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Abstract

In March of 1979, just ten miles south of Harrisburg, Pennsylvania, the Nuclear Power Plant at Three Mile Island Unit 2 came close to nuclear melt down. Despite standards set by the Nuclear Regulatory Commission (NRC), the plant ran for several years prior to the accident under poor conditions. Communication certainly played a role in this near tragedy, as two engineers had foreseen the consequences, but their advice went unheeded.   Although most of the economic and social impacts of this incident were minimal, this unpleasant event ended the nuclear power industry in America. 

Introduction

The plant at Three Mile Island was a headache from the start. The $700,000,000 project started out in New Jersey as Oyster Creek Unit Two for Jersey Central Power and Light. Unionized labor corruption, however, forced the parent company of Jersey Central, General Public Utilities, to move the site at a loss of 20 million dollars. The decision was made to move the plant despite the financial loss because the permit, which had taken ten years to obtain, would expire if the plant was not built soon. The plant would now reside just ten miles south of Harrisburg, Pennsylvania as Three Mile Island, Unit 2. 


Every nuclear power plant is overseen by the NRC, which sets safety standards for all of the plants. But because of the “team player” atmosphere, safety regulations are often relaxed; testing deadlines are pushed back, and heads are turned when they probably should not be. So when Jim Creswell, an inspector at the NRC, notified his colleagues and superiors of the problems at Three Mile Island, he was told to give them more time to get things running smoothly. As time passed, though, things just kept getting worse. The Three Mile Island Unit 2 (TMI-2) plant had about 120 incidents in the first year alone, three times more than any of the other plants designed by the Babcock & Wilcox Company (Gray 65). In the control room, approximately fifty alarms were constantly going off. Jim Creswell was certain that the operators down at TMI-2 were taking the wrong measures when accidents occurred. But Creswell was considered a nuisance and a troublemaker, whenever he brought these things to his boss’ attention. Everything costs money to fix, and the plant was new, they just need time to work out the kinks. 


Creswell was not the only one to notice the problem. At the Tennessee Valley Authority, whistle-blower and engineer, Carl Michelson had found a major flaw in the system in Unit Two: The pipe connecting the pressurizer to the rest of the system dips. Like the U-shaped sink drain trap at home, the bend works as a vapor lock. This is great at home, because it keeps the sewer gasses from backing up. Here, it meant that the water cooling the nuclear waste could turn to steam, and this steam could be trapped in the main loop with no safe ventilation route. Michelson realized that if the plant had such an occurrence after a few years running, the results could be disastrous, but he was also aware of how the NRC worked and how expensive it is to change equipment. Michelson was set on getting management to notice the problem, despite their opposition.

The design of the control room revealed the overconfidence of plant management. The control room was designed for normal operation, with all of the switches concerning minor problems in the center consol. In an emergency, however, the layout of the switches and alarms was problematic and scattered (Ford). For example, one of the most important alarms, which warns operators as to the reactor coolant pressure, was placed next to the alarm that says the elevator is stuck (Gray 77).

The problems at TMI-2 went virtually unnoticed despite the efforts of Jim Creswell and Carl Michelson. It took two years before Creswell and Michelson were taken seriously, but by then, it was far too late.

Normal Operation

The reactor at Three Mile Island is a pressurized water reactor. Heated water from the core of the reactor flows through a generator, where it is turned into steam. It then passes to the turbine, which produces electricity from the energy generated. As the water passes through the system, it must maintain a smooth and steady course. (See figure below) If the water level drops at any given point, the immense heat build up could cause the system to fail.  (Hampton 27) Of course, emergency backup systems are in place in case of such an emergency. [image: image2.png]



The Accident

 On Wednesday, March 28, two water pumps failed in the new Unit Number 2 reactor at Three Mile Island in the Metropolitan Edison nuclear power plant. Fortunately, the emergency backup system in place took over to continue the flow of water into the plant to avoid break down (Hampton 22-23). Immediately following this, one of the valves was forced open and could not be closed. The open valve allowed water and radioactive steam to flow into one of the reactor’s tanks, causing the necessary water for cooling the fuel rods to evaporate. 

“Fifteen seconds after that, the emergency backup water system that would cool the unit failed because the maintenance crew that had gone off duty earlier had forgotten to open three other, hand operated valves”(Hampton 23). Jim Creswell had warned of this, and steps had been suggested as to how human errors such as this could have been avoided. American nuclear power companies used volumes of written procedures to inform the workers what they should and should not do in all imaginable circumstances. Employees at a nuclear power plant, most of whom only have a high school diploma, could not be expected to remember all of these regulations (Ford 49). Also, according to plant management personnel, operational procedures at TMI-2 were rarely reviewed because of the lengthy instructions and the large burden of the workload (Ford 52). Management felt confident that their professionals could fix the reactor.

