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HEARING CHARTER

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

U.S. HOUSE OF REPRESENTATIVES

Nuclear Energy Risk Management

FRIDAY, MAY 13, 2011
10:00 A.M. TO 12:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

On Friday, May 13, 2011 at 10:00 a.m. the House Science, Space, and Technology
Subcommittee on Investigations and Oversight & Subcommittee on Energy and En-
vironment will hold a joint hearing entitled, “Nuclear Energy Risk Management.”
The Committee on Science, Space, and Technology has jurisdiction over all energy
research, development, and demonstration projects and all federally owned or oper-
ated nonmilitary energy laboratories. ! The purpose of the hearing is to examine nu-
clear energy safety, risk assessment, public health protection, and associated sci-
entific and technical policy issues in the United States in light of the earthquake
and tsunami in Japan.

Witnesses

e Dr. Brian Sheron, Director, Office of Nuclear Regulatory Research, Nuclear Reg-
ulatory Commission

e Mr. Lake Barrett, Principal, LBarrett Consulting, LL.C
e Dr. John Boice, Scientific Director, International Epidemiology Institute

e Mr. Dave Lochbaum, Director, Nuclear Safety Project, Union of Concerned Sci-
entists

Overview

In the United States, 104 operating nuclear reactors currently supply approxi-
mately 20 percent of U.S. electricity. 2 The majority of nuclear reactors came online
throughout the 1970’s and 80’s, with the newest nuclear plant beginning generation
in 1996. Currently, the Nuclear Regulatory Commission (NRC) is considering license
applications for several new nuclear plants that industry is seeking to bring online
over the coming decade. Southern Company is furthest along in this process, and
is seeking a license from NRC to construct and operate two new nuclear reactors
at its Vogtle site near Augusta, Georgia. These reactors would be the first in a new
generation of nuclear plants in the United States.

The U.S. nuclear industry has experienced significant advancements in reactor
safety and risk mitigation since the construction of the previous reactor. Recent
events have refocused attention to the need for continual attentiveness to these
issues.

Review of Japan

1 Additionally, the Committee has jurisdiction over all environmental research and develop-
ment, and the commercial application of energy technology, as well as all scientific research,
development and demonstrations and projects. In addition to its legislative jurisdiction, the
Committee is also tasked with the special oversight function of reviewing and studying on a con-
tinuing basis laws, programs, and Government activities relating to nonmilitary research and
development.

2 “Nuclear Energy Quick Facts.” Nuclear Energy Institute. 9 May 2011. http:/www.nei.org/
filefolder/Nuclear Energy Quick Facts.pdf.
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On March 11, 2011, a magnitude 9.0 earthquake struck just off Japan’s east coast.
The earthquake was the fourth largest recorded in the last century.3 Compounding
the devastation of the earthquake, a massive tsunami followed shortly after the ini-
tial earthquake and struck Japan’s coast with little preparation time. The earth-
quake and resulting tsunami generated widespread destruction throughout the Jap-
anese islands and is estimated to have killed over 10,000 people. Aftershocks contin-
ued for weeks impeding humanitarian response efforts.

The earthquake triggered the automatic shutdown of 11 of Japan’s 55 operating
nuclear power plants, as designed. Within close proximity to the earthquake’s epi-
center stood three sites with nuclear reactors, Onagawa, Fukushima Daiichi, and
Fukushima Daini. Of the six nuclear units located at the Fukushima Daiichi site,
three were in operation on March 11 while the remaining three units were shut
down for inspections and maintenance.

While further investigation is necessary to assess the specific consequences of the
earthquake inside the reactors, it is believed all of the Daiichi reactors responded
to the earthquake as intended. The site, cut off from the electric grid due to the
earthquake, operated during this period as expected with the onsite backup diesel
generators powering the cooling system for each reactor. Approximately one hour
after the earthquake, an estimated 14 meter tsunami reached the Fukushima
Daiichi site, overwhelmed the six meter high barrier, flooded the generators, swept
away the diesel fuel tanks and eliminated all backup cooling systems located at the
station (figure 1).

Figure 1 — Layout of the Fukushima Daiichi Nuclear Power Plant

Vs Bt Power Coenpony 7 Fukushions Beiid Bemmiting Bmsen

3 “Largest Earthquakes in the World Since 1900.” U.S. Geological Survey. 9 May 2011. http://
earthquake.usgs.gov/earthquakes/world/10 largest world.php.



Figure 2 — GE Mark 1 Reactor Building
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Lacking the ability to cool the reactors, Tokyo Electric Power Company (TEPCO),
the owner of the Daiichi reactors, immediately began to experience severe difficul-
ties associated with rising temperatures in the reactors. Absent primary and sec-
ondary cooling systems, TEPCO began to cool the reactor cores by pumping sea-
water into the reactors. Lacking the necessary information on the status of the reac-
tor cores, water levels in the units dropped, resulting in partial exposure of fuel rods
inside the reactor vessel (figure 2). As the fuel rods were exposed, the fuel rod’s zir-
conium cladding reacted with water and generated hydrogen, which accumulated
within the unit. The hydrogen buildup within the reactors ultimately led to explo-
sions in Units 1, 2 and 3 within days of the tsunami and removed the secondary
containment structures of those units.

In addition to the difficulties TEPCO faced stabilizing the cooling systems for
Units 1, 2 and 3, the spent fuel pool located inside Unit 4 experienced problems.
Unit 4 was undergoing maintenance at the time of the earthquake and had
offloaded additional fuel rods in the spent fuel pool. While details are still not clear,
in the days following the earthquake multiple fires ignited inside Unit 4 as a result
of problems with the spent fuel pool. Investigation into the cause of the fires and
specific spent fuel pool issues in Unit 4 are ongoing.

TEPCO continues to pump freshwater into the reactors at Units 1, 2 and 3. Fur-
ther evaluation of the site’s infrastructure is necessary prior to reconnecting elec-
tricity to the reactor and stabilizing the reactor cooling process. TEPCO is shooting
water aimed at Unit 4’s spent fuel pool to ensure the pool is adequately filled. Radi-
ation levels surrounding the reactors remain elevated; however, they have notably
decreased from spikes following the initial explosions.



Public Health Implications

Immediately following the tsunami and explosions at the Fukushima Daiichi reac-
tors, the Japanese government ordered the evacuation of a 20 kilometer (12 mile)
area surrounding the plant and directed those living within 30 kilometers (18 miles)
to stay indoors. Japanese health authorities immediately began testing Japanese
citizens, particularly children, for traces of radiation, but found only minimal levels
of exposure. As of April 27, 2011, over 175,000 people have been screened. Radiation
levels in the food supply were also evaluated and some restrictions were placed on
distribution. Testing and evaluation of public health is ongoing and continue to be
closely monitored. Workers at the Fukushima Daiichi plant were exposed to higher
than normal radiation, though under the emergency dose limit set by the Japanese
government and not enough to induce sickness. TEPCO rotates employees once the
workers reach the permitted dose threshold.

As a consequence ofthe overheating of reactor fuel at Fukushima Daiichi Units
1, 2 and 3 and overheating within spent fuel storage areas, radiation was released
into the atmosphere and environment. In the weeks following the release, traces of
radiation were detected over portions of the United States. The trace amounts of
radiation led to public discussion regarding the advisability of purchasing potassium
iodide (KI) pills to prevent uptake of radioactive potassium and the possibility of ra-
dioactive material entering the food chain. 4 Of particular note, despite a lack of evi-
dence suggesting human health would be impacted in the United States, U.S. Sur-
geon General Dr. Regina Benjamin noted in response to questioning about citizens
stocking up on potassium iodide that such actions were “definitely appropriate” pre-
cautions to take.

The spread of radiation has refocused attention on the need for appropriate evacu-
ation plans in the event of an accident or natural disaster at a nuclear facility, for
appropriate plans for the return ofpopulations to evacuated areas, the efficacy of KI
distribution and long-term health implications for exposure to low-dose radiation.

