. 

• Failure of Safety Devices 

o Gas detectors failing 

▪ Corrective Actions: 

▪ Immediately repair or replace malfunctioning gas detectors. 

▪ Calibrate and test all detectors to ensure proper functionality. 

▪ Preventive Actions: 

▪ Implement a regular testing and maintenance schedule for gas detectors. 

▪ Install redundant systems to detect failures. 

▪ Investigative Actions: 

▪ Analyze the reasons for detector failures, such as environmental factors or maintenance lapses. 

▪ Review the detector placement and calibration protocols. 

o Pressure relief valves malfunctioning 

▪ Corrective Actions: 

▪ Repair or replace faulty pressure relief valves. 
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▪ Adjust settings and ensure proper calibration. 

▪ Preventive Actions: 

▪ Conduct regular maintenance and testing of pressure relief valves. 

▪ Implement a redundant system for critical relief valves. 

▪ Investigative Actions: 

▪ Investigate the causes of valve malfunction, such as material degradation or improper settings. 

▪ Review the maintenance history and calibration records. 

• Maintenance Issues 

o Use of improper tools 

▪ Corrective Actions: 

▪ Replace improperly used tools and recheck affected components. 

▪ Retrain maintenance personnel on proper tool usage. 

▪ Preventive Actions: 

▪ Provide the correct tools for all maintenance tasks and ensure they are readily available. 

▪ Implement a tool control and training program to prevent misuse. 

▪ Investigative Actions: 

▪ Investigate the incidents of improper tool usage and their impact on equipment integrity. 

▪ Review training records and assess gaps in knowledge or supervision. 

o Inadequate maintenance schedule 

▪ Corrective Actions: 

▪ Revise and implement a more comprehensive maintenance schedule immediately. 

▪ Prioritize overdue maintenance tasks. 

▪ Preventive Actions: 

▪ Establish a proactive maintenance program with a focus on high-risk areas. 

▪ Use predictive maintenance techniques to optimize schedules. 

▪ Investigative Actions: 

▪ Investigate the adequacy of the current maintenance schedule and identify areas for 

improvement. 

▪ Review past maintenance records to determine patterns of neglect or oversight. 

Process 

• Incorrect Start-up/Shutdown Procedures 

o Insufficient cool-down periods 

▪ Corrective Actions: 

▪ Adjust procedures to include adequate cool-down periods. 

▪ Train operators on the importance of cool-down times and their impact on safety. 

▪ Preventive Actions: 

▪ Review and standardize start-up/shutdown procedures to ensure consistency. 

▪ Implement automatic controls to manage cool-down periods. 

▪ Investigative Actions: 

▪ Investigate incidents where insufficient cool-down contributed to equipment stress or failure. 

▪ Review procedural documents to identify gaps or inconsistencies. 

o Errors during plant start-up 

▪ Corrective Actions: 

▪ Address the immediate impact of start-up errors, such as releasing excess pressure or correcting 

temperature imbalances. 

▪ Retrain staff on correct start-up procedures. 
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▪ Preventive Actions: 

▪ Implement a checklist and monitoring system for start-up operations. 

▪ Conduct regular simulations and drills to reinforce correct procedures. 

▪ Investigative Actions: 

▪ Investigate the root causes of start-up errors, such as insufficient training or unclear procedures. 

▪ Analyze start-up procedures for potential failure points. 

• Process Design Flaws 

o Poorly designed pressure control systems 

▪ Corrective Actions: 

▪ Modify or replace inadequate pressure control systems. 

▪ Conduct a thorough review of the pressure control strategy and implement necessary changes. 

▪ Preventive Actions: 

▪ Ensure new designs undergo rigorous testing and validation. 

▪ Involve experienced engineers in the design and review process. 

▪ Investigative Actions: 

▪ Investigate the design process to identify why flaws were not detected earlier. 

▪ Review system performance data to assess the impact of design flaws. 

o Inadequate fail-safes in the system 

▪ Corrective Actions: 

▪ Install or upgrade fail-safe systems where needed. 

▪ Test and validate existing fail-safes to ensure reliability. 

▪ Preventive Actions: 

▪ Design systems with multiple layers of fail-safes. 

▪ Regularly review and update fail-safe mechanisms as part of the process safety management 

program. 

▪ Investigative Actions: 

▪ Investigate incidents where fail-safes failed or were bypassed. 

▪ Review the overall system design to identify weaknesses in fail-safe implementation. 

• Operating Procedures 

o Lack of monitoring during critical operations 

▪ Corrective Actions: 

▪ Increase monitoring during critical operations, using both automated systems and human 

oversight. 

▪ Address any immediate operational issues that were missed due to lack of monitoring. 

▪ Preventive Actions: 

▪ Implement real-time monitoring systems with alarms and automatic shutdown features. 

▪ Train operators on the importance of monitoring and the use of monitoring tools. 

▪ Investigative Actions: 

▪ Investigate why monitoring was insufficient and its impact on the operation. 

▪ Review past incidents to identify patterns of inadequate monitoring. 

o Deviations from SOPs 

▪ Corrective Actions: 

▪ Reinforce adherence to SOPs through training and supervision. 

▪ Address any specific incidents of SOP deviation and correct the process. 

▪ Preventive Actions: 

▪ Regularly review and update SOPs to ensure they are clear, relevant, and practical. 

▪ Implement checks and audits to ensure compliance with SOPs. 

▪ Investigative Actions: 
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▪ Investigate the causes of SOP deviations, including human factors and procedural clarity. 

▪ Review the effectiveness of SOP training programs. 

 

Human Factors 

• Decision-making Under Pressure 

o Lack of clarity in roles and responsibilities 

▪ Corrective Actions: 

▪ Clarify roles and responsibilities during emergencies through updated procedures. 

▪ Conduct immediate drills to reinforce these roles. 

▪ Preventive Actions: 

▪ Implement clear, well-communicated emergency response plans. 

▪ Regularly train and assess staff on their roles during high-pressure situations. 

▪ Investigative Actions: 

▪ Investigate incidents of unclear roles leading to poor decisions. 

▪ Review the emergency response plan for clarity and effectiveness. 

o Rushed decisions during emergencies 

▪ Corrective Actions: 

▪ Address the consequences of rushed decisions and stabilize operations. 

▪ Retrain staff on decision-making under pressure with a focus on following protocols. 

▪ Preventive Actions: 

▪ Implement decision support systems and tools to assist during emergencies. 

▪ Train staff on situational awareness and the importance of following procedures even under 

pressure. 

▪ Investigative Actions: 

▪ Investigate past emergency responses to identify why rushed decisions were made. 

▪ Review training programs to ensure they adequately prepare staff for emergency situations. 

• Human Error 

o Miscommunication during shift handovers 

▪ Corrective Actions: 

▪ Immediately clarify any miscommunications and correct ongoing operations. 

▪ Implement a formalized handover protocol to ensure clear communication. 

▪ Preventive Actions: 

▪ Introduce standardized shift handover checklists and logs. 

▪ Train staff on effective communication techniques during handovers. 

▪ Investigative Actions: 

▪ Investigate past miscommunications to determine root causes. 

▪ Review and improve the handover process to prevent future issues. 

o Operator fatigue leading to mistakes 

▪ Corrective Actions: 

▪ Provide immediate relief to fatigued operators and review their tasks. 

▪ Adjust work schedules to prevent further fatigue. 

▪ Preventive Actions: 

▪ Implement fatigue management programs, including sufficient rest periods and workload 

management. 

▪ Regularly assess operator alertness and well-being. 
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▪ Investigative Actions: 

▪ Investigate work schedules and workloads to identify causes of fatigue. 

▪ Review the impact of fatigue on past incidents and adjust operational practices accordingly. 

• Training Deficiencies 

o Lack of regular drills and simulations 

▪ Corrective Actions: 

▪ Schedule and conduct emergency drills and simulations immediately. 

▪ Review and update training materials based on the outcomes of these drills. 

▪ Preventive Actions: 

▪ Implement a regular schedule of drills and simulations covering a range of scenarios. 

▪ Evaluate and improve training programs continuously based on drill outcomes. 

▪ Investigative Actions: 

▪ Investigate why drills and simulations were not conducted regularly. 

▪ Review the training program to identify and address any deficiencies. 

o Insufficient training on emergency procedures 

▪ Corrective Actions: 

▪ Provide targeted training on emergency procedures immediately. 

▪ Assess operator competence and understanding following the training. 

▪ Preventive Actions: 

▪ Develop comprehensive emergency procedure training programs with regular refreshers. 

▪ Implement certifications or assessments to ensure proficiency in emergency procedures. 

▪ Investigative Actions: 

▪ Investigate past emergency responses to determine the impact of training deficiencies. 

▪ Review and enhance the emergency training curriculum. 

Environment 

• Corrosive Environment 

o High humidity accelerating equipment degradation 

▪ Corrective Actions: 

▪ Apply anti-corrosion treatments and address immediate damage. 

▪ Improve ventilation or dehumidification systems to control humidity levels. 

▪ Preventive Actions: 

▪ Regularly inspect for corrosion and environmental conditions in high-humidity areas. 

▪ Use corrosion-resistant materials in areas prone to high humidity. 

▪ Investigative Actions: 

▪ Investigate the correlation between humidity levels and equipment degradation. 

▪ Review the effectiveness of current environmental controls. 

o Presence of corrosive chemicals in the atmosphere 

▪ Corrective Actions: 

▪ Neutralize or control the release of corrosive chemicals in the atmosphere. 

▪ Replace or repair affected equipment immediately. 

▪ Preventive Actions: 

▪ Implement air quality monitoring systems to detect corrosive chemicals. 

▪ Use protective coatings and materials resistant to the identified chemicals. 

▪ Investigative Actions: 

▪ Investigate sources of corrosive chemicals and their impact on plant equipment. 

▪ Review the environmental control measures and their effectiveness. 
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• External Hazards 

o Natural disasters impacting plant stability 

▪ Corrective Actions: 

▪ Conduct a damage assessment and take immediate stabilization actions. 

▪ Implement emergency protocols to manage the impact of natural disasters. 

▪ Preventive Actions: 

▪ Design and retrofit facilities to withstand local natural disaster risks. 

▪ Develop and regularly update emergency response plans specific to natural disasters. 

▪ Investigative Actions: 

▪ Investigate how natural disasters have affected plant stability in the past. 

▪ Review and update risk assessments related to external hazards. 

o Nearby construction causing vibrations or damage 

▪ Corrective Actions: 

▪ Assess and repair any damage caused by external vibrations. 

▪ Coordinate with nearby construction projects to minimize impact. 

▪ Preventive Actions: 

▪ Implement vibration monitoring systems to detect external influences. 

▪ Design facilities to mitigate the impact of external vibrations. 

▪ Investigative Actions: 

▪ Investigate past incidents where external construction contributed to equipment failures. 

▪ Review and update the plant’s risk management strategies for external hazards. 

• Weather Conditions 

o High winds disrupting gas flow or dispersal 

▪ Corrective Actions: 

▪ Implement immediate measures to stabilize gas flow, such as wind barriers. 

▪ Adjust operations to minimize the impact of wind conditions. 

▪ Preventive Actions: 

▪ Install protective structures or modify plant layout to reduce wind impact. 

▪ Implement weather monitoring systems to anticipate and respond to high wind conditions. 

▪ Investigative Actions: 

▪ Investigate the effects of wind on gas flow and dispersal. 

▪ Review the design and operational procedures for resilience to weather conditions. 

o Extreme temperatures affecting equipment integrity 

▪ Corrective Actions: 

▪ Implement cooling or heating measures to stabilize affected equipment. 

▪ Replace or reinforce components damaged by extreme temperatures. 

▪ Preventive Actions: 

▪ Design equipment to withstand the range of expected temperatures. 

▪ Monitor environmental conditions and adjust operations accordingly. 

▪ Investigative Actions: 

▪ Investigate incidents where extreme temperatures impacted equipment performance. 

▪ Review the adequacy of existing temperature control systems. 

 

 

Materials 
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• Supply Chain Issues 

o Poor quality control from suppliers 

▪ Corrective Actions: 

▪ Inspect and replace any substandard materials or components immediately. 

▪ Notify suppliers of the quality issues and seek remediation or alternatives. 

▪ Preventive Actions: 

▪ Implement a rigorous supplier vetting and quality assurance program. 

▪ Establish long-term relationships with reliable suppliers. 

▪ Investigative Actions: 

▪ Investigate the root causes of quality issues in the supply chain. 

▪ Review supplier performance and quality control processes. 

o Delays in receiving critical replacement parts 

▪ Corrective Actions: 

▪ Expedite procurement and install temporary solutions if possible. 

▪ Adjust maintenance schedules to account for part delays. 

▪ Preventive Actions: 

▪ Establish buffer stocks of critical parts to avoid delays. 

▪ Work with multiple suppliers to ensure redundancy in the supply chain. 

▪ Investigative Actions: 

▪ Investigate the causes of delays and their impact on plant operations. 

▪ Review the supply chain management strategy to improve reliability. 

• Material Compatibility 

o Use of substandard materials in construction 

▪ Corrective Actions: 

▪ Replace substandard materials with appropriate ones. 

▪ Conduct an audit of all materials used in critical areas. 

▪ Preventive Actions: 

▪ Implement strict material specifications and quality checks during procurement. 

▪ Ensure materials are selected based on their compatibility with operational conditions. 

▪ Investigative Actions: 

▪ Investigate how substandard materials were selected and approved for use. 

▪ Review the material selection process and make necessary improvements. 

o Incompatible materials causing corrosion 

▪ Corrective Actions: 

▪ Replace incompatible materials with corrosion-resistant alternatives. 

▪ Address and repair any damage caused by corrosion. 

▪ Preventive Actions: 

▪ Conduct compatibility testing before selecting materials for use in construction. 

▪ Use coatings and barriers to protect materials from corrosive interactions. 

▪ Investigative Actions: 

▪ Investigate the corrosion mechanisms and material interactions. 

▪ Review material selection criteria and compatibility testing procedures. 

• Quality of Raw Materials 

o Contaminated feedstock leading to process upsets 

▪ Corrective Actions: 

▪ Purge and replace contaminated feedstock to stabilize the process. 

▪ Inspect and clean affected equipment if necessary. 

▪ Preventive Actions: 
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▪ Implement strict quality control measures for incoming raw materials. 

▪ Work closely with suppliers to ensure the purity of feedstock. 

▪ Investigative Actions: 

▪ Investigate the sources and impacts of feedstock contamination. 

▪ Review and improve raw material testing procedures. 

o Impurities in gases causing unexpected reactions 

▪ Corrective Actions: 

▪ Isolate and neutralize affected gases. 

▪ Adjust the process to minimize the impact of impurities. 

▪ Preventive Actions: 

▪ Implement gas purity testing and monitoring systems. 

▪ Specify strict purity requirements for all gas supplies. 

▪ Investigative Actions: 

▪ Investigate the sources and effects of gas impurities. 

▪ Review and strengthen supplier agreements and quality controls. 

Management 

• Safety Culture 

o Lack of enforcement of safety regulations 

▪ Corrective Actions: 

▪ Enforce safety regulations rigorously and address non-compliance immediately. 

▪ Review and revise safety policies to ensure they are practical and enforceable. 

▪ Preventive Actions: 

▪ Implement a strong safety culture through regular training and leadership involvement. 

▪ Conduct regular safety audits and enforce accountability. 

▪ Investigative Actions: 

▪ Investigate the reasons for lapses in safety enforcement. 

▪ Review and improve the safety management system. 

o Complacency towards safety protocols 

▪ Corrective Actions: 

▪ Reinforce the importance of safety protocols through training and communication. 

▪ Address incidents of complacency with appropriate disciplinary actions. 

▪ Preventive Actions: 

▪ Promote a safety-first mindset at all levels of the organization. 

▪ Implement continuous improvement programs focused on safety awareness. 

▪ Investigative Actions: 

▪ Investigate incidents where complacency contributed to safety violations. 

▪ Review the effectiveness of safety communications and training. 

• Resource Allocation 

o Understaffing in critical areas 

▪ Corrective Actions: 

▪ Hire additional staff or redistribute workload to ensure critical areas are adequately staffed. 

▪ Provide immediate support to understaffed areas to manage current risks. 

▪ Preventive Actions: 

▪ Conduct regular staffing assessments to ensure adequate coverage in all critical areas. 

▪ Develop contingency plans to address sudden staffing shortages. 

▪ Investigative Actions: 
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▪ Investigate the impact of understaffing on plant operations and safety. 

▪ Review resource allocation and budgeting practices. 

o Insufficient budget for maintenance and upgrades 

▪ Corrective Actions: 

▪ Reallocate funds to prioritize critical maintenance and upgrades. 

▪ Address immediate maintenance needs through temporary fixes if necessary. 

▪ Preventive Actions: 

▪ Develop a long-term budget plan that prioritizes maintenance and upgrades. 

▪ Advocate for increased investment in plant safety and reliability. 

▪ Investigative Actions: 

▪ Investigate the budget allocation process to identify shortfalls. 

▪ Review the impact of budget constraints on equipment reliability and safety. 

• Policy and Procedure Gaps 

o Inadequate incident investigation and follow-up 

▪ Corrective Actions: 

▪ Conduct thorough investigations of recent incidents and implement corrective actions. 

▪ Improve documentation and tracking of incidents and corrective actions. 

▪ Preventive Actions: 

▪ Develop a robust incident investigation procedure with clear follow-up protocols. 

▪ Train staff on incident reporting and investigation techniques. 

▪ Investigative Actions: 

▪ Investigate past incidents to determine why investigations were inadequate. 

▪ Review and improve incident investigation procedures. 

o Lack of a robust risk management framework 

▪ Corrective Actions: 

▪ Develop and implement a comprehensive risk management framework. 

▪ Conduct a risk assessment of current operations and address identified risks. 

▪ Preventive Actions: 

▪ Regularly review and update the risk management framework to address emerging risks. 

▪ Train staff on risk management principles and procedures. 

▪ Investigative Actions: 

▪ Investigate past incidents and near-misses to identify gaps in risk management. 

▪ Review and benchmark the risk management practices against industry standards. 

Who can learn from the Uncontrolled Gas Releases template? 

• Process Safety Engineers: To identify and mitigate potential hazards in petrochemical processes, ensuring safer plant 

operations. 

• Maintenance Teams: To understand equipment-related risks, such as aging components and maintenance issues, and 

implement preventive measures. 

• Operations Managers: To oversee the correct implementation of start-up/shutdown procedures and ensure adherence to 

operating standards. 

• Training Coordinators: To design and conduct training programs that address human factors like decision-making under 

pressure and emergency procedures. 

• Environmental Health and Safety (EHS) Professionals: To assess and manage the environmental factors and external hazards 

that could contribute to gas releases. 

• Quality Assurance and Supply Chain Managers: To ensure the quality and compatibility of materials and manage supply 

chain risks that might impact plant safety. 
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Why use this template? 

Using Gen-AI powered root cause analysis for the uncontrolled gas releases template is crucial for systematically identifying the 

underlying causes of such hazardous incidents. RCA helps organizations move beyond merely addressing the symptoms of a problem 

by uncovering the fundamental issues—whether related to equipment, processes, human factors, or management practices. By 

understanding these root causes, petrochemical plants can implement targeted corrective actions, enhance safety protocols, and 

prevent future occurrences of uncontrolled gas releases. This proactive approach not only safeguards human lives and the 

environment but also ensures regulatory compliance and operational efficiency. 

Use ProSolvr by smartQED for efficient problem resolution in your organization to prevent future mishaps.  

Curated from community experiences and public sources: 

• https://www.emerson.com/en-in/automation/measurement-instrumentation/flame-gas-detection/gas-detectors-

sensors/common-toxic-combustible-gases 

• https://www.sciencedirect.com/topics/engineering/hydrocarbon-

release#:~:text=Simple%20hydrocarbon%20fires%20combine%20with,energy%2C%20usually%20heat%20and%20light. 
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Equipment Failures 

RCA Template for: Rotating Equipment Failures 

 

Rotating equipment, including pumps, compressors, turbines, and motors, plays a critical role in maintaining process flows, pressure 
control, and overall plant productivity in petrochemical plants. Failures in these systems can result in costly downtime, safety hazards, 
and environmental risks. Common causes of these failures include seal degradation due to misalignment, excessive pressure, and poor 
material selection; wear and tear from component fatigue or bearing failure due to overloading; and improper lubrication, often 
caused by contaminated or insufficient lubricant. Environmental factors, such as temperature extremes and external vibrations, 
further contribute to increased operational risks and equipment stress. 

Addressing these failures requires a systematic approach to root cause analysis (RCA). Advanced tools like ProSolvr, which integrates 
fishbone diagrams into RCA, enable teams to visually categorize and map interconnected causes, including mechanical failures, 
operational issues, and maintenance practices. This structured RCA approach ensures no potential cause is overlooked, helping 
stakeholders identify the critical factors behind equipment failure and implement corrective and preventive actions (CAPA) effectively. 

Inadequate predictive maintenance, such as failing to monitor oil conditions or perform vibration analysis, is a key contributor to 
rotating equipment failures. ProSolvr helps pinpoint maintenance gaps quickly, enabling organizations to optimize schedules and take 
corrective actions before failures occur. Similarly, RCA can uncover operational errors, such as improper shutdown procedures or 
failure to monitor critical parameters, often stemming from insufficient training or non-compliance with procedures. By integrating 
ProSolvr into plant workflows, these issues can be addressed efficiently, improving maintenance practices and enhancing equipment 
reliability. 

By using ProSolvr for RCA, petrochemical plants can foster a culture of continuous improvement. The visual mapping and data-driven 
insights allow teams to systematically identify causes and develop targeted CAPA, reducing risks and ensuring long-term operational 
excellence. This structured approach helps improve equipment performance, reduce downtime, and increase operational efficiency, 
ultimately enhancing overall plant reliability, safety, and productivity. 

Rotating Equipment Failures 

• Mechanical Failures 
o Seal Failures 

▪ Misalignment causing seal degradation 
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▪ Excessive pressure leading to seal damage 
▪ Poor seal material selection 

o Wear and Tear 
▪ Component fatigue from prolonged use 
▪ Bearing failure due to overloading 
▪ Excessive vibration due to misalignment 

o Improper Lubrication 
▪ Contaminated lubricant 
▪ Insufficient lubricant quantity 
▪ Wrong lubricant used 

• Operational Issues 
o Process Variability 

▪ Process upsets due to upstream/downstream issues 
▪ Temperature deviations beyond equipment limits 
▪ Fluctuations in flow or pressure 

o Operator Error 
▪ Incorrect response to alarms 
▪ Failure to monitor critical parameters 
▪ Inadequate operator training 

o Improper Start/Stop Procedures 
▪ Lack of warm-up or cooldown cycles 
▪ Failure to follow shutdown protocols 
▪ Sudden load application during startup 

• Maintenance Practices 
o Lack of Predictive Maintenance 

▪ Failure to track oil condition or wear debris 
▪ No infrared thermography for heat monitoring 
▪ No vibration analysis performed 

o Improper Repairs 
▪ Inexperienced technicians performing repairs 
▪ Use of unapproved repair methods 
▪ Incorrect installation of replacement parts 

o Inadequate Preventive Maintenance 
▪ Poor documentation of maintenance history 
▪ Failure to replace critical parts on time 
▪ Overdue inspection schedules 

• Environmental Factors 
o External Vibrations 

▪ Seismic activity impacting equipment integrity 
▪ Improperly isolated equipment foundations 
▪ Nearby machinery causing resonance 

o Contamination 
▪ Poorly maintained filtration systems 
▪ Exposure to corrosive chemicals or moisture 
▪ Ingress of dust and debris 

o Temperature Extremes 
▪ Seasonal variations causing material expansion/contraction 
▪ Freezing temperatures causing thermal stress 
▪ Prolonged exposure to high ambient temperatures 

• Material Defects 
o Improper Material Selection 

▪ Use of substandard grade metals or polymers 
▪ Material unable to withstand high temperatures 
▪ Use of non-corrosion-resistant materials 

o Material Fatigue 
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▪ Failure due to exceeding material strength limits 
▪ Corrosion leading to material weakening 
▪ Microcracks developing under cyclic loads 

o Manufacturing Flaws 
▪ Substandard welds or joints 
▪ Casting imperfections in housings 
▪ Defective bearings or shafts 

• Design Deficiencies 
o Complex Designs 

▪ Lack of standardization leading to errors in assembly 
▪ Overly sensitive equipment requiring precise controls 
▪ Difficult to access parts for maintenance 

o Inadequate Safety Margins 
▪ Limited redundancy in critical systems 
▪ Failure to account for process variability 
▪ Insufficient allowance for transient loads 

o Improper Load Calculation 
▪ Mismatched coupling designs 
▪ Incorrect torque or speed settings 
▪ Overestimation of equipment capacity 

Suggested Actions Checklist: 

Here are some corrective, preventive and investigative actions that can help you resolve issues related to rotating equipment. 

Mechanical Failures 

• Seal Failures 
o Corrective Actions 

▪ Replace damaged seals with correctly aligned and pressure-rated alternatives. 
▪ Adjust system pressure to meet operational specifications. 
▪ Verify and install seals made from appropriate materials for the operating environment. 

o Preventive Actions 
▪ Conduct periodic alignment checks for rotating components. 
▪ Establish pressure monitoring systems with alarm thresholds. 
▪ Create a material selection guide for seal procurement. 

o Investigative Actions 
▪ Analyze historical data for alignment and pressure-related issues. 
▪ Conduct failure analysis of degraded seals to determine material deficiencies. 
▪ Review seal installation procedures for compliance with standards. 

• Wear and Tear 
o Corrective Actions 

▪ Replace fatigued components and bearings. 
▪ Reduce equipment loading to within safe operating limits. 
▪ Address vibration issues by aligning rotating parts and securing loose components. 

o Preventive Actions 
▪ Implement condition monitoring for wear indicators (e.g., fatigue, vibrations). 
▪ Develop load management protocols and train operators accordingly. 
▪ Schedule regular inspections of vibration levels and alignments. 

o Investigative Actions 
▪ Review past maintenance records for wear trends. 
▪ Conduct root cause analysis on failed components to identify overloading patterns. 
▪ Evaluate vibration data for signs of progressive misalignment. 

• Improper Lubrication 
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o Corrective Actions 
▪ Flush systems to remove contaminated lubricant and replace with clean, recommended lubricants. 
▪ Replenish lubricant to optimal levels as per manufacturer specifications. 
▪ Replace inappropriate lubricants with suitable alternatives. 

o Preventive Actions 
▪ Institute lubrication audits and training for staff. 
▪ Install automated lubrication systems to ensure consistency. 
▪ Develop a lubrication compatibility chart for different equipment. 

o Investigative Actions 
▪ Test lubricant samples for contamination and performance characteristics. 
▪ Review equipment lubrication schedules and adherence. 
▪ Examine storage and handling procedures for lubricants. 

Operational Issues 

• Process Variability 
o Corrective Actions 

▪ Stabilize process flows by addressing upstream/downstream irregularities. 
▪ Adjust temperature and pressure controls to match equipment specifications. 
▪ Implement surge tanks or dampers to handle fluctuations in flow or pressure. 

o Preventive Actions 
▪ Install real-time monitoring systems to detect and respond to process deviations. 
▪ Calibrate control systems regularly to maintain operational stability. 
▪ Train operators to manage process variability efficiently. 

o Investigative Actions 
▪ Analyze incident logs for patterns in process upsets. 
▪ Conduct system audits to identify variability sources. 
▪ Validate the design capacity of equipment against actual operating conditions. 

• Operator Error 
o Corrective Actions 

▪ Retrain operators on alarm response protocols and critical parameter monitoring. 
▪ Assign supervisors to oversee high-risk operations. 
▪ Update and simplify operational guidelines. 

o Preventive Actions 
▪ Conduct regular competency assessments for operators. 
▪ Enhance operator training programs with simulations and drills. 
▪ Develop clear alarm escalation matrices for decision-making. 

o Investigative Actions 
▪ Interview operators involved in incidents to understand gaps in training. 
▪ Review alarm system configurations for clarity and prioritization. 
▪ Audit operator logs for adherence to monitoring procedures. 

• Improper Start/Stop Procedures 
o Corrective Actions 

▪ Implement proper warm-up and cooldown protocols for equipment. 
▪ Standardize shutdown and startup procedures with clear steps. 
▪ Replace components damaged due to sudden load application. 

o Preventive Actions 
▪ Automate start/stop sequences where feasible. 
▪ Train operators on the importance of following start/stop cycles. 
▪ Conduct routine reviews of startup and shutdown procedures. 

o Investigative Actions 
▪ Analyze incidents for deviations from standard procedures. 
▪ Review maintenance logs for any issues linked to improper procedures. 
▪ Assess whether procedural documentation is clear and accessible. 
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Maintenance Practices 

• Lack of Predictive Maintenance 
o Corrective Actions 

▪ Initiate predictive maintenance programs using oil analysis and vibration monitoring. 
▪ Conduct immediate inspections of critical components for wear or damage. 
▪ Upgrade maintenance tools to include thermography and condition monitoring. 

o Preventive Actions 
▪ Establish a predictive maintenance schedule based on equipment criticality. 
▪ Train maintenance personnel on predictive maintenance technologies. 
▪ Regularly update predictive analytics tools and software. 

o Investigative Actions 
▪ Evaluate past predictive maintenance activities for effectiveness. 
▪ Identify equipment with the highest risk of failure. 
▪ Review training records for maintenance personnel competency. 

• Improper Repairs 
o Corrective Actions 

▪ Redo repairs using approved methods and trained technicians. 
▪ Replace parts incorrectly installed or repaired. 
▪ Address procedural gaps leading to improper repairs. 

o Preventive Actions 
▪ Develop repair guidelines and standard operating procedures (SOPs). 
▪ Certify technicians for handling specific repair tasks. 
▪ Conduct quality audits on repairs and replacement parts. 

o Investigative Actions 
▪ Review the credentials and training of technicians involved in repairs. 
▪ Examine repair logs for unauthorized methods. 
▪ Analyze recurring repair failures for systemic issues. 

• Inadequate Preventive Maintenance 
o Corrective Actions 

▪ Update and prioritize overdue maintenance schedules. 
▪ Replace parts or components overlooked in past preventive maintenance. 
▪ Document a complete maintenance history for all critical equipment. 

o Preventive Actions 
▪ Implement a robust preventive maintenance tracking system. 
▪ Schedule periodic reviews of preventive maintenance plans. 
▪ Train staff on documenting and executing preventive maintenance tasks. 

o Investigative Actions 
▪ Audit maintenance records for missed schedules and recurring issues. 
▪ Identify critical equipment parts prone to neglect. 
▪ Evaluate the adequacy of the existing preventive maintenance program. 

Environmental Factors 

• External Vibrations 
o Corrective Actions 

▪ Isolate equipment foundations to minimize seismic or resonance impacts. 
▪ Stabilize nearby machinery causing interference. 
▪ Secure equipment connections to prevent vibration transmission. 

o Preventive Actions 
▪ Install vibration dampers or isolators on equipment. 
▪ Conduct vibration impact assessments during site planning. 
▪ Monitor external vibration sources periodically. 

o Investigative Actions 
▪ Identify external vibration sources impacting equipment. 
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▪ Analyze vibration patterns and their impact on equipment. 
▪ Review site plans for equipment placement and isolation measures. 

• Contamination 
o Corrective Actions 

▪ Replace contaminated filters and clean affected equipment. 
▪ Improve sealing to prevent dust and debris ingress. 
▪ Repair or replace damaged filtration systems. 

o Preventive Actions 
▪ Establish routine cleaning and filtration checks. 
▪ Upgrade to advanced filtration systems for corrosive environments. 
▪ Implement moisture and debris monitoring protocols. 

o Investigative Actions 
▪ Test contamination samples for source identification. 
▪ Review filtration maintenance schedules. 
▪ Analyze environmental conditions around the equipment. 

• Temperature Extremes 
o Corrective Actions 

▪ Install insulation or heating solutions for extreme temperatures. 
▪ Repair or replace components damaged by thermal stress. 
▪ Adjust operating procedures to accommodate seasonal variations. 

o Preventive Actions 
▪ Use materials rated for wide temperature ranges in critical equipment. 
▪ Conduct regular checks for thermal expansion or contraction effects. 
▪ Develop operational guidelines for extreme weather conditions. 

o Investigative Actions 
▪ Analyze historical temperature data and its correlation with failures. 
▪ Review material specifications for suitability in extreme conditions. 
▪ Assess the effectiveness of current temperature control measures. 

Material Defects 

• Improper Material Selection 
o Corrective Actions 

▪ Replace substandard or inappropriate materials with those meeting operational requirements. 
▪ Upgrade to corrosion-resistant or high-temperature materials as necessary. 
▪ Retrofit affected equipment with properly selected components. 

o Preventive Actions 
▪ Develop and enforce material selection standards during design and procurement phases. 
▪ Conduct compatibility testing of materials for specific operating conditions. 
▪ Train design and procurement teams on material specifications. 

o Investigative Actions 
▪ Analyze failed components to identify material weaknesses or mismatches. 
▪ Review procurement records for adherence to material specifications. 
▪ Audit material testing procedures to ensure compliance with industry standards. 

• Material Fatigue 
o Corrective Actions 

▪ Replace fatigued components with stronger, fatigue-resistant materials. 
▪ Strengthen susceptible areas by applying reinforcements or redesigning stressed regions. 
▪ Apply surface treatments or coatings to mitigate fatigue-related damage. 

o Preventive Actions 
▪ Implement fatigue analysis in the design phase to anticipate stress points. 
▪ Schedule regular inspections to detect early signs of fatigue, such as cracks. 
▪ Standardize usage limits for cyclic loading to minimize fatigue risks. 

o Investigative Actions 
▪ Conduct metallurgical analysis of failed components to assess fatigue progression. 
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▪ Review operational histories for overloading or high-cycle usage patterns. 
▪ Evaluate design calculations for adherence to fatigue safety factors. 