But soon radiation began leaking out of the reactor. Shortly thereafter, a construction worker noticed radioactive water on the floor. At 7:15 A.M., Gary Miller, the station manager, heard reports coming in that radiation was spilling outside. At 7:24 A.M., he formally declared a state of general emergency and TMI-2 was evacuated, and therefore no one knew how much damage had actually been done.

 Ed Houser, the chief chemist for the Three Mile Island plant, was called in to take some hands on readings from within the nuclear power plant in an attempt to obtain accurate results. “His job was to take a sample of the contaminated water on the floor of the building, take readings of the air inside the unit, and then get out” (Hampton 26-27). Houser went into TMI-2 at 4:30 P.M. and returned with readings that there where over 1,000 rems per hour. This reading is ludicrously high, as a normal chest x-ray is around 72 millirems (Hampton 27).

 On the third day after the incident, nuclear power plant officials from Metropolitan Edison decided to let some of the excess radioactive steam escape into the air without informing anyone. Those nearby the power plant claimed that the release sounded like a jet plane revving for take off (Hampton 29). 

By now, a large hydrogen bubble had formed at the apex of the nuclear reactor’s core, preventing the much-needed cooling water from reaching the fuel rods. It was just as Michelson had predicted.  The point at which the rods would begin to melt was imminent because, inadequate core cooling would result in a meltdown accident. If the water was completely shut off, the temperature of the fuel rods would rise from the normal six hundred degrees to more than thirty-three hundred degrees. At this temperature, the Zircaloy tubes that hold the uranium would begin to melt (Ford 31). Furthermore, the uranium would melt turning into a “white-hot blob” reaching temperatures of approximately five thousand degrees. Within a period of approximately thirty minutes, the fuel could melt its way through its container, the concrete floor and into the ground. The danger posed by this scenario cannot be underestimated. 

President Jimmy Carter ordered evacuation plans to be constructed for all surrounding towns. The issue in question was: Could the hydrogen bubble formed around the top of the reactor be removed before a meltdown occurred? Time was critical. How much time would there be between knowing that a meltdown was imminent and when it actually happened? According to sources, “the estimate was that there would be between six to twelve hours from the time there was nothing left to do -- no more switches to press or pull, no more water to pump -- and they could only let the melting nuclear fuel run its course. Then, within three or four hours the radioactive fuel would work its way through the containment vessel” (Hampton 51).

 After much waiting and anticipation, great news was released that the hydrogen bubble had reduced in size from 1,000 cubic feet to 50 cubic feet. “...The coolant water that was being pumped into the reactor was reaching most of the fuel rods in the reactor’s core” (Hampton 70).The following day at a news conference, the announcement was made, “...that we consider the hydrogen bubble no longer a significant problem in this plant” (Hampton 75). The looming question of whether or not a meltdown would occur had, “evaporated along with the bubble” (Hampton 76). The amount of damage incurred by TMI-2 was significant and clean up was costly. 

Changes Resulting from Accident

The social and psychological effects on the public living near Three Mile Island were drastic.  After news of the disaster got out, many people living in the area wisely decided to evacuate the area.  “About 144,000 people within a fifteen-mile radius from the nuclear power plant abandoned their houses for several days, not because of a government order, but because of the panic that rumor and speculation generated” (Keller 624).  At the time of the disaster, a state was not required to have an evacuation plan in order to be granted a license for operating a nuclear reactor.  Although states had the option of submitting an emergency evacuation plan to the Nuclear Regulatory Commission for approval, Pennsylvania had not done so.  Even if they had, there was no guarantee that the evacuation would have gone as planned under all types of conditions.  Furthermore, the ability of medical staff to deal with all of the contaminated persons appropriately would have been a very tedious task (Caldicott 96).

The incompetence and nonchalant attitude of the hierarchy involved with Three Mile Island made the public even more anxious than they already were.  The communications between the authorities and the public were terrible.  The presiding Pennsylvania governor, Richard Thornburgh, tried to confirm that a NRC official had advised an immediate evacuation.  However, the official decided to act on his own, and he cancelled the advisory.  Neither the NRC commissioners nor their staff could get substantial information from the plant about the severity of the accident.  Furthermore, the media found no representative for the state or the NRC until Harold Denton, the NRC's director of nuclear reactor regulation, arrived the next day.  Expectedly, the public became upset and impatient.  Later, TMI and government officials claimed that the press had failed to communicate accurate information to the public (Ahearne 37).