Evaluations of U.S. nuclear safety

The nuclear industry and governmental bodies consistently review nuclear reactor
safety and risk mitigation measures in the United States. However, the 1979 acci-
dent at Three Mile Island and the attacks of September 11, 2001, in particular,
spurred significant reviews of and enhancements to nuclear reactor safety.

Previous reviews provide context for current and future evaluations of nuclear en-
ergy, such as the review currently underway by the NRC in response to the incident
in Japan.

Three Mile Island

On March 28, 1979, a series of mechanical and human errors led to the most sig-
nificant accident in the history of the U.S. nuclear power industry. For reasons still
unknown, water pumps feeding the generator shut down. Because operators had
closed valves on the secondary water system for routine maintenance, the system
could not pump any water and the reactor began to overheat. A relief valve opened
automatically to relieve primary system pressure; however, the valve failed to close
once pressure had been released, allowing coolant water to escape. Compounding
the problem was the failure of plant operators to recognize the opened valve and
a misinterpretation of readings on the control panel.® Once operators realized the
problem, serious damage had already occurred. When the core was opened four
gears ;ater it was discovered that half the fuel rods had melted—a partial melt-

own.

In response to Three Mile Island, President Carter chartered the Kemeny Com-
mission to investigate the accident. The Commission’s recommendations covered a
wide range of issues. One recommendation of note was for the nuclear power indus-
try to establish a program that “specifies appropriate safety standards including
those for management, quality assurance, and operating procedures and practices,

4 For more information on radiation health implications and dose levels see Congressional Re-
search Service Report titled, “The Japanese Nuclear Incident: Technical Aspects,” R41728

5 Mason, Julie. “Fears Cause Run on Pills.” Politico 16 Mar 2011. 9 May 2011. http:/
www.politico.com/politico44/perm/0311/a run on iodide 9de5fce3-9807-44b1-9721-
48d1b9abab2e.html.

6 “Backgrounder on the Three Mile Island Accident.” Nuclear Regulator Commission. http://
www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html. Retrieved May 5, 2011.

7 Gilinsky, Victor (March 23, 2009). “Behind the scenes of Three Mile Island”. Bulletin of the
Atomic Scientists. http:/thebulletin.org/web-edition/features/behind-the-scenes-of-three-mile-is-
land. Retrieved March 31, 2009.
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and that conducts independent evaluations.”® Further, “there must be a system
gathering, review, and analysis of operating experience at all nuclear power plants
coupled with an industry-wide international communications network to facilitate
the speedy flow of this information to affected parties.” ©

As a consequence of that recommendation, the nuclear power industry established
the Institute of Nuclear Power of Operations (INPO) and directed INPO to “promote
the highest levels of safety and reliability—to promote excellence—in the operation
of commercial nuclear power plants.” 10 INPO continues to actively engage in a part-
nership with industry to provide valuable safety and risk mitigation expertise.

September 11, 2001

After the attacks of September 11, 2001 the NRC issued a series of orders and
advisories to its license holders directing them on specific threats and security en-
hancements. For example, the NRC has issued orders requiring license holders to
increase specific security measures, including: “increased patrols, augmented secu-
rity forces and capabilities, additional security posts, installation of additional phys-
ical barriers, vehicle checks at greater stand-off distances, enhanced coordination
with law enforcement and military authorities, and more restrictive site access con-
trols.” In addition, the NRC has made several changes to its Design Basis Threat
(DBT), first implemented after the Three Mile Island accident in 1979. Although the
DBT is not public, it outlines specific threats and characteristics of adversaries. In
April 2003 and March 2006, the NRC made additions to the DBT with lessons
learned from September 11. In January 2007, the DBT was further amended to con-
solidate previous additions and incorporate specific threat factors outlined in the
Energy Policy Act of 2005. 11

DOE and NRC Nuclear Energy Research Programs

Both the United States Department of Energy (DOE) and the NRC fund extensive
research programs across a wide variety of topics. DOE and NRC conduct significant
research focused on all components of nuclear facility safety, risk analysis, and reac-
tor design. Given recent events, the manner in which government research pro-
grams inform reactor safety and regulations are integral to ensure public health and
safety.

Nuclear Regulatory Commission

The Office of Nuclear Regulatory Research (NRR) is NRC’s primary research enti-
ty, coordinating research and informing regulatory decisions for the organization.
The NRR provides all encompassing research relating to reactor safety, operational
regulations, environmental radiological impact, and performance and reliability. The
NRR office consists of Program Management, Policy Development and Analysis
Staff; the Division of Engineering; Division of Systems Analysis; and Division of
Risk Analysis. The primary responsibility of NRR is to provide “leadership and plan,
recommend, manage, and implement programs of nuclear regulatory research and
interface with all NRC Offices and the Commission on research issues.” 12

8 “Report Of The President’s Commission On The Accident At Three Mile Island.” 1979. 9 May
2011. http://www.pddoc.com/tmi2/kemeny/utility and its suppliersl.htm.

9 Tbid

10 “About.” Institute of Nuclear Power Operations. Web. 9 May 2011. http://www.inpo.info/
AboutUs.htm.

11 “NRC’s Response to the 9/11/01 Events.” Nuclear Regulatory Commission. 25 Apr 2011.
http://www.nrc.gov/security/faq-911.html.

12 All NRR and Division responsibilities are summarized from: United States. Office of Nu-
clear Material Safety and Safeguards., 20 Apr 2011. Web. 9 May 2011. http:/nrc.gov/about-nrc/
organization/nmssfuncdesc.html.



Funding Levels (In Millions)

. FY 2012
Major Programs FY 2010 Enacted Request
Operating Reactors-Research } 72.7 704
New Reactors-Research 232 13.7
Nuclear Reactor Safety Research 95.9
84.1
Subtotal
Fuel Facilities-Research 0.3 0.3
Nuclear Materials Users-Research 1.2 1.4
Spent Fuel Storage and 1.3 59
Transportation-Research )
Decommissioning and Low-Level 1.5 0.8
‘Waste-Research )
High-Level Waste Repository- 0.0 0.0
Research
Nuclear Materials and Waste Safety . 43 8.4
Subtotal : )
Total 100.2 92.5

Among NRR’s tasks, the Office:

e Recommends regulatory actions to resolve ongoing and potential safety issues
for nuclear power plants and other facilities regulated by the NRC;

e Conducts research to reduce uncertainties in areas of potentially high safety
or security risk or significance;

e Develops the technical basis for risk-informed, performance-based regulations
in all areas regulated by the NRC;

e Leads the agency’s initiative for cooperative research with DOE and other
Federal agencies, the domestic nuclear industry, U.S. universities, and inter-
national partners;

e Maintains technical capability to develop information for resolution of nuclear
safety and security issues and provides technical support and consultation to
the Program Offices in the specialized disciplines involved in these issues
and;

e Collects and analyzes operational data; assesses trends in performance from
this data; evaluates operating experience to provide insights into and improve
the understanding of the risk significance of events, precursors and trends;
and produces and disseminates periodic performance indicator and Accident
Sequence Precursor (ASP) Reports. 13

The various divisions provide valuable, informative research relating to reactor
safety and risk mitigation. For example, the Division of Systems Analysis conducts
research to quantify margins, reduce unnecessary burden, and reduce uncertainties
for areas of potentially high risk or safety significance, supports identification of ac-
cident phenomena and assessment of anticipated safety issues in new and advanced
reactors, and develops technical bases for dose limits in regulations. The Division
of Risk Analysis develops, recommends, plans, and manages research programs re-
lating to probabilistic risk assessments (PRA); develops and uses PRA-based meth-
odologies, models, and analysis techniques, as well as other risk assessment tech-
niques to determine overall risk; and supports agency efforts to use risk information
in all aspects of regulatory decision making.

