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The Problem Statement

In 1979, the United States Nuclear Regulatory Commission (NRC) publicly identified that there was a need for the nuclear power industry to put into place proactive practices to prevent uncontrolled and unmonitored radioactive leaks from reactors.
 The federal agency responsible for the public health and safety from reactor operations, determined then that nuclear power plant operators needed to periodically inspect and maintain buried pipes to prevent inadvertent leaks radioactive water into environment. Now, more than twenty years later, this call for preventative inspections and maintenance is still being largely ignored by industry. 
With more and more radioactive leaks from buried pipe springing up around nuclear power stations, the NRC is reassessing along with industry over now more seriously deteriorated buried pipe systems traversing under nuclear reactor sites.  Both NRC and the industry continue to trivialize potential chronic exposures from radioactive leaks to groundwater. The federal agency responsible for public health and safety from nuclear power operations and accidents now asserts that the radioactive leaks that have occurred to date do not rise to a level of a violation in need of any enforcement action. Because of the cost and time associated with taking a nuclear power plant off line for the replacement of piping systems, the nuclear industry continues to resist and stretch out regulatory efforts to promptly fix these aging piping systems so as to prevent or contain future radioactive contamination of ground and surface water. Essentially, nuclear power stations need to entirely replace all of the buried piping systems that carrying radioactive water with new above ground systems in vaulted corrosion resistant pipes that can be proactively inspected, maintained and should a radioactive leak occur, contained.  In spite of a growing number of radioactive leaks only one operator has made a commitment to replace its buried, corrosive susceptible and uninspectable systems to above ground vaulted systems within a year’s time. Yet, the industry, on the whole, is proposing to study this public health and safety issue for years before coming up with a plan to put reasonable protections into industry wide practice. 

Nuclear Power Plants Sit Amidst a Spaghetti Bowl of Buried Pipes

Depending on the particular location of a nuclear power plant to its reactor cooling water source, typically a lake, river or the ocean,  the reactor site has anywhere from two to more than ten miles of buried pipes intertwined beneath the power plant property.  The buried pipe bends and extends over the site under buildings, running deep under parking lots and penetrating below grade through many of the buildings foundation walls. There are as many as 30 separate buried pipe systems ranging in diameters from several inches to in some cases16-foot-diameter re-circulating water lines.
 
Many of these pipe systems carry radioactive water generated by the fission process to storage tanks and discharge outlets. This “spaghetti bowl” of buried pipes is fabricated from a variety of materials including coated carbon steel, corrosive resistant stainless steel and more corrosive susceptible aluminum. These piping systems are aging, deteriorating and as a result, springing uncontrolled and unmonitored leaks of radioactive water underground on and off nuclear power plant property. The known amount of these accidental radioactive leaks to groundwater can range from cupfuls to millions of gallons at any one time. The radioactive water is also pooling and migrating in the water tables underneath nuclear power stations. In some cases, migration of radioactive underground plumes has already moved offsite into groundwater and surface water resources, impacting neighboring private property and the public right of way. Water used for public drinking sources, agriculture, livestock, fishing and recreation has been contaminated to varying degrees by radioactive isotopes generated in these nuclear power plants and released without control or detection by radiation monitors. A limited number of onsite reactor monitoring wells in place onsite and more installed after discovery are being used to extract water samples for after-the-fact contamination analyses of the amount and type of radiation that has been allowed escaped into surrounding water tables and columns.

Currently, the nuclear industry claims that it is unable to access most of these buried pipe systems for routine inspection and maintenance. Deteriorating pipes carrying radioactive water simply go uninspected until a leak percolates to the surface and and/or observed in company monitoring wells. The problem is compounded by the United States Nuclear Regulatory Commission (NRC) adoption of the industry’s de facto “leak first, fix later” approach despite the agency’s own earlier guidance documents. The NRC further claims that it has not identified a health or safety nexus to the groundwater contamination for uncontrolled and unmonitored radioactive releases. While the operator of one reactor unit in the United States has made the commitment to replace all of its buried pipe systems with corrosive resistant pipes, installed above grade and in vaults for monitoring and containing any future radioactive leaks, the rest of the industry (103 operating reactors) plans to study the issue for another three years before announcing any plan.   In the meantime, industry and the NRC are complacent with the piecemeal replacement of sections of leaking buried pipes as leaks percolate to the surface or migrate in groundwater plumes moving into sporadic onsite monitoring wells and beyond into offsite natural resources. 