• Manufacturing Flaws 
o Corrective Actions 

▪ Replace defective parts such as bearings or shafts with high-quality alternatives. 
▪ Repair or rework substandard welds or casting imperfections using approved methods. 
▪ Isolate and recall defective batches from the manufacturing supply chain. 

o Preventive Actions 
▪ Implement stringent quality control measures during manufacturing, including non-destructive testing 

(NDT). 
▪ Standardize vendor qualification processes to ensure adherence to specifications. 
▪ Maintain detailed records of manufacturing processes for traceability. 

o Investigative Actions 
▪ Analyze defects for root causes, such as poor welding or casting processes. 
▪ Audit vendor facilities to ensure compliance with manufacturing standards. 
▪ Evaluate inspection and testing procedures for gaps in flaw detection. 

Design Deficiencies 

• Complex Designs 
o Corrective Actions 

▪ Simplify overly complex designs to enhance reliability and maintainability. 
▪ Standardize designs where possible to reduce assembly errors. 
▪ Modify designs to provide easier access to maintenance points. 

o Preventive Actions 
▪ Conduct design reviews with a focus on maintainability and standardization. 
▪ Train design engineers on modular and simplified design principles. 
▪ Use design simulation tools to identify and address complexities before production. 

o Investigative Actions 
▪ Analyze design failures to pinpoint areas of excessive complexity. 
▪ Compare maintenance logs for patterns in failures associated with specific designs. 
▪ Evaluate assembly processes for errors caused by complex components. 

• Inadequate Safety Margins 
o Corrective Actions 

▪ Reinforce critical systems to include sufficient redundancy and safety buffers. 
▪ Reassess and adjust designs to account for variability in process conditions. 
▪ Update designs to accommodate transient or peak load scenarios. 

o Preventive Actions 
▪ Conduct comprehensive risk assessments during the design phase. 
▪ Include conservative safety factors in design calculations to allow for variability. 
▪ Regularly update design standards to reflect changes in operating conditions. 

o Investigative Actions 
▪ Review equipment failures for signs of insufficient safety margins. 
▪ Compare operating conditions against original design specifications. 
▪ Analyze transient load scenarios for impact on equipment life. 

• Improper Load Calculation 
o Corrective Actions 

▪ Redesign mismatched couplings and replace with appropriate alternatives. 
▪ Recalculate torque, speed, and capacity settings to align with actual conditions. 
▪ Retrofit equipment to meet correct load requirements. 

o Preventive Actions 
▪ Validate load calculations during the design and procurement stages. 
▪ Use advanced simulation tools to test designs under various load conditions. 
▪ Train engineers on accurate load assessment techniques and tools. 

o Investigative Actions 
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▪ Audit failed components for signs of load-related stresses or improper coupling. 
▪ Compare real operating conditions to the assumptions made in initial load calculations. 
▪ Review design documentation to identify and address calculation errors. 

Who can use the Rotating Equipment Failures template? 

• Maintenance Engineers: They can use the template to systematically investigate failures, identify the root causes, and plan 
maintenance activities that prevent future issues. 

• Operations Managers: They can utilize the template to understand how operational practices may contribute to equipment 
failures and implement corrective actions to optimize processes. 

• Reliability Engineers: These professionals can apply the template to improve equipment reliability by analyzing failure data 
and developing strategies to enhance the performance and lifespan of rotating equipment. 

• Plant Supervisors and Technicians: They can use the template as a guide during troubleshooting and failure investigations, 
ensuring that all potential causes are considered. 

• Safety Officers: They can employ the template to assess how equipment failures might impact plant safety and to develop 
strategies that mitigate risks associated with such failures. 

• Design Engineers: They can use the template to review design-related failures and improve the design specifications for 
future equipment to ensure they meet operational demands. 

• Quality Assurance Teams: They can leverage the template to investigate failures linked to design flaws or poor material 
selection, ensuring higher quality standards are met in future projects. 

Why use this template? 

Conducting Root Cause Analysis (RCA) for rotating equipment failures using a fishbone diagram is an effective method to identify all 
contributing factors. ProSolvr, a powerful visual RCA tool, simplifies this process by helping teams visualize how different factors 
interrelate, making it easier to pinpoint the underlying causes rather than just addressing symptoms. By categorizing and analyzing 
each failure factor, ProSolvr enables teams to implement targeted corrective actions, preventing future failures and improving the 
reliable operation of rotating equipment. This leads to reduced downtime, enhanced plant productivity, and greater overall 
operational efficiency. 

Use ProSolvr by smartQED for a detailed analysis of equipment if your plant for efficient problem resolution.  

Curated from community experience and public sources:  

• https://www.assetwatch.com/blog/rotating-equipment-
issues#:~:text=Poor%20Maintenance%20Practices%3A%20Even%20the,premature%20failure%20and%20unscheduled%20
downtime 

• https://patents.google.com/patent/US20180282633A1/en 
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RCA Template for: Valve Failures 

 

Valve failures in petrochemical plants pose significant risks to production, safety, and the environment. These critical components 
regulate the flow of various fluids and gases, and any failure can result in costly downtime, increased maintenance expenses, or 
dangerous safety incidents involving toxic or flammable substances. Common causes include material degradation, flawed structural 
designs, operational misuse, and inadequate maintenance practices. Addressing these failures requires a thorough understanding of 
their root causes to implement effective corrective and preventive measures. 

Aging infrastructure and poor material quality are among the most prevalent contributors to valve failures. Repeated stress cycles, 
prolonged exposure to high temperatures, and improper material selection can lead to corrosion, erosion, and weakening over time. 
Similarly, flawed valve designs—such as inadequate thermal expansion allowances or high-stress concentration points—can cause 
mechanical fatigue and seal failures. These issues are often compounded by operational errors, such as overuse, misuse, or insufficient 
operator training, which accelerate wear and tear on valves, reducing their reliability and lifespan. 

To address these challenges, advanced tools like ProSolvr offer transformative solutions. By leveraging AI-driven root cause analysis 
(RCA) and Six Sigma methodologies, ProSolvr enables petrochemical plants to systematically investigate failures and uncover 
actionable insights. For example, a structured fishbone diagram can map the interconnected causes of a failure, highlighting patterns 
that might otherwise go unnoticed. This approach ensures comprehensive resolution while facilitating the implementation of targeted 
corrective actions, such as optimizing maintenance schedules or enhancing material specifications. 

ProSolvr, a Gen AI-driven visual root cause analysis application, excels at analyzing complex, multi-causal failures, making it an 
invaluable tool for continuous improvement in petrochemical operations. Beyond resolving issues, its Gen AI-powered insights and 
recommendation engine enable organizations to identify root causes, enhance safety, minimize operational risks, and improve 
performance. By using ProSolvr, organizations can achieve sustained reliability, operational efficiency, and long-term excellence. 

Valve Failures 

• Material Issues 

• Aging Infrastructure 

• Lack of timely material replacement 

• Weakening due to repeated stress cycles 

• Prolonged exposure to high temperatures 

• Corrosion and Erosion 
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• Improper material selection for the application 

• Insufficient protective coatings 

• Exposure to aggressive chemicals 

• Poor Material Quality 

• Inadequate testing of material properties 

• Non-compliance with industry material standards 

• Use of substandard alloys 

• Design Flaws 

• Incompatibility with Processes 

• Overcomplicated design leading to maintenance difficulties 

• Ineffective thermal expansion accommodations 

• Poor adaptability to process fluid types 

• Flawed Structural Design 

• High stress concentration points 

• Vulnerability to mechanical fatigue 

• Weak seal configurations 

• Inadequate Specifications 

• Improper consideration of flow characteristics 

• Underestimation of pressure tolerances 

• Incorrect valve sizing 

• Operational Errors 

• Overuse or Misuse 

• Using valves for unintended applications 

• Operating under excessive vibration conditions 

• Prolonged operation beyond duty cycle limits 

• Inadequate Training 

• Poor response to abnormal operating conditions 

• Lack of awareness about failure modes 

• Insufficient understanding of valve operations 

• Improper Handling 

• Lack of situational awareness during valve adjustments 

• Failure to adhere to torque specifications 

• Incorrect manual operation procedures 

• Maintenance Deficiencies 

• Delayed Maintenance 

• Lack of spare parts availability 

• Prioritization of short-term operations over servicing 

• Insufficient maintenance scheduling 

• Ineffective Repair Practices 

• Poor alignment during reassembly 

• Lack of post-repair testing 

• Use of incompatible replacement parts 

• Inadequate Inspection 

• Insufficient use of non-destructive testing methods 

• Missing internal component inspections 

• Failure to detect wear and tear 

• Environmental and External Factors 

• Natural Events 

• Temperature drops leading to freezing 

• Flooding causing contamination 

• Earthquake-induced misalignment 

• External Damage 

• Accidental human interference 
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• Vibration-induced looseness 

• Impact from foreign objects 

• Harsh Operating Conditions 

• Presence of abrasive or solid particles in fluids 

• Extreme pressure fluctuations 

• High-temperature environments 

• Manufacturing Defects 

• Vendor Issues 

• Counterfeit or substandard components 

• Delayed delivery affecting quality 

• Subcontractor errors in component manufacturing 

• Quality Control Failures 

• Failure to identify microscopic cracks 

• Insufficient leak testing 

• Inadequate pressure testing 

• Production Errors 

• Poor machining tolerances 

• Improper casting or forging techniques 

• Dimensional inconsistencies 

 
Suggested Actions Checklist: 

Here are some corrective actions, preventive actions and investigative actions that organizations may use to take care of valve issues.  

Material Issues 

• Aging Infrastructure 
o Corrective Actions: 

▪ Replace outdated valves with modern, high-strength materials. 
▪ Repair or reinforce weakened structures to restore functional integrity. 

o Preventive Actions: 
▪ Establish a scheduled material replacement program based on lifecycle analysis. 
▪ Use predictive maintenance techniques to identify aging components before failure. 

o Investigative Actions: 
▪ Conduct a failure mode analysis to understand how aging contributed to the failure. 
▪ Review historical maintenance records to assess replacement timelines. 

• Corrosion and Erosion 
o Corrective Actions: 

▪ Replace corroded or eroded valves with those made from corrosion-resistant alloys. 
▪ Apply or renew protective coatings to affected areas. 

o Preventive Actions: 
▪ Implement regular inspections and recoating schedules for protective layers. 
▪ Select materials based on compatibility with process chemicals and operating conditions. 

o Investigative Actions: 
▪ Test failed valve material to evaluate the extent and cause of corrosion/erosion. 
▪ Review chemical exposure data and operating conditions for potential accelerants. 

• Poor Material Quality 
o Corrective Actions: 

▪ Replace substandard valves with high-quality, certified components. 
▪ Introduce additional quality assurance checks during procurement. 

o Preventive Actions: 
▪ Establish stringent supplier qualification processes. 
▪ Require third-party certifications and material testing before acceptance. 
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o Investigative Actions: 
▪ Audit supplier processes to identify gaps in quality control. 
▪ Conduct metallurgical analysis of failed components to pinpoint defects. 

Design Flaws 

• Incompatibility with Processes 

• Corrective Actions: 

• Redesign valves to align with specific process requirements, such as fluid type or thermal expansion. 

• Simplify valve designs to facilitate easier maintenance. 

• Preventive Actions: 

• Perform process compatibility studies during design and procurement stages. 

• Use computational simulations to test valve designs under expected operating conditions. 

• Investigative Actions: 

• Analyze process conditions that exposed design incompatibilities. 

• Review design documentation to ensure all operational parameters were considered. 

• Flawed Structural Design 

• Corrective Actions: 

• Modify designs to address high-stress concentration points and improve mechanical resilience. 

• Strengthen seal configurations to withstand operational loads. 

• Preventive Actions: 

• Use advanced finite element analysis (FEA) during the design phase to optimize stress distribution. 

• Standardize design reviews and testing procedures to identify structural weaknesses. 

• Investigative Actions: 

• Examine failure locations for structural defects or unexpected stress loads. 

• Review past design changes or deviations for potential issues. 

• Inadequate Specifications 

• Corrective Actions: 

• Update valve specifications to accurately reflect flow, pressure, and sizing requirements. 

• Reinstall valves sized correctly for the application. 

• Preventive Actions: 

• Conduct detailed process studies to inform specification development. 

• Develop a database of validated specifications for future reference. 

• Investigative Actions: 

• Compare failed valve specifications with actual process requirements. 

• Review procurement and design documentation for misalignments. 

Operational Errors 

• Overuse or Misuse 

• Corrective Actions: 

• Replace or repair damaged valves caused by overuse or misuse. 

• Limit valve operations to within manufacturer-recommended conditions. 

• Preventive Actions: 

• Implement strict operational protocols to ensure proper usage. 

• Monitor valve operations with automated systems to detect deviations. 

• Investigative Actions: 

• Evaluate operational logs for patterns of misuse or excessive strain. 

• Interview operators to identify knowledge or procedural gaps. 

• Inadequate Training 

• Corrective Actions: 

• Retrain staff on valve operations and response to abnormal conditions. 

• Provide detailed operational manuals and troubleshooting guides. 
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• Preventive Actions: 

• Develop and implement a comprehensive training program for all operators. 

• Conduct regular training refreshers to address evolving processes. 

• Investigative Actions: 

• Assess operator actions and decisions during the incident. 

• Review training materials and attendance records for potential deficiencies. 

• Improper Handling 

• Corrective Actions: 

• Repair valves damaged by mishandling or incorrect adjustments. 

• Establish proper torque specifications and handling procedures. 

• Preventive Actions: 

• Train operators on correct handling techniques and torque requirements. 

• Use automated torque tools to ensure consistency during adjustments. 

• Investigative Actions: 

• Inspect damaged valves for signs of improper handling or force application. 

• Interview personnel involved in the handling to identify root causes. 

Maintenance Deficiencies 

• Delayed Maintenance 

• Corrective Actions: 

• Perform overdue maintenance immediately and prioritize servicing of critical valves. 

• Update maintenance schedules to reduce delays. 

• Preventive Actions: 

• Maintain an inventory of spare parts to prevent maintenance backlogs. 

• Automate maintenance reminders and integrate with workflow systems. 

• Investigative Actions: 

• Analyze maintenance logs to identify recurring delays. 

• Evaluate the resource allocation process for maintenance activities. 

• Ineffective Repair Practices 

• Corrective Actions: 

• Reassemble valves with proper alignment and verify through testing. 

• Replace incompatible parts with approved replacements. 

• Preventive Actions: 

• Develop standardized repair procedures and guidelines. 

• Train maintenance personnel on proper repair techniques and testing methods. 

• Investigative Actions: 

• Inspect failed valves to assess repair quality and adherence to protocols. 

• Review repair logs and records for inconsistencies or missed steps. 

• Inadequate Inspection 

• Corrective Actions: 

• Conduct a thorough inspection of internal components to identify wear and tear. 

• Enhance inspection protocols to include advanced non-destructive testing (NDT) methods. 

• Preventive Actions: 

• Schedule regular inspections focusing on high-risk valves and areas. 

• Use predictive tools to monitor valve integrity and identify potential failures. 

• Investigative Actions: 

• Analyze inspection reports for missed indications of damage. 

• Evaluate the effectiveness and frequency of inspection methods. 

Environmental and External Factors 

• Natural Events 
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• Corrective Actions: 

• Repair or replace valves damaged by freezing, flooding, or misalignment due to earthquakes. 

• Reinforce vulnerable areas to minimize future environmental damage. 

• Preventive Actions: 

• Install insulation and heating systems to prevent freezing in cold environments. 

• Elevate critical components to protect against flooding. 

• Use flexible connections or shock-absorbing mounts to mitigate earthquake impacts. 

• Investigative Actions: 

• Assess environmental conditions at the failure site to identify the contributing natural factors. 

• Review historical weather or seismic data to evaluate risks. 

• External Damage 

• Corrective Actions: 

• Repair or replace valves affected by accidental interference, vibration-induced looseness, or foreign object 
impacts. 

• Secure valves and associated systems to reduce vulnerability to external forces. 

• Preventive Actions: 

• Implement physical barriers or protective casings around critical valves. 

• Conduct regular inspections to detect and address early signs of external wear or damage. 

• Investigative Actions: 

• Examine the site for evidence of accidental interference or foreign object presence. 

• Interview personnel and review records for incidents involving external impacts. 

• Harsh Operating Condition: 

• Corrective Actions: 

• Replace or upgrade valves to handle abrasive particles, extreme pressures, or high temperatures. 

• Clean and flush systems to remove abrasive materials from process fluids. 

• Preventive Actions: 

• Use filters and separators to reduce solid particles in fluids. 

• Select valves rated for high-temperature and high-pressure environments. 

• Investigative Actions: 

• Analyze process fluids and conditions for compatibility with valve materials. 

• Review operational logs for deviations from expected pressure or temperature limits. 

Manufacturing Defects 

• Vendor Issues 

• Corrective Actions: 

• Replace counterfeit or substandard components with certified parts. 

• Work with vendors to rectify issues caused by delayed deliveries or subcontractor errors. 

• Preventive Actions: 

• Establish a robust supplier qualification and monitoring program. 

• Require traceability documentation and certifications for all supplied components. 

• Investigative Actions: 

• Audit vendor supply chains to identify gaps or weak points. 

• Test failed components to verify compliance with quality standards. 

• Quality Control Failures 

• Corrective Actions: 

• Replace valves that failed due to inadequate pressure or leak testing or unnoticed microscopic cracks. 

• Implement stricter quality checks during manufacturing and final inspections. 

• Preventive Actions: 

• Enhance quality assurance protocols, including advanced testing methods such as ultrasonic or radiographic 
testing. 

• Train quality control personnel on identifying subtle defects. 

• Investigative Actions: 
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• Review manufacturing records and quality control logs for lapses in testing. 

• Analyze failed components to determine the type and origin of undetected defects. 

• Production Errors 

• Corrective Actions: 

• Rectify machining or dimensional inconsistencies through rework or replacement of defective components. 

• Improve casting or forging techniques to ensure structural integrity. 

• Preventive Actions: 

• Use precision machining tools and automated systems to reduce human error. 

• Establish stringent checks for casting, forging, and machining tolerances. 

• Investigative Actions: 

• Analyze failed valves for production-related defects such as poor tolerances or improper finishes. 

• Audit production processes to identify and address root causes of inconsistencies. 

Who can learn from the Valve Failure template? 

• Maintenance Engineers: They can learn from the importance of regular inspections, proper calibration, and understanding 
the common maintenance issues that lead to valve failures. 

• Process Engineers: They can benefit from insights into how design issues and operational conditions can impact valve 
performance, enabling them to improve process design and operating procedures. 

• Operations Staff: They can gain a better understanding of how their actions, such as improper operation and excessive load, 
contribute to valve failures and how to prevent these issues through proper procedures and training. 

• Quality Assurance and Control Teams: They can learn the significance of proper material selection, quality control during 
manufacturing, and the need for stringent inspection protocols to ensure that valves meet the required standards. 

• Health, Safety, and Environment (HSE) Officers: They can use the template to understand the potential environmental and 
safety impacts of valve failures, reinforcing the need for preventive measures and risk assessments. 

Why use this template? 

A specialized Gen AI-powered visual root cause analysis application like ProSolvr, which utilizes fishbone diagrams, enhances the 
analytical process by visualizing the interconnected causes of failures. ProSolvr enables teams to map these causes in a clear, 
structured hierarchy, streamlining collaborative problem-solving. This approach ensures that all relevant stakeholders can actively 
contribute to identifying root causes and implementing effective corrective and preventive actions (CAPA). By integrating such a 
powerful tool for quality and reliability, petrochemical plants can transform challenges into opportunities for process improvement, 
minimize risks, and ensure long-term operational excellence. 

Use ProSolvr by smartQED for a thorough analysis of the equipment in your petrochemical plant. 

Curated from community experience and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/S1350630708002252 

• https://steelstrong.com/blogs/valve-applications-in-the-oil-refining-and-petrochemical-industry/ 

 

  

https://www.sciencedirect.com/science/article/abs/pii/S1350630708002252
https://steelstrong.com/blogs/valve-applications-in-the-oil-refining-and-petrochemical-industry/


216 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

RCA Template for: Pump Failure in Petrochemical Plants 

 

Pump failures in petrochemical plants are complex, often requiring a mix of technical expertise, operational vigilance, and proactive 
maintenance to prevent and mitigate issues. These failures can lead to significant operational disruptions, safety hazards, and financial 
losses. 

Pumps are essential for transporting fluids like crude oil, chemicals, and other products through various processing stages. Numerous 
issues, such as bearing failure due to improper lubrication or impeller erosion from cavitation, can disrupt pump operation. These 
problems often result in noise, vibration, and ultimately, pump failure. Hydraulic issues, such as cavitation, where vapor bubbles form 
due to low-pressure conditions, can also cause significant damage. 

Consequences of Pump Failures in Petrochemical Plants  

• Production Loss: Unplanned shutdowns can result in significant production losses and delays. 

• Safety Hazards: Leaks, spills, or pressure surges caused by pump failures can create hazardous conditions, potentially leading 
to fires, explosions, or toxic releases. 

• Environmental Impact: Fluid leaks due to pump failure can contaminate soil, water, and air, leading to environmental damage 
and regulatory penalties. 

• Increased Maintenance Costs: Frequent pump failures can lead to higher repair costs, increased spare parts inventory, and 
additional labor requirements. 

• Reputation Damage: Persistent pump failures can damage the reputation of the plant and the company, especially if they 
result in safety incidents or environmental violations. 

A root cause analysis (RCA), using the Six Sigma principles can be a critical tool in addressing pump failures in petrochemical plants by 
identifying the underlying causes rather than just treating the symptoms. By systematically investigating pump failures, a visual RCA 
tool like ProSolvr helps to uncover the specific factors—whether mechanical, operational, or environmental—that contributed to the 
issue. This process typically involves gathering data, analyzing pump performance, and examining maintenance records to trace back 
the sequence of events leading to the failure. By pinpointing the root cause, whether it’s improper lubrication, material corrosion, or 
operational errors, RCA enables the implementation of targeted corrective, preventive and investigative actions that directly address 
the source of the problem. 
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Pump Failure in Petrochemical Plants 

• Cavitation 
o Improper Pump Operation 

▪ Damage to Other Components 
▪ Damage to Impeller 

• Seal Failures 
o Exposure to Harsh Chemicals 
o Improper Installation 
o Wear and Tear 

• Bearing Wear 
o Excessive Operational Loads 
o Misalignment 
o Inadequate Lubrication 

• Pump Design Issues 
o Improper Design Specifications 
o Inadequate Material Selection 

• Operational Issues 
o Operator Error 
o Improper Maintenance 

• Systemic Issues 
o Inadequate Training 
o Process Conditions 

Suggested Actions Checklist  

This checklist addresses the potential root causes of pump failure comprehensively, ensuring that corrective, preventive, and 
investigative actions are implemented to improve pump reliability and performance. 

Cavitation 

• Corrective 
o Replace damaged pump components affected by cavitation. 

• Preventive 
o Optimize pump operating conditions to avoid low-pressure zones. 
o Install pressure monitoring devices to detect early signs of cavitation. 

• Investigative 
o Analyze the operating conditions that led to cavitation and adjust the system design or operation. 

Improper Pump Operation 

• Corrective 
o Immediately correct any improper operation of the pump and assess damage. 

• Preventive 
o Implement detailed operating procedures and train operators on proper pump usage. 

• Investigative 
o Review and analyze past incidents to identify trends in improper operation. 

Damage to Other Components 

• Corrective 
o Inspect and replace damaged components linked to pump failure. 

• Preventive 
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o Conduct regular inspections of all related components to ensure they are in good condition. 

• Investigative 
o Analyze the relationship between pump failure and the damage to other components. 

Damage to Impeller 

• Corrective 
o Replace or repair the impeller if damaged. 

• Preventive 
o Ensure proper installation and regular maintenance to prevent impeller damage. 

• Investigative 
o Investigate the causes of impeller damage, such as foreign object entry or cavitation. 

Seal Failures 

• Corrective 
o Replace failed seals immediately to prevent leaks. 

• Preventive 
o Use seals made from materials compatible with the pumped fluid and operating conditions. 
o Implement regular seal inspections and replacements as part of maintenance. 

• Investigative 
o Determine the cause of seal failure, whether due to material incompatibility, improper installation, or excessive 

wear. 

Exposure to Harsh Chemicals 

• Corrective 
o Replace any components damaged by chemical exposure. 

• Preventive 
o Use materials resistant to the chemicals being pumped. 
o Implement protective coatings or barriers for vulnerable components. 

• Investigative 
o Assess the chemical properties of the fluids being pumped and ensure material compatibility. 

Improper Installation 

• Corrective 
o Correct any installation issues and assess any resulting damage. 

• Preventive 
o Ensure all installations are performed by trained personnel following manufacturer guidelines. 
o Implement a checklist for proper pump installation. 

• Investigative 
o Investigate the installation process to identify any gaps in training or procedure adherence. 

Wear and Tear 

• Corrective 
o Replace worn components such as bearings, seals, or impellers. 

• Preventive 
o Schedule regular maintenance checks and replace parts before they reach the end of their service life. 
o Implement condition monitoring to detect early signs of wear. 

• Investigative 
o Analyze the wear patterns to identify any factors accelerating wear and tear. 
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Bearing Wear 

• Corrective 
o Replace worn bearings immediately to avoid further damage. 

• Preventive 
o Ensure proper lubrication and alignment to extend bearing life. 
o Implement regular bearing condition monitoring. 

• Investigative 
o Investigate the causes of bearing wear, such as excessive load or inadequate lubrication. 

Excessive Operational Loads 

• Corrective 
o Adjust system settings to reduce the load on the pump. 

• Preventive 
o Ensure the pump is operating within its designed load capacity. 
o Install overload protection devices. 

• Investigative 
o Review operational data to identify periods of excessive load and implement corrective measures. 

Misalignment 

• Corrective 
o Realign the pump to prevent further mechanical stress. 

• Preventive 
o Use precision alignment tools during installation and regular maintenance. 
o Implement vibration analysis to detect misalignment early. 

• Investigative 
o Investigate the cause of misalignment, whether due to improper installation or external factors. 

Inadequate Lubrication 

• Corrective 
o Lubricate or replace damaged components. 

• Preventive 
o Establish a strict lubrication schedule based on manufacturer recommendations. 
o Use automated lubrication systems to ensure consistent application. 

• Investigative 
o Assess lubrication practices to identify gaps or inconsistencies. 

Pump Design Issues 

• Corrective 
o Modify or replace the pump if design flaws are identified. 

• Preventive 
o Conduct thorough design reviews and simulations before pump installation. 
o Ensure that the pump design matches the specific application requirements. 

• Investigative 
o Analyze design specifications to determine if they meet operational demands. 

 

 



220 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

Improper Design Specifications 

• Corrective 
o Redesign or select a pump with specifications that meet operational requirements. 

• Preventive 
o Perform detailed assessments during the design phase to ensure appropriate specifications. 

• Investigative 
o Review the design process to identify where improper specifications were introduced. 

Inadequate Material Selection 

• Corrective 
o Replace components made from inappropriate materials. 

• Preventive 
o Select materials that are fully compatible with the operating environment and pumped fluids. 

• Investigative 
o Analyze material failures to ensure future selections are suitable. 

Operational Issues 

• Operator Error 
o Corrective 

▪ Correct the error and retrain operators involved. 
o Preventive 

▪ Enhance operator training and update procedures to prevent errors. 
o Investigative 

▪ Analyze the error to understand the root cause and prevent recurrence. 

• Improper Maintenance 
o Corrective 

▪ Perform immediate maintenance to address any issues. 
o Preventive 

▪ Implement a robust maintenance schedule and ensure adherence. 
o Investigative 

▪ Review maintenance records to identify lapses or inadequacies in procedures. 

Systemic Issues 

• Inadequate Training 
o Corrective 

▪ Provide immediate, comprehensive training to affected personnel. 
o Preventive 

▪ Regularly update and reinforce training programs to cover all aspects of pump operation and maintenance. 
o Investigative 

▪ Assess training programs to identify gaps in knowledge and address them. 

• Process Conditions 
o Corrective 

▪ Adjust process conditions to ensure they are within the pump’s operational limits 
o Preventive 

▪ Implement continuous monitoring of process conditions with automatic alerts for deviations. 
o Investigative 

▪ Analyze the process conditions that led to the failure and implement control measures to prevent 
recurrence. 

Who can learn from the Pump Failure in Petrochemical Plants template? 
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• Maintenance Technicians and Engineers: These individuals can learn from RCA by gaining insights into the specific causes of 
pump failures and how to address them effectively. Understanding the root causes helps in refining maintenance procedures, 
improving troubleshooting techniques, and preventing future issues. 

• Process Engineers: They can use RCA findings to adjust process parameters or redesign systems to minimize factors 
contributing to pump failures. This knowledge helps in optimizing pump performance and ensuring that the process 
conditions are within safe operational limits. 

• Operations Personnel: Operators who interact with pumps daily can benefit from RCA by learning about best practices for 
pump operation, recognizing early warning signs of potential failures, and adhering to proper start-up and shut-down 
procedures. 

• Quality Control and Assurance Teams: These teams can apply RCA findings to improve quality control measures, ensuring 
that pumps and related components meet the required standards and are less likely to experience failure due to 
manufacturing defects or material issues. 

• Management and Plant Leadership: Understanding the outcomes of RCA allows management to make informed decisions 
about resource allocation, maintenance budgets, and investments in new technology or training programs. It also highlights 
the importance of fostering a culture of continuous improvement and safety. 

• Training and Development Specialists: These specialists can use RCA insights to develop more effective training programs 
for all relevant personnel, focusing on areas identified as contributing to pump failures. Improved training ensures that staff 
are better prepared to handle equipment issues and reduce the likelihood of future failures. 

Why use this template?  

Implementing a Gen-AI powered RCA in pump failure incidents not only helps in preventing recurrence but also enhances overall plant 
reliability and safety. By addressing the fundamental issues uncovered during the analysis, petrochemical plants can improve 
maintenance practices, optimize pump design and operation, and refine training programs for personnel. This proactive approach 
reduces the likelihood of future failures, minimizes downtime, and mitigates the risk of safety hazards, ultimately leading to more 
efficient and safer plant operations. 

Use ProSolvr by smartQED to draft and customize templates in your petrochemical plants to prevent pump failure and other 
equipment issues in future. 

Curated from community experience and public sources:  

• https://faculty.kfupm.edu.sa/COE/sadiq/proceedings/SEC2002/vol4/P475.pdf 

• https://www.sciencedirect.com/science/article/abs/pii/S0957417409005752 
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222 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

RCA Template for: Heat Exchanger Failures 

 

   

Heat exchanger failure in compressor plants refers to the malfunction or degradation of heat exchangers, which are critical 
components used to transfer heat between two or more fluids. In compressor plants, heat exchangers play a vital role in managing 
the temperature of process fluids, which can be crucial for efficient operation and maintaining product quality. When a heat exchanger 
fails, it can significantly impact the plant’s performance and safety. Addressing these factors helps in maintaining the reliability and 
efficiency of heat exchangers, thereby ensuring smooth and safe operation of the compressor plant. 

Consequences of Heat Exchanger Failure 

• Reduced Efficiency: Heat exchangers that are not functioning properly can lead to decreased efficiency in the compressor 
plant, affecting overall performance. 

• Increased Energy Consumption: Inefficient heat transfer can cause increased energy consumption as the system works 
harder to achieve the desired temperature. 

• Product Quality Issues: Failures can affect the quality of the final product, especially if the heat exchanger is part of a critical 
process. 

• Safety Hazards: Leaks or failures can pose safety risks, including the potential for hazardous material exposure or fire. 

• Increased Downtime: Repair or replacement of failed heat exchangers can lead to increased downtime and lost production. 

• High Maintenance Costs: Frequent failures or extensive damage can result in high maintenance and repair costs. 

Root cause analysis (RCA) using fishbone diagrams provides significant benefits for addressing heat exchanger failures in compressor 
plants. Fishbone diagrams, also known as Ishikawa diagrams, facilitate a structured approach to identifying the underlying causes of 
failures by categorizing potential issues into various factors such as equipment, processes, materials, and human factors. This visual 
RCA tool helps teams systematically analyze and trace the root causes of heat exchanger malfunctions, such as fouling, corrosion, or 
leaks. By breaking down complex problems into more manageable components, the fishbone template enhances understanding and 
highlights interrelationships between different factors, enabling more effective troubleshooting and targeted solutions. 
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Heat Exchanger Failures 

• Equipment 
o Wear and Tear 

▪ Fatigue cracking due to thermal cycling 
▪ Tube wall thinning due to erosion 

o Maintenance 
▪ Inadequate tube cleaning procedures 
▪ Lack of regular inspection 

o Design Issues 
▪ Poor heat exchanger design 
▪ Inadequate tube material selection 

• Process 
o Procedure 

▪ Lack of monitoring of critical operating parameters 
▪ Incorrect startup and shutdown procedure 

o Operating Conditions 
▪ High fluid velocities causing erosion 
▪ Excessive temperature differentials 

• People 
o Human Error 

▪ Failure to detect early signs of leaks 
▪ Improper handling during maintenance 

o Training 
▪ Lack of awareness regarding operating limits 
▪ Insufficient training on maintenance procedures 

• Materials 
o Corrosion 

▪ Galvanic corrosion due to dissimilar metals 
▪ Chemical corrosion from process fluids 

o Quality of Materials 
▪ Defective tubes from suppliers 
▪ Use of substandard or inappropriate tube materials 

• Environment 
o Location 

▪ Inadequate protection from environmental elements 
▪ Proximity to corrosive environments 

o External Factors 
▪ External corrosion due to humidity or pollutants 
▪ High ambient temperature accelerating material degradation 

• Management 
o Budget 

▪ Delayed replacement of aging equipment 
▪ Insufficient funds for periodic upgrades 

o Policies 
▪ Lack of risk assessment for tube failure 
▪ Inadequate maintenance schedules 
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Suggested Actions Checklist  

These are some corrective, preventive, and investigative actions for heat exchanger failures in petrochemical plants.  

Equipment 

• Wear and Tear 
o Fatigue Cracking due to Thermal Cycling 

▪ Corrective: Inspect and repair or replace cracked tubes. 
▪ Preventive: Implement thermal cycling monitoring and control measures to reduce fatigue. 
▪ Investigative: Analyze the history of thermal cycles to identify the root cause of excessive fatigue. 

o Tube Wall Thinning due to Erosion 
▪ Corrective: Replace eroded tubes and install erosion-resistant materials. 
▪ Preventive: Implement flow rate controls and use erosion-resistant coatings or materials. 
▪ Investigative: Conduct a flow analysis to determine erosion-prone areas and adjust design or operating 

conditions accordingly. 

