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ABSTRACT 
This course explores the engineering failure 

that led to the accident at the Three Mile 

Island Nuclear Plant in 1979, the most serious 

accident in the history of commercial nuclear 

power in the United States. It provides an in-

depth examination of the sequence of 

events, technical flaws, and human errors 

that contributed to the incident. The course is 

tailored for engineers seeking to understand 

how critical oversights and system design 

shortcomings can lead to catastrophic 

outcomes, with lessons applicable across all 

engineering disciplines. 
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Intended Audience 

This course is intended for licensed professional engineers of all disciplines, particularly 

those working in energy, systems design, and safety-critical industries. It provides 

valuable insights into engineering ethics, risk management, and the importance of 

redundancy in complex systems. 

 

Course Objectives 

By the end of this course, participants will be able to: 

1. Understand the technical and operational failures that led to the Three Mile 

Island accident. 

2. Analyze the role of engineering design and human factors in the event. 

3. Recognize the importance of effective risk management and failure analysis in 

engineering projects. 

4. Apply lessons learned from the Three Mile Island accident to improve safety and 

reliability in engineering systems. 
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Chapter 1: Introduction to the Three Mile Island Accident 
Overview of the Three Mile Island Nuclear Plant 

The Three Mile Island Nuclear Generating Station, located near Harrisburg, 

Pennsylvania, became operational in the late 1970s. 

 

It consisted of two pressurized water reactors 

(PWRs), designated as Unit 1 and Unit 2. Unit 1 

was completed in 1974 and operated without 

incident, while Unit 2, completed in 1978, was 

the site of the infamous accident.  

 

Both units were owned by Metropolitan 

Edison Company, a subsidiary of General 

Public Utilities Corporation.  

 

The plant was emblematic of the nuclear industry's growth during a period when 

nuclear power was viewed as a promising solution to America’s energy needs. 

 

Brief History of Nuclear Power in the U.S. and its Regulatory Framework 

During the mid-20th century, nuclear energy gained prominence due to its potential for 

producing large amounts of electricity without reliance on fossil fuels. However, the 

complexity of nuclear technology demanded rigorous safety protocols and a robust 

regulatory framework.  

 

In the U.S., the Nuclear Regulatory Commission (NRC) was established in 1974 to 

oversee the safe use of nuclear materials and manage the licensing and inspection of 

nuclear facilities. 

 

Prior to the Three Mile Island accident, public trust in nuclear power was relatively high, 

though concerns about safety and waste management were growing. The incident 

highlighted systemic issues in both plant operations and regulatory oversight, leading to 

widespread skepticism about nuclear energy. 

 

Importance of the Accident in the Context of Engineering and Public Safety 

The accident at Three Mile Island on March 28, 1979, involved a partial meltdown of the 

Unit 2 reactor core.  

 

While the incident resulted in minimal direct health impacts—due to the containment 

structure's effectiveness—the psychological and economic consequences were 

profound.  

 

 

 

 

 

 

 



It remains a pivotal case study in engineering for several reasons: 

1. Technical Complexity: The accident exposed vulnerabilities in reactor design 

and system integration, underscoring the challenges of managing highly 

complex systems. 

2. Human Factors: Operator errors compounded the technical issues, illustrating the 

critical role of human decision-making in high-stakes engineering environments. 

3. Regulatory Oversight: The event revealed gaps in regulatory practices and the 

need for more stringent safety protocols. 

4. Public Perception: The incident eroded public confidence in nuclear power, 

influencing energy policy and the trajectory of nuclear development in the U.S. 

and globally. 

 

The Three Mile Island accident serves as a stark reminder of the interplay between 

engineering design, operational management, and regulatory frameworks.  

 

It emphasizes the need for engineers to prioritize safety, anticipate failure modes, and 

integrate human factors into system design. 

 

  



Chapter 2: Sequence of Events Leading to the Accident 
Description of the Plant’s Operational Design and the Reactor System Involved 

The Three Mile Island Nuclear Plant utilized a pressurized water reactor (PWR), a 

common design for commercial nuclear power plants.  

 

The reactor design involved three main systems: 

1. Primary Coolant Loop: Carried heat from the reactor core to the steam 

generators. 

2. Secondary Coolant Loop: Used the heat from the primary loop to produce steam 

for driving the turbines. 

3. Cooling System: Discharged residual heat to a nearby water source through 

cooling towers. 

