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ABSTRACT 

On February 9, 2017, the King County, Washington, West Point Wastewater Treatment Plant 

experienced a catastrophic failure of the entire plant due to a cascade of system failures resulting in a 

complete flood of the Primary Treatment process, some Solids Handling, and Boiler areas. This led to 

plant bypasses and discharges of raw wastewater into Puget Sound for several months while the plant 

was decontaminated, equipment replaced and retested, and systems restarted. Damages topped 

$50million. Life safety was at risk.  

The failures began at 2 am during a rainstorm with the plant running at full capacity, 440 MGD. An 

electrical failure in the Effluent Pump Station which pumps all plant effluent into Puget Sound decreased 

pumping capacity and began to overfill the station’s wet well. While operators were trying to restart the 

station, the hydraulic discharge valves for each pump also failed. From there, a safety interlock triggered 

the hydraulic isolation of the pump station and confined flow to the Primary Treatment Tanks. High level 

float switches in those tanks, meant to shut off flow into them, failed to operate which allowed the 

tanks to overflow for half an hour. This flooded the underground gallery system surrounding that part of 

the plant from base up to grade level and damaged all electrical systems and equipment in those 

galleries. Manual shutdown of a pump station and automatic actuation of a different high level interlock 

triggered a total plant bypass.   

HISTORY OF THE PLANT 

West Point site selection 

In 1884, Seattle City Engineer, Reginald Heber Thomson, undertook a study of waste water in the city. 

He found that Lake Washington and Lake Union, both in the city, were becoming too contaminated. He 

began looking for alternative ways to dispose of the waste. They found an area far North of the city 

where the tidal currents were mostly moving out to Puget Sound located next to the Fort Lawton Army 

Base and the West Point Light House.  

In 1912, construction was completed on a major trunk line from the city to West Point; a 12 foot 

diameter pipe that discharged near the beach directly into the Sound. Drainage run-off and raw 

wastewater were combined in a single system except for small areas. (See photo) 
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1912 to 1960 

From then up to the late 1950’s, as the city grew, the discharge at that effluent pipe increased as more 

development moved to the North of the city. By then, people were unhappy with the pollution 

generated and wanted a treatment facility constructed. Brown and Caldwell did a comprehensive plan 

for the County which was published in 1958. From that study, much of the modern wastewater 

collection, treatment, and disposal systems for the region were conceived. As was the vision of a new 

regional governmental organization specialized to design, construct, operate, and maintain these 

facilities.  

Metro governmental agency and Primary Treatment Plant in 1966 

Also in 1958, the cities and suburbs of the area approved a ballot initiative establishing the Municipality 

of Metropolitan Seattle, Metro, to solve the water quality problems as a region instead of by each 

smaller governmental agency. This agency was given the authority to build and operate the West Point 

Wastewater Treatment Plant as well as the regional wastewater collection and treatment systems.  
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Primary Treatment Plant 

In 1966, the first treatment plant on the site began operations. This was a primary settlement and solids 

handling treatment plant that discharged into the Sound mostly by gravity, but at times by effluent 

pumps. (The new Secondary Plant reversed this behavior) Flooding of the primary treatment area was 

unlikely due to the hydraulic profile of its effluent pump station which could flood out onto grade and 

the nearby beach instead of into the plant itself.  

Secondary expansion in the early 1990s 

In the 1980’s, federal water quality standards tightened and required the West Point Treatment Plant to 

add a Secondary treatment system and improved solids handling processes. This led Metro to hire 

CH2M Hill and associated firms to design, oversee construction and startup of essentially a new 

treatment plant right next the existing plant. This system was commissioned by 1996 and implemented 

many of the systems involved in this event. Additionally, the Metro agency was incorporated into King 

County government which owns and runs the plant today.  

Operations 2000 to 2017 

In January of 2000, the plant experienced a prolonged bypass not so much because the Primary Float 

Switches did not work, but that one of them would not reset after the level went down. It was found to 

have been clogged between the stilling well and the float keeping it from dropping down. The fail-safe 

circuit in which this was applied kept it from stopping the bypass logic. It took operators and 

instrumentation technicians a few hours to find this problem while the plant was bypassed. The incident 

made press coverage. Over the subsequent years, an occasional operations problem arose causing small 

scale flooding mainly at the Effluent Pump Station. Operations managed these situations with only 

minor bypass events.  

During this time, a new attitude among managers and operations began to develop – a culture of “no 

bypasses” crept in. For example, an operator was fired for initiating a manual bypass when conditions 

looked right to him, but not to the subsequent review team. The rest of the staff took that as an 

ultimatum – no bypasses.  

Unfortunately, the plant was designed to have bypasses under abnormal circumstances, especially at 

high flows.  
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WEST POINT WWTP HYDRAULIC LAYOUT 

Ideal WWTP Situation 

 

Ideally, we would have a city on a hill which drained to the ocean in two parts. Storm water with very 

little treatment directly into the water and wastewater treated by the best method available, but with 

no pumps needed for hydraulic capacity. 