• Maintenance 
o Inadequate Tube Cleaning Procedures 

▪ Corrective: Clean tubes thoroughly and remove any deposits. 
▪ Preventive: Establish a regular and thorough cleaning schedule with effective cleaning agents. 
▪ Investigative: Review and optimize cleaning procedures to prevent future buildup. 

o Lack of Regular Inspection 
▪ Corrective: Perform an immediate inspection and address any identified issues. 
▪ Preventive: Implement a frequent and structured inspection schedule. 
▪ Investigative: Evaluate past inspection records to identify gaps and improve future inspections. 

• Design Issues 
o Poor Heat Exchanger Design 

▪ Corrective: Redesign or modify the heat exchanger to improve performance and reliability. 
▪ Preventive: Conduct design reviews and stress analysis during the design phase to ensure robustness. 
▪ Investigative: Analyze design flaws that contributed to the failure and document lessons learned. 

o Inadequate Tube Material Selection 
▪ Corrective: Replace tubes with materials suitable for operating conditions. 
▪ Preventive: Review material selection criteria based on operating environment and process fluids. 
▪ Investigative: Assess material selection process to identify and rectify inadequacies. 

Process 

• Procedure 
o Lack of Monitoring of Critical Operating Parameters 

▪ Corrective: Install or repair monitoring devices and ensure real-time data is collected. 
▪ Preventive: Establish automated alerts for critical parameters that deviate from the norm. 
▪ Investigative: Review and analyze past operating data to identify trends and improve monitoring practices. 

o Incorrect Startup and Shutdown Procedures 
▪ Corrective: Document and implement correct procedures immediately. 
▪ Preventive: Conduct regular training sessions on proper startup and shutdown procedures. 
▪ Investigative: Evaluate the causes of procedural errors and update standard operating procedures (SOPs). 

• Operating Conditions 
o High Fluid Velocities Causing Erosion 

▪ Corrective: Reduce fluid velocities to prevent further erosion. 
▪ Preventive: Design systems with flow rate controls and implement erosion-resistant materials in critical 

areas. 
▪ Investigative: Perform a flow study to assess the impact of velocities on erosion rates. 

o Excessive Temperature Differentials 
▪ Corrective: Adjust operating conditions to minimize temperature differentials. 
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▪ Preventive: Install temperature control systems to maintain stable operating conditions. 
▪ Investigative: Analyze temperature differential data to understand its impact on material integrity. 

People 

• Human Error 
o Failure to Detect Early Signs of Leaks 

▪ Corrective: Address and repair detected leaks immediately. 
▪ Preventive: Implement regular training on early leak detection techniques and use of detection tools. 
▪ Investigative: Review the incident to understand why the signs were missed and improve training 

programs. 
o Improper Handling During Maintenance 

▪ Corrective: Rectify any damage caused during maintenance. 
▪ Preventive: Conduct refresher training on proper handling techniques during maintenance activities. 
▪ Investigative: Investigate the incident to determine the root cause of mishandling and develop corrective 

actions. 

• Training 
o Lack of Awareness Regarding Operating Limits 

▪ Corrective: Provide immediate training on the importance of adhering to operating limits. 
▪ Preventive: Include detailed training modules on operating limits in regular training programs. 
▪ Investigative: Assess the training programs to identify gaps in knowledge regarding operating limits. 

o Insufficient Training on Maintenance Procedures 
▪ Corrective: Organize intensive training sessions on proper maintenance procedures. 
▪ Preventive: Regularly update and reinforce training on maintenance best practices. 
▪ Investigative: Review training records to ensure all personnel are adequately trained. 

Materials 

• Corrosion 
o Galvanic Corrosion Due to Dissimilar Metals 

▪ Corrective: Replace affected components with compatible materials. 
▪ Preventive: Use appropriate material combinations to avoid galvanic corrosion. 
▪ Investigative: Analyze the failure to understand material interactions and prevent future issues. 

o Chemical Corrosion from Process Fluids 
▪ Corrective: Replace corroded tubes and address any process fluid issues. 
▪ Preventive: Implement corrosion-resistant materials and regular monitoring of process fluid composition. 
▪ Investigative: Investigate the chemical interactions leading to corrosion and update material selection 

processes. 

• Quality of Materials 
o Defective Tubes from Suppliers 

▪ Corrective: Replace defective tubes and address supplier issues. 
▪ Preventive: Implement stringent quality checks for incoming materials. 
▪ Investigative: Investigate the supply chain to identify and rectify issues with material quality. 

o Use of Substandard or Inappropriate Tube Materials 
▪ Corrective: Replace substandard materials with appropriate alternatives. 
▪ Preventive: Revise material selection criteria and enforce quality standards. 
▪ Investigative: Analyze the decision-making process for material selection to prevent future errors. 

Environment 

• Location 
o Inadequate Protection from Environmental Elements 

▪ Corrective: Install protective measures such as shelters or coatings. 
▪ Preventive: Regularly assess the environment's impact on equipment and implement protective solutions. 
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▪ Investigative: Evaluate the environmental impact on equipment failure and improve mitigation strategies. 
o Proximity to Corrosive Environments 

▪ Corrective: Apply corrosion-resistant coatings or relocate equipment if feasible. 
▪ Preventive: Conduct regular environmental assessments and implement preventive measures. 
▪ Investigative: Study the environmental factors contributing to corrosion and develop mitigation strategies. 

• External Factors 
o External Corrosion Due to Humidity or Pollutants 

▪ Corrective: Repair or replace corroded components and enhance environmental protection. 
▪ Preventive: Install dehumidifiers, use corrosion inhibitors, and improve ventilation. 
▪ Investigative: Assess the impact of external factors on corrosion and develop strategies to mitigate these 

effects. 
o High Ambient Temperature Accelerating Material Degradation 

▪ Corrective: Replace degraded materials and install temperature control systems. 
▪ Preventive: Implement cooling systems or heat-resistant materials to counter high temperatures. 
▪ Investigative: Analyze the impact of ambient temperature on material degradation and develop preventive 

measures. 

Management 

• Budget 
o Delayed Replacement of Aging Equipment 

▪ Corrective: Prioritize and expedite the replacement of critical aging equipment. 
▪ Preventive: Allocate sufficient budget for timely equipment upgrades and replacements. 
▪ Investigative: Review budget allocation processes to ensure timely investments in equipment upgrades. 

o Insufficient Funds for Periodic Upgrades 
▪ Corrective: Reallocate budget to address critical upgrade needs. 
▪ Preventive: Develop a long-term financial plan to ensure consistent funding for upgrades. 
▪ Investigative: Evaluate past budgeting decisions to improve future allocation for equipment upgrades. 

• Policies 
o Lack of Risk Assessment for Tube Failure 

▪ Corrective: Conduct an immediate risk assessment and implement necessary precautions. 
▪ Preventive: Establish regular risk assessment protocols for critical equipment. 
▪ Investigative: Analyze past failures to identify gaps in risk assessment practices. 

o Inadequate Maintenance Schedules 
▪ Corrective: Revise and enforce a more frequent and thorough maintenance schedule. 
▪ Preventive: Regularly review and update maintenance schedules based on equipment performance data. 
▪ Investigative: Investigate the causes of inadequate maintenance and develop corrective action plans to 

prevent recurrence. 

Who can learn from the Heat Exchanger Failure template?  

• Maintenance Personnel: Maintenance teams can gain valuable insights into the common causes of heat exchanger failures 
and learn best practices for preventive maintenance and troubleshooting. Understanding the root causes helps them perform 
more effective inspections and repairs, reducing downtime and improving system reliability. 

• Engineers and Process Designers: Engineers and process designers can use the findings from RCA to improve the design and 
specifications of heat exchangers. Insights from failures can inform better design practices, material selection, and system 
integration, enhancing the robustness and efficiency of future designs. 

• Operations Staff: Operations personnel can benefit from understanding how operational practices and procedures impact 
heat exchanger performance. Learning about failure modes and contributing factors helps them adjust operational 
parameters and avoid conditions that could lead to failures. 

• Safety Managers: Safety managers can use the insights from RCA to identify potential safety risks associated with heat 
exchanger failures. Understanding failure modes and their consequences allows them to develop better safety protocols and 
emergency response plans to mitigate risks. 
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• Training and Development Teams: Training and development teams can incorporate the lessons learned from RCA into their 
training programs. By including real-world examples of heat exchanger failures and their root causes, they can better prepare 
staff for effective problem-solving and maintenance strategies. 

Why use this template?  

Using Gen-AI powered root cause analysis promotes a collaborative problem-solving environment. The process encourages input from 

various stakeholders, including engineers, maintenance staff, and operators, who bring diverse perspectives and expertise to the 

analysis. This collective approach not only helps uncover less obvious causes but also fosters a culture of continuous improvement 

and shared responsibility. By addressing the root causes identified through a quality tool, petrochemical plants can implement more 

precise corrective, preventive and investigative actions, reduce the likelihood of recurrence, and enhance the overall reliability and 

efficiency of their heat exchangers. 

Use ProSolvr by smartQED in your plant for effective problem analysis and resolution. 

 

Curated from community experience and public sources:  

• https://www.sciencedirect.com/science/article/abs/pii/S1350630718313852#:~:text=Common%20failure%20mechanisms
%20are%20fatigue,trained%20workforce%20controls%20service%20lifetime. 

• https://www.sciencedirect.com/science/article/abs/pii/S1350630723001103 
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RCA Template for: Compressor Failures 

 

Compressor failures in petrochemical plants are significant because compressors are critical for maintaining the flow and pressure of 
gases across various processes. These failures can lead to unplanned shutdowns, reduced efficiency, and safety hazards. The disruption 
can also impact downstream processes, causing delays and inefficiencies throughout the production line. In some cases, compressor 
failures pose serious safety risks, potentially leading to hazardous leaks, fires, or explosions that endanger both personnel and 
equipment. 

Consequences of Compressor Failure in Petrochemical Plants 

• Unplanned Shutdowns: Halts production processes, leading to significant downtime. It can disrupt the entire supply chain, 
affecting downstream operations. 

• Financial Consequences: Direct financial impact from halted production. It can lead to potential loss of contracts or penalties 
due to failure to meet supply agreements or result in higher long-term operational costs due to recurring failures or 
inefficiencies. 

• Safety Consequences: Potential for hazardous leaks, fires, or explosions. It can lead to increased risk of injury to personnel 
and damage to equipment. 

• Environmental Hazards: Possibility of chemical spills or emissions due to equipment failure. There may be regulatory fines 
and environmental remediation costs. 

• Logistical Consequences: Delays in raw material processing can affect the entire supply chain. It can cause potential shortages 
of end products, affecting market availability. 

Using a fishbone diagram for root cause analysis allows petrochemical plants to systematically address compressor failures by 
identifying and correcting the underlying issues. This approach not only resolves the immediate problem but also helps prevent future 
failures, improving overall plant reliability and safety. Additionally, a quality tool like ProSolvr fosters continuous improvement by 
providing valuable insights that can lead to enhanced maintenance practices, better equipment design, and improved operational 
procedures, ultimately contributing to the overall stability and profitability of the plant. 
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Compressor Failures  

• Equipment 
o Wear and Tear 

▪ Rotor damage 
▪ Bearing failure 

o Maintenance 
▪ Use of incorrect lubricants 
▪ Lack of preventive maintenance 

o Design Issues 
▪ Improper selection of components 
▪ Inadequate compressor design 

• Process 
o Procedure 

▪ Improper startup/shutdown procedures 
▪ Lack of standardized operating procedures 

o Operating Conditions 
▪ Incorrect operating pressure 
▪ Overloading the compressor 

• People 
o Human Error 

▪ Failure to follow maintenance protocols 
▪ Incorrect handling of the compressor 

o Training 
▪ Lack of awareness of emergency procedures 
▪ Insufficient operator training 

• Materials 
o Contamination 

▪ Foreign particles in the lubrication system 
▪ Contaminated intake air 

o Quality of Inputs 
▪ Use of incompatible materials 
▪ Substandard quality of lubricants 

• Environment 
o Location 

▪ Proximity to corrosive chemicals 
▪ Poor ventilation in the compressor room 

o External Conditions 
▪ Humidity causing corrosion 
▪ High ambient temperature 

• Management 
o Budget 

▪ Delayed investment in equipment upgrades 
▪ Insufficient budget for spare parts 

o Policies 
▪ Lack of clear responsibility for compressor operation 
▪ Inadequate maintenance schedules 
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Suggested Actions Checklist  

This checklist provides a structured approach to addressing compressor failure, focusing on corrective, preventive, and investigative 
actions to enhance reliability and performance. 

Equipment 

• Wear and Tear 
o Corrective: 

▪ Replace worn-out components such as rotors and bearings. 
▪ Repair or refurbish damaged parts to restore functionality. 

o Preventive: 
▪ Implement a scheduled maintenance program to monitor and address wear and tear. 
▪ Use high-quality, durable components to extend the lifespan of the compressor. 

o Investigative: 
▪ Analyze wear patterns to identify root causes. 
▪ Review maintenance records and operating conditions for contributing factors. 

• Rotor Damage 
o Corrective: 

▪ Replace or repair damaged rotors. 
▪ Inspect the compressor for additional damage caused by rotor failure. 

o Preventive: 
▪ Monitor rotor conditions regularly and perform routine inspections. 
▪ Ensure proper installation and alignment of rotors to prevent damage. 

o Investigative: 
▪ Examine the causes of rotor damage, such as excessive load or foreign particles. 
▪ Review design and operational procedures to identify any design flaws. 

• Bearing Failure 
o Corrective: 

▪ Replace failed bearings and check for additional damage. 
▪ Address any issues causing bearing failure, such as misalignment or inadequate lubrication. 

o Preventive: 
▪ Implement a regular bearing inspection and lubrication schedule. 
▪ Use high-quality bearings appropriate for the operating conditions. 

o Investigative: 
▪ Analyze bearing failure modes to determine root causes. 
▪ Review maintenance logs to identify any missed maintenance tasks. 

Maintenance 

• Use of Incorrect Lubricants 
o Corrective: 

▪ Drain and replace incorrect lubricants with the proper type. 
▪ Clean the lubrication system to remove contaminants. 

o Preventive: 
▪ Ensure proper lubricant selection and handling procedures are followed. 
▪ Educate staff on the importance of using correct lubricants. 

o Investigative: 
▪ Review lubricant specifications and supplier information. 
▪ Analyze incidents where incorrect lubricants were used to determine how errors occurred. 

• Lack of Preventive Maintenance 
o Corrective: 

▪ Implement overdue preventive maintenance tasks. 
▪ Review and address any issues identified during the maintenance. 



231 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

o Preventive: 
▪ Establish and adhere to a comprehensive preventive maintenance schedule. 
▪ Train personnel on the importance and procedures for preventive maintenance. 

o Investigative: 
▪ Review past maintenance records to identify gaps and missed tasks. 
▪ Analyze the impact of missed maintenance on compressor performance. 

Design Issues 

• Improper Selection of Components 
o Corrective: 

▪ Replace improperly selected components with those that meet design specifications. 
▪ Review and correct any system design issues affecting component compatibility. 

o Preventive: 
▪ Ensure component selection is based on thorough design analysis and specifications. 
▪ Use reputable suppliers and verify component specifications before purchase. 

o Investigative: 
▪ Analyze component failure data to identify design issues. 
▪ Review design and selection processes to prevent future occurrences. 

• Inadequate Compressor Design 
o Corrective: 

▪ Modify or replace the compressor design to meet operational requirements. 
▪ Address any immediate issues caused by the design inadequacy. 

o Preventive: 
▪ Conduct thorough design reviews and simulations before implementation. 
▪ Regularly evaluate compressor performance and design to ensure ongoing suitability. 

o Investigative: 
▪ Analyze design failures to identify root causes. 
▪ Review design changes and updates for impact on performance. 

Process 

• Procedure 
o Improper Startup/Shutdown Procedures 

▪ Corrective: 
▪ Review and correct startup and shutdown procedures as per manufacturer guidelines. 
▪ Train personnel on proper procedures and monitor compliance. 

▪ Preventive: 
▪ Develop and enforce standardized startup and shutdown procedures. 
▪ Implement automated systems to ensure correct procedures are followed. 

▪ Investigative: 
▪ Review incidents related to improper procedures to identify root causes. 
▪ Analyze procedure documentation for completeness and accuracy. 

o Lack of Standardized Operating Procedures 
▪ Corrective: 

▪ Develop and implement standardized operating procedures (SOPs). 
▪ Train all relevant personnel on the new SOPs and monitor adherence. 

▪ Preventive: 
▪ Regularly review and update SOPs to reflect best practices and changes in technology. 
▪ Conduct periodic audits to ensure SOP compliance. 

▪ Investigative: 
▪ Analyze incidents or failures related to SOP deficiencies. 
▪ Review existing procedures and identify areas for improvement. 

• Operating Conditions 
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o Incorrect Operating Pressure 
▪ Corrective: 

▪ Adjust operating pressure to within the recommended range. 
▪ Inspect and repair any damage caused by incorrect pressure. 

▪ Preventive: 
▪ Implement pressure monitoring systems and alarms to maintain correct levels. 
▪ Regularly calibrate pressure gauges and control systems. 

▪ Investigative: 
▪ Review incidents of pressure deviations to identify causes. 
▪ Analyze control system performance to ensure pressure settings are accurate. 

o Overloading the Compressor 
▪ Corrective: 

▪ Reduce operational loads to within the compressor's capacity. 
▪ Repair any damage caused by overloading. 

▪ Preventive: 
▪ Implement load monitoring systems to prevent overloading. 
▪ Regularly review load conditions and adjust as needed to avoid excessive loads. 

▪ Investigative: 
▪ Analyze load data and operating conditions leading to overloading. 
▪ Review system design and load management practices for improvements. 

People 

• Human Error 
o Failure to Follow Maintenance Protocols 

▪ Corrective: 
▪ Review and address any missed maintenance tasks. 
▪ Retrain personnel on correct maintenance protocols. 

▪ Preventive: 
▪ Implement checks and balances to ensure adherence to maintenance protocols. 
▪ Use automated systems to remind and verify maintenance tasks. 

▪ Investigative: 
▪ Analyze incidents related to maintenance protocol failures. 
▪ Review training programs and adherence to procedures. 

o Incorrect Handling of the Compressor 
▪ Corrective: 

▪ Address any damage caused by improper handling. 
▪ Implement corrective actions to prevent recurrence. 

▪ Preventive: 
▪ Provide comprehensive training on proper handling procedures. 
▪ Implement clear guidelines and labeling for compressor handling. 

▪ Investigative: 
▪ Review incidents of improper handling to determine root causes. 
▪ Evaluate training and handling procedures for improvements. 

• Training 
o Lack of Awareness of Emergency Procedures 

▪ Corrective: 
▪ Conduct emergency response drills and provide training on procedures. 
▪ Review and update emergency response plans as needed. 

▪ Preventive: 
▪ Implement regular emergency response training and drills. 
▪ Ensure that all personnel are familiar with emergency procedures. 

▪ Investigative: 
▪ Analyze past emergencies to assess the effectiveness of response procedures. 
▪ Review training records and emergency response plans for completeness. 
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o Insufficient Operator Training 
▪ Corrective: 

▪ Provide additional training for operators on compressor operation and maintenance. 
▪ Assess and address any knowledge gaps. 

▪ Preventive: 
▪ Develop and implement a comprehensive training program for all operators. 
▪ Include regular refresher courses and updates on new procedures or equipment. 

▪ Investigative: 
▪ Review training records and performance evaluations to identify areas for improvement. 
▪ Analyze incidents related to operator errors to determine training needs. 

Materials 

• Contamination 
o Foreign Particles in the Lubrication System 

▪ Corrective: 
▪ Clean and replace contaminated lubrication system components. 
▪ Implement filtration systems to prevent future contamination. 

▪ Preventive: 
▪ Regularly inspect and maintain the lubrication system to avoid contamination. 
▪ Use high-quality filters and ensure proper handling of lubricants. 

▪ Investigative: 
▪ Analyze the source of contamination to prevent recurrence. 
▪ Review lubrication system maintenance practices and identify improvements. 

o Contaminated Intake Air 
▪ Corrective: 

▪ Clean or replace air filters and inspect the intake system. 
▪ Address any issues causing contamination of intake air. 

▪ Preventive: 
▪ Implement air filtration and monitoring systems to ensure clean intake air. 
▪ Regularly inspect and maintain air filters and intake systems. 

▪ Investigative: 
▪ Review contamination incidents to identify sources and contributing factors. 
▪ Evaluate air filtration systems and maintenance practices. 

• Quality of Inputs 
o Use of Incompatible Materials 

▪ Corrective: 
▪ Replace incompatible materials with those suitable for the compressor. 
▪ Inspect and address any damage caused by the use of incorrect materials. 

▪ Preventive: 
▪ Ensure proper material selection and compatibility before use. 
▪ Implement quality control checks for all materials. 

▪ Investigative: 
▪ Analyze incidents involving material incompatibility to determine root causes. 
▪ Review material selection processes and specifications. 

o Substandard Quality of Lubricants 
▪ Corrective: 

▪ Replace substandard lubricants with high-quality alternatives. 
▪ Clean the lubrication system to remove residues of substandard lubricants. 

▪ Preventive: 
▪ Implement a quality assurance program for lubricant selection and handling. 
▪ Regularly review and update lubricant specifications and suppliers. 

▪ Investigative: 
▪ Analyze the impact of substandard lubricants on compressor performance. 
▪ Review lubricant quality control processes and supplier performance. 
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Environment 

• Location 
o Proximity to Corrosive Chemicals 

▪ Corrective: 
▪ Relocate the compressor or implement protective measures to minimize exposure. 
▪ Repair any damage caused by corrosive chemicals. 

▪ Preventive: 
▪ Evaluate the location and implement barriers or protective coatings to reduce chemical exposure. 
▪ Regularly inspect for signs of corrosion and address issues promptly. 

▪ Investigative: 
▪ Analyze the impact of chemical exposure on compressor performance. 
▪ Review facility layout and chemical handling procedures for improvements. 

o Poor Ventilation in the Compressor Room 
▪ Corrective: 

▪ Improve ventilation by installing or repairing ventilation systems. 
▪ Address any issues caused by poor ventilation, such as overheating. 

▪ Preventive: 
▪ Ensure adequate ventilation in all compressor rooms. 
▪ Regularly inspect and maintain ventilation systems. 

▪ Investigative: 
▪ Review ventilation system performance and its impact on compressor operation. 
▪ Analyze incidents related to poor ventilation and identify corrective actions. 

• External Conditions 
o Humidity Causing Corrosion 

▪ Corrective: 
▪ Address corrosion issues and implement measures to prevent further damage. 
▪ Improve environmental controls to reduce humidity levels. 

▪ Preventive: 
▪ Use corrosion-resistant materials and coatings for compressor components. 
▪ Implement dehumidification systems or controls in areas prone to high humidity. 

▪ Investigative: 
▪ Analyze the impact of humidity on compressor components. 
▪ Review environmental control measures and their effectiveness. 

o High Ambient Temperature 
▪ Corrective: 

▪ Implement cooling measures to reduce ambient temperature in the compressor room. 
▪ Repair any heat-related damage to the compressor. 

▪ Preventive: 
▪ Use cooling systems or air conditioning to maintain optimal temperature. 
▪ Regularly monitor and manage ambient temperature conditions. 

▪ Investigative: 
▪ Analyze the impact of high temperatures on compressor performance. 
▪ Review temperature control systems and their effectiveness. 

Management 

• Budget 
o Delayed Investment in Equipment Upgrades 

▪ Corrective: 
▪ Prioritize and implement necessary equipment upgrades as soon as possible. 
▪ Address any issues caused by outdated equipment. 

▪ Preventive: 
▪ Develop and adhere to a capital investment plan for equipment upgrades. 
▪ Regularly review and update the budget to ensure timely investments. 
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▪ Investigative: 
▪ Review the impact of delayed upgrades on compressor performance and reliability. 
▪ Analyze budgeting and investment processes to identify improvements. 

o Insufficient Budget for Spare Parts 
▪ Corrective: 

▪ Allocate additional funds to ensure adequate spare parts inventory. 
▪ Address any issues caused by the lack of available spare parts. 

▪ Preventive: 
▪ Develop and maintain a spare parts inventory management plan. 
▪ Regularly review spare parts needs and budget accordingly. 

▪ Investigative: 
▪ Analyze the impact of spare parts shortages on compressor performance. 
▪ Review inventory management practices and budget allocation. 

• Policies 
o Lack of Clear Responsibility for Compressor Operation 

▪ Corrective: 
▪ Define and assign clear responsibilities for compressor operation and maintenance. 
▪ Communicate responsibilities to all relevant personnel. 

▪ Preventive: 
▪ Implement a structured policy framework outlining roles and responsibilities. 
▪ Regularly review and update policies to ensure clarity and effectiveness. 

▪ Investigative: 
▪ Review incidents related to unclear responsibilities to identify improvements. 
▪ Evaluate the effectiveness of current policies and communication strategies. 

o Inadequate Maintenance Schedules 
▪ Corrective: 

▪ Develop and implement a comprehensive maintenance schedule. 
▪ Address any missed maintenance tasks and their impacts on compressor performance. 

▪ Preventive: 
▪ Establish a regular and detailed maintenance schedule based on manufacturer recommendations. 
▪ Monitor adherence to the maintenance schedule and adjust as needed. 

▪ Investigative: 
▪ Review past maintenance records to identify gaps and missed tasks. 
▪ Analyze the impact of inadequate maintenance schedules on compressor reliability. 

Who can use the Compressor Failure template?  

•  Maintenance Engineers and Technicians. 
o Proper maintenance practices, understanding wear and tear, handling of lubricants, and responding to equipment 

failures. 
o Improved skills in identifying, troubleshooting, and preventing compressor issues, leading to enhanced equipment 

reliability and reduced downtime. 

• Operations Managers 
o Optimization of operating procedures, managing operating conditions, and understanding the impact of compressor 

performance on overall plant operations. 
o Better decision-making and process management to ensure smooth and efficient plant operations. 

• Process Engineers 
o Integration of compressors into process systems, process control, and the impact of operational procedures on 

compressor performance. 
o Enhanced ability to design and optimize processes that ensure compressors operate within their designed 

parameters and improve overall process efficiency. 
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• Safety Officers 
o Safety protocols related to compressor operations, emergency response procedures, and handling of hazardous 

materials. 
o Strengthened safety measures and preparedness to manage and mitigate risks associated with compressor failures. 

• Training and Development Specialists 
o Development of effective training programs, understanding the technical aspects of compressor operation and 

maintenance, and creating educational materials. 
o Improved training programs that enhance the knowledge and skills of staff, leading to better management of 

compressor-related issues. 

Why use this template?  

A Gen-AI powered root cause analysis (RCA) of compressor failures in petrochemical plants is crucial for ensuring the long-term 
reliability, safety, and efficiency of operations. By systematically identifying the underlying causes of failures, RCA allows plant 
operators to address not just the symptoms but the actual sources of problems, preventing recurrence and mitigating risks. This 
proactive approach helps in reducing unplanned downtime, minimizing costly repairs, and ensuring compliance with safety and 
environmental regulations. 

Use ProSolvr by smartQED for efficiently resolving compressor issues and similar problems with your equipment in your petrochemical 
plant. 

Curated from community experience and public sources:  

• https://www.reignrmc.com/oil-gas/common-causes-of-compressor-issues-in-the-oil-and-gas-industry-and-how-to-prevent-
them/#:~:text=Excessive%2Firregular%20noises%20and%20vibrations,problems%20is%20an%20unexpected%20shutdown. 

• https://www.samsongroup.com/en/case-studies/petrochemical-plant-compressor/ 

  

https://www.reignrmc.com/oil-gas/common-causes-of-compressor-issues-in-the-oil-and-gas-industry-and-how-to-prevent-them/#:~:text=Excessive%2Firregular%20noises%20and%20vibrations,problems%20is%20an%20unexpected%20shutdown
https://www.reignrmc.com/oil-gas/common-causes-of-compressor-issues-in-the-oil-and-gas-industry-and-how-to-prevent-them/#:~:text=Excessive%2Firregular%20noises%20and%20vibrations,problems%20is%20an%20unexpected%20shutdown
https://www.samsongroup.com/en/case-studies/petrochemical-plant-compressor/
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RCA Template for: Boiler Failures in Petrochemical Plants 

 

Boiler failures in petrochemical plants can lead to significant operational disruptions, safety hazards, and financial losses. Root cause 
analysis (RCA) is a critical tool for addressing these failures. By systematically investigating the underlying causes of a breakdown, RCA 
identifies not just the immediate reasons but also deeper, systemic issues contributing to the problem. 

These failures can occur due to various factors such as material fatigue, corrosion, improper maintenance, and operational errors. 
When a boiler fails, it can result in unexpected plant shutdowns, halting production. This disruption not only affects output but also 
poses safety risks to workers, including potential hazards like explosions, fires, or the release of toxic substances. Furthermore, the 
costs associated with repairing or replacing a failed boiler, combined with lost production time, can be substantial. 

One of the most effective methods for conducting RCA is the fishbone diagram, also known as an Ishikawa diagram. This visual tool 
categorizes potential causes into distinct domains, allowing teams to map out all possible causes in a structured manner. By focusing 
investigations on the most likely root causes rather than just the symptoms, teams can effectively identify underlying issues. Once the 
root causes are determined, corrective and preventive actions can be implemented. This enables petrochemical plants to not only 
resolve immediate problems but also take proactive steps to prevent future failures, ultimately improving overall plant reliability and 
safety. 

Boiler Failures 

• Human Factors 
o Negligence 
o Inadequate Training 
o Fatigue 

• Environmental Factors 
o Vibration 
o Humidity 
o Extreme Temperatures 

• Maintenance Issues 
o Untimely Repairs 
o Lack of Lubrication 
o Infrequent Inspections 

• Design Flaws 
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o Thermal Stress 
o Material Selection 
o Inadequate Design 

• Operational Errors 
o Poor Monitoring 
o Lack of Training 
o Improper Operation 

• Mechanical Failures 
o Overheating 
o Fatigue 
o Corrosion 

Suggested Actions Checklist 

Here are some corrective, preventive and investigative actions that may help organizations prevent boiler issues in their plants in 
future.  

Human Factors 

• Negligence 
o Corrective Actions: 

▪ Implement disciplinary actions for negligence. 
▪ Address immediate issues caused by negligence through corrective measures. 

o Preventive Actions: 
▪ Develop and enforce strict protocols and procedures for boiler operation. 
▪ Increase supervision and implement regular performance reviews. 

o Investigative Actions: 
▪ Investigate the incidents to identify patterns of negligence. 
▪ Analyze whether existing supervision and management practices contribute to negligence. 

• Inadequate Training 
o Corrective Actions: 

▪ Provide immediate, focused training for staff on critical boiler operation and safety procedures. 
▪ Conduct competency assessments to ensure understanding. 

o Preventive Actions: 
▪ Develop a comprehensive training program that includes regular refreshers. 
▪ Implement certification requirements for boiler operators. 

o Investigative Actions: 
▪ Review training records to identify gaps. 
▪ Investigate whether current training programs adequately address operational risks. 

• Fatigue 
o Corrective Actions: 

▪ Adjust work schedules to prevent excessive fatigue. 
▪ Assign critical tasks to well-rested personnel. 

o Preventive Actions: 
▪ Implement a fatigue management program with adequate rest periods. 
▪ Educate staff on the importance of rest and self-monitoring for fatigue. 

o Investigative Actions: 
▪ Analyze work schedules and shift patterns to identify fatigue-related risks. 
▪ Investigate past incidents to determine if fatigue was a contributing factor. 
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Environmental Factors 

• Vibration 
o Corrective Actions: 

▪ Inspect and secure boiler components affected by vibration. 
▪ Implement vibration damping systems where necessary. 

o Preventive Actions: 
▪ Conduct regular vibration analysis to monitor equipment stability. 
▪ Design systems to minimize vibration impact on sensitive components. 

o Investigative Actions: 
▪ Investigate the sources and effects of vibration on boiler components. 
▪ Review historical data to identify patterns of vibration-related failures. 

• Humidity 
o Corrective Actions: 

▪ Address areas of moisture accumulation or condensation. 
▪ Inspect and replace any components damaged by humidity. 

o Preventive Actions: 
▪ Install dehumidifiers or moisture control systems in boiler areas. 
▪ Implement regular checks for signs of moisture-related damage. 

o Investigative Actions: 
▪ Analyze environmental conditions contributing to humidity issues. 
▪ Investigate whether current environmental controls are effective. 

• Extreme Temperatures 
o Corrective Actions: 

▪ Insulate boiler components to protect against extreme temperature fluctuations. 
▪ Inspect and repair any damage caused by temperature extremes. 

o Preventive Actions: 
▪ Design and implement systems capable of withstanding extreme temperatures. 
▪ Regularly monitor temperature conditions around the boiler. 

o Investigative Actions: 
▪ Investigate the impact of extreme temperatures on boiler operations. 
▪ Review incidents to determine if temperature fluctuations were a factor. 

Maintenance Issues 

• Untimely Repairs 
o Corrective Actions: 

▪ Prioritize and complete any delayed repairs immediately. 
▪ Reevaluate and update the maintenance schedule to prevent future delays. 

o Preventive Actions: 
▪ Implement a predictive maintenance program to identify potential failures early. 
▪ Establish clear protocols for timely repair execution. 

o Investigative Actions: 
▪ Review maintenance records to identify causes of repair delays. 
▪ Investigate the impact of untimely repairs on boiler performance. 

• Lack of Lubrication 
o Corrective Actions: 

▪ Immediately lubricate all affected components. 
▪ Inspect equipment for damage due to insufficient lubrication and repair as necessary. 

o Preventive Actions: 
▪ Implement a regular lubrication schedule with clear responsibility assignments. 
▪ Use automated lubrication systems to ensure consistent application. 

o Investigative Actions: 
▪ Investigate the reasons for missed or inadequate lubrication. 
▪ Review the lubrication procedures and update them as needed. 