After a two-week period of mass hysteria that included closings and bans in the area, the people of the region began to go back to their normal lives.  On the contrary, the assurances that only minimal amounts of radiation had escaped into the atmosphere did not make the people any more comfortable.  In the younger and more educated demographic especially, the fact that so little information was given to them concerning the dire circumstances made them feel on edge.  While the most extreme feelings of doubt lasted about five months after the disaster, the occasional leakage of radioactive gas that continued through the following year still made people fearful for their well-being.  As expected, the national attitude towards nuclear power became very negative, and it was not until several months later until approval started to rise again.  However, there remained an element of dislike for nuclear power, especially in regions where nuclear plants were in the area (Eiser 143-144).

Although the actual amount of radiation that escaped from the second reactor was minimal, the consequences of a complete meltdown would be astronomical.  The official conclusions of how much radiation got into the air are flawed in themselves.  Estimation from the Kemmeny Commission inferred that less than one case of cancer would occur from the amount of radiation released in the area.  On the other hand, the Hanford-Mancuso data for cancer incidence revealed that 60 to 70 cases could be a possibility.  The reason for the drastic difference in this number is that there was a lack of concrete data.  It is unknown whether any radioactivity came in contact with the ground, or where the radioactive plume blew.  The reason for this is that the plume was examined 250 miles away from the plant (see figure below) (Caldicott 99).  In addition to the speculation over any cancer cases stemming from radiation release, there was also the thought that stress had been a factor in the occurrence of cancers in the area of Three Mile Island.  While this study was also inconclusive, some thought that stress over the events following the disaster might have lead to an increase in cancer causing activities, such as smoking cigarettes (Merline 38).
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Although the authorities involved in the case did not show much emotion to the public concerning the disaster, they knew they were fortunate that nothing major happened.  In the worst-case scenario, in which at least 10 million people would be exposed to radioactive material, the effects on humans could range from death in a couple of days, to an array of debilitating diseases.  In addition to all these casualties, a meltdown of a nuclear reactor would cost about 14 billion dollars in property damage.  Furthermore, the area that was contaminated would be rendered an uninhabitable wasteland for thousands of years (Caldicott 95).

The accident at Three Mile Island had several different economic impacts.  These impacts included: The loss of the reactor, the cost of cleanup, loss of money by surrounding businesses, and the increase in the cost of nuclear power in general.

The TMI-2 reactor was valued at $700 million and was a total loss.  Cleanup of the reactor cost more than a billion dollars (Peterson).  The accident also affected businesses in the surrounding community.  Some, such as the dairy industry, made special purchases of radiation detecting equipment.  There were also lost wages estimated between $17.3 and $28.1 million due to the accident (Presidential Commission).  The accident severely impacted the company that owned the Three Mile Island Plant, GPU.  With TMI-1 and TMI-2 both out of service, the company had to buy power from outside sources.  This and other factors resulted in the company’s shares dropping significantly.  GPU, in turn, raised rates for customers.  Rates in some areas almost doubled (Peterson).  

The accident also affected the nuclear power industry as a whole.  After the Three Mile Island incident, there were no new nuclear reactors ordered in the United States.  Existing reactors were required to upgrade to meet new costly safety standards imposed after the accident.  For example, before the accident there were roughly 350 people working at both TMI-1 and TMI-2.  After the accident there were approximately 800 people working at TMI-1 alone (Peterson).  

The accident at Three Mile Island did not have a significant impact on the environment.  Most of the radiation was contained in the plant.  Only small amounts of radioactive elements such as krypton were released into the environment (Presidential Commission). However, the release of radiation into the atmosphere was the main environmental impact of the accident.  Radiation was released into the atmosphere at various times over several months.  Radioactive gasses were initially released during the emergency when operators vented hydrogen gas to prevent an explosion (Presidential Commission), but there was no way of actually determining the amount of radioactive gas initially released.  There were only three nearby monitoring stations at the time of the accident, but none picked up any significant levels of radiation (Perham).  Two days after the accident began, the NRC notified the EPA of the seriousness of the accident.  Within twenty-four hours, the EPA set up thirty-one sampling stations around the plant.  Scientists also set up water sampling stations at drinking water sources and along the Susquehanna River.  These stations remained in effect for about a month until it was determined that the situation was stabilized (Perham).

After the reactor was stabilized, there was still more radioactive gas in the containment chamber.  This gas needed to be released into the environment before men could enter the reactor and the cleanup could begin.  Venting began near the end of June.  It was carefully monitored so that a person standing at the edge of the plant would only be exposed to 15 millirems (a chest x-ray is about 72 millirems) of beta radiation to the skin (Perham).  The EPA and other independent teams tracked the plume to make sure it did not land with high concentrations in any one area.  The venting ended July 11th and both the EPA and the independent teams concluded that the gas had dispersed into the atmosphere as predicted and did not expose anyone to high levels of radiation.  It was estimated that a total of 43,000 curies (unit of radioactive activity equal to 3.7 x 10^10 disintegrations per second) of krypton were released into the atmosphere (Perham).