While Seattle has many hills, there are also valleys in the way of gravity flow everywhere. It has a 

comprehensive collection system for handling both run-off and wastewater and sends it to multiple 

Combined Sewer Overflow (CSO) points as well as the treatment plants. Even within the West Point 

Plant there are 3 major pump stations. The Raw Sewage Pumps (RSP) lift flow to the Primary 

Sedimentation and Digester processes, the Intermediate Pump Station (IPS) lifts that effluent up to the 

Secondary Sedimentation and Aeration processes, and finally the Effluent Pump Station (EPS) sends 

plant final effluent to the Sound by gravity during very low flows and by pumping during high flows and 

tides. Each are over several hundred mgd pump stations which are challenging in their own right.  
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DESCRIPTION OF EVENT 

Operating conditions just prior to event 

On February 9, 2017, Seattle was experiencing a rainstorm with precipitation of almost 2 inches in 24 hours. At 

2:00 am, the plant was running at full capacity, 440 mgd. There was a crew of 9 operators scattered around the 

plant but with 2 in main control. The 4 Raw Sewage Pumps which lift flow into the Primary Tanks were all 

running full out. At the Effluent Pump Station (EPS), 3 of the 4 pumps were running full speed when an electrical 

failure at one of the EPS Motor Control Centers (MCCs) caused two of the pumps to shut off. This began a 

process of failures that the operators could not respond to fast enough.  

Sequence of events 

• MCC overload – two Effluent (EPS) pumps stopped 

• EPS Pump Discharge valves powered by that same MCC failed 

• EPS Wet Well level reached HIHI state which automatically, via hardwired logic, closed the gates from 

the Primary Sedimentation Tanks to the rest of the plant.  

• As the level rose in the Primary Sedimentation Tanks, the HIGH and HIHI level float switches failed to 

shut down the input, the Raw Sewage Pump Station.  

• These tanks then overflowed, flooding the entire underground gallery system surrounding the Primary 

Treatment process, at approximately 2:25 am.  

• Meanwhile, operators worked diligently to restore the EPS pumping capacity. Their progress was 

blocked by the common discharge valve hydraulic system failure.  

• Operators manually shutdown the Raw Sewage Pumps leading to high levels in that wet well and in the 

Influent Control Structure (ICS) which is the hydraulic start of the plant.  

• This triggered the Plant Bypass Gate to begin directing all flow by gravity to the Emergency Outfall 

Tunnel and stopped the flooding at about 3:05 am.  

• Additionally, hundreds of alarms were generated in this short time frame confusing the operators.  

Timeline: 

 

RESULTING DAMAGES 
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The flooding of the Primary Plant underground galleries was complete up to the interface with the Secondary 

Plant and from the basements up to grade level. This damaged many sub-systems associated with primary solids 

handling and the digester sludge handling and heating affecting the health of the primary digesters biological 

processes. There was a tremendous amount of equipment, electrical systems, and odd things like pipe insulation 

damaged as well. Dewatering the galleries took several weeks. Galleries were then steam cleaned by workers in 

contamination suits.  

Repairs ran around the clock for several months. People from the nearby neighborhoods took to bringing coffee 

and pastries down to the workers who were stuck there on such long shifts.  

Estimates are that it will be $60 million for repairs to get plant fully repaired and in compliance with new 

directives. The County’s insurance is likely to pay most of the damage with the balance paid by ratepayers.  

Department of Ecology fine 

During the extended period of full and partial plant bypass during reconstruction, the plant was not meeting its 

discharge permit. For this violation, the Washington State Department of Ecology constructed an order for 

multimillion dollars of improvements and a fine of $361,000. The order gave an explicit deadline of August 2018 

for accomplishing full repairs and implementation of steps to mitigate a future similar occurrence.  

Political fallout (Seattle Times Editorial) 

Additionally, local press and political attention to the accident prompted a vigorous community response. The 

Seattle Times editorial board said this about the situation: “it is clear the West Point workers did all they knew 

how to do in an extraordinary event. But they deserved better training, more redundant backup systems and 

more forward-looking management.” 

INDEPENDENT INVESTIGATION 

The magnitude of this failure caused the King County Council, 8 elected representatives for the districts, to 

initiate an independent investigation into the causes and remedies for the flood. As a condition, they required 

that only companies who had not worked at the plant for the previous 3 years be eligible for the work. This was 

placed to public bid and was managed by the Ombudsman of the County. 

Of the two bidders, AECOM won the contract and had only 8 weeks to complete the investigation. This was later 

expanded to 12 weeks as the project unfolded.  