Tritium and the radioactive contamination of ground and surface water

In the normal course of operation, a nuclear power plant produces tremendous amounts of heat to boil water for steam to generate electricity. They also generate a wide range of liquid, solid and gaseous radioactive wastes that emit radiation and particles with a wide range of energies. The distribution of this radioactive energy on and within materials can have a wide range of effects and consequences from killing living cells, breaking apart the biological building blocks of the human DNA that can lead to cancers, birth defects and genetic mutations. Chronic radiation exposure can even break up the chemical bonds in metals leading to the deterioration of the systems of which they are fabricated. 
Tritium is one of those radioactive wastes. Tritium is an isotopic form of hydrogen, the smallest and lightest of all the elements. It has a radioactive half-life of 12.3 years. It is found naturally in some geological formations. It is also generated in nature by the interaction of cosmic radiation passing through the atmosphere. Naturally occurring tritium exists as part of the background radiation and is ubiquitously found in water at very low levels (6 to 24 picocuries per liter).
  Tritium is also generated at much higher levels and concentrated forms during the operation of the nuclear industry for electrical power as well as the production and detonation of nuclear weapons.  The tritium generated at nuclear power plants is routinely generated and released as both a radioactive gas and liquid effluent. Tritium in its radioactive gas form (HT) is routinely vented as well as escapes into the atmosphere during operations.  Its liquid form, tritiated water (HTO), is chemically identical and physically similar to water in all its states (ice, water, and vapor) and is routinely diluted and discharged into a column of water which in turn is batch released to adjacent surface water in rivers, lakes and the ocean.  Both tritiated water and gas are very pervasive, permeating most kinds of materials, concrete, rubber and many grades of steel with relative ease. Once escaped, tritium is considered to be a highly effective distributor of radioactivity once in the environment because it is very mobile and can go anywhere that water can go.  

Both forms of tritium are very radioactive. While tritium is a low energy beta particle emitter, it is often mischaracterized by industry as a “weak” or innocuous radioactive particle. In fact, tritium is clinically shown to be more effective in damaging or destroying living cells than gamma rays.
 This is because, as ionizing radiation, gamma rays sparsely distribute their energy over a very long “track” before depositing damaging amounts of energy at their track end. Tritium disintegrations have only “track ends” delivering much greater impact per disintegration. 

Because tritium is identical to the hydrogen atom it is able to incorporate itself at the most intimate biological levels where it effectively delivers its biologically damaging energy. A unique chemical feature of tritium is that it rapidly exchanges with hydrogen atoms in nature including in the biological makeup of organic life. In the human body, all tissues and cells are composed of about 70% water. About 80% of the atoms in the human body are hydrogen atoms which, with chronic exposure, significant portion can be effectively replaced by tritium.
 Of further public health and safety concern, hydrogen is by far the most common element in the DNA molecule.  Another unique feature is that tritium forms strong bonds with carbon to form organically bonded tritium (OBT). Therefore, organically bonded tritium is retained in the human body for a much longer period of time than as tritiated water.   Once ingested, inhaled or absorbed, tritium exposure closely follows its cellular distribution in the body. For example, tritium can pass the placenta barrier from mother to the fast growing cells of her fetus.  Tritium is clinically proven to cause cancers, mutations and birth defects and effectively toxic for 120 years (ten half-lives). 

Of further concern is the fact that the currently “permissible” exposure or protective standard for tritium in drinking water is in controversy. Permitted exposure arguably does not mean safe exposure, although it is generally misinterpreted so, and it is true in the case of uncontrolled tritium releases. The United States Environmental Protection Agency (EPA) has currently set the federal protective limit for drinking water at 20,000 picocuries of tritium per liter.
 However, the protective guideline for permissible levels of tritium in drinking water in the state of Colorado is now limited to 500 picocuries per liter and 400 picocuries per liter in California. A Canadian government advisory council concurred in its 2009 report concluded that “the requirements for an appropriate level of risk and public safety” from the permitted level of tritium discharged from Canadian nuclear power stations needs to be lowered to 540 picocuries per liter (20 becquerels/ liter) of drinking water .
   The scientific trend demonstrates that the current federal protective standard for tritium in drinking water is antiquated and that “permissible” releases from nuclear power stations need to be drastically reduced and underscores the need for less permissive releases be more rigorously contained and enforced. 