Department of Energy—Office of Nuclear Energy

The primary mission of the DOE Office of Nuclear Energy (NE) is to “advance
nuclear power as a resource capable of meeting the Nation’s energy, environmental,
and national security needs by resolving technical, cost, safety, proliferation resist-
ance, and security barriers through research, development, and demonstration as

13 Tbid
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appropriate.” 14 The Fiscal Year (FY) 2011 continuing resolution provided $737 mil-
lion for the Office of Nuclear Energy.

Funding Levels (In Millions)

FY 2012

Major Programs FY 2010 Enacted Regquest
Reactor Concepts RD&D* 169.0 125.0
Generation IV Nuclear Energy
Systems 212.9 0.0
Fuel Cycle R&D 131.9 155.0
LWR SMR Licensing Technical
Support 0.0 67.0
Nuclear Energy Enabling
Technologies 0.0 97.4
NE TOTAL 870.0 852.0

#*FY10 Reactor Concepts RD&D was directed to Next Generation Nuclear Plant

Unlike the NRC, NE’s research, development, and deployment programs are not
consolidated within one office, but rather undertaken throughout all of NE’s pro-
gram offices. Safety and risk mitigation activities span fuel cycle research, advanced
reactor research, and light water reactor sustainability research. For example, fu-
ture reactor designs have passive cooling systems to cool nuclear reactor cores even
in the absence of electricity. The Westinghouse AP1000 reactor design, currently
under consideration for licensing by the NRC, has a passive cooling system and
Small Modular Reactors also incorporate the technology.

Idaho National Laboratory (INL) is DOE’s lead nuclear energy research and de-
velopment facility. Primary NE tasks undertaken at INL include nuclear safety
analysis, irradiation services, nuclear operations, management of spent nuclear fuel,
and biocorrosion offuels. 15 These efforts are carried out through funding from the
various NE research programs. Located at INL are a munber of facilities providing
world class research capabilities for DOE, such as the Advanced Test Reactor Com-
plex which is also a DOE National Scientific User Facility. Significant additional
NE R&D is carried out at other Federal facilities, such as Oak Ridge National Lab-
oratory, Argonne National Laboratory, Los Alamos National Laboratory, and Savan-
nah River Site.

DOE’s Office of Health, Safety and Security includes the Risk Assessment Tech-
nical Experts Working Group to assist DOE with the use of “quantitative risk as-
sessment in nuclear safety related activities.” These activities “help DOE ensure
that risk assessments supporting nuclear safety decisions are conducted in a con-
sistent manner, or appropriate quality, properly tailored to the needs of the deci-
sions they are intended to support and documented.” 16

The Modeling and Simulation Energy Innovation Hub, located at Oak Ridge Na-
tional Laboratory, will create a Virtual Reactor (VR) to model and simulate a nu-
clear reactor. The VR aims to enhance the scientific understanding of fission and

14 “Mission Statement.” U.S. Department of Energy. 9 May 2011. http:/nuclear.energy.gov/
neMission.html.

15 “Nuclear Energy.” Idaho National Laboratory. 9 May 2011. https:/inlportal.inl.gov/portal/
server.pt/community/nuclear energy/277.

16 “Risk Assessment Technical Experts Working Group.” U.S. Department of Energy, Office
of Health, Safety and Security. 9 May 2011. http://www.hss.energy.gov/nuclearsafety/ns/rawg/.
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reduce uncertainties associated with safety and risk. The capabilities can be used
to assess and improve safety of existing reactors. 17

Need for future reactor safety research, risk assessment, and accident
mitigation

The incident at the Fukushima Daiichi reactors has highlighted the need for con-
tinual examination of safety and risk assessment in the United States. Policies and
priorities undergoing heightened assessment include:

Spent fuel management. What is the best and most secure method of storing
spent nuclear fuel? In a spent fuel pool or dry cask storage? In a single cen-
tralized storage facility, such as the proposed, but now cancelled Yucca Moun-
tain repository, or onsite at individual reactor locations, including at sites
containing decommissioned reactors?

Risk assessment modeling and risk mitigation. How can risk uncertainty be
reduced to the greatest degree and incorporated into risk mitigation meas-
ures? What are the necessary inputs to produce the most realistic risk assess-
ment models?

Reactor design. What design features may warrant incorporation into the new
reactors to make nuclear reactors inherently more safe and resilient to nat-
ural disasters? Do different reactor technologies offer additional safety and
risk mitigation benefits?

Emergency planning. Are current Emergency Planning Zones adequate? Are
the lines of communication between stakeholders clear and proper? Are addi-
tional steps to ensure public health safety necessary?

Response. How can response capabilities be improved in the event of a dis-
aster? What R&D is needed in this area?

17 “Advanced Modeling and Simulation.” U.S. Department of Energy, Office of Nuclear Energy.
9 May 2011. http://www.ne.doe.gov/AdvModelingSimulation/casl.html.
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Chairman BROUN. Good morning. This joint hearing of the Sub-
committee on Investigations and Oversight and the Subcommittee
on Energy and Environment will come to order. I welcome everyone
here to this hearing, “Nuclear Energy Risk Management.” In front
of you are packets containing the written testimony, biographies,
and truth of testimony disclosures for today’s witnesses.

Before we get started, since this is a joint hearing involving two
Subcommittees, I want to explain how we will operate procedurally
so all Members understand how the question and answer period
will be handled. As always, we will alternate between the Majority
and Minority Members, and allow all Members an opportunity for
questioning before recognizing a Member for a second round of
questions, if we have time for the second round. We will recognize
those Members present at the gavel in order of seniority on the full
Committee, and those coming in after the gavel would be recog-
nized in the order of their arrival.

I now recognize myself for a five minute opening statement. I
would first like to welcome our witnesses to today’s hearing, and
express my sincere appreciation for their effort in joining us here
today.

Risk assessment and risk management associated with nuclear
energy are timely and important topics for the Science Committee
to address. This topic is clearly a priority for the Science Com-
mittee, as two of our Subcommittees are here today together. While
the facts and implications of the Japanese earthquake, tsunami,
and resulting nuclear disaster are still being determined, it is an
opportunity for us to reassess our Nation’s current safety posture
here in this country.

After the Three Mile Island, Chernobyl, September 11, and sev-
eral other incidents, the United States regularly revisited the state
of our nuclear power infrastructure. Today’s hearing is yet another
opportunity to evaluate whether we, as a Nation, are doing every-
thing that we can to ensure that nuclear energy is a safe compo-
nent of our energy supply. This includes evaluating the current re-
search and development portfolio for reactor safety, spent fuel stor-
age, and public health monitoring.

The Department of Energy was invited to this morning’s hearing
and would have provided a valuable contribution to the hearing.
Unfortunately, they were unable to provide a witness here today.
DoE did provide written comments, but that does not substitute for
actually appearing. Testifying is not a correspondence course. The
Science Committee understands the many demands that agency of-
ficials have on their time. As Members of Congress, we have simi-
lar demands. Because of this, the Committee provided four weeks
of notice and did not request a specific individual, leaving that de-
termination to DoE. Unfortunately, it seems as though the entire
Department only has one individual that they believe is qualified
to speak on the issues that we are addressing here today, and he
was otherwise engaged for multiple days.

While I find this troubling in and of itself, what is more frus-
trating is that this has now become a trend for this Administration.
The TSA refused to testify at a hearing earlier this year before the
1&0O Subcommittee. Two days ago EPA refused to testify before the
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full Committee unless they could dictate the terms of their attend-
ance.

Let me be clear. This Committee is willing to work with the Ad-
ministration to reach neutral accommodations, but it will not allow
it to obstruct our oversight efforts. We take our oversight respon-
sibilities very seriously. This Administration’s arrogance continues
to undermine its claims of transparency and openness, particularly
when they fail to be accountable to Congress and to the American
people. If the Administration is not willing to work with this Com-
mittee, we have several options that can compel their cooperation.
Unfortunately, it appears that we may have to exercise those op-
tions in the future.