240 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

• Infrequent Inspections 
o Corrective Actions: 

▪ Conduct a thorough inspection of the boiler and address any identified issues. 
▪ Review and revise the inspection schedule to ensure it meets operational needs. 

o Preventive Actions: 
▪ Increase the frequency of boiler inspections based on operational conditions and risk assessments. 
▪ Train staff on the importance of regular inspections and how to perform them effectively. 

o Investigative Actions: 
▪ Analyze the current inspection schedule to determine adequacy. 
▪ Investigate past inspection records to identify gaps or missed opportunities. 

Design Flaws 

• Thermal Stress 
o Corrective Actions: 

▪ Implement design modifications to reduce thermal stress on critical components. 
▪ Inspect and repair any damage caused by thermal stress. 

o Preventive Actions: 
▪ Design boilers with materials and configurations that minimize thermal stress. 
▪ Conduct regular thermal analysis to monitor stress levels during operation. 

o Investigative Actions: 
▪ Investigate the design process to identify how thermal stress was overlooked. 
▪ Review material selection and design criteria used in the original design. 

• Material Selection 
o Corrective Actions: 

▪ Replace or reinforce components made from inadequate materials. 
▪ Consult with material experts to select more suitable alternatives. 

o Preventive Actions: 
▪ Use high-quality, suitable materials for all boiler components. 
▪ Regularly review material performance and adjust specifications as needed. 

o Investigative Actions: 
▪ Investigate the material selection process to identify weaknesses. 
▪ Review the history of material failures to inform future selection. 

• Inadequate Design 
o Corrective Actions: 

▪ Modify the design to address identified inadequacies. 
▪ Consult with design experts to ensure the modified design meets operational demands. 

o Preventive Actions: 
▪ Implement a rigorous design review process that includes stress testing and scenario analysis. 
▪ Engage third-party reviewers to assess design adequacy before implementation. 

o Investigative Actions: 
▪ Investigate the original design process to identify how deficiencies occurred. 
▪ Review the design criteria and specifications used for the boiler. 

Operational Errors 

• Poor Monitoring 
o Corrective Actions: 

▪ Improve monitoring systems to ensure real-time data collection and alerts. 
▪ Train operators to respond quickly to monitoring data. 

o Preventive Actions: 
▪ Implement automated monitoring systems with real-time alerts for abnormal conditions. 
▪ Conduct regular training sessions on the importance and techniques of effective monitoring. 

o Investigative Actions: 
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▪ Analyze monitoring data to identify missed warning signs. 
▪ Investigate the adequacy of current monitoring systems and processes. 

• Lack of Training 
o Corrective Actions: 

▪ Provide immediate training on operational procedures and safety protocols. 
▪ Assess the effectiveness of the training and make adjustments as needed. 

o Preventive Actions: 
▪ Develop comprehensive training programs with regular updates and refresher courses. 
▪ Implement a certification process to ensure operators are fully trained and competent. 

o Investigative Actions: 
▪ Review the training curriculum to identify gaps. 
▪ Investigate past incidents to determine if lack of training contributed. 

• Improper Operation 
o Corrective Actions: 

▪ Correct operational practices immediately and retrain staff if necessary. 
▪ Adjust operating procedures to prevent recurrence. 

o Preventive Actions: 
▪ Implement standard operating procedures with strict adherence policies. 
▪ Conduct regular audits to ensure proper operation. 

o Investigative Actions: 
▪ Investigate past operational practices to identify root causes of improper operation. 
▪ Review operator training and supervision to identify gaps. 

Mechanical Failures 

• Overheating 
o Corrective Actions: 

▪ Implement cooling measures and reduce operating temperatures immediately. 
▪ Inspect and repair any damage caused by overheating. 

o Preventive Actions: 
▪ Install temperature monitoring systems with automated shutdowns to prevent overheating. 
▪ Regularly service cooling systems to ensure they function properly. 

o Investigative Actions: 
▪ Analyze the causes of overheating to determine if design or operational factors are to blame. 
▪ Review historical data to identify patterns of overheating incidents. 

• Fatigue 
o Corrective Actions: 

▪ Replace or repair components showing signs of fatigue. 
▪ Implement immediate load reduction if fatigue is suspected. 

o Preventive Actions: 
▪ Design components to withstand expected stress levels and operational loads. 
▪ Implement regular fatigue analysis and testing. 

o Investigative Actions: 
▪ Investigate the causes of component fatigue, including design and material factors. 
▪ Review the operational history to identify stressors contributing to fatigue. 

• Corrosion 
o Corrective Actions: 

▪ Remove corrosion and apply protective coatings to affected areas. 
▪ Replace severely corroded components. 

o Preventive Actions: 
▪ Implement corrosion-resistant materials and protective coatings in design. 
▪ Regularly inspect and maintain protective coatings and corrosion-prone areas. 

o Investigative Actions: 
▪ Investigate the environmental and operational conditions leading to corrosion. 
▪ Review the effectiveness of current corrosion prevention measures. 
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Who can learn from the Boiler Failures template? 

• Plant Operations Managers: They can use the template to better understand the causes of boiler failures and implement 
measures to prevent similar issues, ensuring smoother and safer plant operations. 

• Maintenance Teams: This group can learn about the importance of timely repairs, regular inspections, and proper lubrication, 
which are critical in preventing boiler failures and maintaining equipment longevity. 

• Safety and Risk Management Personnel: Safety teams can use the template to identify potential hazards related to boiler 
failures and develop safety protocols to mitigate risks associated with human factors, environmental conditions, and 
operational errors. 

• Design Engineers: Engineers involved in the design and selection of materials for boilers can benefit from understanding the 
design flaws that contribute to failures, enabling them to improve designs and select materials that better withstand 
operational stresses. 

• Training Coordinators: Training coordinators can use the template to identify areas where staff may need additional training, 
such as proper operation and monitoring of boilers, to reduce the likelihood of operational errors and human factors leading 
to failures. 

Why use this template? 

Gen-AI powered root cause analysis using a quality tool like ProSolvr can be crucial for addressing boiler failures in petrochemical 

plants. It can systematically identify the underlying causes of failures rather than just treating the symptoms. By categorizing potential 

causes into domains, the diagram provides a clear and structured approach to pinpointing the root causes. This enables plant 

management to implement targeted corrective and preventive measures, reducing the risk of future failures, enhancing safety, and 

improving overall operational efficiency. 

Use ProSolvr by smartQED to draft and create templates to prevent equipment failure in your plant. 

Curated from community experience and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/S1350630719301852 

• https://www.researchgate.net/publication/229708336_Failure_of_package_boilers_in_a_petrochemical_plant 

  

https://www.sciencedirect.com/science/article/abs/pii/S1350630719301852
https://www.researchgate.net/publication/229708336_Failure_of_package_boilers_in_a_petrochemical_plant
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RCA Template for: Malfunction of Coriolis Mass Flow Meter 

 

A Coriolis mass flow meter is a highly accurate device used to measure the mass flow rate of a fluid traveling through a pipe. It operates 
based on the Coriolis effect, where a vibrating tube deflects as fluid flows through it. This deflection is proportional to the mass flow 
rate, allowing for precise measurements. These meters are crucial for maintaining efficiency, safety, and reliability in processes such 
as blending, custody transfer, and chemical reaction monitoring. 

In petrochemical plants, Coriolis mass flow meters are widely used to measure mass flow, density, and temperature of various fluids, 
including crude oil, natural gas, chemicals, and liquefied gases. Despite their accuracy, these meters can encounter issues such as 
vibration interference from nearby equipment, erosion or corrosion of meter tubes, build-up or clogging, density measurement errors 
due to multiphase flow, and calibration drift over time. These problems can lead to inaccurate readings, process inefficiencies, and 
safety hazards if not promptly addressed. 

Conducting a root cause analysis (RCA) using a fishbone diagram helps identify and resolve these issues. Categorizing potential causes 
under specific headings allows teams to systematically explore and address each one. Vibration interference may stem from nearby 
machinery, prompting corrective action to isolate the meter. Erosion might require a review of material compatibility. This structured 
approach ensures all possible causes are considered, leading to more effective and targeted corrective actions. 

Malfunction of Coriolis Mass Flow Meter 

• Measurement Issues 
o Density fluctuations 
o Viscosity variations 
o Flow rate limitations 

• Operational Conditions 
o Process fluid characteristics 

▪ High entrained gas 
▪ High solid content 

o Pressure surges 
o Extreme temperature variations 

• Maintenance & Calibration 
o Lack of routine maintenance 

▪ Neglecting sensor cleaning 
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o Incorrect calibration procedures 
o Infrequent calibration 

• Installation & Design 
o Inadequate design for application 
o Pipeline vibrations 

▪ Lack of proper support 
o Incorrect installation location 
o Improper meter orientation 

• Environmental Factors 
o Mechanical shocks or vibrations 
o Electromagnetic interference 
o High humidity levels 
o Corrosive environments 

• Material Issues 
o Material fatigue 

▪ Cracking or corrosion 
o Wear and tear 
o Sensor material compatibility 

Suggested Actions Checklist 

This checklist provides a comprehensive approach to addressing potential root causes of Coriolis mass flow meter malfunctions in a 
petrochemical setting, ensuring a robust framework for corrective, preventive, and investigative actions. 

Measurement Issues 

• Density Fluctuations 
o Corrective Actions: 

▪ Adjust the flow meter settings to compensate for density changes. 
▪ Recalibrate the meter to improve accuracy. 

o Preventive Actions: 
▪ Monitor the process fluid's density regularly and adjust the system accordingly. 
▪ Use a density meter in conjunction with the Coriolis meter to ensure accurate measurements. 

o Investigative Actions: 
▪ Investigate the sources of density fluctuations in the process. 
▪ Review historical data to identify trends and correlations with density changes. 

• Viscosity Variations 
o Corrective Actions: 

▪ Recalibrate the flow meter to account for changes in fluid viscosity. 
▪ Modify the process conditions to stabilize fluid viscosity. 

o Preventive Actions: 
▪ Regularly monitor the viscosity of process fluids and adjust operational parameters as needed. 
▪ Implement a viscosity control system upstream of the flow meter. 

o Investigative Actions: 
▪ Analyze process data to determine the causes of viscosity variations. 
▪ Review the material compatibility with the fluid to minimize viscosity-related issues. 

• Flow Rate Limitations 
o Corrective Actions: 

▪ Adjust the operating flow rate to stay within the meter's optimal range. 
▪ Replace the meter with one that accommodates the required flow rate. 

o Preventive Actions: 
▪ Ensure that the flow rate remains within the recommended range through proper system design. 
▪ Install flow rate limiters to prevent exceeding the meter's capacity. 

o Investigative Actions: 
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▪ Investigate incidents where flow rate exceeded the meter's design limits. 
▪ Review the process design to ensure it aligns with the meter's capabilities. 

Operational Conditions 

• Process Fluid Characteristics 
o High Entrained Gas: 

▪ Corrective Actions: 
▪ Install gas separators or degassers upstream of the flow meter. 
▪ Adjust process parameters to minimize gas entrainment. 

▪ Preventive Actions: 
▪ Regularly monitor gas content in the fluid and take corrective actions if necessary. 
▪ Use flow meters specifically designed to handle fluids with entrained gas. 

▪ Investigative Actions: 
▪ Investigate the sources of gas entrainment and their impact on measurement accuracy. 
▪ Review the effectiveness of current gas separation methods. 

o High Solid Content: 
▪ Corrective Actions: 

▪ Clean or flush the meter to remove solid build-up. 
▪ Install filters or strainers upstream to remove solids. 

▪ Preventive Actions: 
▪ Regularly inspect and maintain filters or strainers. 
▪ Monitor the solid content in the fluid and adjust process conditions accordingly. 

▪ Investigative Actions: 
▪ Investigate the process for sources of high solid content. 
▪ Review the compatibility of the flow meter with fluids containing solids. 

• Pressure Surges 
o Corrective Actions: 

▪ Install surge protectors or dampeners in the pipeline. 
▪ Adjust the process to minimize pressure fluctuations. 

o Preventive Actions: 
▪ Implement a pressure monitoring system to detect and control surges. 
▪ Ensure proper design and maintenance of pressure control valves. 

o Investigative Actions: 
▪ Investigate the causes of pressure surges and their frequency. 
▪ Review the process control strategy for handling pressure variations. 

• Extreme Temperature Variations 
o Corrective Actions: 

▪ Insulate the pipeline or meter to mitigate the impact of temperature fluctuations. 
▪ Adjust the process temperature to stay within the meter's operating range. 

o Preventive Actions: 
▪ Regularly monitor the process temperature and implement controls to maintain stability. 
▪ Use temperature-stabilizing equipment such as heat exchangers or chillers. 

o Investigative Actions: 
▪ Investigate temperature-related incidents and their impact on meter performance. 
▪ Review the meter’s temperature specifications against actual operating conditions. 

Maintenance & Calibration 

• Lack of Routine Maintenance 
o Neglecting Sensor Cleaning: 

▪ Corrective Actions: 
▪ Clean the sensor and inspect for any damage or degradation. 
▪ Implement an immediate maintenance schedule to address neglected areas. 
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▪ Preventive Actions: 
▪ Develop and adhere to a strict maintenance schedule, including regular sensor cleaning. 
▪ Train maintenance personnel on the importance of regular sensor upkeep. 

▪ Investigative Actions: 
▪ Investigate why routine maintenance was neglected. 
▪ Review and improve maintenance protocols. 

• Incorrect Calibration Procedures 
o Corrective Actions: 

▪ Recalibrate the meter using the correct procedures and standards. 
▪ Replace or repair any components affected by incorrect calibration. 

o Preventive Actions: 
▪ Provide regular training on proper calibration procedures. 
▪ Implement a calibration schedule that aligns with operational demands. 

o Investigative Actions: 
▪ Investigate calibration records to identify errors or deviations. 
▪ Review and update calibration procedures based on industry best practices. 

• Infrequent Calibration 
o Corrective Actions: 

▪ Immediately calibrate the meter and verify accuracy. 
▪ Implement a catch-up calibration plan for all affected equipment. 

o Preventive Actions: 
▪ Establish and enforce a regular calibration schedule. 
▪ Use automated reminders or tracking systems to ensure timely calibration. 

o Investigative Actions: 
▪ Investigate the causes of calibration delays. 
▪ Review the impact of infrequent calibration on process accuracy. 

Installation & Design 

• Inadequate Design for Application 
o Corrective Actions: 

▪ Redesign or replace the meter with a model suitable for the application. 
▪ Adjust the process design to better match the meter’s capabilities. 

o Preventive Actions: 
▪ Conduct thorough application assessments before meter selection. 
▪ Collaborate with design engineers to ensure proper meter application. 

o Investigative Actions: 
▪ Investigate the design selection process and identify gaps or errors. 
▪ Review similar installations to ensure compatibility. 

• Pipeline Vibrations 
o Lack of Proper Support: 

▪ Corrective Actions: 
▪ Install proper supports and vibration dampeners to stabilize the pipeline. 
▪ Inspect the pipeline for any damage caused by vibrations. 

▪ Preventive Actions: 
▪ Conduct a vibration analysis and implement supports during installation. 
▪ Regularly inspect supports and dampeners for wear or degradation. 

▪ Investigative Actions: 
▪ Investigate the sources of pipeline vibrations and their impact on the meter. 
▪ Review installation guidelines for adequacy in managing vibrations. 

• Incorrect Installation Location 
o Corrective Actions: 

▪ Relocate the meter to a more suitable location in the pipeline. 
▪ Modify the surrounding infrastructure to accommodate proper meter function. 

o Preventive Actions: 
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▪ Perform a site assessment to determine the optimal installation location. 
▪ Follow manufacturer’s guidelines for installation placement. 

o Investigative Actions: 
▪ Investigate the decision-making process for the original installation location. 
▪ Review the installation procedures to prevent similar issues in the future. 

• Improper Meter Orientation 
o Corrective Actions: 

▪ Reinstall the meter in the correct orientation as per manufacturer’s instructions. 
▪ Verify meter performance post-reinstallation. 

o Preventive Actions: 
▪ Provide installation training to ensure proper meter orientation. 
▪ Include orientation checks in the installation verification process. 

o Investigative Actions: 
▪ Investigate why the meter was installed incorrectly. 
▪ Review installation guidelines and compliance with manufacturer’s recommendations. 

Environmental Factors 

• Mechanical Shocks or Vibrations 
o Corrective Actions: 

▪ Isolate the meter from sources of mechanical shocks or vibrations. 
▪ Reinforce meter mounting to reduce the impact of environmental factors. 

o Preventive Actions: 
▪ Implement environmental monitoring systems to detect shocks or vibrations. 
▪ Design and install meters with shock-absorbing mounts. 

o Investigative Actions: 
▪ Investigate the sources and frequencies of mechanical shocks or vibrations. 
▪ Review the installation and design specifications for environmental resilience. 

• Electromagnetic Interference 
o Corrective Actions: 

▪ Shield the meter and surrounding equipment from electromagnetic sources. 
▪ Relocate the meter away from high-interference areas if necessary. 

o Preventive Actions: 
▪ Regularly test for electromagnetic interference and address potential issues. 
▪ Use meters designed with EMI resistance in mind. 

o Investigative Actions: 
▪ Investigate incidents of EMI and their impact on meter performance. 
▪ Review and update installation practices to minimize exposure to interference. 

• High Humidity Levels 
o Corrective Actions: 

▪ Improve environmental controls to reduce humidity around the meter. 
▪ Inspect and replace any components affected by moisture. 

o Preventive Actions: 
▪ Install dehumidifiers or climate control systems in high-humidity areas. 
▪ Use protective coatings or enclosures to shield the meter from humidity. 

o Investigative Actions: 
▪ Investigate the correlation between humidity levels and meter performance. 
▪ Review the suitability of current environmental controls. 

• Corrosive Environments 
o Corrective Actions: 

▪ Apply corrosion-resistant coatings to the meter and surrounding equipment. 
▪ Replace any corroded components immediately. 

o Preventive Actions: 
▪ Regularly monitor environmental conditions for corrosive elements. 
▪ Use materials and designs that are resistant to the identified corrosive agents. 
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o Investigative Actions: 
▪ Investigate the sources of corrosive elements in the environment. 
▪ Review past incidents of corrosion and their impact on equipment performance. 

Material Issues 

• Material Fatigue 
o Cracking or Corrosion: 

▪ Corrective Actions: 
▪ Replace damaged or fatigued components immediately. 
▪ Perform stress analysis to determine the cause of material fatigue. 

▪ Preventive Actions: 
▪ Select materials that are more resistant to fatigue and corrosion for future use. 
▪ Implement regular inspections to identify early signs of material degradation. 

▪ Investigative Actions: 
▪ Investigate the operating conditions that led to material fatigue. 
▪ Review material selection criteria for improvements. 

• Wear and Tear 
o Corrective Actions: 

▪ Replace worn-out components and inspect for collateral damage. 
▪ Adjust maintenance schedules to address wear and tear more frequently. 

o Preventive Actions: 
▪ Use materials that are more durable and better suited to the application. 
▪ Implement a predictive maintenance program to monitor wear. 

o Investigative Actions: 
▪ Investigate the root causes of accelerated wear and tear. 
▪ Review the adequacy of the current maintenance program. 

• Sensor Material Compatibility 
o Corrective Actions: 

▪ Replace the sensor with one that is compatible with the process fluid and conditions. 
▪ Modify the process to reduce the impact on sensor material. 

o Preventive Actions: 
▪ Ensure that material compatibility is thoroughly evaluated during design and selection. 
▪ Use sensors specifically designed for the fluid characteristics. 

o Investigative Actions: 
▪ Investigate previous incidents of material incompatibility and their impact on operations. 
▪ Review and update material compatibility assessments based on operational experience. 

Who can learn from the Malfunction of Coriolis Mass Flow Meter template? 

• Process Engineers: To improve process design and ensure accurate flow measurements by understanding potential issues 
and their causes. 

• Maintenance Technicians: To identify common problems and implement preventive maintenance strategies, reducing 
downtime and repair costs. 

• Quality Assurance Teams: To monitor and validate flow meter accuracy, ensuring product quality and compliance with 
industry standards. 

• Safety Officers: To assess risks associated with meter malfunctions and develop safety protocols to prevent accidents and 
hazardous situations. 

• Instrumentation Engineers: To fine-tune and calibrate the meters, ensuring their proper functioning within the plant's 
automation systems. 

• Operations Managers: To oversee plant efficiency and make informed decisions regarding equipment upgrades or 
replacements based on historical malfunction data. 

Why use this template? 
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Using root cause analysis for Coriolis mass flow meter malfunctions offers significant benefits by systematically identifying and 

addressing the underlying issues causing equipment failures. RCA helps pinpoint the exact factors leading to inaccuracies, such as 

vibration interference or calibration drift, which might otherwise be overlooked. By employing structured methods like fishbone 

diagrams or the 5 Whys technique, teams can explore all potential causes and their interconnections, leading to more effective and 

targeted solutions. This approach not only improves the reliability and accuracy of flow measurements but also enhances overall 

process efficiency, reduces downtime, and minimizes maintenance costs, contributing to smoother plant operations and better 

product quality. 

Use ProSolvr by smartQED for effective problem resolution in your organization to prevent equipment failures in future. 

Curated from community experiences and public sources: 

• https://bcstgroup.com/which-are-the-common-faults-of-coriolis-mass-flow-meters/ 

• https://sino-inst.com/use-and-maintenance-of-coriolis-mass-flowmeters/ 

  

https://bcstgroup.com/which-are-the-common-faults-of-coriolis-mass-flow-meters/
https://sino-inst.com/use-and-maintenance-of-coriolis-mass-flowmeters/
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RCA Templates for: Centrifugal Pump Vibration 

 

Centrifugal pump vibration in petrochemical plants poses significant risks to equipment reliability, safety, and process efficiency. This 
vibration often stems from various mechanical issues such as bearing problems (e.g., worn or improperly lubricated bearings) and 
misalignment in shafts or couplings. Such mechanical failures generate excessive friction and stress, which may lead to costly, 
catastrophic pump failures. 

Operational factors like cavitation—often caused by a blocked inlet or inadequate Net Positive Suction Head (NPSH)—can damage 
internal pump components. Running pumps beyond recommended speed or overloading also contributes to erratic vibrations. 
Additionally, environmental influences, such as temperature fluctuations or vibrations from nearby machinery, accelerate wear, with 
structural resonance from nearby equipment further aggravating the issue. 

Poor maintenance practices, including infrequent inspections and insufficient vibration monitoring, can compromise pump reliability. 
Use of substandard parts or incorrect reassembly during repairs can lead to recurring issues. Lastly, design and installation issues—
like low-quality materials, inadequate vibration isolation, and improper foundation setup—undermine long-term pump performance. 

To address these challenges effectively, petrochemical plants can leverage ProSolvr, a GEN-AI-powered visual RCA tool. With its 
structured, Six-Sigma-based fishbone diagram, ProSolvr enables teams to systematically identify and categorize root causes across key 
areas—mechanical, operational, environmental, and design-related factors. By visualizing each potential cause, teams can pinpoint 
and resolve root issues, resulting in safer, more reliable pump operations. 

Centrifugal Pump Vibration 

• Mechanical Issues 
o Bearing Issues 

▪ Improper lubrication 
▪ Worn bearings 

o Misalignment 
▪ Coupling misalignment 
▪ Shaft misalignment 

o Imbalance 
▪ Impeller wear or damage 
▪ Rotor imbalance 
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• Operational Factors 
o Cavitation 

▪ Blocked inlet 
▪ Inadequate NPSH 

o Improper Operating Conditions 
▪ Operating outside recommended speed 
▪ Overloading 

• Environmental Influences 
o Vibration from Nearby Equipment 

▪ Structural resonance 
▪ Nearby heavy machinery 

o Temperature Fluctuations 
▪ Extreme ambient temperatures 

• Maintenance Practices 
o Poor Quality Repairs 

▪ Substandard parts used 
▪ Incorrect reassembly 

o Inadequate Maintenance 
▪ Lack of vibration monitoring 
▪ Infrequent inspections 

• Design and Installation Issues 
o Poor Pump Design 

▪ Low-quality materials used 
▪ Inadequate vibration isolation 

o Incorrect Installation 
▪ Incorrect bolt torquing 
▪ Improper foundation 

Suggested Actions Checklist  

This set of actions provides a structured approach to addressing, preventing, and investigating vibration issues in centrifugal pumps. 

Mechanical Issues 

• Bearing Issues 

• Corrective Actions 

• Replace worn bearings with OEM-quality parts. 

• Apply the correct type and amount of lubrication. 

• Preventive Actions 

• Implement a regular lubrication schedule. 

• Schedule periodic checks on bearing condition (vibration analysis, temperature monitoring). 

• Investigative Actions 

• Review lubrication type and schedule to ensure compatibility with bearings. 

• Conduct root cause analysis if frequent bearing failures occur to assess underlying issues. 

• Misalignment 

• Corrective Actions 

• Realign the pump and motor shafts, following manufacturer-recommended specifications. 

• Adjust coupling alignment to minimize vibration. 

• Preventive Actions 

• Use precision alignment tools during installation and maintenance. 

• Schedule periodic alignment checks to detect drift or loosening. 

• Investigative Actions 

• Investigate potential sources of misalignment, such as foundation settling or temperature fluctuations. 
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• Check for misalignment patterns across equipment that could suggest a systemic issue. 

• Imbalance 

• Corrective Actions 

• Replace or repair worn or damaged impellers. 

• Balance the rotor using standard balancing procedures. 

• Preventive Actions 

• Inspect impeller condition during routine maintenance. 

• Monitor vibration levels to detect early signs of imbalance. 

• Investigative Actions 

• Examine operational conditions that might contribute to uneven wear (e.g., cavitation). 

• Evaluate if design changes to impellers or rotors could reduce recurring imbalances. 

Operational Factors 

• Cavitation 

• Corrective Actions 

• Clear any blockages at the pump inlet. 

• Increase Net Positive Suction Head (NPSH) if possible or adjust operating parameters. 

• Preventive Actions 

• Monitor inlet conditions to ensure optimal NPSH. 

• Install filtration systems to reduce the likelihood of blockages. 

• Investigative Actions 

• Determine if operating conditions (pressure, flow rate) are aligned with design specifications. 

• Assess process flow and equipment setup to prevent conditions that lead to cavitation. 

• Improper Operating Conditions 

• Corrective Actions 

• Adjust the pump’s operating speed to within the manufacturer’s recommended range. 

• Reduce the load if the pump is over-stressed. 

• Preventive Actions 

• Establish operational parameters and set alarms for speed and load limits. 

• Train operators on the importance of adhering to recommended speed/load conditions. 

• Investigative Actions 

• Review logs to determine when and why the pump was operated outside specifications. 

• Investigate if process demands require a different pump type or size. 

Environmental Influences 

• Vibration from Nearby Equipment 

• Corrective Actions 

• Adjust or relocate vibrating equipment to reduce interference. 

• Install dampening devices between the pump and the source of vibration. 

• Preventive Actions 

• Perform vibration surveys to identify high-risk zones in the vicinity of critical equipment. 

• Implement isolation strategies during installation. 

• Investigative Actions 

• Evaluate structural supports and foundations for resonance issues. 

• Conduct a study to understand external vibration impacts on pump performance. 

• Temperature Fluctuations 

• Corrective Actions 

• Provide thermal insulation or barriers around the pump to moderate temperature impacts. 

• Adjust lubricant or bearing materials to suit the temperature range. 

• Preventive Actions 

• Monitor ambient temperature and install environmental controls if necessary. 
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• Use materials rated for the operational temperature range. 

• Investigative Actions 

• Analyze temperature patterns over time to determine if trends correlate with failures. 

• Check for thermal expansion issues affecting alignment or bearing clearance. 

Maintenance Practices 

• Poor Quality Repairs 

• Corrective Actions 

• Replace any substandard parts with original or high-quality equivalents. 

• Reassemble components per manufacturer guidelines and torque specifications. 

• Preventive Actions 

• Source parts only from approved suppliers and perform quality checks. 

• Maintain detailed repair logs and employ qualified technicians for repairs. 

• Investigative Actions 

• Investigate sources of substandard parts and analyze procurement practices. 

• Review repair practices to ensure adherence to standards and retrain staff if needed. 

• Inadequate Maintenance 

• Corrective Actions 

• Schedule immediate inspections and repairs as per findings. 

• Implement vibration monitoring tools on critical pumps. 

• Preventive Actions 

• Establish a proactive maintenance schedule, including vibration analysis. 

• Regularly conduct comprehensive inspections to detect wear or damage early. 

• Investigative Actions 

• Analyze maintenance logs to determine patterns or gaps in inspection frequency. 

• Assess resource allocation and determine if additional maintenance staff or training is needed. 

Design and Installation Issues 

• Poor Pump Design 
o Corrective Actions 

▪ Retrofit or upgrade the pump to address design flaws. 
▪ Add vibration isolation materials if the current setup lacks adequate damping. 

o Preventive Actions 
▪ Select high-quality materials and components during the design phase. 
▪ Include vibration analysis as part of the design review for new installations. 

o Investigative Actions 
▪ Evaluate if alternative pump designs or configurations would reduce vibration. 
▪ Conduct a failure mode and effects analysis (FMEA) for design improvements 

• Incorrect Installation 
o Corrective Actions 

▪ Retorque bolts and check foundation stability. 
▪ Reinstall the pump according to standard procedures, including precise alignment. 

o Preventive Actions 
▪ Train installers on proper torque specifications and alignment techniques. 
▪ Conduct post-installation vibration testing to verify setup stability. 

o Investigative Actions. 
▪ Investigate if environmental or structural issues might have affected installation quality 
▪ Review installation records to identify deviations from specifications 

Who can learn from the Centrifugal Pump Vibration template? 
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• Maintenance Engineers: They can use this CAPA framework to identify specific corrective actions for immediate issues and 
implement preventive maintenance schedules to minimize equipment wear. This helps them address root causes of 
mechanical and operational issues before they escalate. 

• Reliability Engineers: With this structured approach, reliability engineers can systematically investigate and document failure 
modes in pumps, enhancing future reliability assessments. It supports their goal of reducing unscheduled downtimes and 
improving equipment lifespan. 

• Operations Supervisors: The CAPA template provides them with clear guidelines on preventing improper pump operation 
and enforcing best practices. It ensures that start-up and operational procedures are consistently followed to avoid vibration-
related issues. 

• Quality Control Teams: Quality control can leverage the CAPA process to ensure standards are met in equipment 
performance and operational procedures. This helps them monitor for recurring issues and establish improvements based 
on past incidents. 

• Process Engineers: Process engineers can apply this framework to assess how process-related factors like cavitation affect 
pump performance. It assists them in developing process adjustments to optimize pump function and mitigate vibrations. 

Why use this template?  

A Gen-AI driven, visual root cause analysis with ProSolvr can aid in developing corrective and preventive actions (CAPA) that target 

each identified issue precisely. By implementing these suggested actions, plants can effectively mitigate and manage centrifugal pump 

vibration issues, enhancing equipment longevity and overall operational reliability. This Six Sigma-guided, visual approach not only 

resolves existing issues but also lays out a roadmap to improve reliability and prevent recurrence, ultimately enhancing safety and 

efficiency across petrochemical plant operations. 

Use a quality tool like ProSolvr by smartQED to streamline your root cause analysis process today! With this GEN-AI driven tool, you 

can pinpoint underlying problems, organize corrective actions, and establish preventive measures to prevent recurring failures. 

Curated from community experiences and public sources: 

• https://www.qeehuapump.com/analysis-of-centrifugal-pump-vibration-causes-and-solutions/ 

• https://power-mi.com/content/vibration-analysis-centrifugal-pumps 

 

 

 

 

https://www.qeehuapump.com/analysis-of-centrifugal-pump-vibration-causes-and-solutions/
https://power-mi.com/content/vibration-analysis-centrifugal-pumps
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RCA Template for: Reactor Catalyst Deactivation 

 

Reactor catalyst deactivation is a major challenge in petrochemical plants, where catalysts play a critical role in facilitating chemical 
reactions under controlled conditions. Over time, catalysts lose effectiveness due to factors such as chemical, thermal, mechanical, 
and feedstock-related causes. This results in slower reactions, undesirable process shifts, reduced efficiency, suboptimal yields, and 
potential safety risks. 

For instance, sintering of the catalyst, a chemical factor, occurs at high temperatures and leads to the loss of active sites due to catalyst 
particle coarsening, which reduces the surface area necessary for effective reactions. Similarly, poisoning of the catalyst by 
contaminants like sulfur or chlorine in feedstock can result in coke formation, blocking catalytic sites and diminishing activity. Thermal 
factors, such as localized overheating, disrupt temperature uniformity and degrade catalyst structure, while mechanical factors like 
attrition, erosion, or particle loss physically diminish the catalyst's presence and impact. 

To address these issues, ProSolvr, a GEN-AI-powered root cause analysis application based on fishbone (Ishikawa) diagrams and Six 
Sigma principles, offers a structured solution. ProSolvr systematically examines all potential deactivation factors, enabling teams to 
identify root causes such as sintering, poisoning, or overheating. By visually mapping problems and isolating specific issues, ProSolvr 
provides actionable insights into deviations from optimal operating conditions. 

Leverage ProSolvr to pinpoint root causes and implement lasting solutions, ensuring improved catalyst performance and sustained 
operational efficiency while solving challenges for good. 