 

Unit 2 was equipped with safety systems designed to control temperature, pressure, and 

reactor integrity. These systems relied heavily on automated controls and 

instrumentation to monitor reactor conditions. However, a critical failure in these 

systems set the stage for the accident. 

 

Initial Technical Malfunction: Failure in the Secondary Cooling Circuit 

The incident began at 4:00 a.m. on March 28, 1979, with a malfunction in the 

secondary cooling circuit. A mechanical or electrical failure prevented the main 

feedwater pumps from delivering water to the steam generators.  

 

Without sufficient cooling water, heat began to build in the reactor, increasing pressure 

within the primary coolant system. 

 

Automated safety mechanisms responded to 

the rising pressure by opening a pilot-

operated relief valve (PORV) to release 

excess steam.  

 

This was a standard procedure to prevent 

over-pressurization, but the PORV failed to 

close after pressure levels returned to normal, 

causing a loss of coolant from the primary 

system. 

 

 

 

Role of Pressure Relief Valve Failure and Incorrect Sensor Readings 

The PORV failure was critical but initially undetected. The control room indicators falsely 

suggested that the valve had closed, as they were based on electrical signals from the 

valve rather than its physical position. This faulty feedback led operators to 

underestimate the severity of the coolant loss. 

 

Simultaneously, water levels in the pressurizer—the component that maintains system 

pressure—rose due to steam condensation. This paradoxical rise created the illusion 



that the reactor was adequately cooled. Actually, coolant levels in the core were 

decreasing, exposing the fuel rods to excessive heat. 

 

Cascading Effects of Design Flaws and Operator Decisions 

The sequence of events rapidly escalated as the situation became increasingly 

complex.  

 

Operators, relying on ambiguous and misleading instrumentation, made several key 

decisions that exacerbated the problem: 

1. Turning Off Emergency Core Cooling Systems (ECCS): Believing the core was 

overfilled, operators shut off the ECCS, which would have provided additional 

cooling water. 

2. Failure to Recognize Core Damage: Operators did not realize that the fuel rods 

were overheating, leading to partial melting of the reactor core. 

3. Delayed Response to Coolant Loss: Efforts to restore coolant flow were delayed 

due to a misunderstanding of the reactor's true condition. 

 

The cascading failures were a combination of technical malfunctions, inadequate 

system design, and human error. The reactor core sustained significant damage before 

the situation was stabilized approximately 16 hours after the initial malfunction. 

 

  



Chapter 3: Engineering Design Failures 
Inadequate Control Room Design and Instrumentation 

The control room at Three Mile Island Unit 2, like many nuclear facilities of its time, 

suffered from poor ergonomic design and overly complex instrumentation. It housed 

hundreds of indicators, gauges, and alarms, many of which were poorly labeled or 

difficult to interpret.  

 

This environment made it challenging for operators to assess the reactor's condition 

accurately, especially during high-pressure situations like the accident. 

 

The failure of the Pilot-Operated Relief Valve 

(PORV) to close was not directly visible to 

operators. Instead, they relied on an indicator 

light that merely reflected the electrical signal 

sent to the valve rather than its physical state.  

 

This critical flaw in feedback design caused the 

operators to mistakenly believe that the valve 

was closed, leading to a misdiagnosis of the 

reactor's condition. 

 

Additionally, alarms were triggered simultaneously across multiple systems, creating a 

chaotic situation that overwhelmed the operators. Many alarms provided no 

actionable information, further delaying an effective response.  

 

These issues underscore a fundamental failure in the integration of human factors into 

the design of the control room. 

 

Poor Feedback Mechanisms and Ambiguous Alarms 

The instrumentation at Three Mile Island provided fragmented and sometimes 

contradictory information.  

 

For instance, the rising water level in the pressurizer—a key parameter used to assess 

reactor status—was interpreted as a sign of overfilling, prompting operators to reduce 

emergency coolant flow.  

 

In reality, this indicator did not reflect the core's actual coolant level, as it was affected 

by steam voids caused by the PORV failure. 

 

The ambiguity of these alarms and indicators created a dangerous scenario in which 

operators were forced to make critical decisions based on incomplete or misleading 

data. This lack of clarity in system feedback is a design flaw that contributed 

significantly to the escalation of the accident. 