For the witnesses that did appear today, I want to sincerely
thank you for your cooperation.

[The prepared statement of Dr. Broun follows:]

PREPARED STATEMENT OF CHAIRMAN PAUL BROUN, M.D.

I would first like to welcome our witnesses to today’s hearing and express my sin-
cere appreciation for their effort in joining us here. Risk Assessment and Risk Man-
agement associated with Nuclear Energy are important and timely topics for the
Science Committee to address. This topic is clearly a priority for the Science Com-
mittee as two of our Subcommittees are here together today. While the effects and
implications of the Japanese earthquake, tsunami, and resulting nuclear disaster
are still being determined, it is an opportunity for us to reassess our nation’s cur-
rent safety posture here in this country. After Three Mile Island, Chernobyl, Sep-
tember 11th, and several other incidents, the United States regularly revisited the
state of our nuclear power infrastructure. Today’s hearing is yet another opportunity
to evaluate whether we, as a nation, are doing everything we can to ensure that
nuclear energy is a safe component of our energy supply. This includes evaluating
the current research and development portfolio for reactor safety, spent fuel storage,
and public health monitoring.

The Department of Energy was invited to this morning’s hearing and would have
been provided a valuable contribution to the hearing. Unfortunately, they were un-
able to provide a witness to appear today. DOE did provide written comments, but
that does not substitute for actual appearing. Testifying is not a correspondence
course. The Science Committee understands the many demands that agency officials
have on their time, as Members of Congress have similar demands. Because of this,
the Committee provided four weeks of notice, and did not request a specific indi-
vidual, leaving that determination to DOE. Unfortunately, it seems as though the
entire Department only has one individual they believe is qualified to speak to the
issues we are addressing today - and he was otherwise engaged for multiple days.
While I find this troubling in and of itself, what is more frustrating is that this has
now become a trend with this Administration. The TSA refused to testify at a hear-
ing earlier this year before the 1&0O Subcommittee, and two days ago EPA refused
to t&estify before the Full Committee unless they could dictate the terms of their at-
tendance.

Let me be clear, this Committee is willing to work with the Administration to
reach mutual accommodations, but it will not allow it to obstruct our oversight ef-
forts. We take our oversight responsibilities very seriously. This Administration’s ar-
rogance continues to undermine its claims of transparency and openness, particu-
larly when they fail to be accountable to Congress and the American people. If the
Administration is not willing to work with this Committee, we have several options
that can compel their cooperation. Unfortunately, it appears we may have to exer-
cise those options in the future.

For the witnesses that did appear today, I want to sincerely thank them for their
cooperation. I look forward to their testimony, and will now recognize Ms. Edwards,
the Ranking Member of the Investigations and Oversight Subcommittee for an
Opening Statement.

Chairman BROUN. The Chair now recognizes Ms. Edwards for an
opening statement.

Ms. EDWARDS. Thank you, Mr. Chairman, and good morning. I
look forward to today’s hearing and thank the witnesses, because
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I think for far too long we have heard just a drum beat about how
nuclear energy is both safe and efficient, with electricity produced
“too cheap to meter.” I want to thank the Chairman for giving
Members a chance to get to the bottom of these claims and others.

The idea of nuclear power as a cost effective source of power can
be traced back to a statement in 1954 by the then-Chairman of the
Atomic Energy Commission, who suggested that “Our children will
enjoy in their homes electrical energy too cheap to meter.” Unfortu-
nately that same year, of course, General Electric ran an advertise-
ment which I am attaching to my statement—it is quite inter-
esting—from 1954 that optimistically trumpeted how the industry
would be on its own two feet within five to ten years. That was in
1954. After suggesting that the big question on atomic energy was
whether it could be done economically, the ad says, and I quote,
“We already know the kinds of plants which will be feasible, how
they will operate, and we can estimate what their expenses will be.
In five years, certainly within ten, a number of them will be oper-
ating at about the same cost of those using coal. They will be pri-
vately financed and built without government subsidy.” So here we
are and it is 2011, and the reality is that nuclear power has always
required government subsidies. In the almost 60 years since that
ad appeared, the taxpayer has seen more than $80 billion spent on
nuclear power research and development. In fact, it is the largest
single energy research area since 1948. There are billions and bil-
lions and billions of dollars in other subsidies created through gov-
ernment actions designed to distort markets to give nuclear power
a competitive edge over other sources of energy, although we are
in a discussion now about how heavily subsidized the oil industry
is.
Despite decades of support, nuclear power plants are still unable
to operate competitively in the United States energy market, and
now we are being asked for still more subsidies to build another
generation of plants. According to an analysis by the Union of Con-
cerned Scientists, these subsidies could be worth twice as much as
the value of the electricity produced by the plant. That strikes me
as throwing a lot of good money after bad.

We recently held a hearing on renewable energy in which the
Majority seemed to want to make the point that subsidizing renew-
able energy would be picking winners and losers, and yet that
same strategy that energy produced would not be competitive with-
out government support is being used with respect to the nuclear
industry.

Well, if you truly reject such support, the nuclear power industry
should be the poster child for an industry that needs government
to profit up, and profit up to the tune of billions of dollars. I sup-
port subsidies to help emerging energy sources such as wind and
solar and battery technologies. They deserve at least as much of a
chance as nuclear has had, and since nuclear cannot stand on its
own feet after 60 years, it is time to say enough. The public gravy
train has got to come to a stop for now for this mature industry,
and it is indeed a mature industry, it just can’t stand on its own,
and its claims of safety, the events of Japan’s Fukushima plant il-
lustrate how safety is contingent on a complex set of systems all
working perfectly. If those systems go down, system safety starts
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to slip beyond our control. Natural disasters and human folly know
no national bounds, and it would be beyond arrogant to think that
something similar to Fukushima could not happen here in the
United States.

To avoid another accident requires aggressive regulators, safety-
minded operators, and perfect luck. As was illustrated in a recent
New York Times article, attached also to my statement, operators
often confuse profit margins with safety margins and regulators
are too passive or overwhelmed to always enforce accountability. In
fact, there are claims that the regulatory agency is too cozy with
the industry.

A recent report from the Union of Concerned Scientists docu-
ments 14 near-misses in just the past year, including one at Mary-
land’s own Calvert Cliffs plant, located approximately 50 miles
from where we sit today. Calvert Cliffs has two reactors. In Feb-
ruary 2010, both reactors were automatically shut down. The cause
of the shutdown was that water had shorted out a degraded piece
of electric equipment that had neither been inspected or replaced.
A subsequent study—investigation by the NRC revealed that the
water resulted from chronic roof leaks. In fact, the NRC found that
there were 58 outstanding work orders to repair roof leaks, and de-
spite some of the orders being two years old, not one of them had
even been scheduled for repair.

Each shutdown, like the one at Calvert Cliffs, caused plant own-
ers and ultimately rate payers an average of more than $1.5 bil-
lion. Since the Three Mile Island accident, safety failures have re-
sulted in plant shutdowns costing more than $80 billion. So we
subsidize the energy—the industry’s creation, the building of plants
the production of electricity, and then we subsidize a failure of
plalrat management. I think enough is enough, and with that, I
yield.

[The prepared statement of Ms. Edwards follows:]

PREPARED STATEMENT BY THE HONORABLE DONNA F. EDWARDS

I look forward to today’s hearing because for too long we have heard a drumbeat
about how nuclear energy is both safe and efficient, with electricity produced “too
cheap to meter.” I want to thank the Chairmen for giving Members a chance to get
to the bottom of these claims.