Reactor Catalyst Deactivation 

• Chemical Factors 
o Sintering of Catalyst 

▪ Loss of active sites due to sintering 
▪ Catalyst particle coarsening 

o Poisoning of Catalyst 
▪ By-products forming coke 
▪ Contaminants in feedstock (sulfur, chlorine) 

• Thermal Factors 
o Overheating during Operation 

▪ Localized heat generation in reactor 
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▪ Excessive temperature control issues 
o Thermal Decomposition 

▪ Formation of inactive phases 
▪ Catalyst structure degraded by high temperatures 

• Mechanical Factors 
o Loss of Catalyst Particles 

▪ Mechanical failure causing particle loss 
▪ Attrition leading to particle loss in effluent 

o Attrition and Erosion 
▪ Catalyst particles losing surface area 
▪ Physical wear from fluid flow 

• Feedstock Quality 
o Inconsistent Feed Composition 

▪ Poor feed quality control 
▪ Variable feed affecting reaction stability 

o Impurities in Feedstock 
▪ Trace contaminants accumulating 
▪ Presence of metals/heavy oils in feedstock 

• Process Parameters 
o Inadequate Reaction Time 

▪ Insufficient residence time 
▪ Short contact time 

o High Pressure Variations 
▪ Abrupt pressure changes damaging catalyst 
▪ Pressure fluctuations impacting reaction kinetics 

• Operational Practices 
o Improper Shutdown and Startup Procedures 

▪ Rapid thermal changes on shutdown 
▪ Inconsistent startup causing shock 

o Infrequent Catalyst Regeneration 
▪ Coking not reversed 
▪ Lack of scheduled regeneration 

Suggested Actions Checklist  

Here are some suggested corrective actions, preventive actions, and investigative actions related to reactor catalyst deactivation: 

Chemical Factors 

• Sintering of Catalyst 

• Corrective Actions: 

• Adjust the operating temperature to prevent sintering and avoid exceeding the catalyst’s thermal stability. 

• If sintering is already occurring, replace or regenerate the affected catalyst particles. 

• Preventive Actions: 

• Regularly monitor and control reactor temperature within optimal operating ranges. 

• Use more thermally stable catalysts or improve catalyst formulation to resist sintering. 

• Investigative Actions: 

• Conduct a detailed analysis of catalyst temperature profiles and reaction conditions to identify periods of 
excessive heating. 

• Evaluate catalyst particle size distribution and coarsening rates using microscopic analysis. 

• Poisoning of Catalyst 

• Corrective Actions: 

• Remove or clean the catalyst affected by coke buildup through catalyst regeneration. 

• Replace contaminated catalyst if regeneration is insufficient. 
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• Preventive Actions: 

• Implement better feedstock purification processes to reduce contaminants such as sulfur and chlorine. 

• Use catalyst inhibitors or poison-resistant catalysts to mitigate the effects of contaminants. 

• Investigative Actions: 

• Analyze feedstock composition to trace the source of sulfur, chlorine, or other contaminants. 

• Review historical feedstock quality data to identify trends of poisoning. 

Thermal Factors 

• Overheating during Operation 

• Corrective Actions: 

• Investigate and rectify localized heat generation in the reactor, possibly through a review of heat exchanger 
performance or cooling system issues. 

• Adjust reactor cooling rates or modify temperature control mechanisms. 

• Preventive Actions: 

• Improve temperature monitoring with more frequent and detailed temperature checks throughout the 
reactor. 

• Implement a more sophisticated temperature control system that prevents spikes and ensures uniform 
heat distribution. 

• Investigative Actions: 

• Analyze temperature logs and reactor performance data to identify the root cause of overheating or 
temperature variation. 

• Inspect the cooling system for inefficiencies or malfunctions. 

• Thermal Decomposition 

• Corrective Actions: 

• Replace catalysts that have degraded due to thermal decomposition. 

• Regenerate the catalyst if the decomposition is reversible under specific conditions. 

• Preventive Actions: 

• Use catalysts with higher thermal stability for high-temperature operations. 

• Regularly monitor temperature profiles to avoid exposure to harmful thermal conditions. 

• Investigative Actions: 

• Conduct chemical and physical analysis of degraded catalyst samples to determine the extent of thermal 
damage. 

• Review operational temperature logs to correlate incidents of thermal decomposition with specific 
operating conditions. 

Mechanical Factors 

• Loss of Catalyst Particles 

• Corrective Actions: 

• Replace lost catalyst particles, especially if they have caused operational inefficiencies or safety issues. 

• Investigate and repair mechanical failures that could be causing particle loss. 

• Preventive Actions: 

• Improve catalyst retention mechanisms, such as using more efficient sieves or screens. 

• Regularly inspect mechanical equipment to ensure no part is causing excessive attrition or particle loss. 

• Investigative Actions: 

• Conduct a particle loss analysis in the reactor effluent and correlate it with reactor operating conditions. 

• Investigate mechanical systems (e.g., pumps, stirrers) to check for issues that could cause excessive attrition 
or loss. 

• Attrition and Erosion 

• Corrective Actions: 

• Address the underlying causes of fluid flow-induced erosion by adjusting reactor and fluid handling designs. 

• Replace eroded catalyst particles that have lost significant surface area. 
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• Preventive Actions: 

• Use more robust, wear-resistant catalysts for high-flow conditions. 

• Modify reactor design or operating conditions to reduce high-velocity fluid flow areas around the catalyst. 

• Investigative Actions: 

• Examine the wear patterns on catalyst particles to determine if the erosion is primarily caused by fluid 
dynamics or other factors. 

• Review fluid flow patterns within the reactor to detect high shear or abrasive zones. 

Feedstock Quality 

• Inconsistent Feed Composition 

• Corrective Actions: 

• Adjust the feed composition to match the reactor's optimal operating conditions, ensuring stability in the 
reaction. 

• Replace the catalyst if it has been poisoned or deactivated due to inconsistent feed. 

• Preventive Actions: 

• Implement tighter quality control measures for feedstock to ensure consistency in composition. 

• Introduce real-time monitoring of feed composition to catch any deviations early. 

• Investigative Actions: 

• Analyze past feedstock data to identify trends or sources of inconsistencies. 

• Investigate the raw material sourcing and handling process for potential inconsistencies. 

• Impurities in Feedstock 

• Corrective Actions: 

• Filter or treat the feedstock to remove metals, heavy oils, and other contaminants. 

• Regenerate the catalyst to remove the poisoning effects of impurities. 

• Preventive Actions: 

• Introduce stricter feedstock purification processes to remove metals and other unwanted compounds. 

• Use feedstock with a known and stable impurity profile that is compatible with the catalyst. 

• Investigative Actions: 

• Analyze the feedstock for specific impurities (e.g., metals, oils) that could affect catalyst performance. 

• Inspect the filtration and treatment systems for any inefficiency in impurity removal. 

Process Parameters 

• Inadequate Reaction Time 

• Corrective Actions: 

• Increase the residence time by adjusting the flow rate or reactor volume. 

• Reevaluate the contact time between reactants and catalyst to optimize the reaction rate. 

• Preventive Actions: 

• Optimize reaction time settings during reactor design and startup to avoid insufficient contact. 

• Implement better monitoring of reaction time to ensure it meets the required specifications. 

• Investigative Actions: 

• Review flow rate and residence time data to correlate with periods of suboptimal reaction rates. 

• Conduct experiments to determine the ideal reaction time for the specific process conditions. 

• High Pressure Variations 

• Corrective Actions: 

• Stabilize reactor pressure by adjusting control systems or replacing malfunctioning pressure regulation 
equipment. 

• Repair or replace components in the reactor that may be causing pressure fluctuations. 

• Preventive Actions: 

• Improve pressure regulation systems to prevent abrupt pressure changes. 

• Introduce pressure transients monitoring to detect fluctuations before they cause significant issues. 

• Investigative Actions: 



259 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

• Examine historical pressure data to identify spikes and correlate them with operational issues. 

• Inspect pressure regulation and control systems for any malfunctions or irregularities. 

 

Operational Practices 

• Improper Shutdown and Startup Procedures 

• Corrective Actions: 

• Standardize and enforce consistent shutdown and startup protocols to avoid thermal shock or operational 
disruption. 

• Regenerate or replace catalysts that have been damaged during improper shutdown/startup procedures. 

• Preventive Actions: 

• Implement more rigorous training for operators on proper shutdown and startup procedures. 

• Use temperature and pressure monitoring systems to ensure gradual, controlled changes during startup 
and shutdown. 

• Investigative Actions: 

• Review incident logs to determine if improper shutdown or startup procedures have caused previous 
deactivation events. 

• Analyze reactor performance post-startup to identify any thermal or pressure irregularities caused by 
improper procedures. 

• Infrequent Catalyst Regeneration 

• Corrective Actions: 

• Schedule and perform catalyst regeneration to restore activity levels. 

• Replace catalysts that have been irreversibly deactivated by coking or other issues. 

• Preventive Actions: 

• Establish a routine catalyst regeneration schedule to maintain optimal performance. 

• Implement monitoring to ensure that regeneration procedures are followed as required. 

• Investigative Actions: 

• Review historical catalyst performance data to identify periods of inadequate regeneration. 

• Examine catalyst activity levels to assess the need for more frequent regeneration. 

Who can use the Reactor Catalyst Deactivation template? 

• Process Engineers: They are responsible for optimizing reactor operations and ensuring that catalysts function at peak 
efficiency. By understanding the causes of catalyst deactivation and applying RCA, they can improve process parameters, 
optimize reaction conditions, and implement preventive measures to minimize catalyst issues. 

• Maintenance Teams: The teams play a crucial role in inspecting, repairing, and maintaining reactor equipment and catalysts. 
By learning from the RCA, they can better identify and address mechanical failures or attrition that contribute to catalyst loss, 
as well as monitor and repair components that impact catalyst performance. 

• Operations Managers: They oversee the overall functioning of the plant and are responsible for ensuring smooth, efficient 
operations. By understanding RCA findings, they can enforce best practices, implement proper shutdown/startup procedures, 
and schedule catalyst regeneration to prevent deactivation, thus improving plant productivity and safety. 

• Quality Control (QC) and Quality Assurance (QA) Teams:  The teams are tasked with ensuring feedstock quality and 
consistency. They can use the insights from the RCA to tighten feedstock monitoring processes, improve impurity detection, 
and implement better screening and purification techniques to prevent catalyst poisoning from contaminants like sulfur and 
chlorine. 

• Catalyst Suppliers and Researchers: The suppliers and researchers can learn from the RCA to improve the design and 
manufacturing of catalysts. By understanding the common causes of deactivation (e.g., sintering, poisoning, thermal 
decomposition), they can develop more durable, efficient catalysts that resist deactivation under harsh operating conditions. 

• Training and Development Teams: Training and development teams are responsible for educating plant personnel on safe, 
efficient practices. By incorporating lessons learned from the RCA into their training programs, they can ensure that operators 
and engineers are better equipped to manage catalyst deactivation issues and apply corrective actions when needed. 
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Why use this template? 

With a well-conducted RCA, teams can then develop a CAPA (Corrective and Preventive Action) plan to address both immediate fixes 

and long-term safeguards. This kind of GEN-AI driven RCA with a quality tool like ProSolvr, grounded in Six Sigma’s emphasis on quality 

and process control, provides a thorough, actionable framework to not only correct current problems but to establish preventive 

measures to mitigate future risks, improving overall reactor efficiency and stability. 

Empower your team with ProSolvr by smartQED to drive sustained improvements in productivity, safety, and cost-efficiency in your 

petrochemical plant.  

Curated from community experiences and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/S0926860X00008425 

• https://www.tandfonline.com/doi/abs/10.1080/03602458208079657 
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RCA Template for: Catalyst Bed Malfunction 

 

Catalyst beds play a vital role in petrochemical plants, enabling key chemical reactions by providing surfaces for reactants to interact. 
Root Cause Analysis (RCA) helps address catalyst bed malfunctions by identifying the actual causes rather than just the symptoms. A 
visual RCA might show that impurities in the feedstock cause catalyst poisoning, or that improper packing leads to channeling in the 
bed. By pinpointing these causes, plant operators can take corrective actions like improving feedstock quality, optimizing catalyst 
loading, or adjusting operating conditions to prevent sintering. 

When catalyst beds malfunction, they can cause severe operational problems, including reduced reaction efficiency, unwanted side 
reactions, or complete process shutdowns. Common issues include catalyst poisoning, where contaminants deactivate the catalyst, 
channeling, which allows flow to bypass parts of the catalyst bed, and sintering, where high temperatures cause the catalyst particles 
to clump together. These problems result in lower product yields, higher energy consumption, and increased operational costs. 

RCA tackles immediate issues and boosts long-term reliability and efficiency. Documenting findings and corrective actions helps build 
a knowledge base, preventing similar future problems. Continuous monitoring and periodic RCA can also spot emerging issues before 
they turn into major malfunctions. A fishbone diagram can serve as both a reactive and proactive tool, improving the stability and 
productivity of processes that rely on catalysts. 

Catalyst Bed Malfunction 

• Improper Catalyst Loading 
o Overloading of Catalyst 
o Uneven Catalyst Distribution 
o Incorrect Catalyst Type 

• High Temperatures 
o Insufficient Insulation 
o Inadequate Cooling Systems 
o Excessive Heat Exchanger Temperatures 

• Contaminants in Feedstock 
o Presence of Water 
o Presence of Metals 
o Presence of Sulfur Compounds 

• Inadequate Maintenance 
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o Inadequate Maintenance Personnel 
o Use of Incorrect Maintenance Procedures 
o Irregular Maintenance Schedule 

• Equipment Failure 
o Improper Installation 
o Design Flaws 
o Equipment Wear and Tear 

• Operational Error 
o Human Error 
o Inadequate Training 
o Incorrect Operating Parameters 

Suggested Actions Checklist 

This checklist provides a comprehensive approach to addressing the root causes of catalyst bed malfunctions, ensuring that corrective, 

preventive, and investigative actions are effectively implemented. 

Improper Catalyst Loading 

• Overloading of Catalyst 
o Corrective Actions: 

▪ Remove excess catalyst to achieve the correct loading levels. 
▪ Adjust process conditions to accommodate the reduced catalyst load. 

o Preventive Actions: 
▪ Implement strict loading procedures with checks and balances. 
▪ Train operators on the correct methods for catalyst loading. 

o Investigative Actions: 
▪ Investigate why and how the catalyst overloading occurred. 
▪ Review and improve catalyst loading procedures and documentation. 

• Uneven Catalyst Distribution 
o Corrective Actions: 

▪ Redistribute the catalyst to ensure even distribution within the bed. 
▪ Inspect for any damage caused by uneven distribution and correct as needed. 

o Preventive Actions: 
▪ Use calibrated equipment to ensure uniform catalyst distribution. 
▪ Train personnel on techniques for even catalyst distribution. 

o Investigative Actions: 
▪ Investigate the cause of uneven distribution during loading. 
▪ Review and enhance catalyst loading and distribution protocols. 

• Incorrect Catalyst Type 
o Corrective Actions: 

▪ Replace the incorrect catalyst with the correct type specified for the process. 
▪ Adjust process parameters to suit the correct catalyst type. 

o Preventive Actions: 
▪ Implement verification procedures for catalyst type before loading. 
▪ Train staff on the importance of using the correct catalyst type for each process. 

o Investigative Actions: 
▪ Investigate how the incorrect catalyst type was selected and loaded. 
▪ Review procurement and verification procedures for catalyst materials. 
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High Temperatures 

• Insufficient Insulation 
o Corrective Actions: 

▪ Install or upgrade insulation in affected areas to manage heat levels. 
▪ Inspect and repair any damage caused by insufficient insulation. 

o Preventive Actions: 
▪ Regularly inspect insulation quality and effectiveness. 
▪ Use high-performance insulation materials where high temperatures are expected. 

o Investigative Actions: 
▪ Investigate the effectiveness of existing insulation. 
▪ Review insulation installation and maintenance procedures. 

• Inadequate Cooling Systems 
o Corrective Actions: 

▪ Repair or upgrade cooling systems to manage heat exchange effectively. 
▪ Inspect the catalyst bed and surrounding areas for heat-related damage. 

o Preventive Actions: 
▪ Implement regular maintenance and performance checks for cooling systems. 
▪ Design cooling systems with redundancy and capacity for peak loads. 

o Investigative Actions: 
▪ Investigate the causes of cooling system inadequacy. 
▪ Review cooling system design and operation for potential improvements. 

• Excessive Heat Exchanger Temperatures 
o Corrective Actions: 

▪ Adjust heat exchanger settings to maintain temperatures within design limits. 
▪ Inspect and repair any damage caused by excessive temperatures. 

o Preventive Actions: 
▪ Monitor heat exchanger performance regularly with automated systems. 
▪ Train operators on maintaining and troubleshooting heat exchanger systems. 

o Investigative Actions: 
▪ Investigate the reasons for temperature fluctuations in the heat exchanger. 
▪ Review and optimize heat exchanger design and control systems. 

Contaminants in Feedstock 

• Presence of Water 
o Corrective Actions: 

▪ Dry the feedstock to remove water content before it enters the catalyst bed. 
▪ Inspect the catalyst bed for any damage or deactivation due to water presence. 

o Preventive Actions: 
▪ Install water separators or dryers in the feedstock line. 
▪ Regularly monitor feedstock for water content. 

o Investigative Actions: 
▪ Investigate how water contamination occurred in the feedstock. 
▪ Review and improve feedstock handling and treatment processes. 

• Presence of Metals 
o Corrective Actions: 

▪ Remove metal contaminants from the feedstock before processing. 
▪ Replace or regenerate the catalyst if metal contamination has caused deactivation. 

o Preventive Actions: 
▪ Use filters or metal scavengers to remove metals from feedstock. 
▪ Implement regular testing of feedstock for metal contamination. 

o Investigative Actions: 
▪ Investigate the source of metal contamination in the feedstock. 
▪ Review and enhance procedures for feedstock quality assurance. 
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• Presence of Sulfur Compounds 
o Corrective Actions: 

▪ Desulfurize the feedstock before it reaches the catalyst bed. 
▪ Inspect and regenerate or replace the catalyst affected by sulfur poisoning. 

o Preventive Actions: 
▪ Install sulfur removal systems in the feedstock preparation line. 
▪ Monitor sulfur levels in the feedstock regularly. 

o Investigative Actions: 
▪ Investigate the sources of sulfur contamination in the feedstock. 
▪ Review feedstock treatment processes for effectiveness against sulfur compounds. 

Inadequate Maintenance 

• Inadequate Maintenance Personnel 
o Corrective Actions: 

▪ Hire or train additional maintenance personnel to meet operational needs. 
▪ Provide immediate training to current staff on essential maintenance tasks. 

o Preventive Actions: 
▪ Develop a staffing plan that ensures sufficient maintenance coverage at all times. 
▪ Implement a continuous training program for maintenance personnel. 

o Investigative Actions: 
▪ Investigate staffing levels and skills to identify gaps in maintenance coverage. 
▪ Review recruitment and training processes for maintenance staff. 

• Use of Incorrect Maintenance Procedures 
o Corrective Actions: 

▪ Correct any maintenance work performed using incorrect procedures. 
▪ Provide retraining to staff on the correct procedures. 

o Preventive Actions: 
▪ Standardize maintenance procedures and provide clear documentation. 
▪ Implement regular audits to ensure adherence to correct procedures. 

o Investigative Actions: 
▪ Investigate how and why incorrect maintenance procedures were used. 
▪ Review and improve maintenance training and procedural documentation. 

• Irregular Maintenance Schedule 
o Corrective Actions: 

▪ Perform all overdue maintenance tasks immediately. 
▪ Inspect the catalyst bed and related equipment for any signs of wear or damage. 

o Preventive Actions: 
▪ Implement a strict maintenance schedule with regular inspections and servicing. 
▪ Use a CMMS (Computerized Maintenance Management System) to track maintenance activities. 

o Investigative Actions: 
▪ Investigate the reasons for irregular maintenance scheduling. 
▪ Review and optimize the maintenance planning process. 

Equipment Failure 

• Improper Installation 
o Corrective Actions: 

▪ Reinstall equipment according to manufacturer and industry standards. 
▪ Inspect for any damage caused by improper installation and repair as needed. 

o Preventive Actions: 
▪ Ensure that qualified personnel perform all installations. 
▪ Use detailed installation checklists and post-installation verification. 

o Investigative Actions: 
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▪ Investigate the installation process to identify errors or oversights. 
▪ Review and improve installation procedures and training. 

• Design Flaws 
o Corrective Actions: 

▪ Redesign or retrofit the equipment to address design flaws. 
▪ Conduct additional testing to ensure the redesign meets operational requirements. 

o Preventive Actions: 
▪ Implement a robust design review process during the equipment development stage. 
▪ Use simulations and modeling to identify potential design issues early. 

o Investigative Actions: 
▪ Investigate the design and engineering process to identify flaws. 
▪ Review and enhance the design validation process. 

• Equipment Wear and Tear 
o Corrective Actions: 

▪ Repair or replace worn equipment components. 
▪ Adjust operating parameters to reduce the rate of wear and tear. 

o Preventive Actions: 
▪ Implement a regular inspection and replacement schedule for critical components. 
▪ Use high-quality materials designed to withstand the operational environment. 

o Investigative Actions: 
▪ Investigate the causes of accelerated wear and tear. 
▪ Review and improve materials selection and maintenance practices. 

Operational Error 

• Human Error 
o Corrective Actions: 

▪ Correct any operational mistakes immediately and restore the process to safe conditions. 
▪ Provide feedback and retraining to the operator involved. 

o Preventive Actions: 
▪ Implement a rigorous training program that emphasizes process safety and accuracy. 
▪ Use checklists and automated systems to reduce the likelihood of human error. 

o Investigative Actions: 
▪ Investigate the root causes of human error, including stress, fatigue, or inadequate training. 
▪ Review and improve operational procedures and training programs. 

• Inadequate Training 
o Corrective Actions: 

▪ Provide immediate training on specific skills or knowledge gaps identified. 
▪ Pair less experienced operators with seasoned mentors for on-the-job training. 

o Preventive Actions: 
▪ Implement a comprehensive and ongoing training program for all operators. 
▪ Regularly assess operator competency and provide refresher courses as needed. 

o Investigative Actions: 
▪ Investigate the effectiveness of current training programs. 
▪ Review and enhance training methods and materials. 

• Incorrect Operating Parameters 
o Corrective Actions: 

▪ Reset the process parameters to the correct settings immediately. 
▪ Inspect for any damage caused by incorrect parameters and repair as needed. 

o Preventive Actions: 
▪ Implement automated controls and monitoring systems to maintain correct parameters. 
▪ Train operators on the importance of maintaining precise operating conditions. 

o Investigative Actions: 
▪ Investigate the causes of incorrect parameter settings, including human error or system faults. 
▪ Review and improve process control systems and operator training. 
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Who can benefit from the Catalyst Bed Malfunction Template? 

• Process Engineers: They can understand the importance of proper catalyst loading, managing operational parameters, and 
ensuring correct design and installation of catalyst beds. 

• Maintenance Technicians: They will learn the value of regular maintenance, accurate calibration, and thorough inspections 
to prevent equipment wear and tear. 

• Operations Managers: They can see how human error, lack of training, and not following procedures affect the performance 
and reliability of catalyst beds. 

• Safety and Compliance Officers: They will focus on monitoring environmental factors like temperature and contamination, 
ensuring adherence to safety protocols during catalyst bed operations. 

• Quality Assurance Teams: They can ensure proper material selection, feedstock quality, and effective testing and validation 
to prevent malfunctions. 

• Training and Development Coordinators: They will recognize the need for continuous training in catalyst handling, 
maintenance procedures, and operational parameter management to minimize malfunctions. 

Why use this template? 

This Gen-AI-powered root cause analysis helps identify the key issues behind catalyst bed failures, such as improper loading, 

equipment wear, or human error. By thoroughly analyzing these problems, organizations can implement corrective actions that not 

only fix the current issue but also prevent future ones. RCA boosts the reliability and efficiency of catalyst beds, reduces downtime, 

and ensures safer, more consistent production processes—leading to cost savings and improved performance. 

Use ProSolvr by smartQED for effectively analyzing the causes behind malfunctioning equipment in your organization. 

Curated from community experiences and public sources: 

• https://catalysts.basf.com/industries/chemical/petrochemical-catalysts 

• https://www.degruyter.com/document/doi/10.1515/revce-2019-0017/html 

  

https://catalysts.basf.com/industries/chemical/petrochemical-catalysts
https://www.degruyter.com/document/doi/10.1515/revce-2019-0017/html
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RCA Template for: Vacuum Circuit Breaker Failure 
 

 

A vacuum circuit breaker (VCB) is a crucial device in petrochemical plants used to protect electrical systems by interrupting 

high-voltage circuits during fault conditions, such as short circuits or overloads. It operates by opening contacts in a 

vacuum chamber, which ensures that the arc created when the circuit breaks is quickly extinguished due to the absence 

of gas or other mediums that could maintain the arc. This technology is valued for its reliability, longevity, and low 

maintenance. In the high-risk environment of a petrochemical plant, VCBs protect critical equipment like motors, 

transformers, and switchgear, ensuring stable operations and minimizing downtime. 

However, malfunctions in vacuum circuit breakers can lead to significant problems, such as equipment damage, power 

outages, or even fires. Issues might arise from worn contacts, improper maintenance, mechanical failures, or 

environmental factors like dust and moisture. These failures can disrupt production, cause safety hazards, and incur 

financial losses. Identifying the exact cause of a malfunction quickly is crucial to minimize downtime and prevent 

recurrence of similar issues. 

Root cause analysis (RCA) using a fishbone diagram can systematically address the malfunction of a VCB. By categorizing 

potential causes into key areas like human factors, materials, equipment, processes, and environmental conditions, the 

fishbone diagram helps teams visually break down the problem. For instance, if a VCB failure occurred due to contact 

wear, this could be traced back to inadequate maintenance procedures or poor-quality materials. Analyzing each possible 

root cause allows engineers to not only fix the immediate issue but also implement preventive measures, such as 

improving maintenance protocols or upgrading equipment, reducing the risk of future failures. 

Vacuum Circuit Breaker Failure 

• Insufficient Voltage Supply 

o Faulty Wiring 

▪ Damaged cables 

▪ Loose connections 

o Power Supply Failure 

▪ Breaker tripping upstream 
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▪ Transformer malfunction 

• Mechanical Linkage Failure 

o Broken Actuator Spring 

▪ Overuse without maintenance 

▪ Spring fatigue 

o Misaligned Components 

▪ Wear and tear 

▪ Poor installation 

• Faulty Control Relay 

o  Control Circuit Malfunction 

▪ Poor circuit design 

▪ Wiring issues 

o  Relay Contact Wear 

▪ Poor-quality relays 

▪ Frequent switching 

• Environmental Conditions 

o  Dust Accumulation 

▪ Ingress of dust particles 

▪ Poor maintenance 

o  Excessive Humidity 

▪ Condensation buildup 

▪ Inadequate sealing 

• Incorrect Operation 

o   Misinterpretation of Control Signals 

▪ Failure to follow SOP 

▪  Ambiguous panel indicators 

o   Insufficient Training 

▪ No refresher training 

▪ Lack of operator knowledge 

 

Suggested Actions Checklist  

Here are some corrective, preventive and investigative actions to help with your issues regarding vacuum circuit breaker 

failures.  

Insufficient Voltage Supply 

• Faulty Wiring 

o Corrective: Repair or replace damaged cables and faulty wiring. 

o Preventive: Inspect wiring regularly and implement a preventive maintenance schedule. 

o Investigative: Conduct root cause analysis to determine why the wiring fault occurred. 

• Damaged Cables 

o Corrective: Replace damaged cables immediately. 

o Preventive: Use proper cable management techniques and protective conduits. 
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o Investigative: Investigate the cause of cable damage (e.g., physical wear, environmental factors). 

• Loose Connections 

o Corrective: Tighten or replace loose electrical connections. 

o Preventive: Implement routine checks for secure electrical connections. 

o Investigative: Review installation and maintenance records for lapses in connection inspections. 

• Power Supply Failure 

o Corrective: Restore power and repair any damaged components upstream. 

o Preventive: Install power backup systems and voltage stabilizers to mitigate supply failures. 

o Investigative: Check upstream circuits for faults, including breaker tripping and transformer malfunctions. 

Mechanical Linkage Failure 

• Broken Actuator Spring 

o Corrective: Replace broken actuator springs. 

o Preventive: Regularly inspect springs for signs of wear or fatigue and replace them before failure. 

o Investigative: Analyze the material and operational stresses leading to spring failure. 

• Overuse Without Maintenance 

o Corrective: Perform necessary maintenance on overused components. 

o Preventive: Schedule routine maintenance to prevent overuse-related failures. 

o Investigative: Review maintenance logs and assess why maintenance was delayed or omitted. 

• Spring Fatigue 

o Corrective: Replace fatigued springs and test new ones for reliability. 

o Preventive: Conduct stress analysis on components subjected to repetitive mechanical forces. 

o Investigative: Investigate the causes of fatigue (e.g., excessive operational cycles, incorrect spring 

specifications). 

• Misaligned Components 

o Corrective: Realign components and ensure proper installation. 

o Preventive: Perform alignment checks during both installation and maintenance. 

o Investigative: Examine installation procedures to determine why misalignment occurred. 

• Wear and Tear 

o Corrective: Replace worn components immediately. 

o Preventive: Use durable materials suited for the operating environment and inspect for wear periodically. 
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o Investigative: Determine which parts of the system are prone to wear and revise component selection or 

design. 

• Poor Installation 

o Corrective: Reinstall components according to manufacturer specifications. 

o Preventive: Provide proper training for installation teams and adhere to standard procedures. 

o Investigative: Review the installation process to identify gaps in the procedures or training. 

Faulty Control Relay 

• Control Circuit Malfunction 

o Corrective: Repair or replace faulty control circuits. 

o Preventive: Regularly test control circuits and implement circuit redundancy for critical applications. 

o Investigative: Analyze the circuit design and wiring for vulnerabilities. 

• Poor Circuit Design 

o Corrective: Redesign the circuit to eliminate flaws. 

o Preventive: Use industry-standard circuit design best practices. 

o Investigative: Review the initial design and conduct failure mode analysis. 

• Wiring Issues 

o Corrective: Replace faulty or damaged wiring in control circuits. 

o Preventive: Implement regular inspections of control wiring for signs of degradation. 

o Investigative: Investigate the cause of wiring failure (e.g., environmental stress, improper installation). 

• Relay Contact Wear 

o Corrective: Replace worn relay contacts. 

o Preventive: Use higher-quality relays and inspect contacts regularly for signs of wear. 

o Investigative: Review the operational cycle of relays and assess the impact of switching frequency on 

wear. 

• Poor-Quality Relays 

o Corrective: Replace low-quality relays with ones that meet specifications. 

o Preventive: Source relays from certified suppliers with proven quality control processes. 

o Investigative: Audit supplier quality management systems and review their certifications. 

• Frequent Switching 

o Corrective: Modify the operating procedures to reduce excessive switching. 

o Preventive: Optimize the number of switching operations by upgrading relay components or control logic. 
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o Investigative: Review the operational demands and determine if switching frequencies can be reduced. 

Environmental Conditions 

• Dust Accumulation 

o Corrective: Clean VCB components and remove accumulated dust. 

o Preventive: Install dust filters and seal enclosures to prevent dust ingress. 

o Investigative: Identify the source of dust and evaluate the operating environment. 

• Ingress of Dust Particles 

o Corrective: Replace affected components and improve system sealing. 

o Preventive: Inspect and upgrade sealing mechanisms regularly to prevent dust ingress. 

o Investigative: Conduct an environmental assessment to determine how dust particles are entering the 

system. 

• Excessive Humidity 

o Corrective: Dehumidify the control room or enclosures and replace any moisture-damaged components. 

o Preventive: Install humidity control systems or desiccants in areas prone to moisture accumulation. 

o Investigative: Evaluate the operational environment for sources of excessive humidity. 

• Condensation Buildup 

o Corrective: Dry out condensation and replace moisture-affected electrical components. 

o Preventive: Ensure proper insulation and use anti-condensation heaters where required. 

o Investigative: Investigate insulation and environmental control systems for gaps in performance. 

• Inadequate Sealing 

o Corrective: Improve sealing around electrical components and enclosures. 

o Preventive: Regularly inspect sealing integrity and replace damaged seals. 

o Investigative: Review sealing specifications and investigate whether they are suited for the environment. 

Incorrect Operation 

• Misinterpretation of Control Signals 

o Corrective: Clarify control signals and provide updated operator training. 

o Preventive: Use unambiguous signals and interfaces with clear instructions for operators. 

o Investigative: Conduct a review of operator interactions with the control panel. 

• Failure to Follow SOP 

o Corrective: Retrain operators and enforce adherence to SOPs. 

o Preventive: Implement strict supervisory controls and regular refresher training for operators. 



272 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

o Investigative: Review past incidents and analyze deviations from standard operating procedures. 

• Ambiguous Panel Indicators 

o Corrective: Update panel indicators to be clear and easily understandable. 

o Preventive: Use standardized labeling and clear visual indicators on control panels. 

o Investigative: Investigate incidents where ambiguous indicators led to misinterpretation. 

• Insufficient Training 

o Corrective: Provide comprehensive training to operators and maintenance staff. 

o Preventive: Establish regular training programs and assessments to ensure up-to-date knowledge. 

o Investigative: Review past training programs and identify gaps in operator skills. 

• No Refresher Training 

o Corrective: Organize refresher training sessions for all relevant personnel. 

o Preventive: Set up mandatory periodic refresher courses as part of standard training protocols. 

o Investigative: Analyze whether operators have kept up with procedural updates and technological 

changes. 

• Lack of Operator Knowledge 

o Corrective: Provide additional training and mentoring for less experienced operators. 

o Preventive: Assign only trained and certified personnel to operate VCB systems. 

o Investigative: Review certification and knowledge assessments for operators to pinpoint knowledge gaps. 

 

Who can learn from the Vacuum Circuit Breaker Failure template? 

• Maintenance Teams: They can use insights from VCB failure templates to improve inspection, repair schedules, 

and maintenance procedures to prevent future malfunctions. 

• Operations Personnel: Understanding the failures helps operators recognize early warning signs of potential 

issues and follow proper protocols to avoid catastrophic failures during daily operations. 

• Engineering Teams: Engineers can study failure modes to design more robust systems, optimize electrical 

networks, and suggest necessary upgrades or modifications to circuit breakers. 

• Safety and Compliance Teams: They can learn how VCB failures impact plant safety and compliance with 

regulatory standards, ensuring necessary precautions are in place to mitigate electrical hazards. 

• Procurement Teams: Insights from failures can guide procurement decisions, ensuring that high-quality VCBs and 

replacement parts are sourced, along with maintaining relationships with reliable vendors. 