 

 

 

 



System Redundancy Issues and Their Limitations 

Redundancy is a cornerstone of safety-critical systems, particularly in nuclear power 

plants. While Three Mile Island Unit 2 had redundant systems, they were not effectively 

integrated or utilized during the crisis.  

 

The Emergency Core Cooling Systems (ECCS) were designed to prevent core damage 

in the event of a coolant loss, but operators shut them down due to a misunderstanding 

of reactor conditions. 

 

The redundancy was also undermined by poor training and a lack of procedural clarity. 

Operators were not adequately prepared to handle a situation in which multiple 

systems failed simultaneously.  

 

This highlights the importance of designing redundancy not only into the hardware but 

also into operational protocols and training. 

 

Design Oversights in Safety Protocols 

The safety protocols at Three Mile Island relied heavily on the assumption that operators 

would have clear and accurate information during an emergency. This assumption 

proved to be flawed. The absence of real-time data on critical components like the 

PORV and core coolant levels rendered the safety protocols ineffective. 

 

Furthermore, the plant’s design did not fully account for human error, a critical oversight 

in any engineering system. The lack of automated fail-safes to override incorrect 

operator actions allowed the situation to spiral out of control.  

 

For example, automated systems that could have maintained coolant flow 

independently of operator input might have prevented the partial meltdown. 

 

Lessons in Design and Integration 

The engineering design failures at Three Mile Island provide a cautionary tale about the 

importance of: 

1. Integrating human factors into system design to ensure clarity and usability. 

2. Designing feedback mechanisms that accurately reflect the state of critical 

components. 

3. Implementing redundancy not just in hardware but also in operational and 

procedural systems. 

4. Recognizing and mitigating the potential for human error through training, 

automation, and procedural safeguards. 

 

  



Chapter 4: Human Factors and Operational Errors 
Overview of Operator Training and Decision-Making During the Crisis 

At the time of the Three Mile Island accident, operators were trained to manage routine 

operations but were inadequately prepared for complex, unexpected scenarios.  

 

Their training emphasized rigid adherence to standard operating procedures (SOPs) 

without sufficient emphasis on diagnosing and responding to novel situations. The 

incident revealed significant gaps in the operators’ understanding of the reactor 

systems.  

 

For instance, their decision to shut down the Emergency Core Cooling Systems (ECCS) 

stemmed from a misunderstanding of reactor indicators, highlighting the inadequacy of 

their training in interpreting critical system feedback under duress. 

 

Miscommunication and Lack of Procedural Clarity 

A key factor contributing to the escalation of the crisis was the lack of clear and 

effective communication. The operators in the control room worked in a high-stress 

environment with multiple, simultaneous alarms and unclear data. 

 

The confusion was exacerbated by: 

1. Conflicting Information: Operators received contradictory signals about the 

status of the reactor core and cooling systems. 

2. Ambiguous Procedures: The SOPs did not provide clear guidance for handling a 

cascading failure involving both technical malfunctions and ambiguous 

feedback. 

3. Breakdowns in Communication: Critical information was not effectively shared 

among team members, leading to delayed and sometimes contradictory 

actions. 

 

These issues illustrate the importance of designing not only reliable engineering systems 

but also robust communication protocols to support decision-making in crises. 

 

The Role of Stress, Fatigue, and Cognitive Overload 

The operators’ performance during the accident was significantly impacted by 

cognitive overload. The sheer number of alarms and indicators competing for their 

attention created an overwhelming situation.  

 

Coupled with the high stakes and uncertainty of the reactor's condition, this led to 

stress-induced errors in judgment. Fatigue also played a role, as operators worked long 

shifts in an environment that demanded constant vigilance.  

 

This combination of stress and fatigue impaired their ability to process information 

accurately and make rational decisions. In high-stakes environments like nuclear power 

plants, these factors must be anticipated and mitigated through both design and 

operational policies. 

 

 



Misinterpretation of Reactor Conditions 

The operators’ most critical error was the misinterpretation of reactor conditions based 

on misleading data. For example, the rising water level in the pressurizer was interpreted 

as a sign of overfilling, prompting the decision to shut off the ECCS.  

 

In reality, the water level indicator was affected by steam voids in the primary coolant 

system, which masked the true loss of coolant in the reactor core. 

 

This misinterpretation underscores the need for instrumentation that provides clear and 

unambiguous information. It also highlights the importance of operator training that 

prioritizes critical thinking and diagnostic skills over rote procedural knowledge. 