The idea of nuclear power as a cost-effective source of power can be traced back
to a statement in 1954 by the then-Chairman of the Atomic Energy Commission
who suggested that “Our children will enjoy in their homes electrical energy too
cheap to meter. . .” That same year, General Electric ran an advertisement that op-
timistically trumpeted how the industry would be on its own two feet within five
to ten years. After suggesting that the big question on atomic energy was whether
it could be done economically, the ad says:

“We already know the kinds of plants which will be feasible, how they will oper-
ate, and we can estimate what their expenses will be. In five years—certainly with-
in ten—a number of them will be operating at about the same cost as those using
coal. They will be privately financed, built without government subsidy.”

The reality is that nuclear power has always required government subsidies. In
the almost sixty years since that ad appeared, the taxpayer has seen more than $80
billion spent on nuclear power research and development. In fact, it is the largest
single energy research area since 1948. And there are billions and billions and bil-
lions of dollars in other subsidies created through government actions designed to
distort markets to give nuclear power a competitive edge. Subsidies include the
Price-Anderson Act, which caps nuclear plant operators exposure to costs that would
come from an accident, loan guarantees to underwrite the capital costs of plants,
tax exempt bonds for construction of public plants, no charges to plants for their
use of water and the list goes on and on.
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Despite decades of support, nuclear power plants are still unable to operate com-
petitively in the U.S. energy market. Now, we are being asked for still more sub-
sidies to build another generation of plants. According to an analysis by the Union
of Concerned Scientists, these subsidies could be worth twice as much as the value
og thebeziectn'city produced by the plants. That strikes me as throwing good money
after bad.

We recently held a hearing on renewable energy in which the Majority seemed
to want to make the point that subsidizing renewable energy would be “picking win-
ners and losers” or distorting the market and that the energy produced would not
be competitive without government support. Well, if you truly reject such support,
the nuclear power industry should be the poster child for an industry that needs
government to prop it up.

I do not oppose subsidies to help new energy sources get on their feet I believe
we should be investing in wind and solar and battery technologies and exploring
other potential renewables to give them a chance to demonstrate their value to
meeting our country’s energy needs. They appear to be safer to the public and the
environment than any other sources of electricity and they promise true energy
independence without worries about proliferation of nuclear materials. They deserve
at least as much of a chance as nuclear has had, and since nuclear cannot stand
on its own feet after sixty years, it is time to say “enough.” The public gravy train
has got to come to a stop for this now mature industry.

As to clairus of safety, the events at Japan’s Fukushima plant illustrate how safe-
ty is contingent on a complex set of systems all working perfectly. If those systems
go down, safety starts to slip beyond our control. Natural disasters and human folly
know no national bounds and it would be beyond arrogant to think that something
similar to Fukushima could not happen here.

The risks posed by nuclear power are unique in their potential health and envi-
ronmental scope. In the last thirty years, we have had three catastrophic accidents
of varying effect: Three Mile Island, Chernobyl, and Fukushima. To avoid another
accident requires aggressive regulators, safety-minded operators, and perfect luck.
As was illustrated in a recent New York Times article, operators often confuse profit
margins with safety margins and regulators are too passive or overwhelmed to al-
ways enforce accountability.

To keep the public safe from disaster, you have to get nuclear plant safety right
every second of every day of every year and everywhere. And natural disasters can-
not be allowed to interfere or those carefully calibrated perfect systems can fail. I
think that this is an impossible standard, but a failure once a generation or so is
not acceptable to me. In fact, the Union of Concerned Scientists has issued a report
documenting 14 near misses just in the past year, including one at Maryland’s own
Calvert Cliffs plant.

Located approximately 50 miles from where we sit today, Calvert Cliffs has two
reactors. In February 2010, both reactors were automatically shut down. The cause
of the shut-down was that water had shorted out a degraded piece of electrical
equipment that had neither been inspected nor replaced. And the water, as a subse-
quent NRC investigation revealed, was the result of chronic roof leaks. In fact, the
NRC found that there were 58 outstanding work orders to repair roof leaks. Despite
some of the orders being two years old, not one of them had even been scheduled
for repair.

I am sure that a nuclear advocate would point to Calvert Cliffs’ automatic shut-
down as a “success.” But such successes, in which safety systems shut reactors down
in the face of systems operating out of spec, are not cost free. Each shutdown costs
plant owners, and ultimately rate payers, an average of more than $1.5 billion dol-
lars. Since the Three Mile Island accident safety failures that resulted in plant shut-
downs cost more than $80 billion.

So we subsidized the industry’s creation, the building of plants, the production of
electricity and then we subsidize the failures of plant managers.

I think enough is enough.

Chairman BROUN. Thank you, Ms. Edwards.

I now recognize the Chairman of the Subcommittee on Energy
and Environment, Dr. Harris, for his opening statement.

Dr. Harris, you are recognized for five minutes.

Dr. HARRIS. Thank you very much, Mr. Chairman. I want to
thank our witnesses also for being here today to testify on issues
relating to nuclear energy risk management, and I do look forward
to hearing from all your testimony.
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First I would like to echo Dr. Broun’s disappointment with the
Department of Energy’s inability to provide a witness for the hear-
ing. I do recognize that the head of the Office of Nuclear Energy
was unavailable due to international travel, but I would hope that
in a program with a budget of over $850 million that the Depart-
ment has more than one individual qualified to represent it before
Congress.

The purpose of this hearing is to examine nuclear energy safety,
risk assessment, and public health protection. Nuclear energy is
clearly an integral piece of America’s energy portfolio today, and
will probably continue to be in the future.

In Maryland, my State, one-third of our electricity is generated
by nuclear reactors, and the State is home to two reactors located
near my district at Calvert Cliffs.

DoE’s Energy Information Administration projects that U.S. elec-
tricity demand will increase by 31 percent over the next 25 years.
We simply have to get this electricity from somewhere, and nuclear
energy may indeed provide a clean, safe, and affordable source of
base load power to meet this demand. However, as with all critical
energy sources, producing nuclear energy is certainly not without
risk, and we must take great care to appropriately manage those
risks. The March earthquake and tsunami in Japan clearly serves
as a stark reminder of this. However, it is important to note that
the incident and response at Fukushima did not happen in a vacu-
um. Both the nuclear industry and government regulators contin-
ually assess safety measures and mitigate those kind of risks.
Largely due to this diligence and attentiveness, nuclear facilities in
this country are among the safest workplaces across all industries,
and not a single death has been attributed to nuclear energy pro-
duction here in the United States.

As I hope to hear today, continued improvements in reactor de-
sign and operating procedures will make what is already safe nu-
clear energy even safer. To this end, I am interested in learning
how the Federal Government can best prioritize its nuclear energy
research programs to further reduce these risks.

I am also interested in key policy questions associated with nu-
clear energy risk management. For example, is a Fukushima-like
event even possible here in the U.S., given our regulatory environ-
ment and reactor design? Do facilities pre-stage the necessary
equipment to manage unexpected incidents? What are the com-
parative risks associated with storage of spent nuclear fuel scat-
tered throughout the country or consolidated into centralized stor-
age, such as Yucca Mountain.

Finally, as a medical doctor by training, I believe it is important
to objectively and responsibly discuss potential radiologic effects on
public health. Senior government officials encouraging Americans
to stockpile potassium iodide pills due to detection of miniscule
traces of radiation is simply not responsible, since potassium iodide
can obviously have harmful results if those pills are unnecessarily
taken. This kind of alarmism also feeds unnecessary public fears
about nuclear energy potentially harming its future viability.

I hope the witnesses can help provide perspective on this issue.
I look forward to hearing today’s discussion surrounding these top-
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ics. Again, I thank you all for appearing. I thank the Chairman for
holding the hearing, and I yield back.
[The prepared statement of Dr. Harris follows:]

PREPARED STATEMENT OF CHAIRMAN ANDY HARRIS

I thank our witnesses for being here today to testify on issues relating to Nuclear
Energy Risk Management and I look forward to hearing your testimony. First, I
would like to echo Dr. Broun’s disappointment with the Department of Energy’s in-
ability to provide a witness for this hearing. I recognize that the head of the Office
of Nuclear Energy was unavailable due to international travel, but I would hope
that with a program budget of over $850 million, the Department has more than
one individual qualified to represent it before Congress.