• Training and Development Teams: They can incorporate lessons from past failures into training modules to equip 

employees with the knowledge needed to identify risks, manage equipment better, and respond effectively to 

issues. 
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Why use this template? 

Using root cause analysis (RCA) for vacuum circuit breaker (VCB) failures in petrochemical plants offers significant benefits by enabling 

a structured approach to identifying and addressing the underlying causes of malfunctions. RCA helps prevent recurring issues by 

thoroughly investigating not just the immediate symptoms of the failure but also the deeper, systemic causes such as poor 

maintenance practices, substandard materials, or environmental conditions. This proactive problem-solving method reduces 

downtime, enhances safety, and improves the reliability of electrical systems. By implementing corrective and preventive measures 

based on RCA findings, plants can optimize maintenance strategies, reduce repair costs, and ensure smoother, uninterrupted 

operations, ultimately safeguarding both equipment and personnel. 

Use ProSolvr by smartQED to analyze and resolve equipment malfunctions in your organization. 

Curated from community experiences and public sources: 

• https://testbook.com/physics/vacuum-circuit-breaker 

• https://testbook.com/question-answer/which-is-the-most-serious-problem-in-vacuum-circui--

5ede91dcf60d5d579f0ca699 

 

 

 

 

  

 

  

https://testbook.com/physics/vacuum-circuit-breaker
https://testbook.com/question-answer/which-is-the-most-serious-problem-in-vacuum-circui--5ede91dcf60d5d579f0ca699
https://testbook.com/question-answer/which-is-the-most-serious-problem-in-vacuum-circui--5ede91dcf60d5d579f0ca699
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RCA Template for: Steam Trap Failures 

 

Steam trap failures are a significant issue in petrochemical plants, where steam is extensively used for heating, power generation, and 
driving chemical reactions. A steam trap's role is to release condensed steam (condensate) without allowing live steam to escape, 
maintaining efficient operation of the steam distribution system. When a steam trap fails—either by leaking, not discharging 
condensate, or being stuck open or closed—this can lead to multiple operational issues. 

Failed traps can result in wasted steam, energy loss, unplanned shutdowns, and increased wear on system components. In more 
critical cases, condensate back-up from an undersized or inadequately performing steam trap can increase the risk of water hammer, 
equipment damage, and even catastrophic failures, impacting both safety and production continuity. 

In a complex system, multiple factors contribute to steam trap failures. Improper startup and shutdown procedures can create 
operational stresses on traps, accelerating wear. Operational pressure variance is another factor that can misalign a trap's functioning 
if it wasn’t designed to handle varying pressures. Technical issues like material suitability and mechanical reliability of the trap also 
play a role; traps made from improper materials might degrade in petrochemical environments where corrosion is prevalent. 

Additionally, external factors, such as corrosive substances in the environment or extreme temperatures affecting the trap lifespan, 
add further challenges. Compounding these issues, supply chain problems, including quality issues with replacement parts can make 
maintenance more difficult. 

Addressing these failures effectively after they occur requires a structured root cause analysis (RCA). Using GEN-AI to facilitate RCA 
through tools like a fishbone diagram, integrated with Six Sigma principles, can provide systematic insight into the incident. A GEN AI-
powered quality tool like ProSolvr can break down causes and arrange them in various categories, making it easier to identify areas 
where corrective and preventive actions (CAPA) should be implemented. For each identified root cause, specific actions can be 
developed and implemented to prevent recurrence, providing permanent solutions to the issue. 
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Steam Trap Failures 

• Operational Practices 
o Improper Startup and Shutdown Procedures 
o Operational Pressure Variance 
o Steam Quality Control 

▪ Lack of routine steam quality testing 
▪ Improper water treatment 

• Technical Specifications 
o Mechanical Reliability 
o Material Suitability 
o Trap Selection Criteria 

▪ Inappropriate trap type for high-flow conditions 
▪ Trap chosen without considering system specifics 

• System Design 
o Insufficient Drain Points 
o Incorrect Piping Layout 
o Inadequate Trap Sizing 

▪ Undersized trap causing condensate back-up 
▪ Oversized trap leading to pressure loss 

• Environmental Factors 
o Corrosive Substances in Environment 
o External Temperature Variation 

▪ Extreme heat impacting trap lifespan 
▪ Freezing temperatures causing trap failure 

• Supply Chain 

o Quality Issues with Replacement Parts 
o Delays in Replacement Parts 

▪ Unreliable vendor for critical components 
▪ Long lead times for custom parts 

Suggested Actions Checklist  

Here is a structured set of corrective, preventive, and investigative actions for the causes listed for steam trap failures.  

Operational Practices 

• Improper Startup and Shutdown Procedures 
o Corrective Actions: 

▪ Standardize startup and shutdown procedures to minimize operational stresses on steam traps. Re-train 
staff on proper procedures. 

o Preventive Actions: 
▪ Implement operational audits to ensure that startup/shutdown processes are followed and monitor steam 

trap performance during transitions. 
o Investigative Actions: 

▪ Conduct incident reviews whenever steam trap failures occur during startup/shutdown phases. Examine 
whether deviations from procedures contributed to the failure. 
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• Operational Pressure Variance 
o Corrective Actions: 

▪ Adjust operational controls to stabilize pressure conditions within acceptable ranges for steam traps. 
o Preventive Actions: 

▪ Introduce real-time pressure monitoring near critical steam traps and set alarms for significant pressure 
fluctuations. 

o Investigative Actions: 
▪ Review historical pressure data to identify patterns and pressure stability issues in areas where trap failures 

are common. 

• Steam Quality Control 
o Corrective Actions: 

▪ Address immediate steam quality issues by improving condensate return systems and removing impurities. 
Inspect all affected steam traps. 

o Preventive Actions: 
▪ Establish a steam quality testing schedule to ensure impurities or inadequate treatment are identified and 

resolved before they affect traps. 
o Investigative Actions: 

▪ Analyze water treatment logs and quality test results to determine if fluctuations or inadequacies are linked 
to steam trap failures. 

Technical Specifications 

• Mechanical Reliability 
o Corrective Actions: 

▪ Replace or repair faulty traps with reliable, industry-standard models. Conduct failure mode analysis to 
identify design weaknesses. 

o Preventive Actions: 
▪ Set up a routine maintenance schedule with performance testing to identify reliability issues before failure. 

o Investigative Actions: 
▪ Conduct root cause analysis on each failed trap to understand if design, wear, or materials were the primary 

cause of failure. 

• Material Suitability 
o Corrective Actions: 

▪ Replace steam traps with materials that are better suited to the environment, especially if corrosive 
substances are present. 

o Preventive Actions: 
▪ Develop guidelines for material selection based on environmental conditions and steam 

temperature/pressure. 
o Investigative Actions: 

▪ Review specifications for all traps in corrosive or high-stress areas to confirm material compatibility. 

• Trap Selection Criteria 
o Corrective Actions: 

▪ Replace inappropriately selected traps with models suited to the specific operational needs, such as high-
flow capacity or high-pressure environments. 

o Preventive Actions: 
▪ Create a standardized trap selection guide based on system flow, pressure, and environmental factors. 

o Investigative Actions: 
▪ Conduct a selection audit for all existing steam traps and compare with actual performance requirements. 

System Design 

• Insufficient Drain Points 
o Corrective Actions: 
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▪ Install additional drain points to allow condensate removal and reduce load on existing traps. 
o Preventive Actions: 

▪ Assess and redesign condensate drainage systems as part of new installations or major system overhauls. 
o Investigative Actions: 

▪ Analyze the system layout and review any historical issues with condensate build-up. 

• Incorrect Piping Layout 
o Corrective Actions: 

▪ Reconfigure piping to provide proper support for condensate flow to traps, minimizing water hammer risks. 
o Preventive Actions: 

▪ Incorporate piping layout reviews into system design practices, especially for high-condensate areas. 
o Investigative Actions: 

▪ Review piping layout maps and inspect for low points or bends that may trap condensate. 

• Inadequate Trap Sizing 
o Corrective Actions: 

▪ Replace undersized or oversized traps to match the calculated condensate load and pressure requirements. 
o Preventive Actions: 

▪ Incorporate sizing checks in design standards, with sizing calculations verified for each trap installation. 
o Investigative Actions: 

▪ Evaluate sizing calculations and failure rates to determine if wrong trap sizes contributed to failures. 

• Environmental Factors 
o Corrosive Substances in Environment 

▪ Corrective Actions: 

• Replace steam traps in corrosive areas with corrosion-resistant materials or apply protective 
coatings. 

▪ Preventive Actions: 

• Install protective barriers around steam traps where corrosive exposure is unavoidable. 
▪ Investigative Actions: 

• Review environmental exposure levels to determine correlations between corrosion rates and trap 
lifespan. 

• External Temperature Variation 
o Corrective Actions: 

▪ Replace traps that fail due to extreme temperatures with models rated for those specific conditions. 
o Preventive Actions: 

▪ Apply insulation or heating systems to protect traps in high-heat or freezing environments. 
o Investigative Actions: 

▪ Analyze temperature-related failure incidents and compare to trap material specifications. 

Supply Chain 

• Quality Issues with Replacement Parts 
o Corrective Actions: 

▪ Identify and work with vendors that provide higher-quality parts. Replace low-quality parts promptly. 
o Preventive Actions: 

▪ Establish strict quality control criteria for part selection and incorporate supplier audits. 
o Investigative Actions: 

▪ Track failure rates by part source and identify correlations to assess supplier reliability. 

• Delays in Replacement Parts 
o Corrective Actions: 

▪ Increase inventory of critical replacement parts or find alternate suppliers with faster lead times. 
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o Preventive Actions: 
▪ Create a supply chain risk management plan, including backup vendors for essential components. 

o Investigative Actions: 
▪ Perform root cause analysis on all downtime caused by part shortages and review ordering and inventory 

procedures. 

Who can learn from the Steam Trap Failures template? 

• Maintenance Teams: Maintenance personnel can use the templates to identify causes of steam trap issues, implement 
corrective actions, and create preventive maintenance schedules to reduce unplanned downtime. 

• Operations Staff: Operators can learn about best practices for startup, shutdown, and routine steam system management, 
ensuring that operational procedures support steam trap reliability and efficiency. 

• Engineering and Design Teams: Engineers can use these templates to improve system design, sizing, and material 
specifications for steam traps, ensuring that designs are optimized for the operating environment and system demands. 

• Procurement and Supply Chain Managers: Supply chain teams can learn about the importance of sourcing high-quality parts, 
assessing supplier reliability, and ensuring availability of critical components to avoid delays in replacement parts. 

• Quality and Reliability Professionals: Quality assurance teams can use this information to establish quality control processes 
and audits that verify proper steam trap installation, selection, and material suitability for the operating environment. 

• Health, Safety, and Environment (HSE) Managers: HSE professionals can understand the impact of steam trap failures on 
safety and environmental compliance, ensuring that preventive measures are in place to reduce the risks of leaks, water 
hammer, and associated safety hazards. 

Why use this template?  

Through GEN-AI-powered root cause analysis with a visual RCA tool like ProSolvr, petrochemical plants get a structured investigation 
of their issues for efficient problem-solving and enhanced reliability. The analysis with Six Sigma principles can minimize errors, leading 
to greater safety in operations. By focusing on CAPA based on the identified causes, plants can build resilience against future failures 
and create a proactive culture for continuous improvement in steam system management. 

For efficient root cause analysis and enhanced operational reliability in your petrochemical plant, use ProSolvr by smartQED today! 

Curated from community experiences and public sources: 

• https://www.technomaxme.com/why-do-steam-traps-fail/ 

• https://www.reliableplant.com/Read/20504/why-do-steam-traps-fail-what-can-you-do-about-i 

  

https://www.technomaxme.com/why-do-steam-traps-fail/
https://www.reliableplant.com/Read/20504/why-do-steam-traps-fail-what-can-you-do-about-it
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RCA Template for: Instrumentation Failures 

 

Instrumentation failures in petrochemical plants can lead to significant disruptions, including unsafe operating conditions, production 
delays, and increased downtime. These failures often stem from various factors, including human error, equipment issues, 
environmental factors, and maintenance gaps. For instance, procedural non-compliance, such as skipping steps in outdated 
maintenance procedures or misinterpreting sensor data, can cause systems to malfunction. Additionally, a lack of proper training or 
human error during calibration can further exacerbate the issue. 

A common cause of instrumentation failures is calibration drift, where infrequent calibration schedules or aging equipment lead to 
inaccurate readings and faulty system decisions. Aging equipment, such as wear and tear or the end of lifecycle issues, also contributes 
to failures. Furthermore, design flaws in instruments, such as poor interface design or inadequate resilience in harsh operational 
environments, can make equipment more susceptible to failure. 

Environmental conditions play a crucial role in triggering instrumentation issues. Corrosive atmospheres, such as high humidity or 
exposure to aggressive chemicals, can lead to equipment degradation. Similarly, temperature extremes cause thermal cycling, which 
can weaken components and result in failures. These environmental factors, combined with material degradation, further contribute 
to the vulnerability of critical instrumentation systems. 

Finally, gaps in maintenance practices are significant contributors to instrumentation failures. Delays in addressing known issues, along 
with inadequate preventive maintenance schedules, allow minor problems to escalate into major failures. Regular checks and timely 
repairs are essential for maintaining equipment reliability and minimizing operational risks. 

Using a GEN-AI-powered root cause analysis (RCA) tool like ProSolvr can help identify and address the various factors by systematically 
analyzing contributing causes and mapping them out. ProSolvr uses fishbone diagrams and AI-driven insights to visually identify root 
causes, helping teams develop targeted Corrective and Preventive Actions (CAPA) to improve equipment performance. With ProSolvr, 
teams can proactively identify maintenance gaps and optimize their schedules, ensuring that corrective actions are taken before 
failures occur and minimize the downtime. 

Instrumentation Failures 

• Human Factors 
o Procedural Non-compliance 

▪ Use of outdated procedures 
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▪ Skipping steps in procedures 
o Human Error 

▪ Misinterpretation of data 
▪ Incorrect calibration 

o Training and Skill Level 
▪ Lack of experience 
▪ Inadequate training 

• Equipment/ Instrument 
o Calibration 

▪ Calibration drift 
▪ Infrequent calibration schedules 

o Aging Equipment 
▪ Wear and tear 
▪ End of lifecycle issues 

o Design Issues 
▪ Poor interface design 
▪ Inadequate design for harsh conditions 

• Process 
o Control Systems 

▪ Software glitches 
▪ Poorly integrated control systems 

o Operational Procedures 
▪ Lack of redundancy in critical instrumentation 
▪ Incorrect operational settings 

• Environment 
o Corrosive Atmosphere 

▪ High humidity leading to corrosion 
▪ Exposure to corrosive chemicals 

o Temperature Extremes 
▪ Thermal cycling effects 
▪ High/low ambient temperatures 

• Materials 
o Quality of Components 

▪ Manufacturing defects 
▪ Substandard components 

o Material Selection 
▪ Degradation of materials under process conditions 
▪ Use of non-compatible materials 

• Maintenance 
o Corrective Maintenance 

▪ Poor quality of repairs 
▪ Delays in fixing known issues 

o Preventive Maintenance 
▪ Inadequate preventive maintenance schedules 
▪ Lack of routine checks 

Suggested Actions Checklist 

The following suggested preventive, corrective and investigative actions can help organizations mitigate instrumentation failures 
issues: 

Human Factors 

• Procedural Non-compliance 
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o Corrective Actions: 
▪ Update procedures to ensure they reflect current best practices. 
▪ Reinforce the importance of following procedures without shortcuts. 

o Preventive Actions: 
▪ Regularly review and update procedures to keep them current. 
▪ Implement a system for periodic procedure audits. 

o Investigative Actions: 
▪ Analyze incidents of non-compliance to identify recurring issues. 
▪ Assess the reasons for procedural non-compliance and implement corrective measures. 

• Human Error 
o Corrective Actions: 

▪ Recalibrate instruments immediately if errors are detected. 
▪ Address misinterpretation issues through additional training or procedural revisions. 

o Preventive Actions: 
▪ Implement checklists and verification steps to reduce misinterpretation. 
▪ Regularly update training programs to cover common sources of error. 

o Investigative Actions: 
▪ Review incidents involving human error to determine the root causes. 
▪ Investigate the effectiveness of current calibration and data interpretation processes. 

• Training and Skill Level 
o Corrective Actions: 

▪ Provide additional training and support for personnel with identified skill gaps. 
▪ Offer refresher courses on critical instrumentation topics. 

o Preventive Actions: 
▪ Develop and maintain a comprehensive training program for all relevant staff. 
▪ Implement skills assessments to identify and address training needs. 

o Investigative Actions: 
▪ Review training records to identify gaps in knowledge and skills. 
▪ Investigate how training deficiencies are impacting instrumentation performance. 

Equipment/Instrument 

• Calibration 
o Corrective Actions: 

▪ Recalibrate instruments as soon as calibration drift is detected. 
▪ Adjust calibration schedules based on usage and performance data. 

o Preventive Actions: 
▪ Establish a routine calibration schedule with regular checks. 
▪ Use automated calibration systems to ensure accuracy. 

o Investigative Actions: 
▪ Analyze calibration records to identify trends in drift and failure. 
▪ Investigate the causes of calibration drift and address underlying issues. 

• Aging Equipment 
o Corrective Actions: 

▪ Replace or refurbish aging equipment as it reaches the end of its lifecycle. 
▪ Perform thorough inspections to identify wear and tear. 

o Preventive Actions: 
▪ Develop and implement a lifecycle management plan for equipment. 
▪ Schedule periodic reviews of equipment condition and performance. 

o Investigative Actions: 
▪ Review the impact of aging equipment on system performance and reliability. 
▪ Investigate the effectiveness of maintenance strategies for aging equipment. 

• Design Issues 
o Corrective Actions: 

▪ Redesign or retrofit instruments to improve interface usability and durability. 



282 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

▪ Upgrade instruments to withstand harsh conditions. 
o Preventive Actions: 

▪ Ensure new designs incorporate lessons learned from past failures. 
▪ Conduct rigorous design reviews and testing for harsh environments. 

o Investigative Actions: 
▪ Analyze design-related failures to identify common issues. 
▪ Review the design process to ensure it meets operational requirements. 

Process 

• Control Systems 
o Corrective Actions: 

▪ Resolve software glitches through patches or updates. 
▪ Integrate control systems properly to ensure seamless operation. 

o Preventive Actions: 
▪ Implement regular software updates and system checks. 
▪ Design control systems with redundancy and fail-safes. 

o Investigative Actions: 
▪ Review control system performance to identify and address integration issues. 
▪ Investigate the impact of software glitches on overall system reliability. 

• Operational Procedures 
o Corrective Actions: 

▪ Add redundancy to critical instrumentation systems to prevent failures. 
▪ Adjust operational settings to align with best practices and equipment specifications. 

o Preventive Actions: 
▪ Regularly review and update operational procedures to include redundancy measures. 
▪ Train operators on optimal settings and handling of instrumentation. 

o Investigative Actions: 
▪ Analyze incidents involving instrumentation failure to identify procedural weaknesses. 
▪ Investigate the effectiveness of current operational settings and procedures. 

Environment 

• Corrosive Atmosphere 
o Corrective Actions: 

▪ Apply corrosion-resistant coatings and materials to affected instruments. 
▪ Repair or replace components damaged by corrosion. 

o Preventive Actions: 
▪ Implement environmental controls to minimize corrosive exposure. 
▪ Use corrosion-resistant materials and design instruments for harsh environments. 

o Investigative Actions: 
▪ Review the impact of environmental conditions on instrumentation performance. 
▪ Investigate the effectiveness of corrosion control measures. 

• Temperature Extremes 
o Corrective Actions: 

▪ Insulate or climate-control areas to reduce the impact of temperature extremes. 
▪ Repair or replace instruments affected by thermal cycling. 

o Preventive Actions: 
▪ Use temperature-resistant materials and designs in instrumentation. 
▪ Implement temperature monitoring systems to detect and mitigate extreme conditions. 

o Investigative Actions: 
▪ Analyze temperature data to assess its impact on equipment performance. 
▪ Investigate the effectiveness of current temperature management strategies. 
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Materials 

• Quality of Components 
o Corrective Actions: 

▪ Replace defective or substandard components with high-quality alternatives. 
▪ Inspect and test components before use to ensure they meet specifications. 

o Preventive Actions: 
▪ Source components from reputable suppliers with quality assurance programs. 
▪ Implement quality control checks throughout the supply chain. 

o Investigative Actions: 
▪ Review incidents involving component failure to identify quality issues. 
▪ Investigate the effectiveness of current quality control procedures. 

• Material Selection 
o Corrective Actions: 

▪ Replace materials that degrade under process conditions with more suitable alternatives. 
▪ Review and revise material specifications to ensure compatibility. 

o Preventive Actions: 
▪ Conduct material testing and simulations to validate selection for operational conditions. 
▪ Update material specifications based on operational feedback and performance data. 

o Investigative Actions: 
▪ Analyze material degradation incidents to identify common issues. 
▪ Investigate the adequacy of current material selection criteria. 

Maintenance 

• Corrective Maintenance 
o Corrective Actions: 

▪ Ensure timely and high-quality repairs for instrumentation failures. 
▪ Address any known issues promptly to prevent recurrence. 

o Preventive Actions: 
▪ Implement a robust corrective maintenance process with clear procedures. 
▪ Monitor repair quality and implement improvements as needed. 

o Investigative Actions: 
▪ Review corrective maintenance records to identify patterns or recurring issues. 
▪ Investigate the root causes of repair quality problems. 

• Preventive Maintenance 
o Corrective Actions: 

▪ Develop and implement a comprehensive preventive maintenance schedule. 
▪ Conduct routine checks and servicing to prevent equipment failures. 

o Preventive Actions: 
▪ Use predictive maintenance tools and techniques to anticipate and prevent issues. 
▪ Regularly review and update preventive maintenance plans based on performance data. 

o Investigative Actions: 
▪ Analyze preventive maintenance records to assess effectiveness. 
▪ Investigate any gaps or shortcomings in the preventive maintenance program. 

Who can use the Instrumentation Failures template? 

• Plant Engineers and Technicians: Responsible for maintaining and troubleshooting equipment in petrochemical plants, they 
can use the template to identify and analyze causes of instrumentation failures. 

• Maintenance Teams: Tasked with performing both corrective and preventive maintenance, they can utilize the template to 
plan and execute effective maintenance strategies based on identified failure causes. 

• Process Safety Managers: Focused on ensuring safe operations, they can use the template to investigate failures that could 
lead to safety hazards and develop preventive measures. 
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• Quality Assurance (QA) Teams: Involved in ensuring the reliability and accuracy of instrumentation, QA teams can use the 
template to audit and improve processes and equipment performance. 

• Operations Managers: Responsible for overseeing daily plant operations, they can leverage the template to enhance 
operational procedures and minimize downtime due to instrumentation issues. 

• Training and Development Coordinators: Focused on training staff, they can use the template to identify gaps in skills and 
knowledge and tailor training programs to address common human errors related to instrumentation failures. 

Why use this template? 

Root Cause Analysis (RCA) using a visual RCA tool like ProSolvr for instrumentation failures provides significant benefits by enabling 
organizations to systematically identify the underlying causes of issues, rather than just addressing their symptoms. By thoroughly 
analyzing factors such as equipment design, human error, maintenance practices, and environmental conditions, Gen-AI powered RCA 
helps prevent recurring failures, leading to more reliable and efficient operations. It also enhances safety by uncovering potential 
hazards that may not be immediately obvious. Besides, RCA supports continuous improvement by informing better decision-making 
in equipment selection, training, and maintenance planning, ultimately reducing downtime, saving costs, and ensuring consistent 
process performance. 

Use ProSolvr by smartQED to effectively analyze instrument and equipment issues in your plant by customizing your templates. 

Created from community experience and public sources: 

• https://www.sierelectro.com/index.php?ie=2-26-36-1 

• https://www.scribd.com/document/369950072/Instrumentation-in-Petrochemical-Industries 
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Production Interruptions 

RCA Template for: Unexpected Shutdowns or Slowdowns in Production 

 

Unexpected shutdowns or slowdowns in Haldia Petrochemicals' production lines have disrupted operations, leading to significant 

production losses and safety concerns. A significant incident in 2015, where a technical glitch in the naphtha cracker unit caused an 

unplanned shutdown, highlighted the severe impact such disruptions can have on production. These disruptions stem from various 

factors, including equipment failure, power outages, or process inefficiencies, and their ripple effects are often felt across the supply 

chain, leading to delays and increased operational costs. 

Root cause analysis (RCA) plays a crucial role in preventing these unplanned shutdowns by systematically identifying the underlying 

causes of failures rather than just addressing the symptoms. By thoroughly investigating the various aspects, a visual RCA tool like 

ProSolvr helps in developing targeted strategies to mitigate risks, such as improving maintenance schedules, upgrading equipment, or 

revising operating procedures. 

Implementing RCA at Haldia Petrochemicals with a Gen-AI powered RCA tool could lead to more robust production processes, 

minimizing the likelihood of unexpected disruptions. By continuously monitoring and analyzing data from various production stages, 

the company can proactively address potential issues before they escalate into significant problems. In turn, this proactive approach 

enhances the overall reliability of the production line, ensuring consistent output and reducing the risk of costly shutdowns. 

Unexpected Shutdowns or Slowdowns in Production Lines 

• Machine/Equipment 
o Equipment failure 
o Maintenance issues 

▪ Aging equipment 
▪ Inadequate preventive maintenance 

• Material 
o Poor quality of raw materials 

▪ Inconsistent supply 
▪ Contaminated materials 

• Method/ Process 
o Inefficient processes 

▪ Lack of process optimization 
▪ Outdated procedures 

• Manpower 
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o Skill gaps 
▪ Lack of experience 
▪ Insufficient training 

• Environment 
o Unstable operating conditions 

▪ Humidity levels 
▪ Temperature fluctuations 

• Management 
o Poor decision making 

▪ Lack of strategic planning 
▪ Delayed responses to issues 

• Supply Chain Disruptions 
o Delays from suppliers 

Suggested Actions Checklist  

This checklist provides a detailed plan for addressing the root causes of unexpected shutdowns or slowdowns in production lines, 
ensuring that all corrective, preventive, and investigative actions are thoroughly addressed. 

Machine/Equipment 

• Equipment Failure 
o Corrective: Immediately repair or replace faulty equipment to resume production. 
o Preventive: Implement real-time monitoring systems for early detection of equipment issues and establish a 

rigorous equipment maintenance schedule. 
o Investigative: Analyze the root cause of equipment failure to determine if it was due to wear and tear, design flaws, 

or other factors. 

• Maintenance Issues 
o Corrective: Address current maintenance issues by conducting overdue repairs and inspections. 
o Preventive: Develop and enforce a comprehensive preventive maintenance program that includes regular checks 

and timely repairs. 
o Investigative: Review maintenance records to identify lapses or delays that may have contributed to equipment 

breakdowns. 

• Aging Equipment 
o Corrective: Replace or refurbish aging equipment that is prone to frequent breakdowns. 
o Preventive: Plan for the gradual replacement of aging assets with modern, more reliable machinery as part of a long-

term capital investment strategy. 
o Investigative: Assess the condition and performance of aging equipment to prioritize replacements and avoid 

unexpected failures. 

• Inadequate Preventive Maintenance 
o Corrective: Update the preventive maintenance schedule to include all critical machinery and systems. 
o Preventive: Implement a computerized maintenance management system (CMMS) to track and schedule preventive 

maintenance activities. 
o Investigative: Analyze maintenance schedules and procedures to identify gaps or inefficiencies that led to 

inadequate maintenance. 

Material 

• Poor Quality of Raw Materials 
o Corrective: Identify and isolate poor-quality raw materials to prevent them from entering the production process. 
o Preventive: Strengthen supplier quality control and implement stricter incoming material inspections. 
o Investigative: Conduct a root cause analysis to determine why poor-quality materials were accepted and used, and 

take steps to prevent recurrence. 

• Inconsistent Supply 



287 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

o Corrective: Work with suppliers to resolve supply inconsistencies and ensure a steady flow of materials. 
o Preventive: Develop relationships with multiple suppliers to diversify the supply chain and reduce reliance on single 

sources. 
o Investigative: Review supply chain management processes to identify bottlenecks or issues causing inconsistent 

supply. 

• Contaminated Materials 
o Corrective: Remove and safely dispose of contaminated materials to prevent them from affecting production. 
o Preventive: Implement more rigorous testing and inspection protocols for raw materials before they enter the 

production line. 
o Investigative: Investigate the source of contamination and work with suppliers to eliminate it at the source. 

Method/Process 

• Inefficient Processes 
o Corrective: Re-engineer or streamline inefficient processes to improve production flow and reduce downtime. 
o Preventive: Regularly review and optimize production processes to enhance efficiency and adaptability. 
o Investigative: Conduct a process audit to identify inefficiencies and areas where improvements can be made. 

• Lack of Process Optimization 
o Corrective: Implement process improvement initiatives, such as Lean or Six Sigma, to optimize production. 
o Preventive: Establish continuous process improvement programs with regular assessments and updates. 
o Investigative: Analyze current processes to identify areas that lack optimization and address the underlying causes. 

• Outdated Procedures 
o Corrective: Update outdated procedures to align with current best practices and technological advancements. 
o Preventive: Implement a procedure review cycle to ensure all processes are regularly updated and improved. 
o Investigative: Review the history of procedure updates and identify why certain procedures were not kept up-to-

date. 

Manpower 

• Skill Gaps 
o Corrective: Provide targeted training programs to bridge skill gaps among employees. 
o Preventive: Regularly assess skill levels and provide continuous learning opportunities to maintain a skilled 

workforce. 
o Investigative: Evaluate the root causes of skill gaps, such as hiring practices or inadequate training, and address 

them accordingly. 

• Lack of Experience 
o Corrective: Pair less experienced workers with mentors and provide hands-on training to accelerate their learning. 
o Preventive: Implement a structured onboarding and training program for new hires to ensure they quickly gain the 

necessary experience. 
o Investigative: Review hiring and training practices to understand why experience levels are insufficient and make 

necessary improvements. 

• Insufficient Training 
o Corrective: Conduct immediate refresher training sessions for staff on key processes and equipment operation. 
o Preventive: Develop and maintain a robust training program with regular updates and assessments to ensure 

ongoing competence. 
o Investigative: Analyze training records and feedback to identify gaps in the training program and areas where 

additional focus is needed. 

Environment 

• Unstable Operating Conditions 
o Corrective: Stabilize operating conditions by adjusting environmental controls such as HVAC systems. 
o Preventive: Implement continuous monitoring of environmental factors to maintain stable operating conditions. 
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o Investigative: Investigate the factors contributing to unstable operating conditions and develop strategies to 
mitigate their impact. 

• Humidity Levels 
o Corrective: Install or upgrade dehumidification systems to control humidity levels in the production environment. 
o Preventive: Regularly monitor and maintain humidity control systems to prevent fluctuations that could disrupt 

production. 
o Investigative: Analyze the correlation between humidity levels and production slowdowns or shutdowns to fine-

tune environmental controls. 

• Temperature Fluctuations 
o Corrective: Adjust temperature controls to maintain consistent conditions suitable for production. 
o Preventive: Install advanced temperature monitoring and control systems to prevent fluctuations. 
o Investigative: Investigate the causes of temperature fluctuations and their impact on production, and implement 

measures to stabilize temperatures. 

Management 

• Poor Decision Making 
o Corrective: Review and revise recent decisions that have negatively impacted production, and take corrective 

actions. 
o Preventive: Improve decision-making processes by incorporating data analytics, scenario planning, and cross-

functional input. 
o Investigative: Analyze the decision-making process to identify why poor decisions were made and how they can be 

prevented in the future. 

• Lack of Strategic Planning 
o Corrective: Develop and implement a comprehensive strategic plan that addresses current and future production 

needs. 
o Preventive: Regularly update and review the strategic plan to ensure it remains aligned with business goals and 

market conditions. 
o Investigative: Review past strategic plans and identify gaps or misalignments that contributed to production issues. 

• Delayed Responses to Issues 
o Corrective: Implement a rapid response protocol to ensure timely action is taken when issues arise. 
o Preventive: Develop and enforce a real-time monitoring system that alerts management to potential issues before 

they escalate. 
o Investigative: Analyze previous incidents of delayed responses to identify root causes and improve response times. 

Supply Chain Disruptions 

• Delays from Suppliers 
o Corrective: Work closely with suppliers to resolve delays and ensure timely delivery of materials. 
o Preventive: Establish contracts with multiple suppliers to reduce the risk of disruptions and develop buffer stocks of 

critical materials. 
o Investigative: Investigate the reasons behind supplier delays and implement measures to improve supply chain 

resilience. 

Who can learn from the Unexpected Shutdowns or Slowdowns in Production Lines template? 

• Operations Managers: To identify and address inefficiencies in production processes and equipment maintenance. 

• Maintenance Teams: To understand the root causes of equipment failures and improve preventive maintenance practices. 

• Quality Control Teams: To learn how material quality and supply chain issues can impact production and develop strategies 
to mitigate these risks. 

• Process Engineers: To optimize processes and update procedures to prevent bottlenecks and inefficiencies. 

• Training and Development Teams: To recognize the importance of workforce skill development and address training gaps. 

• Supply Chain Managers: To analyze the impact of supplier performance and environmental factors on production and 
enhance supply chain resilience. 
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Why use this template? 

Root Cause Analysis (RCA) using a fishbone diagram can be crucial for addressing unexpected shutdowns or slowdowns at Haldia 
Petrochemicals because it enables the company to identify the fundamental issues behind these disruptions, rather than merely 
addressing surface-level symptoms. By systematically investigating factors like equipment failures, process inefficiencies, material 
quality, and workforce capabilities, RCA helps in developing targeted corrective actions that can prevent recurrence. Implementing 
RCA ensures more reliable operations, reduces downtime, and enhances overall production efficiency, ultimately leading to improved 
profitability and safety within the plant. 

Use ProSolvr by smartQED for efficient problem resolution in your petrochemical plants to avoid slowdowns and shutdowns. 