However, while both the Nuclear Regulatory Commission and the nuclear power industry admit that tritium exposure “health risks include increased occurrence of cancer and genetic abnormalities in future generations,” they continue to trivialize how significant a health risk there is even to neighboring populations as the result of chronic exposure to undiscovered and non-remediated ground and surface water contamination.
 The potential health impacts are generally characterized as random and remote. The NRC has provided its evaluation of the health and safety significance of several “abnormal releases” of tritium from nuclear power plants in a U.S.NRC Fact Sheet, “Tritium, Radiation Protection Limits, and Drinking Water Standards.”
  They say that “Tritium is a weak form of radiation. The radiation emitted from tritium is a low-energy beta particle that is similar to an electron. Moreover, the tritium beta particle does not travel very far in the air and cannot penetrate the skin.”
 All true, but the agency fails to mention how tritium once absorbed can effectively deliver damage to vulnerable biological targets such as the fetus and the human DNA. The NRC fact sheet continues, “Once tritium enters the body, it disperses quickly and is uniformly distributed throughout the soft tissues. Half of the tritium [biological half life] is excreted within approximately 10 days after exposure.”
  This is a significantly incomplete description of how tritium is biologically taken up by plants, animals and humans from these releases. For its public audience, it leaves out a more critical description of how tritium releases bond with organic molecules or “organically bonded tritium (OBT)” and as generally accepted then have a biological half life between 21 and 76 days. Chronic environmental exposures increases the deleterious risks from the fixed binding of tritium to the carbon atom of DNA which is clinically documented with much longer biological half life of 280 to 550 days.
  Further study finds that organically bonded tritium can stay in the body for up to 10 years.
 Both NRC and industry further downplay tritium exposure by comparing it as significantly less of an exposure risk than to medically accepted procedures like CT scans, dental x-rays, or natural radioactivity ingestion such as radioactive potassium in bananas or brazil nuts or even the temporary external exposures to cosmic radiation from a round trip airplane flight from New York to Los Angeles.
 All of these descriptions conveniently leave off one critical and unique characteristic of this radioactive form of hydrogen which can incorporate and cause damage at the most intimate levels of biology by replacing the most ubiquitous element in the human body, hydrogen.  

In fact, the public health risks are entirely too high to leave standards as an uncertain and disputed aspect of the uncontrolled and unmonitored contamination issue.

Federal Regulation, Oversight and Enforcement of Radioactive Leaks 

Federal regulations establish “minimum requirements” for the performance of systems, structures and components to demonstrate that radioactive effluents to the air and water are 1) controlled, 2) monitored and, 3) do not expose members of the public to excessive radiation doses.
 Specifically, in that order, Chapter 10 of the Code of Federal Regulations Part 50 Appendix A, Criterion 60 requires, at a minimum, the control of releases of radioactive materials to the environment in gaseous and liquid forms during normal reactor operation, including “anticipated operational occurrences,” or conditions which are expected to occur over a reactor’s operational life. Appendix A, Criterion 64 further requires, at a minimum, the monitoring of effluent discharge pathways for radioactivity that may be released from normal operations including as a result of “anticipated operational occurrences.” Code of Federal Regulation further requires that each reactor operator shall conduct its operations so that the total effective radiation dose equivalent to individual members of the public does not exceed 0.1rem (1mSv) in a year. 



Federal regulation establishes that a license may be revoked, suspended, or modified, in whole or in part for failure to operate a nuclear power plant in accordance with the terms of the license or for failure to observe any of the terms and provisions of the act, regulation, license, permit or order of the Commission. 
 

However, to date, the NRC staff is ignoring the “minimum requirements” established under the General Design Criteria 60 and 64. 

On December 2, 2009, a federal task force established by NRC Chairman Gregory B. Jaczko on buried pipe leaks reported back its findings.
  The scope of the report on buried pipes narrowly focuses on “safety-related” systems that regard maintaining the integrity systems necessary to cool the reactor, to shutdown and maintain the reactor in safe shutdown mode and prevent the fission product release from a major nuclear accident.   The report to the Commission states, “Based on application of NRC’s performance-based and risk-informed Reactor Oversight Process (ROP), these recent events did not constitute performance deficiencies of greater than minor safety significance because the radiological consequences associated with the leaks were very low and because the capability of the piping to perform its safety function was not degraded.”
  “The staff has determined that the current inspection process is adequate to verify appropriate licensee implementation of current regulations and the GPI (Nuclear Energy Institute’s ‘Groundwater Protection Initiative’).
 “Accordingly, these buried pipe leakage events have not warranted enforcement actions,” the NRC concludes.