The purpose of this hearing is to examine nuclear energy safety, risk assessment,
and public health protection. Nuclear energy is an integral piece of America’s energy
portfolio today and will continue to be in the future. In Maryland, one third of our
electricity is generated by nuclear reactors and the state is home to two reactors
located near my district, at Calvert Cliffs.

DOE’s Energy Information Administration projects that U.S. electricity demand
will grow by 31 percent in the next 25 years. We have to get this electricity from
somewhere, and nuclear energy provides a clean, safe, and affordable source of base-
load power to meet this demand.

However, as with all critical energy sources, however, producing nuclear energy
is not without risk, and we must take great care to appropriately manage these
risks. The March earthquake and tsunami in Japan serves as a stark reminder of
this.

However, it is important to note that both the incident and the response at
Fukushima did not happen in a vacuum. Both the nuclear industry and government
regulators continually assess safety measures and mitigate risk. Largely due to this
diligence and attentiveness, nuclear facilities are among the safest workplaces
across all industries, and not a single death has ever been attributed to nuclear en-
ergy production in the United States. As we will hear today, continued improve-
ments in reactor design and operating procedures will make nuclear energy even
safer. To this end, 'm interested in learning how the Federal government can best
prioritize its nuclear energy research to further reduce risks.

I'm also interested in key policy questions associated with nuclear energy risk
management. For example: Is a Fukushima-like event even possible in the U.S.? Do
facilities pre-stage the necessary equipment to manage unexpected incidents? What
are the comparative risks associated with storage of spent nuclear fuel-scattered
throughout the country or consolidated into centralized storage, such as Yucca
Mountain?

Finally, as a medical doctor by training, I believe it is important be responsible
when discussing potential radiological effects on public health. Senior government
officials encouraging American citizens to stockpile potassium iodide pills due to de-
tection of miniscule traces of radiation is not responsible, and can have harmful re-
sults if those pills are unnecessarily taken. This alarmism also feeds unnecessary
public fears about nuclear energy, potentially harming its future viability. I hope
the witnesses can help provide perspective on this issue.

I look forward to hearing today’s discussion surrounding these topics. Thank you
and I yield back.

Chairman BROUN. Thank you, Dr. Harris.

If there are Members who would like to submit additional open-
ing statements, your statements will be added to the record at this
point.

At this time I would like to introduce our panel of witnesses. Dr.
Brian Sheron, is that correct, Director, Office of Nuclear Regulatory
Research, Nuclear Regulatory Commission; Mr. Lake Barrett, Prin-
cipal Consultant, Barrett Consulting, LLC; Dr. John Boice, Sci-
entific Director, International Epidemiology Institute and Professor
of Medicine, Vanderbilt University School of Medicine; and Mr.
Dave Lochbaum, Director of Nuclear Safety Project, Union of Con-
cerned Scientists.
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As our witnesses should know, spoken testimony is limited to
five minutes and I would ask you, because we are really pressed,
we are going to have votes about 9:45 to 10 o’clock, so please limit
your testimony to five minutes. If you can shave a few seconds off
that, we would appreciate it, but we don’t want to shortchange you,
either. After your spoken testimony, Members of the Subcommit-
tees will have five minutes each to ask questions. Your written tes-
timony will be included in the record of the hearing.

It is the practice of the Subcommittee on Investigations and
Oversight to receive testimony under oath, and we will use that
practice today as well. Do any of you have any objection to taking
an oath? If you shake your head, it will be fine.

Let the record reflect that all witnesses have shaken their heads
from side to side, indicating that they have no objection to taking
an oath.

You may also be represented by counsel. Do any of you have
counsel here today?

Let the record reflect that none of the witnesses have counsel, in-
dicated by them shaking their heads from side to side.

If you would now please stand and raise your right hand. Do you
solemnly swear and affirm to tell the whole truth and nothing but
the truth, so help you God?

Let the record reflect that all witnesses participating have taken
the oath. Thank you. You may sit down.

I now recognize our first witness, Dr. Brian Sheron, Director of
the Office of Nuclear Regulatory Research at the Nuclear Regu-
latory Commission, NRC. Dr. Sheron, you are recognized for five
minutes.

STATEMENT OF DR. BRIAN SHERON, DIRECTOR, OFFICE OF
NUCLEAR REGULATORY RESEARCH, NUCLEAR REGU-
LATORY COMMISSION

Dr. SHERON. Thank you. Good morning Chairmen Harris and
Broun, Ranking Members Miller and Edwards, Members of the
Subcommittees. I am pleased to appear before you on behalf of the
United States Nuclear Regulatory Commission, the NRC, to discuss
the Agency’s research program and our current activities in re-
sponse to the events that have occurred at the Fukushima-Daiichi
nuclear power plant site.

My name is Brian Sheron. I have been the Director of the NRC’s
Office of Nuclear Regulatory Research for the past five years, and
have been at the NRC and its predecessor agency, the Atomic En-
ergy Commission, for nearly 38 years.

The following testimony is intended to provide an overview of
NRC’s Office of Nuclear Regulatory Research, or RES, and its cur-
rent activities, as well as provide a discussion of the Agency
taskforce and research activities related to the Fukushima-Daiichi
event in Japan.

Office of Research is a major NRC program office mandated by
Congress and created along with the NRC in 1975. The NRC’s reg-
ulatory research program addresses issues in the areas of nuclear
reactors, nuclear materials, and radioactive waste. My office plans,
recommends, and implements programs of nuclear regulatory re-
search, standards development, and resolution of generic issues for
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nuclear power plants and other facilities regulated by the NRC.
There are currently about 260 staff members in my office.

We do not conduct research for the primary purpose of devel-
oping improved technologies. That is a function that is more appro-
priately the nuclear industry’s. Rather, the NRC conducts research
to confirm that the methods and data generated by the industry
ensure that adequate safety margins are maintained.

We work with the offices that are responsible for licensing activi-
ties within the NRC to develop appropriate regulatory actions to
resolve potential safety issues for nuclear power plants and other
facilities regulated by the NRC, including those issues designated
as generic issues. Generic issues are potential technical or security
issues that could impact two or more facilities.

My office coordinates the development of consensus and vol-
untary standards for agency use, including appointment of Agency
staff to numerous domestic and international standards commit-
tees. Participation by the NRC staff in consensus standards devel-
opment is essential because the codes and standards are an inte-
gral part of the Agency’s regulatory framework.

We have implemented over 100 international cooperative agree-
ments with other nuclear regulators and international organiza-
tions to share information and leverage resources. We also partici-
pate extensively in several International Atomic Energy Agencies,
and Organization for Economic Cooperation and Development Nu-
clear Energy Agency committees and working groups that facilitate
the exchange of information between countries on topics such as
risk assessment, events, and best practices.

The NRC has a robust reactor operating experience program, and
we have taken advantage of the lessons learned from previous op-
erating experience to implement a program of continuous improve-
ment for the U.S. reactor fleet. As you know, on Friday, March 11,
2011, an earthquake and subsequent tsunami occurred near the
northeast coast of Japan, resulting in the shutdown of more than
10 reactors. From what we know now, it is likely that the earth-
quake caused the loss of normal alternating current power and it
is likely that the reactor’s response to the earthquake went as de-
signed. The ensuing tsunami, however, caused the loss of emer-
gency A/C power to four of the six units at the Fukushima site.

The phenomena associated with the events at Fukushima in-
volved numerous disciplines in which my office has expertise and
has done substantial research. I would now like to discuss some of
these technical areas that have been raised since the events.