Curated from community experience and public sources:  

• https://economictimes.indiatimes.com/industry/indl-goods/svs/petrochem/haldia-petrochemicals-shutdown-spells-doom-

for-downstream-sector-ipf/articleshow/39758489.cms?from=mdr 

• https://www.business-standard.com/article/companies/haldia-s-future-hangs-in-the-balance-113061301236_1.html 
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RCA Template for: Batch Rework Incidents 
 

 

Batch rework incidents in petrochemical plants occur when production batches fail to meet established quality or specification 

standards, necessitating additional processing or disposal. These incidents often arise from issues across six key categories: materials, 

methods, manpower, machines, measurement, and environmental conditions. Common causes include mix-ups of incompatible 

materials, supplier inconsistencies, mishandling during transport, skill gaps among operators, irregular maintenance schedules, and 

inadequate quality control measures. Such issues drive up costs, disrupt production schedules, and compromise product integrity. 

For example, contaminated or improperly stored raw materials can degrade chemical reactions, while recipe mismanagement—such 

as failing to update formulations after process optimizations—or improper operation sequencing can result in recurring quality issues. 

Equipment failures caused by irregular maintenance, substandard spare parts, or delays in replacing critical components further 

exacerbate inefficiencies. Similarly, inadequate training, miscommunication during shift handovers, and environmental factors like 

poor air filtration or uncontrolled temperature fluctuations add to the risks. Accurate measurement processes, including real-time 

feedback loops and proper record-keeping, are equally critical to avoiding inefficiencies. 

ProSolvr's Gen-AI-powered Root Cause Analysis (RCA) provides a structured approach to identifying and resolving these underlying 

issues. By leveraging fishbone diagrams and integrating Six Sigma principles, ProSolvr categorizes potential causes to facilitate 

systematic investigations into incidents. This empowers organizations to address recurring problems—such as ineffective process 

monitoring, outdated recipes, or inadequate preventive maintenance practices—and implement targeted corrective actions. 

With ProSolvr, petrochemical plants can reduce the frequency and impact of batch rework incidents, enhance operational efficiency, 

and achieve consistent product quality. By focusing on root causes rather than symptoms, ProSolvr enables businesses to drive 

sustainable improvements and ensure compliance with industry standards. 

Batch Rework Incidents  

• Materials 
o Material Handling Issues 

▪ Mix-up of incompatible materials 
▪ Incorrect labeling of raw materials 
▪ Mishandling during transport 

o Quality of Raw Materials 
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▪ Supplier inconsistencies 
▪ Improper storage conditions causing degradation 
▪ Contaminated raw materials 

• Methods 
o Recipe Management 

▪ Lack of version control in documentation 
▪ Failure to update recipes post-process optimization 
▪ Incorrect recipe formulation 

o Process Deviations 
▪ Improper sequencing of operations 
▪ Overlooking critical process parameters 
▪ Incorrect Standard Operating Procedures (SOPs) 

• Manpower 
o Supervisory Oversight 

▪ Over-reliance on automation without verification 
▪ Lack of adherence to quality checks 
▪ Ineffective process monitoring 

o Operator Errors 
▪ Miscommunication during shift handovers 
▪ Fatigue or inattentiveness 
▪ Inadequate training or skill gaps 

• Machines 
o Maintenance Practices 

▪ Failure to address historical equipment issues 
▪ Use of substandard spare parts 
▪ Irregular preventive maintenance schedules 

o Equipment Malfunction 
▪ Delay in replacing critical components 
▪ Faulty sensors providing inaccurate readings 
▪ Inconsistent mixing or blending due to wear and tear 

• Measurement 
o Data Management 

▪ Lack of real-time feedback loops 
▪ Delays in analyzing test results 
▪ Inaccurate or incomplete record-keeping 

o Quality Control Inadequacies 
▪ Overlooking anomalies during routine tests 
▪ Incorrect sampling techniques 
▪ Use of outdated or uncalibrated instruments 

• Environment 
o Contamination Risks 

▪ Poorly maintained cleanroom standards 
▪ Ineffective air filtration systems 
▪ Foreign particles introduced during processing 

o Temperature and Humidity Fluctuations 
▪ HVAC system inefficiencies 
▪ Unforeseen weather impacts on open processes 
▪ Inadequate control of environmental parameters 
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Suggested Actions Checklist 

These suggested actions help address the root causes of batch rework incidents, minimizing the risk of recurrence, and ensures better 
control over the production environment. 

Materials 

• Material Handling Issues 
o Mix-up of incompatible materials 

▪ Corrective Action: Reevaluate and update material handling procedures to ensure clear segregation and 
labeling of incompatible materials. 

▪ Preventive Action: Implement a robust inventory management system with color-coded labels for 
incompatible materials. 

▪ Investigative Action: Review past incidents for patterns in handling procedures and assess the training 
records of personnel involved. 

o Incorrect labeling of raw materials 
▪ Corrective Action: Immediately re-label all misidentified materials and review labeling procedures. 
▪ Preventive Action: Introduce a double-checking mechanism with a second operator reviewing labels before 

materials are used in production. 
▪ Investigative Action: Audit labeling practices and supplier documentation to identify gaps in current 

practices. 
o Mishandling during transport 

▪ Corrective Action: Correct mishandled materials by inspecting all affected batches and retrain operators on 
proper transport procedures. 

▪ Preventive Action: Introduce standard operating procedures (SOPs) for material handling and transport, 
including equipment checks before use. 

▪ Investigative Action: Investigate if mishandling is a result of inadequate transport equipment or improper 
training of staff. 

• Quality of Raw Materials 
o Supplier inconsistencies 

▪ Corrective Action: Engage with suppliers to ensure consistency in material quality, and replace any 
substandard materials. 

▪ Preventive Action: Develop a more stringent supplier qualification process with periodic audits of their 
quality control procedures. 

▪ Investigative Action: Review past supplier audits and assess the consistency of materials received over a 
set period. 

o Improper storage conditions causing degradation 
▪ Corrective Action: Immediately recondition degraded materials, if possible, and improve storage conditions 

to meet required specifications. 
▪ Preventive Action: Establish a regular monitoring system for temperature, humidity, and other relevant 

environmental factors. 
▪ Investigative Action: Conduct a root cause analysis of storage failures and review maintenance logs for 

HVAC and storage systems. 
o Contaminated raw materials 

▪ Corrective Action: Identify contaminated batches and segregate them to prevent contamination spread. 
▪ Preventive Action: Implement a more rigorous inspection process upon receiving raw materials. 
▪ Investigative Action: Investigate contamination sources, including supplier quality assurance and material 

handling processes. 
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Methods 

• Recipe Management 
o Lack of version control in documentation 

▪ Corrective Action: Immediately implement version control procedures and ensure all recipe documents are 
updated and reviewed. 

▪ Preventive Action: Adopt a digital document management system with automated version control and 
access restrictions. 

▪ Investigative Action: Review historical documentation for inconsistencies and gather feedback from 
personnel about current documentation practices. 

o Failure to update recipes post-process optimization 
▪ Corrective Action: Update all relevant recipe documentation and re-train staff on the new process. 
▪ Preventive Action: Introduce a formal review process after each optimization to update all related 

documentation. 
▪ Investigative Action: Investigate whether process changes were communicated effectively and trace any 

lapses in communication. 
o Incorrect recipe formulation 

▪ Corrective Action: Correct the affected batches based on the correct formula and ensure future 
formulations are checked by multiple operators. 

▪ Preventive Action: Implement a double-check system for all recipe formulations, especially following 
process changes. 

▪ Investigative Action: Review the recipe development and approval processes to identify potential gaps. 

• Process Deviations 
o Improper sequencing of operations 

▪ Corrective Action: Re-sequence the operations for the affected batch and ensure the correct process flow 
is followed. 

▪ Preventive Action: Review and update process flow documentation to ensure sequencing is clear and 
understood by all personnel. 

▪ Investigative Action: Investigate whether improper sequencing resulted from human error, unclear 
documentation, or lack of operator training. 

o Overlooking critical process parameters 
▪ Corrective Action: Adjust the affected batch according to the correct parameters and ensure critical 

parameters are re-emphasized during operator training. 
▪ Preventive Action: Install automated parameter monitoring systems and include them as part of the 

process validation. 
▪ Investigative Action: Review historical data for trends of overlooked parameters and analyze the frequency 

of operator oversight. 
o Incorrect Standard Operating Procedures (SOPs) 

▪ Corrective Action: Revise the SOPs to align with the correct process and ensure all affected personnel are 
retrained. 

▪ Preventive Action: Implement a review and approval process for SOPs to ensure they are regularly updated 
and reflect best practices. 

▪ Investigative Action: Conduct an audit of SOP adherence and review any deviation reports to identify 
recurring issues. 

Manpower 

• Supervisory Oversight 
o Over-reliance on automation without verification 

▪ Corrective Action: Re-evaluate and manually check automated processes to confirm they are functioning 
as expected. 

▪ Preventive Action: Implement a verification process where operators regularly check automated outputs. 
▪ Investigative Action: Investigate how automation procedures were communicated and whether 

supervisors are sufficiently trained in both automation and manual checks. 
o Lack of adherence to quality checks 
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▪ Corrective Action: Reinforce quality control checks and ensure compliance through audits. 
▪ Preventive Action: Build a more robust quality assurance process that includes random checks throughout 

production. 
▪ Investigative Action: Review training programs to ensure quality checks are thoroughly understood and 

consistently followed. 
o Ineffective process monitoring 

▪ Corrective Action: Conduct a full review of the process monitoring system and address any gaps in coverage 
or monitoring equipment. 

▪ Preventive Action: Integrate continuous process monitoring and alarms to alert operators to any deviations 
in real-time. 

▪ Investigative Action: Review past monitoring reports to identify patterns of lapses or ineffective 
supervision. 

• Operator Errors 
o Miscommunication during shift handovers 

▪ Corrective Action: Re-establish clear communication protocols for shift handovers and ensure all key 
information is documented and conveyed. 

▪ Preventive Action: Standardize shift handover procedures and include a checklist for operators to ensure 
all critical information is shared. 

▪ Investigative Action: Investigate past shift handovers to assess common gaps and review incident logs for 
miscommunication trends. 

o Fatigue or inattentiveness 
▪ Corrective Action: Implement mandatory breaks and monitor work hours to reduce fatigue-related errors. 
▪ Preventive Action: Develop a fatigue management program that includes regular assessments of workload 

and mental fatigue levels. 
▪ Investigative Action: Review operator work schedules to identify trends in fatigue-related incidents. 

o Inadequate training or skill gaps 
▪ Corrective Action: Provide additional training to operators on the necessary skills and processes. 
▪ Preventive Action: Establish an ongoing training and certification program to ensure skills remain current. 
▪ Investigative Action: Assess the current training program and evaluate feedback from operators on areas 

of improvement. 

Machines 

• Maintenance Practices 
o Failure to address historical equipment issues 

▪ Corrective Action: Address and resolve any known equipment issues that were previously unaddressed. 
▪ Preventive Action: Set up a system for tracking historical equipment issues and prioritize their resolution. 
▪ Investigative Action: Review maintenance logs and identify patterns in recurring equipment failures. 

o Use of substandard spare parts 
▪ Corrective Action: Replace any substandard spare parts and ensure only approved parts are used in repairs. 
▪ Preventive Action: Develop a stricter parts procurement policy and establish vendor audits. 
▪ Investigative Action: Investigate the source of substandard parts and assess procurement and supplier 

quality control practices. 
o Irregular preventive maintenance schedules 

▪ Corrective Action: Immediately address overdue maintenance tasks and create a catch-up schedule. 
▪ Preventive Action: Implement an automated maintenance scheduling system to ensure on-time 

performance. 
▪ Investigative Action: Review maintenance history and identify the causes of delays or lapses in scheduling. 

Measurement 

• Data Management 
o Lack of real-time feedback loops 

▪ Corrective Action: Implement a real-time feedback system that immediately alerts operators to deviations 
in critical parameters. 
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▪ Preventive Action: Integrate real-time monitoring tools with automated alerts and ensure they are part of 
the standard operating procedures (SOPs). 

▪ Investigative Action: Review past incidents to identify how the absence of real-time feedback impacted 
production and pinpoint gaps in the monitoring system. 

o Delays in analyzing test results 
▪ Corrective Action: Expedite the analysis of test results by increasing the number of analysts or streamlining 

the process. 
▪ Preventive Action: Implement an automated testing and reporting system that reduces delays and enables 

quicker decision-making. 
▪ Investigative Action: Investigate the root causes of delays in test analysis, such as staffing shortages, 

equipment inefficiencies, or process bottlenecks. 
o Inaccurate or incomplete record-keeping 

▪ Corrective Action: Review and correct any inaccurate or incomplete records, ensuring all critical data is 
accurately captured and stored. 

▪ Preventive Action: Implement an electronic record-keeping system with automatic data validation to 
minimize human error. 

▪ Investigative Action: Conduct a thorough review of current record-keeping practices to identify where 
inconsistencies occur, and assess any historical data gaps. 

• Quality Control Inadequacies 
o Overlooking anomalies during routine tests 

▪ Corrective Action: Re-assess all affected test results and re-test where necessary to identify any overlooked 
anomalies. 

▪ Preventive Action: Revise SOPs to ensure that anomalies are flagged immediately, and introduce a second-
level review for all routine tests. 

▪ Investigative Action: Investigate the circumstances under which anomalies were overlooked, including 
operator attention, test procedures, and equipment calibration. 

o Incorrect sampling techniques 
▪ Corrective Action: Re-sample and retest affected batches using the correct sampling technique and ensure 

all staff are retrained. 
▪ Preventive Action: Standardize and document proper sampling procedures, incorporating checks to ensure 

compliance. 
▪ Investigative Action: Review past sampling procedures to identify how and why incorrect techniques were 

used, and assess training effectiveness. 
o Use of outdated or uncalibrated instruments 

▪ Corrective Action: Replace outdated instruments and recalibrate existing ones to ensure accurate 
measurements. 

▪ Preventive Action: Implement a regular calibration and maintenance schedule for all critical measuring 
instruments. 

▪ Investigative Action: Investigate the timeline of the equipment's use to determine if inadequate calibration 
or outdated instruments contributed to measurement inaccuracies. 

Environment 

• Contamination Risks 
o Poorly maintained cleanroom standards 

▪ Corrective Action: Immediately upgrade cleanroom conditions by addressing cleanliness, airflow, and 
contamination risks, and conduct a deep clean. 

▪ Preventive Action: Develop a strict cleanroom maintenance schedule, including daily, weekly, and monthly 
checks for cleanliness and environmental parameters. 

▪ Investigative Action: Review cleanroom maintenance logs and conduct an audit to identify past failures in 
cleanliness or standard adherence. 

o Ineffective air filtration systems 
▪ Corrective Action: Replace or repair ineffective air filtration systems and check for any immediate 

contamination risks. 
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▪ Preventive Action: Implement a regular filter replacement schedule and monitor system performance with 
automated air quality tracking tools. 

▪ Investigative Action: Investigate the air filtration system’s design, maintenance history, and any failures 
that contributed to inefficiencies. 

o Foreign particles introduced during processing 
▪ Corrective Action: Isolate and remove any contaminated materials, clean equipment, and reprocess 

affected batches. 
▪ Preventive Action: Implement stricter protocols for material handling, processing equipment maintenance, 

and environmental cleanliness to prevent particle contamination. 
▪ Investigative Action: Investigate how foreign particles entered the process (e.g., equipment failure, 

improper material handling, or external sources) and take corrective steps. 

• Temperature and Humidity Fluctuations 
o HVAC system inefficiencies 

▪ Corrective Action: Inspect and repair HVAC systems to restore proper temperature and humidity control, 
and monitor any immediate process deviations. 

▪ Preventive Action: Implement a more regular maintenance and calibration schedule for HVAC systems, 
ensuring they meet operational requirements. 

▪ Investigative Action: Investigate the root causes of HVAC inefficiencies, including equipment failures or 
inadequate maintenance procedures. 

o Unforeseen weather impacts on open processes 
▪ Corrective Action: Adjust affected production processes based on current environmental conditions, and 

isolate vulnerable operations if needed. 
▪ Preventive Action: Install weather-resistant equipment and establish contingency plans for weather-

related disruptions to outdoor processes. 
▪ Investigative Action: Review past weather-related incidents to identify patterns or vulnerable points in the 

process, and assess the effectiveness of current preventive measures. 
o Inadequate control of environmental parameters 

▪ Corrective Action: Immediately adjust environmental controls to bring temperature and humidity within 
the specified range for optimal production conditions. 

▪ Preventive Action: Install redundant environmental monitoring and control systems with alarms to alert 
operators when conditions move outside of acceptable ranges. 

▪ Investigative Action: Investigate why environmental parameters were inadequately controlled, reviewing 
monitoring systems, process designs, and operator training for any gaps. 

Who can learn from this template? 

• Process Engineers: They can learn how to refine production processes by identifying critical failure points and improving 
system reliability, reducing the likelihood of batch rework. 

• Quality Control Teams: By studying batch rework RCA, they can better detect quality anomalies and develop more effective 
testing and sampling techniques to prevent rework. 

• Operators: They can understand the importance of adhering to SOPs and improve their practices in material handling, 
sampling, and monitoring to minimize errors. 

• Maintenance Staff: RCA can help them identify recurring equipment issues that contribute to rework and encourage 
proactive maintenance schedules to avoid equipment failure. 

• Supply Chain Managers: They can learn how to improve the consistency and quality of raw materials by addressing issues 
like supplier inconsistencies and improper storage. 

• Management: By understanding the root causes of batch rework, management can implement more effective preventive 
strategies, allocate resources better, and streamline operations to reduce costs. 

 

 

Why use this template? 
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The application of GEN-AI-powered RCA tool like ProSolvr ensures that organizations can come up with a robust CAPA plan. The 

structured RCA process enhances the ability to propose effective corrective and preventive actions. This not only helps prevent 

recurrence but also fosters a culture of continuous improvement, minimizing downtime and production losses while enhancing 

product quality and safety compliance. 

Use ProSolvr by smartQED to mitigate challenges in your petrochemical plants for good.  

Curated from community experiences and public sources: 

• https://blog.falcony.io/en/comprehending-9-common-quality-issues-in-chemical-industry 

• https://www.researchgate.net/publication/247186655_Planning_and_control_of_rework_in_the_process_industries_A_re
view 
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https://www.researchgate.net/publication/247186655_Planning_and_control_of_rework_in_the_process_industries_A_review


298 | ProSolvr RCA Templates for Petrochemicals - version 1.1 

 

Copyright © 2024-2025 ProSolvr by smartQED Inc - All rights reserved. 

RCA Template for: Frequent Customer Complaints 
 

 

Frequent customer complaints in petrochemical plants often highlight systemic inefficiencies or failures in operational standards. 
These complaints—ranging from inconsistent product quality and equipment failures to human errors—severely disrupt operations 
and harm customer trust. Root causes often include inadequate process design (e.g., overcomplicated workflows, poorly defined SOPs, 
and outdated technology), and inconsistent quality control due to unskilled operators or insufficient equipment calibration. 
Additionally, equipment inefficiencies such as suboptimal operating conditions, poor scheduling, and lack of preventive maintenance 
increase downtime and decrease plant reliability. 

Human factors also contribute significantly to customer complaints. Operator errors, such as non-adherence to protocols, fatigue from 
long shifts, and misinterpretation of process parameters, underscore the need for robust training programs and onboarding. Supply 
chain issues, such as poor inventory management or delayed deliveries, and low-quality raw materials can disrupt production and 
impact product consistency. Environmental factors, including contamination in reactors and regulatory challenges, exacerbate the 
situation, creating additional risks. 

ProSolvr, a GEN-AI-powered visual root cause analysis (RCA) tool, offers a systematic approach to resolving these challenges. By 
leveraging AI-driven insights and visual tools like fishbone diagrams and Six Sigma principles, ProSolvr enables teams to efficiently 
identify root causes and categorize operational issues. This helps teams move beyond quick fixes to implement corrective and 
preventive actions (CAPA) that drive sustainable improvements in operational efficiency and customer satisfaction. 

Using ProSolvr helps petrochemical plants boost operational reliability, reduce downtime, and improve customer satisfaction. As the 
need for smarter root cause analysis continues to grow, ProSolvr provides a transformative solution that empowers organizations to 
tackle recurring issues, improve performance, and maintain a competitive edge in the petrochemical industry. 

Frequent Customer Complaints 

• Process 
o Inadequate Process Design 

▪ Overcomplicated production workflows 
▪ Poorly defined standard operating procedures (SOPs) 
▪ Outdated technology 
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o Inconsistent Quality Control 
▪ Unskilled operators conducting tests 
▪ Insufficient calibration of equipment 
▪ Ineffective testing methods 

• Equipment 
o Inefficient Equipment Utilization 

▪ Suboptimal operating conditions 
▪ Inadequate load management 
▪ Poor scheduling of usage 

o Equipment Failures 
▪ Incorrect installation or assembly 
▪ Frequent breakdowns due to aging infrastructure 
▪ Lack of preventive maintenance 

• Human Factors 
o Operator Errors 

▪ Non-adherence to protocols 
▪ Fatigue from long shifts 
▪ Misinterpretation of process parameters 

o Insufficient Training 
▪ No certification requirements for key tasks 
▪ Lack of ongoing skill development 
▪ Limited onboarding programs for new hires 

• Materials 
o Supply Chain Issues 

▪ Inconsistent supplier communication 
▪ Poor inventory management 
▪ Delayed delivery of critical materials 

o Low-Quality Raw Materials 
▪ Non-compliance with specifications 
▪ Contaminated feedstocks 

• Unreliable suppliers 

• Measurement and Feedback 
o Inadequate Feedback Loops 

▪ Poor escalation processes 
▪ Lack of action on recurring issues 
▪ Delayed customer feedback collection 

o Lack of Effective Monitoring 
▪ No standardized metrics for performance 
▪ Gaps in periodic inspections 
▪ No real-time data tracking 

• Environment 

o Regulatory Challenges 
▪ Fines or penalties causing disruptions 
▪ Lack of preparedness for audits 
▪ Stringent compliance requirements 

o Unfavorable Operating Conditions 
▪ Corrosion due to harsh chemicals 
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▪ Contamination in pipelines or reactors 
▪ Temperature or pressure deviations 

Suggested Actions Checklist 

These corrective, preventive and investigative actions can help organizations resolve customer complaint issues in petrochemical 
plants. 

Process 

• Inadequate Process Design 
o Corrective Actions: 

▪ Simplify existing production workflows to eliminate redundancies. 
▪ Review and revise existing SOPs to ensure clarity and comprehensiveness. 
▪ Replace outdated technology with modern, efficient alternatives. 

o Preventive Actions: 
▪ Conduct periodic reviews of workflow efficiency. 
▪ Establish a process for regular SOP updates and stakeholder training. 
▪ Implement a technology roadmap to identify and adopt advancements. 

o Investigative Actions: 
▪ Analyze current workflows to identify bottlenecks or inefficiencies. 
▪ Audit SOPs for gaps or ambiguities contributing to deviations. 
▪ Assess the impact of outdated technology on process performance. 

• Inconsistent Quality Control 
o Corrective Actions: 

▪ Reassign quality control tasks to skilled personnel. 
▪ Recalibrate equipment as per manufacturer specifications. 
▪ Adopt improved testing methods validated for accuracy and consistency. 

o Preventive Actions: 
▪ Develop a training program for quality control staff. 
▪ Schedule routine calibration of all testing equipment. 
▪ Standardize testing procedures and update them regularly. 

o Investigative Actions: 
▪ Review past quality issues to determine operator competency gaps. 
▪ Analyze calibration records for patterns of neglect. 
▪ Evaluate the effectiveness of current testing methods. 

Equipment 

• Inefficient Equipment Utilization 
o Corrective Actions: 

▪ Adjust operating conditions to align with equipment specifications. 
▪ Redistribute loads to balance equipment usage. 
▪ Develop a more efficient scheduling system for equipment usage. 

o Preventive Actions: 
▪ Conduct training on optimal operating parameters. 
▪ Introduce a monitoring system for load distribution. 
▪ Implement a centralized equipment scheduling tool. 

o Investigative Actions: 
▪ Examine historical data for trends in suboptimal usage. 
▪ Audit current scheduling practices for inefficiencies. 
▪ Identify processes contributing to imbalanced load distribution. 
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• Equipment Failures 
o Corrective Actions: 

▪ Reinstall or reassemble improperly installed equipment. 
▪ Repair or replace aging infrastructure causing frequent breakdowns. 
▪ Perform overdue preventive maintenance tasks. 

o Preventive Actions: 
▪ Establish a certification program for installation personnel. 
▪ Develop an asset renewal plan to replace aging equipment proactively. 
▪ Create a routine maintenance schedule with automated reminders. 

o Investigative Actions: 
▪ Conduct a root cause analysis of recent failures to determine systemic issues. 
▪ Review installation records for deviations from standard practices. 
▪ Analyze maintenance logs for missed or inadequate actions. 

Human Factors 

• Operator Errors 
o Corrective Actions: 

▪ Reinforce adherence to protocols through retraining. 
▪ Adjust shift schedules to minimize operator fatigue. 
▪ Provide clear guidelines on interpreting process parameters. 

o Preventive Actions: 
▪ Develop a compliance monitoring system to ensure protocol adherence. 
▪ Implement fatigue management practices, such as shorter shifts or breaks. 
▪ Introduce a standardized process parameter handbook for operators. 

o Investigative Actions: 
▪ Review incident reports to identify recurring errors. 
▪ Conduct surveys to assess operator workload and fatigue. 
▪ Evaluate training effectiveness on interpreting parameters. 

• Insufficient Training 
o Corrective Actions: 

▪ Introduce certification requirements for all critical tasks. 
▪ Organize immediate skill development workshops. 
▪ Develop a comprehensive onboarding program for new hires. 

o Preventive Actions: 
▪ Establish ongoing training schedules for employees. 
▪ Partner with industry experts for regular skill assessments. 
▪ Periodically update onboarding content to reflect process changes. 

o Investigative Actions: 
▪ Analyze training records for gaps in employee development. 
▪ Survey employees to understand training effectiveness. 

• Review onboarding processes for consistency and relevance. 

Materials 

• Supply Chain Issues 
o Corrective Actions: 

▪ Strengthen communication channels with suppliers. 
▪ Improve inventory management through real-time tracking. 
▪ Negotiate contracts with multiple suppliers to avoid delays. 

o Preventive Actions: 
▪ Implement a supplier performance evaluation system. 
▪ Use predictive analytics to manage inventory more effectively. 
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▪ Develop contingency plans for critical material delays. 
o Investigative Actions: 

▪ Conduct a supply chain audit to identify inefficiencies. 
▪ Review historical supplier performance to identify recurring issues. 
▪ Analyze inventory data for patterns of mismanagement. 

• Low-Quality Raw Materials 
o Corrective Actions: 

▪ Reject non-compliant or contaminated raw materials upon delivery. 
▪ Replace unreliable suppliers with certified ones. 
▪ Reinspect current stock for quality compliance. 

o Preventive Actions: 
▪ Develop stringent quality checks for incoming materials. 
▪ Establish long-term contracts with vetted suppliers. 
▪ Introduce a supplier training program on compliance requirements. 

o Investigative Actions: 
▪ Review past material defects to identify supplier trends. 
▪ Analyze quality inspection reports for gaps in detection. 
▪ Audit supplier processes to ensure alignment with specifications. 

Measurement and Feedback 

• Inadequate Feedback Loops 
o Corrective Actions: 

▪ Create a clear escalation process for resolving issues. 
▪ Prioritize recurring complaints and address them systematically. 
▪ Expedite the collection of customer feedback. 

o Preventive Actions: 
▪ Develop a robust feedback management system. 
▪ Schedule regular reviews of customer feedback. 
▪ Assign dedicated teams to analyze and act on feedback promptly. 

o Investigative Actions: 
▪ Assess the effectiveness of current escalation processes. 
▪ Identify patterns in recurring issues and their resolutions. 
▪ Audit customer feedback cycles for delays or gaps. 

• Lack of Effective Monitoring 
o Corrective Actions: 

▪ Define and implement standardized performance metrics. 
▪ Schedule and conduct comprehensive periodic inspections. 
▪ Introduce real-time monitoring tools for critical processes. 

o Preventive Actions: 
▪ Conduct training on the importance of standardized metrics. 
▪ Create a checklist for periodic inspections to ensure completeness. 
▪ Regularly update monitoring protocols to reflect process changes. 

o Investigative Actions: 
▪ Analyze gaps in historical inspection records. 
▪ Review incidents caused by the absence of real-time data. 
▪ Evaluate the adequacy of current performance metrics. 

Environment 

• Regulatory Challenges 
o Corrective Actions: 

▪ Pay overdue fines and implement immediate corrective measures. 
▪ Prepare for audits by organizing relevant documentation. 
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▪ Adapt processes to meet stringent compliance requirements. 
o Preventive Actions: 

▪ Establish a compliance task force to monitor regulatory changes. 
▪ Schedule regular internal audits to ensure preparedness. 
▪ Develop a regulatory readiness checklist for all departments. 

o Investigative Actions: 
▪ Examine past penalties to identify root causes. 
▪ Review audit findings for missed compliance areas. 
▪ Evaluate preparedness processes for gaps in regulatory adherence. 

• Unfavorable Operating Conditions 
o Corrective Actions: 

▪ Mitigate corrosion with appropriate protective coatings. 
▪ Clean and decontaminate pipelines or reactors regularly. 
▪ Adjust systems to stabilize temperature or pressure deviations. 

o Preventive Actions: 
▪ Conduct environmental risk assessments to preempt conditions. 
▪ Schedule routine maintenance to minimize environmental impacts. 
▪ Invest in equipment designed for harsh operating conditions. 

o Investigative Actions: 
▪ Analyze environmental conditions leading to corrosion or contamination. 
▪ Audit maintenance logs for missed preventive tasks. 
▪ Review incident reports related to temperature or pressure deviations. 

Who can learn from the Frequent Customer Complaints template? 

• Operations Managers: Operations managers can use the templates to identify inefficiencies in processes, equipment, or 
resource allocation, ensuring smoother and more cost-effective workflows. 

• Quality Assurance Teams: QA teams can leverage the insights to address inconsistencies in quality control methods, 
enhancing product reliability and meeting customer expectations. 

• Training and Development Departments: These teams can use the templates to pinpoint gaps in employee skills and design 
targeted training programs for better compliance and performance. 

• Supply Chain Managers: Supply chain professionals can learn to anticipate and mitigate risks, such as poor inventory 
management or supplier issues, ensuring uninterrupted production. 

• Regulatory and Compliance Officers: These officers can identify root causes of non-compliance issues, ensuring adherence 
to stringent regulations and minimizing penalties. 

• Maintenance and Reliability Teams: Maintenance staff can understand equipment-related challenges and implement 
preventive strategies to reduce breakdowns and downtime. 

Why use this template? 

The structured nature of RCA supports the development of actionable and sustainable CAPA strategies by the organizations. By 
addressing the root causes of complaints, petrochemical plants can enhance operational reliability, improve customer satisfaction, 
and reduce future risks. This systematic approach not only resolves existing issues but also fosters a culture of continuous 
improvement, aligning with principles of defect reduction and process excellence. 

Use ProSolvr by smartQED for figuring out issues with customer complaints in your petrochemical plants.  

Curated from community experiences and public sources: 

• https://simplycontact.com/customer-service-in-the-oil-and-gas-industry/ 

• https://www.asmiragroup.com/en/news/2/blog/3051/enhancing-service-quality-in-the-petrochemical-cargo-sector.aspx 

 

https://simplycontact.com/customer-service-in-the-oil-and-gas-industry/
https://www.asmiragroup.com/en/news/2/blog/3051/enhancing-service-quality-in-the-petrochemical-cargo-sector.aspx
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RCA Template for: Flare Issues in Petrochemical Plants 
 

 

Flare systems in petrochemical plants are critical safety devices designed to burn off excess gases, preventing overpressure and 
potential explosions. Root cause analysis (RCA) is an essential tool for addressing flare issues, allowing plant operators to systematically 
identify and eliminate underlying causes rather than merely addressing symptoms. Conducting RCA through a fishbone diagram helps 
visually map out all potential causes of a problem, categorizing them into key areas. By systematically examining each category, teams 
can pinpoint specific causes contributing to flare problems, such as faulty pressure control valves, inadequate maintenance practices, 
or improper operating procedures. 

Flare issues, including excessive flaring, smoking, or inefficient combustion, can arise from various factors. Common problems include 
equipment malfunctions, process upsets, and operator errors. These issues not only lead to environmental concerns due to increased 
emissions but also represent significant energy losses and can disrupt plant operations. Ensuring that flare systems operate efficiently 
is crucial for both safety and regulatory compliance in petrochemical plants. 

Once root causes are identified using a visual RCA tool like ProSolvr, targeted corrective actions can be implemented to prevent 
recurrence. If equipment failure is identified as a root cause, measures such as enhanced maintenance schedules, equipment 
upgrades, or operator training can be introduced. Similarly, if human error is identified, additional training, improved communication, 
or procedural changes may be necessary. By addressing the root causes of flare issues, petrochemical plants can enhance safety, 
reduce emissions, and improve overall operational efficiency. 

Flare Issues  

• External Factors 
o Supplier Issues 
o Power Outages 
o Weather Conditions 

• Design Flaws 
o Non-compliance with Regulations 
o Insufficient Safety Measures 
o Inadequate Risk Assessment 

• Process Upset 
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o Lack of Emergency Response Plan 
o Poor Process Control 
o Operating Beyond Design Limits 

• Lack of Maintenance 
o Inadequate Resources 
o Deferred Maintenance 
o Irregular Maintenance Schedule 

• Human Error 
o Lack of Supervision 
o Fatigue 
o Miscommunication 

• Equipment Failure 
o Inadequate Maintenance Procedures 
o Poor Equipment Quality 
o Lack of Training 

Suggested Actions Checklist 

This detailed checklist addresses the root causes of flare issues in petrochemical plants ensuring that corrective, preventive, and 
investigative actions are effectively implemented. 

External Factors 

• Supplier Issues 
o Corrective Actions: 

▪ Address the immediate issue by sourcing alternative suppliers if necessary. 
▪ Review and adjust contracts to include penalty clauses for delays or poor quality. 

o Preventive Actions: 
▪ Conduct a thorough supplier audit and qualification process. 
▪ Establish multiple sourcing options to reduce dependency on a single supplier. 

o Investigative Actions: 
▪ Analyze supplier performance history to identify recurring issues. 
▪ Investigate the root cause of supply chain disruptions and implement mitigation strategies. 