 

Lessons in Human Factors Engineering 

The role of human factors in the Three Mile Island accident demonstrates that even 

well-designed systems can fail when human operators are not adequately supported.  

 

Key takeaways include: 

1. Designing for Usability: Control systems should prioritize clarity, simplicity, and the 

reduction of cognitive load. 

2. Enhancing Training Programs: Operator training should focus on scenario-based 

learning that includes rare and complex failure modes. 

3. Implementing Fail-Safes: Systems should be designed to account for and 

override human error when necessary. 

4. Improving Communication Protocols: Clear and consistent communication 

strategies are essential for effective decision-making during emergencies. 

 

  



Chapter 5: Aftermath and Engineering Lessons Learned 
Impact of the Accident on the Nuclear Power Industry 

The Three Mile Island accident had a profound and lasting impact on the nuclear 

power industry, both in the United States and globally. While the event caused no 

immediate fatalities and released only small amounts of radioactive material, its 

psychological and economic consequences were far-reaching.  

 

Public trust in nuclear power was significantly eroded, leading to widespread protests, 

policy changes, and a decline in new nuclear power plant construction. 

 

In the years following the accident, utilities abandoned or delayed dozens of planned 

nuclear reactors due to increased regulatory scrutiny and skyrocketing costs associated 

with implementing new safety standards.  

 

Three Mile Island marked the beginning of a decades-long stagnation in the 

development of nuclear energy in the U.S., leaving an indelible mark on the industry’s 

trajectory. 

 

Regulatory Changes and Industry Oversight 

The accident prompted sweeping changes to nuclear regulations and oversight 

practices. The Nuclear Regulatory Commission (NRC) introduced stricter safety 

protocols and a more proactive approach to inspection and enforcement.  

 

Key regulatory responses included: 

• The Formation of INPO: The Institute of Nuclear Power Operations (INPO) was 

established to promote safety and operational excellence within the nuclear 

power industry. INPO developed industry-wide standards for training, 

performance evaluation, and risk management. 

 

• Enhanced Reactor Design Requirements: New reactors were required to include 

additional safety features, such as more reliable cooling systems and better 

containment structures. 
 

• Mandatory Operator Training: Reactor operators were subjected to more 

rigorous and scenario-based training programs, emphasizing the ability to handle 

complex and unexpected emergencies. 
 

• Real-Time Monitoring Systems: Improved instrumentation and monitoring systems 

were mandated to provide operators with clearer and more accurate data on 

reactor conditions. 

 

These changes significantly improved the safety culture within the nuclear power 

industry, setting a precedent for other high-risk industries. 

 

 

 



Lessons for Risk Management and System Design 

The Three Mile Island accident underscored the critical importance of robust risk 

management practices in engineering.  

 

Specific lessons include: 

1. Redundancy and Automation: Safety systems must be designed with sufficient 

redundancy to account for multiple simultaneous failures. Automated systems 

should be capable of overriding human errors to maintain critical safety 

functions. 

 

2. Human-Centric Design: Engineering systems must prioritize usability, ensuring that 

operators receive clear and actionable information, especially in high-stress 

situations. 
 

3. Scenario Planning: Risk management should include comprehensive scenario 

analysis to identify potential failure modes and develop contingency plans for 

unlikely but catastrophic events. 
 

4. Proactive Oversight: Effective regulatory frameworks must prioritize ongoing risk 

assessment and enforce compliance with safety standards. 
 

Broader Implications for Engineering Ethics and Accountability 

The accident also raised important questions about engineering ethics and 

accountability. It highlighted the ethical obligation of engineers to prioritize public 

safety over cost and efficiency.  

 

Engineers must anticipate the potential consequences of their designs, particularly in 

industries where failures can have catastrophic consequences. 

 

The event also illustrated the need for transparency and communication with the 

public. The initial handling of the accident, including delayed and inconsistent 

information from plant operators and regulators, exacerbated public fear and distrust.  

 

Engineering professionals have a responsibility to communicate openly and honestly 

about risks, ensuring that stakeholders are fully informed. 

 

Closing Thoughts 

The Three Mile Island accident remains one of the most significant case studies in 

engineering failure. It serves as a reminder that complex systems require rigorous design, 

thorough training, and proactive risk management.  

 

By learning from this event, engineers can better understand the critical importance of 

integrating technical, human, and ethical considerations into their work. 
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