The Office of Research has a seismic research program that is
currently addressing updated geological assessments, particularly
in the central and eastern United States. We have also initiated a
current tsunami research program in 2006, and our tsunami re-
search leverages work being done at the United States Geological
Survey and the National Oceanographic and Atmospheric Adminis-
tration. This will help form the basis for NRC review of new license
applications.

We have performed significant severe accident research since the
TMI accident to better understand the phenomena and improve
both accident prevention and mitigation.
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The NRC has been using probabilistic risk assessment, or PRA
methods to obtain estimates of risk associated with severe acci-
dents since 1975.

The NRC has previously studied spent fuel pool issues and im-
plemented additional requirements to minimize spent fuel pool
vulnerabilities. Following the events in Japan, we have begun to
update spent fuel pool studies to estimate the relative consequence
of removing older fuel from the spent fuel pool and placing it into
dry storage, versus leaving it in the spent fuel pool.

In conclusion, I want to reiterate that the NRC has a very robust
regulatory research program that performs confirmatory research
to allow the licensing offices to make technically-informed regu-
latory decisions. The research office has expertise in a multitude of
technical disciplines and has performed significant research in the
past related to reactors, materials, and waste.

In light of the events in Japan, the NRC has initiated a near-
term evaluation of the event’s relevance to reactors in the U.S. and
we are continuing to gather the information necessary for us to
take a longer, more thorough look at the events and their lessons
for us. Based on the lessons learned from these efforts, we will pur-
sue additional regulatory actions and research as needed to ensure
the continuing safety of the U.S. fleet.

Thank you.

[The prepared statement of Dr. Sheron follows:]

PREPARED STATEMENT OF DR. BRIAN SHERON, DIRECTOR, OFFICE OF NUCLEAR
REGULATORY RESEARCH, NUCLEAR REGULATORY COMMISSION

Good morning, Chairmen Harris and Broun, Ranking Members Miller and Ed-
wards, and Members of the Subcommittees. I am pleased to appear before you on
behalf of the United States Nuclear Regulatory Commission (NRC) to discuss the
agency’s research program and our current activities in response to the events that
have occurred at the Fukushima-Daiichi nuclear power plant site.

My name is Dr. Brian Sheron, and I have been the Director of the NRC Office
of Nuclear Regulatory Research for the past five years and have been at the NRC
and its predecessor agency, the Atomic Energy Commission, for nearly 38 years.

The following testimony is intended to provide an overview of the NRC’s Office
of Nuclear Regulatory Research (RES) and its current activities, as well as provide
a discussion of the agency task force and research activities related to the
Fukushima-Daiichi event in Japan.

As you are aware, the NRC is an independent Federal agency established to li-
cense and regulate the Nation’s civilian use of production and utilization facilities,
as well as the use of byproduct, source, and special nuclear materials to ensure ade-
quate protection of public health and safety, to promote the common defense and
security, and to protect the environment. The NRC currently licenses, inspects, and
assesses the performance of 104 operating nuclear power plants, as well as many
materials licensees, fuel cycle facilities, and research and test reactors.

The Office of Nuclear Regulatory Research (or RES) is a major NRC program of-
fice, mandated by Congress and created along with the NRC in 1975. RES is one
of the offices that reports to the Executive Director for Operations. RES plans, rec-
ommends, and implements programs of nuclear regulatory research, standards de-
velopment, and resolution of generic safety issues for nuclear power plants and
other facilities regulated by the NRC. The Office coordinates research activities
within and outside the agency, including NRC participation in national and inter-
national volunteer standards efforts. There are currently about 260 staff members
in the office, which is organized into three technical divisions: the Division of Engi-
neering, Division of Risk Analysis, and Division of Systems Analysis.

RES is responsible for developing methods, technical expertise and computer
codes that are used by the NRC to assess safety and regulatory issues for materials
licensees, fuel cycle facilities, operating reactors as well as new and advanced reac-
tor designs. We develop the data needed to assess these codes by conducting experi-
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ments at national laboratories, universities, or in collaboration with international
organizations.

The NRC regulatory research program addresses issues in the three arenas of nu-
clear reactors, nuclear materials, and radioactive waste. The research program is
designed to improve the agency’s knowledge where uncertainty exists, where safety
margins are not well-characterized, and where regulatory decisions need to be con-
firmed in existing or new designs and technologies. Typically, the regulatory offices
approach us with an issue, and we determine how to appropriately resolve it
through research or analysis. The majority of our work is this user need driven
work performed in response to requests from our regulatory offices, as shown in the
following chart:

Long term research
1%

Operations
4%

RES coordinates research activities with the other NRC program offices, as appro-
priate, and leads the agency’s initiative for cooperative research with the U.S. De-
partment of Energy (DOE) and other Federal agencies, the domestic nuclear indus-
try, U.S. universities, and international partners. RES coordinates the development
of consensus and voluntary standards for agency use, including appointment of
agency staff to various standards committees. Based on research results and experi-
ence gained, we work with the regulatory offices to develop appropriate regulatory
actions to resolve potential safety issues for nuclear power plants and other facilities
regulated by the NRC, including those issues designated as Generic Issues (GIs).
GIs are technical or security issues that could impact two or more facilities or li-
censees. RES also develops the technical basis for those areas regulated by the NRC
that have risk-informed, performance-based regulations.

RES supplies technical tools, analytical models, and experimental data needed to
support the agency’s regulatory decisions. RES does not conduct research for the pri-
mary purpose of developing improved technologies, a function that is more appro-
priately that of the Department of Energy or the nuclear industry. Rather, the NRC
conducts research to confirm that the methods and data generated by the industry
ensure that adequate safety margin is maintained.

In addition to supporting regulation of the commercial use of radioactive materials
to protect public health and safety and to protect the environment, RES is respon-
sible for providing the technical basis for regulations to ensure the protection and
safeguarding of nuclear materials and nuclear power plants in the interest of na-
tional security. Thus, while its primary focus is on supporting the licensing and reg-
ulatory process, the research conducted by and for the NRC plays an important role
in supporting broad government-wide initiatives associated with national security.

The Office of Research’s staff is very well qualified and educated, with 30% of
staff holding PhDs, and 33% of staff with master’s degrees. The staff continues to
reflect diversity in education, demographics, and technical disciplines. The wide
range of engineering and scientific disciplines includes expertise in nuclear engi-
neering, materials science, human factors and human reliability, health physics, fire
protection, and probabilistic risk assessment, to name a few. It is this diversity in
highly technical and specialized disciplines that allows RES to support the licensing
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offices as they carry out their licensing and regulatory tasks. Given this internal ex-
pertise, we perform a significant amount of research in-house. However, because we
have more work than RES staff's capacity, we use contractors to supplement our
work to perform research that requires special skills or facilities. Our staff develops
the work plan and is engaged in the research process with the contractor through-
out the entire research effort.

In addition to conducting confirmatory research, RES also conducts forward-look-
ing research. The objectives of forward-looking and long-term research are to de-
velop the technical basis to support related regulatory decision making. We monitor
areas where the regulated industry may be moving and determine the technical in-
formation needed for future regulatory decisions to prepare the agency to respond
to anticipated future industry requests and initiatives.

These activities address new safety technologies or developments in analytical
technologies or infrastructure. By their nature, these items span a wide range of
disciplines, from risk assessment to structural integrity to fission product transport.
Our development of data and assessment tools for these technologies will ensure
that the agency is prepared to meet its future regulatory needs.

In addition to our research efforts, the NRC cooperates with professional organiza-
tions that develop voluntary consensus standards associated with systems, struc-
tures, equipment, or materials used by the nuclear industry. In fiscal year 2010, 184
NRC staff members participated in 325 standards activities, such as membership
on a standards-writing committee. The organizations governing these committees in-
clude the American Society of Mechanical Engineers (ASME), the National Fire Pro-
tection Association (NFPA), the American Nuclear Society, the Institute of Electrical
and Electronics Engineers, the American Concrete Institute, and the National Coun-
cil on Radiation Protection and Measurements.