One public health concern arising from an apparent lack of federal oversight and enforcement should regard the uncertainty that is created by the NRC allowing a breakdown in nuclear power plant’s original design control and operating license. As a result, uncontrolled radioactive releases now initiate “hide-and-go-seek” follow-on actions and the need to discovery underground radioactive plumes moving in groundwater through the laboratory analyses of water samples taken existing and new fixed groundwater monitoring wells. For example, company monitoring wells can be too far apart (i.e., 200 ft between wells) that would allow narrow radioactive plumes and their concentrations to pass without detection. 
More uncertainty is added when uncontrolled discharge pathways are also not monitored for how much radiation is getting out. This concern should regard the accuracy and veracity of calculations of the radiation dose limits to the public. In fact, recurring uncontrolled and unmonitored radioactive releases bring more guesswork and uncertainty in public confidence that radioactive releases are being kept below regulatory limits and do not pose a public health and safety threat.

The Nuclear Industry Moves from Non-Disclosure of Radioactive Leaks to Voluntary Self-Reporting 

Following the 2005 revelation of a series of groundwater contaminating reactor leaks at the Illinois Braidwood nuclear power station, which starting leaking a decade earlier but was never disclosed, State and public attention focused on an even wider range nationwide of uncontrolled, unmonitored and unrevealed radioactive releases by industry.
 The nuclear industry through the initiative of the Nuclear Energy Institute (NEI) moved to quickly control the damage from the widening gulf of States and public mistrust of nuclear utilities reporting of radioactive contamination of ground and surface water. The NEI launched its “Industry Ground Water Protection Initiative (GPI): Final Guidance Document” in August 2007. 
 Each licensee is to develop a written GPI program describing their approach to assure timely notification of leaks and spills “to prevent migration of licensed radioactive material off-site and quantify impacts on decommissioning.”
 Each licensee is to improve communications with stakeholders “to enhance trust and confidence on the part of local communities, States, the NRC and the public.”
 Each licensee is to further perform program self-assessment and self-oversight to assure effective implementation of the groundwater protective initiative.

Vermont Yankee’s uncontrolled and unmonitored radioactive leaks raise a particular and pointed concern over the current industry practice of self-policing through the initiative.  More precisely, Vermont Yankee officials broke with the industry voluntary communication initiative when they testified in sworn statements before the State of Vermont that there were no buried pipes that carried radioactive water under the reactor.
  The protective initiative is explicit in stating “Each licensee should conduct initial and periodic briefings of their site specific GPI program with the designated State/Local officials.”
 In this instance, Jay Thayer, Vice President of Operations and Michael Columb, Site Vice President for Vermont had both previously testified to state officials that there were no buried pipes that carry radioactive water in operation at the reactor site.
 While an investigation by the Vermont State Attorney General Office has commenced into false statements by the company, there is no evidence or announcement of similar industry action or enforcement activity under the Ground Water Protection Initiative.  In fact, a voluntary industry initiative is likely to be demonstrated as meaningless, other than window dressing, simply because volunteered information does not rise to any enforceable standard for providing or representing material facts. 

With the ongoing recurrence of radioactive leaks from buried pipes around the nuclear industry, on November 20, 2009, NEI launched a similar voluntary effort with the “Industry Initiative on Buried Pipe Integrity.”
 Given that NRC has declared that radioactive leaks into groundwater from “non-safety” related buried pipes do not raise an inspection issue or to level of enforcement action for the agency, the industry again rushed in to fill the void in a still growing void of States and public trust. The NEI Buried Pipe Initiative encompasses safety-related buried pipes, non-safety related buried pipes conveying radioactive liquids and other non-safety related buried pipes carrying water, fuel oil, chemicals, gasses and other materials. NEI acknowledges “The material condition of the majority of buried pipe is unknown, and one of the means of protecting buried piping, cathodic protection, may not have been adequately maintained across the industry.”
  This particular voluntary initiative states as its goal to drive proactive assessment of buried pipes, the sharing of industry experience, and to drive technological experience to improve inspecting and analyzing underground pipe.
  Given that the NRC initially requested similar actions in 1979, the Buried Pipe Integrity Initiatives timeline raises considerable concern. Industry is proposing to study the issue for several years before providing a plan. The NEI initiative proposes 1) that by June 30, 2011, it will develop an inspection plan to provide reasonable assurance for buried pipe integrity; 2) Implementation of the inspection plan shall start no later than June 30, 2012, and; 3) Inspection results shall be used as input to the development of an asset management plan for buried pipe to be in place by December 31, 2013.
 The proposed time line provides no date certain for implementation of a buried pipe integrity program. 