• Power Outages 
o Corrective Actions: 

▪ Restore power using backup generators or alternative sources. 
▪ Inspect and repair any equipment damaged by the outage. 

o Preventive Actions: 
▪ Install and regularly test uninterruptible power supply (UPS) systems. 
▪ Coordinate with utility providers to ensure reliable power supply and contingency plans. 

o Investigative Actions: 
▪ Analyze the frequency and causes of power outages. 
▪ Investigate the effectiveness of existing backup power systems. 

• Weather Conditions 
o Corrective Actions: 

▪ Implement immediate protective measures to safeguard equipment during adverse weather. 
▪ Inspect and repair any damage caused by weather events. 

o Preventive Actions: 
▪ Design and implement weather-resistant infrastructure. 
▪ Develop and rehearse weather-related emergency response plans. 

o Investigative Actions: 
▪ Review the impact of past weather events on operations. 
▪ Investigate the adequacy of current weather preparedness measures. 
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Design Flaws 

• Non-compliance with Regulations 
o Corrective Actions: 

▪ Immediately address any areas of non-compliance through design modifications or process adjustments. 
▪ Engage with regulatory authorities to clarify and meet compliance requirements. 

o Preventive Actions: 
▪ Regularly review and update designs to comply with the latest regulations. 
▪ Conduct compliance audits as part of the design review process. 

o Investigative Actions: 
▪ Analyze the reasons for non-compliance and identify gaps in the design process. 
▪ Investigate whether similar compliance issues exist in other areas of the plant. 

• Insufficient Safety Measures 
o Corrective Actions: 

▪ Implement additional safety measures such as improved venting, shutdown systems, and emergency 
controls. 

▪ Conduct a safety audit to identify and rectify gaps. 
o Preventive Actions: 

▪ Incorporate safety-by-design principles into all projects. 
▪ Conduct regular safety reviews and drills. 

o Investigative Actions: 
▪ Review incidents to determine if safety measures were adequate. 
▪ Investigate the safety culture within the organization to identify areas for improvement. 

• Inadequate Risk Assessment 
o Corrective Actions: 

▪ Conduct an immediate, comprehensive risk assessment and implement necessary controls. 
▪ Update existing risk assessments to reflect current operational conditions. 

o Preventive Actions: 
▪ Integrate risk assessment into the early stages of project planning and design. 
▪ Train staff on risk assessment methodologies and the importance of thorough analysis. 

o Investigative Actions: 
▪ Analyze past risk assessments to identify missed or underestimated risks. 
▪ Investigate the process for conducting and updating risk assessments. 

Process Upset 

• Lack of Emergency Response Plan 
o Corrective Actions: 

▪ Develop and implement an emergency response plan specific to flare issues. 
▪ Train all relevant personnel on emergency procedures. 

o Preventive Actions: 
▪ Conduct regular emergency drills and update the plan based on lessons learned. 
▪ Review and revise the emergency response plan annually or after major incidents. 

o Investigative Actions: 
▪ Analyze past incidents to determine the adequacy of the response. 
▪ Investigate communication and coordination during emergencies. 

• Poor Process Control 
o Corrective Actions: 

▪ Adjust process control systems to stabilize operations and prevent upsets. 
▪ Repair or replace malfunctioning control equipment. 

o Preventive Actions: 
▪ Implement advanced process control systems with real-time monitoring. 
▪ Train operators on best practices for process control. 

o Investigative Actions: 
▪ Review historical process data to identify patterns leading to upsets. 
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▪ Investigate the root causes of control system failures or operator errors. 

• Operating Beyond Design Limits 
o Corrective Actions: 

▪ Immediately reduce operations to within design limits. 
▪ Inspect equipment for any damage caused by overloading or other stresses. 

o Preventive Actions: 
▪ Regularly review and enforce operating limits through automated systems and operator training. 
▪ Design systems with appropriate safety margins to handle occasional deviations. 

o Investigative Actions: 
▪ Analyze incidents to determine why and how operations exceeded design limits. 
▪ Investigate whether current design limits are adequate for operational needs. 

Lack of Maintenance 

• Inadequate Resources 
o Corrective Actions: 

▪ Allocate additional resources for critical maintenance activities. 
▪ Prioritize and address the most urgent maintenance needs. 

o Preventive Actions: 
▪ Develop a resource allocation plan that ensures maintenance is adequately funded. 
▪ Advocate for increased budget or staffing to meet maintenance demands. 

o Investigative Actions: 
▪ Review resource allocation to identify gaps in maintenance funding or staffing. 
▪ Investigate the impact of resource limitations on maintenance quality and frequency. 

• Deferred Maintenance 
o Corrective Actions: 

▪ Address all deferred maintenance tasks immediately. 
▪ Reevaluate and update the maintenance schedule to prevent future deferrals. 

o Preventive Actions: 
▪ Implement a proactive maintenance program with clear triggers for action. 
▪ Regularly review and adjust the maintenance schedule to reflect operational needs. 

o Investigative Actions: 
▪ Analyze the reasons for deferred maintenance and its impact on operations. 
▪ Investigate the decision-making process behind deferring maintenance. 

• Irregular Maintenance Schedule 
o Corrective Actions: 

▪ Establish and adhere to a consistent maintenance schedule. 
▪ Perform a comprehensive audit of equipment conditions to identify overdue maintenance. 

o Preventive Actions: 
▪ Implement a computerized maintenance management system (CMMS) to track and schedule maintenance. 
▪ Train maintenance personnel on the importance of adhering to schedules. 

o Investigative Actions: 
▪ Review past maintenance records to identify inconsistencies in scheduling. 
▪ Investigate the causes of irregular maintenance practices. 

Human Error 

• Lack of Supervision 
o Corrective Actions: 

▪ Increase supervision during critical operations and high-risk activities. 
▪ Implement a peer-review system where possible to catch potential errors. 

o Preventive Actions: 
▪ Establish clear supervision protocols, especially for new or less experienced staff. 
▪ Train supervisors to recognize and address potential errors before they escalate. 
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o Investigative Actions: 
▪ Review incidents to determine if lack of supervision was a contributing factor. 
▪ Investigate the effectiveness of current supervision practices. 

• Fatigue 
o Corrective Actions: 

▪ Adjust work schedules to provide adequate rest periods. 
▪ Assign critical tasks to well-rested personnel. 

o Preventive Actions: 
▪ Implement a fatigue management program that includes regular breaks and shift rotations. 
▪ Educate staff on the risks of fatigue and encourage self-reporting of fatigue-related concerns. 

o Investigative Actions: 
▪ Analyze work schedules and task assignments to identify potential fatigue issues. 
▪ Investigate whether fatigue played a role in past incidents or near-misses. 

• Miscommunication 
o Corrective Actions: 

▪ Clarify and restate important communications to ensure understanding. 
▪ Use visual aids or written instructions to supplement verbal communication. 

o Preventive Actions: 
▪ Implement standardized communication protocols, including the use of check-backs and repeat-backs. 
▪ Train staff on effective communication techniques, especially in high-stress situations. 

o Investigative Actions: 
▪ Review incidents to identify miscommunication as a contributing factor. 
▪ Investigate the effectiveness of current communication tools and protocols. 

Equipment Failure 

• Inadequate Maintenance Procedures 
o Corrective Actions: 

▪ Revise maintenance procedures to include all necessary steps and checks. 
▪ Perform a full review of equipment affected by poor maintenance. 

o Preventive Actions: 
▪ Develop detailed maintenance procedures with input from equipment manufacturers and experienced 

technicians. 
▪ Regularly review and update maintenance procedures based on operational feedback. 

o Investigative Actions: 
▪ Analyze incidents of equipment failure to identify gaps in maintenance procedures. 
▪ Investigate whether maintenance staff are fully trained in the procedures. 

• Poor Equipment Quality 
o Corrective Actions: 

▪ Replace substandard equipment with higher-quality alternatives. 
▪ Inspect and test new equipment before installation. 

o Preventive Actions: 
▪ Source equipment from reputable manufacturers with strong quality assurance programs. 
▪ Implement a rigorous inspection process for incoming equipment. 

o Investigative Actions: 
▪ Review past purchases to identify patterns of poor quality. 
▪ Investigate the procurement process to ensure quality standards are being met. 

• Lack of Training 
o Corrective Actions: 

▪ Provide immediate training for staff responsible for maintaining or operating equipment. 
▪ Reevaluate and update the training program to address identified gaps. 

o Preventive Actions: 
▪ Develop a comprehensive training program that covers all aspects of equipment operation and 

maintenance. 
▪ Implement regular refresher courses and assessments to ensure ongoing competency. 
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o Investigative Actions: 
▪ Analyze incidents to determine if lack of training was a factor. 
▪ Investigate the adequacy and effectiveness of current training programs. 

Who can learn from the Flare Issues template? 

• Operations and Maintenance Teams: These teams are directly responsible for the day-to-day running and upkeep of 
petrochemical plants. Learning from the RCA template helps them understand common issues related to flare systems, 
enabling them to take proactive measures to prevent similar problems in the future. 

• Process Engineers: Process engineers can use the RCA template to identify design flaws or process inefficiencies that 
contribute to flare issues. This knowledge helps them optimize plant processes and improve overall operational efficiency. 

• Safety and Compliance Officers: These professionals are responsible for ensuring that the plant operates safely and in 
compliance with regulations. The RCA template provides them with insights into potential safety hazards related to flare 
systems, allowing them to develop better safety protocols and compliance strategies. 

• Plant Management: Plant managers can use the RCA template to make informed decisions about resource allocation, 
maintenance scheduling, and investment in new technologies. Understanding the root causes of flare issues enables them to 
prioritize actions that enhance plant reliability and safety. 

• Training and Development Teams: These teams can incorporate lessons from the RCA template into training programs for 
new and existing employees. By focusing on areas like human error, equipment failure, and process control, they can develop 
targeted training that reduces the likelihood of flare issues arising in the future. 

Why use this template? 

Using Gen-AI powered root cause analysis (RCA) for flare issues in petrochemical plants offers significant benefits by enabling a 

systematic approach to identifying and addressing the underlying causes of problems rather than just treating the symptoms. RCA 

helps pinpoint specific factors such as equipment failures, process upsets, or human errors that contribute to flare inefficiencies, 

allowing for targeted corrective actions. By resolving these root causes, plants can enhance safety, reduce environmental impact, 

improve regulatory compliance, and minimize costly operational disruptions, ultimately leading to more reliable and efficient plant 

operations. 

Use ProSolvr by smartQED to systematically identify issues in your plant and prevent subsequent issues with your equipment. 

Curated from community experience and public sources: 

• https://precog.co/glossary/flare-
event/#:~:text=A%20flare%20event%20itself%20is,and%20pollutants%20into%20the%20environment. 

• https://www.aiche.org/resources/publications/cep/2023/january/minimize-flaring-oil-and-gas-facilities 
 

 

 

 

 

 

 

 

 

 

 

 

 

RCA Template for: Oil and Gas Separator Issues 
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Oil and gas separators play a crucial role in petrochemical plants by separating the mixture of oil, gas, and water extracted from wells. 
Common causes of oil and gas separator issues include improper design, inadequate maintenance, faulty instrumentation, and human 
error. These problems can result in unplanned downtime, loss of production, and increased operational costs. Poor separation can 
cause damage to downstream equipment, such as compressors and pipelines, due to the presence of contaminants like water or gas 
in the oil stream. 

When these separators malfunction, it can lead to several significant issues, including reduced efficiency in separating the components, 
contamination of the separated products, and even complete shutdowns of the plant. For example, communication breakdowns or 
distractions during operations can result in human errors, while harsh chemicals or extreme temperatures can intensify wear and tear 
on separator components. Neglecting regular maintenance, using substandard parts, or inadequate testing during the design phase 
can further compound these problems, causing unplanned downtime, product loss, and even safety hazards. 

Root cause analysis (RCA) is an essential tool for addressing oil and gas separator issues in petrochemical plants, as it systematically 
identifies and addresses underlying causes to prevent recurrence. For instance, human error, such as communication breakdowns or 
distractions, can lead to procedural deviations and incorrect settings during operations, directly impacting separator performance. 
Environmental factors, including weather conditions, exposure to harsh chemicals, and extreme temperatures, can degrade 
equipment, resulting in corrosion or other failures. 

Maintenance neglect, such as lack of lubrication, use of substandard parts, or an irregular maintenance schedule, often aggravates 
equipment problems, leading to improper installation or overloading. Additionally, design flaws, such as inadequate testing, poor 
material selection, or improper sizing, can create long-term operational challenges. By thoroughly investigating these issues through 
RCA, petrochemical plants can implement corrective actions like enhanced training programs, robust maintenance schedules, and 
improved design standards, ensuring reliable separator operation and minimizing downtime. 

Root cause analysis with ProSolvr can provide a systematic approach to identify and address the underlying causes of oil and gas 
separator issues in petrochemical plants. By thoroughly investigating the problem, RCA can uncover hidden factors contributing to the 
malfunction, such as design flaws, material defects, or procedural inadequacies. Once the root causes are identified, corrective and 
preventive actions can be implemented to prevent recurrence, such as redesigning the separator, improving maintenance practices, 
updating procedures, or providing additional training to operators. 

A visual RCA tool like ProSolvr can also help improve the reliability and safety of the plant, reducing the likelihood of future incidents 
and minimizing the impact on production. An application like ProSolvr, which employs fishbone diagrams for root cause analysis, can 
further enhance problem-solving efforts. ProSolvr allows users to systematically populate potential causes under predefined 
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categories. ProSolvr not only facilitates detailed analysis but also empowers teams to implement effective solutions, ultimately 
ensuring smoother operations in petrochemical plants. 

Oil and Gas Separator Issues 

• Human Error  
o Communication Breakdown 
o Distractions 
o Inadequate Training 

• Environmental Factors  
o Weather Conditions 
o Harsh Chemicals 
o Extreme Temperatures 

• Maintenance Neglect  
o Lack of Lubrication 
o Use of Substandard Parts 
o Irregular Maintenance Schedule 

• Design Flaw  
o Inadequate Testing 
o Material Selection 
o Inadequate Sizing 

• Operational Error  
o Procedural Deviation 
o Inadequate Training  
o Incorrect Settings 

• Equipment Failure  
o Improper Installation 
o Overloading 
o Corrosion 

Suggested Actions Checklist 

This checklist provides a comprehensive approach to addressing the root causes of oil and gas separator issues, ensuring that 
corrective, preventive, and investigative actions are effectively implemented. 

Human Error 

• Communication Breakdown 
o Corrective Actions: 

▪ Address any immediate miscommunications and clarify instructions. 
▪ Implement real-time communication tools (e.g., radios, digital logs). 

o Preventive Actions: 
▪ Develop and enforce standardized communication protocols during operations. 
▪ Conduct regular communication drills and training sessions. 

o Investigative Actions: 
▪ Investigate incidents related to communication breakdowns. 
▪ Review and enhance communication practices within teams. 

• Distractions 
o Corrective Actions: 

▪ Remove or minimize distractions in the work environment. 
▪ Reinforce focus during critical operations. 

o Preventive Actions: 
▪ Implement clear guidelines for minimizing distractions (e.g., no phones during critical tasks). 
▪ Train operators on maintaining focus and situational awareness. 
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o Investigative Actions: 
▪ Investigate the impact of distractions on operational errors. 
▪ Review and modify work environment to reduce potential distractions. 

• Inadequate Training 
o Corrective Actions: 

▪ Provide immediate retraining for affected personnel. 
▪ Assign experienced operators to supervise less trained staff. 

o Preventive Actions: 
▪ Develop a comprehensive training program with regular refresher courses. 
▪ Implement competency assessments before assigning critical tasks. 

o Investigative Actions: 
▪ Investigate gaps in the current training program. 
▪ Review training materials and methods for effectiveness. 

Environmental Factors 

• Weather Conditions 
o Corrective Actions: 

▪ Adjust operational procedures to accommodate current weather conditions. 
▪ Secure equipment and materials against potential weather impacts. 

o Preventive Actions: 
▪ Develop weather-specific operating procedures and contingency plans. 
▪ Monitor weather forecasts and prepare for extreme conditions. 

o Investigative Actions: 
▪ Investigate the impact of weather on recent operational issues. 
▪ Review and improve weather-related risk management strategies. 

• Harsh Chemicals 
o Corrective Actions: 

▪ Implement immediate safety measures to handle and neutralize harsh chemicals. 
▪ Replace or repair equipment affected by chemical exposure. 

o Preventive Actions: 
▪ Use protective coatings or materials resistant to chemical corrosion. 
▪ Implement strict handling and storage procedures for chemicals. 

o Investigative Actions: 
▪ Investigate the sources and impacts of chemical exposure. 
▪ Review chemical handling procedures and equipment compatibility. 

• Extreme Temperatures 
o Corrective Actions: 

▪ Adjust process parameters to compensate for temperature extremes. 
▪ Inspect and repair equipment affected by temperature fluctuations. 

o Preventive Actions: 
▪ Install temperature monitoring and control systems. 
▪ Use insulation or climate control to protect equipment from temperature extremes. 

o Investigative Actions: 
▪ Investigate the effects of extreme temperatures on system performance. 
▪ Review and enhance temperature management strategies. 

Maintenance Neglect 

• Lack of Lubrication 
o Corrective Actions: 

▪ Immediately lubricate affected equipment and inspect for damage. 
▪ Ensure correct lubricants are used for specific equipment needs. 

o Preventive Actions: 
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▪ Implement a strict lubrication schedule and use high-quality lubricants. 
▪ Train maintenance personnel on proper lubrication techniques. 

o Investigative Actions: 
▪ Investigate the cause of lubrication failures. 
▪ Review lubrication procedures and records for adequacy. 

• Use of Substandard Parts 
o Corrective Actions: 

▪ Replace substandard parts with high-quality, compatible components. 
▪ Inspect for any damage caused by substandard parts and repair as needed. 

o Preventive Actions: 
▪ Develop strict procurement standards for parts and materials. 
▪ Implement quality checks on all incoming parts. 

o Investigative Actions: 
▪ Investigate how substandard parts were sourced and used. 
▪ Review procurement and quality control processes. 

• Irregular Maintenance Schedule 
o Corrective Actions: 

▪ Perform overdue maintenance tasks immediately. 
▪ Inspect all equipment to ensure operational integrity. 

o Preventive Actions: 
▪ Implement a regular, comprehensive maintenance schedule. 
▪ Use a CMMS to track and schedule maintenance activities. 

o Investigative Actions: 
▪ Investigate reasons for irregular maintenance practices. 
▪ Review and optimize maintenance scheduling and execution. 

Design Flaw 

• Inadequate Testing 
o Corrective Actions: 

▪ Conduct thorough testing of the system to identify and correct design flaws. 
▪ Redesign components as necessary to meet operational requirements. 

o Preventive Actions: 
▪ Implement rigorous testing protocols during design and commissioning phases. 
▪ Use simulation tools to predict performance and identify potential issues. 

o Investigative Actions: 
▪ Investigate the testing processes to identify gaps or oversights. 
▪ Review design validation procedures to ensure comprehensive testing. 

• Material Selection 
o Corrective Actions: 

▪ Replace materials that are not suitable for the operating environment. 
▪ Inspect the system for any damage caused by incorrect material selection. 

o Preventive Actions: 
▪ Use materials that are compatible with the process conditions and environment. 
▪ Consult with material experts during the design phase to ensure appropriate selection. 

o Investigative Actions: 
▪ Investigate the criteria used for material selection. 
▪ Review the design process for potential improvements in material specification. 

• Inadequate Sizing 
o Corrective Actions: 

▪ Resize components or redesign the system to handle required capacities. 
▪ Assess the impact of sizing issues on current operations and mitigate risks. 

o Preventive Actions: 
▪ Ensure accurate calculations and modeling during the design phase to determine proper sizing. 
▪ Perform capacity testing under different operational scenarios. 
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o Investigative Actions: 
▪ Investigate the design process to identify where sizing errors occurred. 
▪ Review and improve procedures for equipment sizing and capacity planning. 

Operational Error 

• Procedural Deviation 
o Corrective Actions: 

▪ Reinforce the importance of following established procedures. 
▪ Conduct immediate retraining or disciplinary action if necessary. 

o Preventive Actions: 
▪ Implement strict adherence to SOPs with regular audits. 
▪ Develop a culture of accountability and continuous improvement. 

o Investigative Actions: 
▪ Investigate reasons for deviation from procedures. 
▪ Review and update procedures to ensure clarity and practicality. 

• Inadequate Training 
o Corrective Actions: 

▪ Provide targeted training sessions to address specific knowledge gaps. 
▪ Assign experienced personnel to mentor less trained staff. 

o Preventive Actions: 
▪ Develop comprehensive training programs covering all operational aspects. 
▪ Regularly assess and update training content to reflect current practices and technologies. 

o Investigative Actions: 
▪ Investigate the effectiveness of current training programs. 
▪ Review and enhance training delivery methods. 

• Incorrect Settings 
o Corrective Actions: 

▪ Reset the equipment to the correct operational parameters. 
▪ Inspect for any damage caused by incorrect settings and repair if needed. 

o Preventive Actions: 
▪ Implement automated systems to monitor and maintain correct settings. 
▪ Train operators on the importance of accurate settings and how to check them. 

o Investigative Actions: 
▪ Investigate how incorrect settings were applied. 
▪ Review and improve setting procedures and checks. 

Equipment Failure 

• Improper Installation 
o Corrective Actions: 

▪ Reinstall equipment according to manufacturer specifications and industry standards. 
▪ Inspect for any damage caused by improper installation and repair if necessary. 

o Preventive Actions: 
▪ Ensure that qualified personnel perform equipment installation. 
▪ Implement installation checklists and post-installation inspections. 

o Investigative Actions: 
▪ Investigate the installation process to identify errors or oversights. 
▪ Review and improve installation procedures and documentation. 

• Overloading 
o Corrective Actions: 

▪ Reduce operational loads to within the equipment’s capacity. 
▪ Inspect equipment for damage caused by overloading and repair as needed. 

o Preventive Actions: 
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▪ Implement load monitoring systems to prevent overloading. 
▪ Train operators on the importance of adhering to load limits. 

o Investigative Actions: 
▪ Investigate the causes of overloading incidents. 
▪ Review and improve load management practices. 

• Corrosion 
o Corrective Actions: 

▪ Replace or repair corroded components. 
▪ Apply anti-corrosion treatments to prevent further damage. 

o Preventive Actions: 
▪ Use corrosion-resistant materials and coatings in corrosive environments. 
▪ Implement regular inspections and maintenance for corrosion detection and prevention. 

o Investigative Actions: 
▪ Investigate the causes and extent of corrosion in the system. 
▪ Review material selection and environmental controls for corrosion prevention. 

Who can learn from the Oil and Gas Separator Issues template? 

• Operations Team: Prevent operational errors by learning from common issues and improving daily processes. 

• Maintenance Personnel: Adhere to proper schedules, use high-quality parts, and perform thorough inspections to avoid 
future problems. 

• Design Engineers: Gain insights for better design practices, including material selection, sizing, and testing procedures. 

• Health, Safety, and Environment (HSE) Professionals: Use RCA findings to improve safety protocols and training. 

• Management: Use RCA to allocate resources effectively and implement policy changes for improved plant performance. 

• Quality Assurance Teams: Develop robust quality control measures by understanding potential design, maintenance, and 
operational issues. 

Why use this template? 

A root cause analysis with ProSolvr for oil and gas separator issues provides a structured approach to identifying and addressing the 
underlying causes of problems within the separation process. By systematically examining the various factors, the template helps 
teams uncover the root causes of failures or inefficiencies. This, in turn, enables the implementation of targeted corrective and 
preventive actions, ultimately improving the reliability, safety, and efficiency of operations. Additionally, the ProSolvr RCA template 
facilitates knowledge sharing across teams, promoting continuous improvement and reducing the likelihood of future incidents. 

Use ProSolvr by smartQED to identify problems with equipment in your plant and prevent future maintenance issues. 

Curated from community experience and public sources: 

• https://www.sciencedirect.com/science/article/abs/pii/095042149593944F#:~:text=Although%20there%20are%20many%2

0factors,escapes%20with%20the%20gas%20phase   

• https://www.12eleven.com/news/what-are-the-principles-of-oil-and-gas-separation 
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Conducting a thorough root cause analysis (RCA) is essential to address and mitigate power supply disruptions effectively. When Haldia 
Petrochemicals faces inadequate power supply from their captive power plant, they typically resort to several contingency measures 
to maintain continuous operations. If grid power is not available or reliable, they can activate diesel generators to provide necessary 
power, although this is usually a more expensive option. They may also switch to grid power supplied by the state electricity board or 
other external sources to compensate for the shortfall. 

The plant may prioritize power for essential processes and equipment to ensure that the most critical operations, such as maintaining 
the integrity of chemical processes, continue without interruption. They might use Uninterruptible Power Supply (UPS) systems or 
other energy storage solutions to provide short-term power support during the transition or until the regular power supply is restored. 
In some cases, Haldia Petrochemicals may enter into short-term agreements with external power suppliers to ensure an uninterrupted 
power supply during the downtime of their captive power plant. 

A thorough root cause analysis helps identify the underlying causes of power interruptions, whether they are due to equipment 
failures, inadequate maintenance, or external factors such as grid issues. By pinpointing these root causes, Haldia Petrochemicals can 
implement targeted corrective actions to prevent recurrence. This might involve upgrading infrastructure, enhancing backup power 
systems, or improving maintenance protocols. A well-executed RCA with a visual RCA tool not only helps in rectifying existing problems 
but also aids in developing robust contingency plans, ensuring a more resilient power supply system and minimizing the risk of future 
disruptions. 

Power supply disruptions at Haldia Petrochemicals can have severe implications for their operations. First and foremost, interruptions 
can lead to significant downtime, halting chemical production processes that are often sensitive to power fluctuations. This downtime 
not only affects the output but can also result in the loss of valuable raw materials and product batches, potentially leading to financial 
losses and decreased market competitiveness. Additionally, sudden power outages may cause damage to sensitive equipment and 
machinery, which can be costly to repair or replace, further exacerbating operational disruptions. 

 

 

 

Power Supply Disruption 
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• Equipment 
o Insufficient Maintenance 

▪ Delayed replacement of worn-out parts 
▪ Lack of regular inspections 

o Mechanical Failures 
▪ Circuit breaker trips 
▪ Transformer malfunction 

o Aging Infrastructure 
▪ Corroded connections 
▪ Outdated wiring 

• Processes 
o Faulty Load Management 

▪ Poor demand forecasting 
▪ Overloading circuits 

o Inadequate Backup Systems 
▪ No UPS (Uninterruptible Power Supply) 
▪ Unreliable generator 

• People 
o Miscommunication 

▪ Lack of clear responsibilities 
▪ Delay in reporting issues 

o Human Error 
▪ Inadequate training on emergency procedures 
▪ Incorrect operation of power systems 

• Materials 
o Inadequate Inventory 

▪ Delays in obtaining replacement parts 
▪ Insufficient spare parts 

o Substandard Components 
▪ Inferior grade transformers 
▪ Use of low-quality wiring 

• Environment 
o Natural Disasters 

▪ Flooding 
▪ Earthquakes 

o External Factors 
▪ High humidity causing short circuits 
▪ Extreme weather conditions 

• Management 
o Cost-Cutting Measures 

▪ Deferred upgrades 
▪ Reduced budget for maintenance 

o Poor Planning 
▪ Lack of contingency planning 
▪ Inadequate risk assessments 

 

 

 

 

Suggested Actions Checklist 
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This checklist provides a structured approach to addressing the root causes of power supply disruptions, ensuring that corrective, 
preventive, and investigative actions are effectively implemented: 

Equipment 

• Insufficient Maintenance 
o Corrective: Immediately schedule and conduct maintenance on all critical power supply equipment. 
o Preventive: Establish a comprehensive maintenance schedule with regular inspections and timely replacement of 

worn-out parts. 
o Investigative: Review past maintenance logs to identify missed inspections or delayed replacements that 

contributed to the disruption. 

• Mechanical Failures 
o Corrective: Repair or replace faulty circuit breakers and transformers to restore reliable power supply. 
o Preventive: Implement regular testing and monitoring of circuit breakers and transformers to detect early signs of 

failure. 
o Investigative: Analyze the causes of recent mechanical failures to determine if they were due to design flaws, 

maintenance lapses, or other factors. 

• Aging Infrastructure 
o Corrective: Replace corroded connections and outdated wiring with modern, high-quality materials. 
o Preventive: Develop an infrastructure renewal plan that prioritizes the replacement of aging components. 
o Investigative: Assess the current condition of the power infrastructure to identify areas most at risk of failure due 

to aging. 

Processes 

• Faulty Load Management 
o Corrective: Adjust load distribution to prevent circuit overloading and implement demand-side management 

strategies. 
o Preventive: Improve demand forecasting methods and regularly review load management practices to ensure 

circuits are not overloaded. 
o Investigative: Conduct an analysis of recent load management decisions to identify why overloading occurred and 

how it can be avoided in the future. 

• Inadequate Backup Systems 
o Corrective: Install or upgrade Uninterruptible Power Supplies (UPS) and ensure reliable generator operation. 
o Preventive: Regularly test backup systems, including UPS and generators, to ensure they function correctly during 

power disruptions. 
o Investigative: Review the reliability and performance history of existing backup systems to identify weaknesses and 

necessary improvements. 

People 

• Miscommunication 
o Corrective: Clarify responsibilities and establish clear communication channels for reporting and resolving power 

supply issues. 
o Preventive: Implement communication protocols and regular briefings to ensure all personnel understand their 

roles and the importance of timely issue reporting. 
o Investigative: Analyze past incidents to identify instances where miscommunication contributed to delays or errors 

in addressing power supply problems. 

• Human Error 
o Corrective: Retrain staff on the correct operation of power systems and emergency procedures. 
o Preventive: Establish ongoing training programs with regular assessments to ensure proficiency in power system 

operation and emergency response. 
o Investigative: Review human error incidents to identify gaps in training or procedural compliance that need to be 

addressed. 
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Materials 

• Inadequate Inventory 
o Corrective: Increase inventory levels of critical replacement parts and ensure timely procurement processes. 
o Preventive: Implement inventory management systems that maintain adequate stock levels of essential 

components and spare parts. 
o Investigative: Analyze procurement and inventory records to identify the causes of delays in obtaining necessary 

materials. 

• Substandard Components 
o Corrective: Replace inferior grade transformers and low-quality wiring with high-standard components that meet 

safety and reliability specifications. 
o Preventive: Strengthen procurement policies to ensure that only high-quality, certified components are used in 

power systems. 
o Investigative: Trace the source of substandard components and assess the impact on system reliability. 

Environment 

• Natural Disasters 
o Corrective: Implement immediate repairs and reinforcements to power infrastructure affected by natural disasters. 
o Preventive: Develop disaster preparedness plans that include protective measures for power systems against 

flooding, earthquakes, and other natural events. 
o Investigative: Analyze the impact of recent natural disasters on power infrastructure to improve resilience and 

response strategies. 

• External Factors 
o Corrective: Address issues caused by high humidity and extreme weather by enhancing insulation and protection 

measures for power systems. 
o Preventive: Regularly monitor environmental conditions and apply protective coatings or insulation to prevent short 

circuits and other weather-related damage. 
o Investigative: Review the frequency and severity of environmental impacts on power systems to identify trends and 

areas for improvement. 

Management 

• Cost-Cutting Measures 
o Corrective: Reevaluate and adjust budget allocations to prioritize critical upgrades and maintenance of power supply 

systems. 
o Preventive: Implement a balanced approach to cost management that does not compromise the reliability and 

safety of power infrastructure. 
o Investigative: Assess the long-term impact of previous cost-cutting measures on power system performance and 

reliability. 

• Poor Planning 
o Corrective: Develop and implement a comprehensive contingency plan for power disruptions, including risk 

assessments and mitigation strategies. 
o Preventive: Regularly review and update contingency plans to ensure they address all potential risks and are aligned 

with current best practices. 
o Investigative: Conduct a thorough analysis of past power supply disruptions to identify planning deficiencies and 

implement corrective actions. 

Who can learn from the Power Supply Disruption template?  

• Operational Staff: RCA insights can help them understand the critical points of failure, improve their maintenance practices, 
and implement better procedures to avoid disruptions. 

• Maintenance Teams: By understanding the root causes of past disruptions, maintenance teams can enhance their preventive 
maintenance schedules, adopt new techniques, and address potential weaknesses in the equipment. 
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• Safety and Compliance Officers: RCA findings can guide them in updating safety protocols and compliance measures to 
address vulnerabilities exposed by power disruptions, helping to prevent accidents and ensure regulatory adherence. 

• Engineering and Technical Teams: They can gain insights into potential design flaws or inefficiencies in the power systems, 
leading to improvements in system design, upgrades, and the implementation of more robust technology. 

• Management and Decision Makers: RCA results can help them understand the financial and operational impacts of power 
disruptions, enabling them to make informed decisions on investments in infrastructure, contingency planning, and risk 
management strategies. 

Why use this template? 

Haldia Petrochemicals can greatly benefit from a root cause analysis (RCA) of power supply disruptions by gaining a clear 

understanding of the underlying issues affecting their power systems. This Gen-AI powered root analysis enables them to pinpoint 

specific weaknesses, whether they lie in equipment, maintenance practices, or procedural shortcomings. By addressing these root 

causes, Haldia Petrochemicals can implement targeted improvements, enhance the reliability and efficiency of their power supply, 

and reduce the risk of future disruptions. Ultimately, this proactive approach helps minimize operational downtime, ensures 

compliance with safety regulations, and supports more informed decision-making, leading to greater overall stability and productivity 

in their plant operations. 

Use ProSolvr by smartQED to draft and customize your own templates in petrochemical plants. 

Curated from community experience and public sources:  

• https://www.epa.gov/sites/default/files/2013-11/documents/power.pdf 

• https://www.ishn.com/articles/113257-what-happens-when-manufacturing-facilities-lose-power 
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