They conducted a standard forensic review including these components: 

• Data collection 

• Interviews with Operations staff on site during the event 

• HAZOP analysis of some the critical systems 

• Workshops 

• Evaluation of data 

• Development of recommendations 

One of their key diagrams was of the Operator Movements during the event as reconstructed from logs and 

interviews. It shows several key things: Flooded tunnels by color, each operator by color, and the travel paths for 

each operator by position. The flooding of the Primary Tanks began only 10 minutes after the EPS pump failures, 
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but the paths show operators working in the EPS, the Primary Process Area Control Center and work at the 

Primary Gates themselves. A plant bypass button was available, but not pressed.  

 

INVESTIGATION FINDINGS AND RECOMMENDATIONS 

The effort was a multi-process activity. CH2M had developed an initial memo on the cause and effect of the 

incident and recommended certain engineering changes that were undergoing by the time the AECOM work 

began. This included replacement of the Primary Tank Level Switches, for example.  

Key Findings included: 

• The plant has many constraints, and the strain on the plant is likely to worsen 

• The plant does not have sufficient redundancy 

• The plant needs a higher level of operational integration to manage interdependencies 

• Emergency response training did not anticipate this type of emergency 

• Capital upgrades to the plan should be optimized to improve reliability during high flow events 

Key Recommendations included: 

• Implement a Life Safety Management system 

• Conduct comprehensive emergency response training 

• Conduct and integrated evaluation to address plant constraints and improve redundancy 

• Optimize a capital improvement plan to maximize redundancy 
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MITIGATION STEPS 

• Replaced float switches in the Primaries 

 

• Training Hydraulic Simulator with DCS Graphic Interface 

A dynamic hydraulic model was developed during the Secondary Treatment expansion. This model has 

been maintained and developed throughout the life of the plant. It is currently being used to create a 

training plant simulator that uses a copy of the actual plant DCS graphics. When this tool is done, a 

program of training for abnormal conditions at high flows will be developed.  

• Redundant power to the Hydraulic Valve Skid 

• Alarm rationalization program based on ISA standards 

As the Primary Galleries flooded and equipment such as pumps, panels, power distribution failed, the 

SCADA system began sending hundreds of alarms very quickly. According to analysis, alarms were 

coming in at a rate of about 100 per minute during the critical flooding time.  

Because of this, the Washington State Department of Ecology mandated that a full alarm rationalization 

and management project be performed. That work is currently in progress and will conform with ISA 

18.2.  

NORMALIZATION OF DEVIANCE THEORY 

While researching the NASA Challenger Launch Decision and subsequent explosion for her book, Diane Vaughan 

developed a theory about developing and operating complex systems.  
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“Social normalization of deviance means that people within the organization become so much 

accustomed to a deviant behavior that they don't consider it as deviant, despite the fact that they far 

exceed their own rules for the elementary safety" People grow more accustomed to the deviant 

behavior the more it occurs. To people outside of the organization, the activities seem deviant; 

however, people within the organization do not recognize the deviance because it is seen as a normal 

occurrence. In hindsight, people within the organization realize that their seemingly normal behavior 

was deviant.” [1] 

Her theory applies to the West Point experience mainly in the maintenance decisions about the Primary Tank 

Level Switches. There had been partial failures of these switches over the past 20 years, but they had always 

been able to recover. The risk associated with doing nothing about them slowly became acceptable. As 

subsequent events happened that involved these switches, new, but flawed, maintenance procedures were 

developed to try to mitigate. Because no events of any size or damage happened during this time, so it seemed 

like a successful effort.  

By the time the February 9 event happened, the switches in the Primary Tanks had been mis-handled too many 

times for them to function. Because these hardwired switches were relied on for so long, no additional PLC or 

DCS precursor bypass circuits were ever developed.  

Normalization of Deviance partly means the gradual acceptance of more risk by most of the managers and staff 

of the plant.  More frequent yet flawed maintenance procedures on float switches did not save them.  

SUMMARY 

Decisions from 100 and from 50 years ago directly affected this accident 

First, why was a 450 mgd plant located on about 30 acers of environmentally sensitive beach? Because, 100 

years ago, it was a good place to put a large raw water discharge pipe straight into Puget Sound with no 

treatment. Then 50 years ago, it was decided that a Primary Treatment Plant could be located logically where 

the pipe already existed. A Secondary Treatment Plant was then squeezed onto that site because there were no 

cheaper alternatives to placing it right next the Primary Plant. Instrumentation and training should have 

performed properly, but there is no substitute for basic process physics. This plant has huge hydraulic flows and 

zero hydraulic storage capacity. Flooding started only 10 minutes after the first failure.  

If contemplated today, this plant should not be there – a better hydraulic profile would have placed it farther 

above the tide levels up in the Fort Lawton or Magnolia Park areas. Only extensive training and reliable use of 

instrumentation and controls will prevent a reoccurrence of this kind of event.  

ACRONYMS 

EPS  Effluent Pump Station 

FDS  Flow Diversion Structure 

ICS  Influent Control Structure 

IPS  Intermediate Pump Station 

RSP  Raw Sewage Pump Station 
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