However, one reactor operator, Oyster Creek nuclear power station, a General Electric Mark I Boiling Water Reactor (similar in design to Vermont Yankee) located in Lacey Township, NJ went before the NRC staff on October 22, 2009 after a series of uncontrolled and unmonitored radioactive leaks from buried pipes just days after receiving a 20 year license extension in April 2009 brought the company’s age management review program for buried pipes into scrutiny. In an announcement that broke rank with the rest of the nuclear industry Oyster Creek’s operator, Exelon Nuclear, made a verbal commitment to NRC that by the end of 2010, the operator would replace all of its buried pipes with corrosive resistant stainless steel piping, installed and vaulted above grade so as to provide reasonable assurance that piping systems that convey radioactive liquid could be inspected, maintained and in the event of a leak, contained.
 

Given that Exelon Nuclear has committed to a corrective action program to abandon uninspectable and un-maintainable buried pipes for above grade vaulted pipe systems within a year, the questions arises why does the rest of the industry, presumably including Entergy Nuclear and Vermont Yankee need three more years to study the issue before announcing how it such a plan might be implemented? 

Recurring Uncontrolled and Unmonitored  Radioactive Leaks to Groundwater are Increasing 
Virtually every nuclear power plant in the United States has accidentally leaked or spilled radioactivity into ground water and adjacent surface water over their operational lives. It is very likely that there are ongoing radioactive leaks to groundwater that have not yet been detected or disclosed by the industry.

The pace at which these uninspected and unmaintained buried pipes and tanking systems at nuclear power plants are leaking is quickening and with that there is increased concern for radioactive leaks of growing magnitude of volume and radioactivity as uninspected and unmaintained buried systems age and continue to deteriorate.  It is highly likely that one or more nuclear power plants have ongoing leakage to ground and surface waters that have not yet been detected and more certainly have not been thoroughly evaluated because of a limited number of ground water monitoring wells around nuclear power plants and their sampling schedule

The list of reactor leaks affecting ground water continues to grow. Here is a list of uncontrolled and unmonitored radioactive leaks springing from reactor sites around the country within the past year:

January 10, 2010, Shearon Harris nuclear power station, North Carolina 

Approximately 1,000 gallons of radioactive tritium leaked from a buried fiber glass pipe from the radioactive waste treatment building

January 7, 2010, Vermont Yankee, Vermont 

A 2009 ground water sample finds a range of tritium contamination (17,000 to 22,300 picocuries/Liter)  in a monitoring well 30 feet from Connecticut River, leak suspected to originate in a buried pipe.

A second monitoring well subsequently tested positive for tritium (9,540 picocuries/Liter) in groundwater.

An on-site trench tests positive for high levels of tritium (> 2 million picocuries/Liter) and cobalt-60. 

December 28, 2009, Fitzpatrick nuclear power station, New York

Storm drain tests positive for tritium leak to groundwater.

August 25, 2009, Oyster Creek nuclear power station, New Jersey

Onsite monitoring well tests positive for high levels of tritium (10 million picocuries/Liter)

July 10, 2009, Peach Bottom nuclear power station, Pennsylvania

Elevated tritium levels (123,000 picocuries/Liter) discovered in vicinity of the Turbine Building

June 6, 2009, Dresden nuclear power station, Illinois

Elevated levels of tritium discovered in a monitoring well required notification of the State of Illinois.

May 12, 2009, Hatch nuclear power station, Georgia

Elevated levels of tritium (36,500 picocuries/Liter) discovered in monitoring well

April 15, 2009, Oyster Creek nuclear power stations, New Jersey

Elevated levels of tritium (16,600 picocuries/Liter) discovered in an onsite cable vault.

April 1, 2009, Shearon Harris nuclear power station, North Carolina

Tritium leak discovered onsite in a buried pipe from the cooling tower. 
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