There were many changes in the nuclear power industry as a result of the Three Mile Island accident.  After the accident at least two inspectors were required to live near, and work exclusively at, each plant to monitor it daily.  These inspectors had to put their observations into periodically published reports (NRC).  There were more safety inspections and the inspections were more detailed, especially with plants that were determined to have higher risks.  The NRC strengthened its enforcement division to enforce nuclear safety code (NRC).  Plants were upgraded in many ways.  New control room designs were implemented that made alerts more visible.  New safety measures were instituted so that plants could shut down automatically without relying on operators or computers (NRC).  There was also more ridged testing and training for operators of the plants.  Better emergency response plans were devised and implemented in the case of a future disaster.  Also, additional monitoring equipment was required at plants to better monitor factors, such as radiation, in the case of an accident (NRC).  

Conclusions
Due to the “team player” atmosphere of the NRC, obstacles were formed. Impediments in critical communication built up as time elapsed, while experts and supervisors turned their heads to the issues conveyed to them. Arguments came from management that everything costs money to fix, and the plant was so new that they just needed time to work out the kinks. Communication breakdowns resulted in physical breakdowns, which nearly caused a nuclear meltdown.  

In the control room, effective communication is essential. The design of the control room exacerbated the communications problems and revealed the overconfidence of plant management. It was designed for normal operation, with all of the switches concerning minor problems in the center consol. It was not designed for emergency operations.  

Furthermore, GPU did not alert the public about the severity of the accident due to their confidence in their engineers to fix the problem.  The amount of elapsed time without an effective exchange of information regarding the possibility of a meltdown, instigated the greatest nuclear scare in our nation’s history.

Works Cited

Ahearne, J.F.  “Telling the Public about Risks.”  Bulletin of the Atomic Scientists Vol. 46.  Issue 7 (1990): p37, 3p.

Cole, Norman M., Brian L. Lipford and Thomas J. Friderichs. Three Mile Island Reactor Pressure Vessel Investigation Project: Achievements and Significant Results, Organisation For Economic Co-operation And Development: France, 1994.

Caldicott, Helen.  Nuclear Madness.  New York: Bantam Books, 1980.

Eiser, Richard J., Joop van der Pligt, and Russell Spears.  Nuclear Neighborhood: Community Responses to Reactor Sitting.  Devon, UK: Exeter Press, 1995.

Ford, Daniel F., Three Mile Island: Thirty Minutes To Meltdown, Penguin Books Ltd.: England, 1982.

Hampton, Wilborn, Meltdown: A Race Against Nuclear Disaster At Three Mile Island, Candlewick Press: Massachusetts, 2001.

Hatch, M.C. et al. "Cancer rates after the Three Mile Island nuclear accident and proximity of residence to the plant." American Journal of Public Health, v.81, n.6, June 1991, pp. 719-724.

Keller, Suzanne.  “Ecology and Community.”  Boston College Environmental Affairs Law Review Vol. 19.  Issue 3 (1992): p623, 12p.

Merline, J.W.  “TMI and Cancer.”  Consumers' Research Magazine. Vol. 74.  Issue 7 (1991): p38, 1/2p.
Perham, Christine.  “EPA’s Role at Three Mile Island” EPA Journal October 1980 online www.epa.gov/history 4/22/03
Peterson, Cass. “Continuing Cleanup: $1 Bil. and Counting”  Washington Post. Tuesday, March 28, 1989; Page A08 

Presidential Commission. “Report on the Accident at Three Mile Island” 1980 online http://stellar-one.com/nuclear 4/22/03.

Talbot, Evelyn O., et al. "Mortality among the residents of the Three Mile Island accident  area: 1979-1992." Environmental Health Perspectives, v.108, n.6, June 2000, pp. 545-552.

U.S. Nuclear Regulatory Committee (NRC). “Fact Sheet on Three Mile Island” 12/6/02 online www.nrc.gov 4/22/03

Wing, Steve et al. "A reevaluation of cancer incidence near the Three Mile Island nuclear plant: The collision of evidence and assumptions." Environmental Health Perspectives, v.105, n.1, January 1997, pp.52-57.




This map depicts the maximum radioactive iodine hazard regions that could be expected around the Three Mile Island Nuclear Power Plant in the case of a catastrophe at Three Mile Island.  The outer ring is the maximum zone of where a high cancer risk could occur in a radiation emergency and where Potassium Iodide (KI) pills may be necessary. An “ingestion emergency planning zone” is used within the rings in closer proximity to the plant.
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