For example, ASME developed the Boiler and Pressure Vessel Code and the Oper-
ations and Management Code which are widely acknowledged as an acceptable set
of standards used to design, construct, and inspect pressure-retaining components,
including nuclear vessels, piping, pumps, and valves. Similarly, NFPA has devel-
oped consensus standards to define acceptable methods to design, install, inspect,
and maintain fire protection systems. The NRC has incorporated into its regulations
various standards from the groups discussed above.

The NRC’s use of voluntary consensus standards is consistent with statutory re-
quirements. Participation by the NRC staff in voluntary consensus standards devel-
opment is essential because the codes and standards are an integral part of the
agency’s regulatory framework. The benefits of this active involvement include cost
savings, improved efficiency and transparency, and regulatory requirements of high
technical quality. The agency acknowledges the broad range of technical expertise
and experience of the individuals who belong to the many consensus standards orga-
nizations. Thus, participation in standards development minimizes the expenditure
of NRC resources that would otherwise be necessary to provide guidance with the
technical depth and level of detail of voluntary consensus standards.

Over the past 35 years, RES has developed or sponsored over 40 computer codes
for use in its safety analyses. These codes are used in many aspects of the NRC’s
mission and perform wide ranging tasks including modeling fuel and reactor sys-
tems behavior, radiation’s health effects, atmospheric dispersion, probabilistic risk
assessment and more. They are shared with domestic and international counter-
parts to capture the value of a larger expert user community, which adds robustness
to the codes and certainty to their results.

NRC uses computer codes to model and evaluate fuel behavior, reactor kinetics,
thermal-hydraulic conditions, severe accident progression, time-dependent dose for
design-basis and beyond design-basis accidents, health effects, and radionuclide re-
lease and transport during various operating and postulated accident conditions.
Computer codes are validated against scaled tests and actual plan data. Results
from such code applications support regulatory decision making in risk-informed ac-
tivities, confirmatory and exploratory analyses, review of licensees’ codes, perform-
ance of audit calculations, and resolution of other technical issues to inform the
NRC staff on a wide variety of emergent technical questions for ensuring the health
and safety of the general public. NRC code development is focused on improving the
realism, accuracy and reliability of code results while improving code usability.
However, the modeling of some novel systems (e.g., medical isotopes production) and
new and advanced reactor design (e.g., Next Generation Nuclear Plant) requires fur-
‘(ciher code development and additional assessment against specific experimental

ata.

Some specific examples of codes and how they are more specifically used in the
regulatory environment are the MELCOR and MACCS2 codes. The MELCOR code
models the progression of severe accidents in light-water nuclear power reactors.
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MELCOR models several phenomena including thermal-hydraulics, core heatup,
containment performance, hydrogen production, and fission product release and
transport behavior. The MACCS2 code is used to evaluate doses and health risks
from the accidental atmospheric releases of radio nuclides. It is also used to confirm
license renewal analyses regarding plant specific evaluation of Severe Accident Miti-
gation Alternatives (SAMAs) that is required as part of the environmental assess-
ment for license renewal. The MACCS2 code is also routinely used in environmental
impact statements (EIS) supporting early site permits (ESP).

The agency shares its codes with other organizations under various agreements
and has organized user groups for some codes that are widely used. Two such pro-
grams are the Code Applications and Maintenance Program (CAMP) and the Coop-
erative Severe Accident Research Program (CSARP). CAMP, which has existed as
a user community for almost 30 years, includes thermal-hydraulic codes, and has
members from more than 25 nations. CSARP includes members from 20 nations
who focus on the analysis of severe accidents using primarily the MELCOR code.
Through the CAMP and CSARP programs, the NRC is able to share some of the
codes’ development and maintenance cost, while improving their quality and per-
formance.

RES has implemented over 100 international cooperative agreements with other
nuclear regulators and international organizations to share information and lever-
age resources. RES also participates in several International Atomic Energy Agency
(IAEA) and Organization for Economic Cooperation and Development (OECD) Nu-
clear Energy Agency (NEA) committees and working groups that develop safety
standards and facilitate the exchange of information between countries on topics
such as risk assessment, events and best practices. These include the IAEA Nuclear
Safety Standards Committee, the Committee on the Safety of Nuclear Installations,
the Working Group on Risk Assessment, and others. In addition, I serve as vice-
Chair for the Committee on the Safety of Nuclear Installations at the OECD/NEA.

The NRC has a robust reactor operating experience program, and we have taken
advantage of the lessons learned from previous operating experience to implement
a program of continuous improvement for the U.S. reactor fleet. We have learned
from experience across a wide range of situations, including, most significantly, the
Three Mile Island (TMI) accident in 1979. As a result of those lessons learned, we
significantly revised emergency planning requirements and emergency operating
procedures for licensees, and made substantive improvements in NRC’s incident re-
sponse capabilities. We also addressed many human factors issues regarding control
room indicators and layouts, added new requirements for hydrogen control to help
prevent explosions inside of containment, and created requirements for enhanced
control room displays of the status of pumps and valves.

Two particularly significant changes after TMI accident were the expansion of the
Resident Inspector Program and the incident response program. Today, there are at
least two Resident Inspectors at each nuclear power plant. The inspectors have un-
fettered access to all licensees’ activities, and serve as NRC’s eyes and ears at the
power plant. The NRC headquarters operations center and regional incident re-
sponse centers are prepared to respond to all emergencies, including any resulting
from operational events, security events, or natural phenomena. Multidisciplinary
teams in these centers have access to detailed information regarding licensee facili-
ties, and access to plant status information through telephonic links with the Resi-
dent Inspectors, an automated emergency response data system, and directly from
the licensee over the emergency notification system. NRC’s response would include
the dispatch of a site team to supplement the Resident Inspectors on site, and inte-
gration with the licensee’s emergency response organization at their Emergency Off-
site Facility. The program is designed to provide independent assessment of events,
to ensure that appropriate actions are taken to mitigate the events, and to ensure
that State officials have the information they would need to make decisions regard-
ing protective actions.

The NRC had a Boiling Water Reactor Mark I Containment Improvement Pro-
gram in the 1990’s, which resulted in the installation of hardened vent systems for
containment pressure relief, as well as enhanced reliability of the automatic depres-
surization system.

As a result of the events of September 11, 2001, we identified important pieces
of equipment that, regardless of the cause of a significant fire or explosion at a
plant, we want licensees to have available and staged in advance, as well as new
procedures, training requirements, and policies that would help deal with a severe
situation.

As you know, on Friday, March 11, 2011, an earthquake and subsequent tsunami
occurred near the northeast coast of Japan, resulting in the shutdown of more than
10 reactors. From what we know now, it appears possible that the reactors’ response
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to the earthquake went according to design. The ensuing tsunami, however, likely
caused the loss of emergency alternating current (AC) power to four of the six units
at the Fukushima Daiichi site. It is these four units that have received the majority
of our attention since that time. Units One, Two, and Three at the site were in oper-
ation at the time of the earthquake. Units Four, Five, and Six were in previously
scheduled outages.

Our program of continuous improvement based on operating experience will in-
clude evaluation of the significant events in Japan and what we can learn from
them. We have already begun enhancing inspection activities through temporary in-
structions to our inspection staff, including the Resident Inspectors at each nuclear
power plant and the region-based inspectors in our four Regional offices, to look at
licensees’ readiness to deal with both the design basis accidents and the beyond-de-
sign basis accidents. The information that we gather will be used for additional
evaluation of the industry’s readiness for similar events, and will aid in our under-
standing of whether additional regulatory actions need to be taken in the immediate
term.

The phenomena associated with the events at Fukushima-Daiichi involve numer-
ous disciplines in which RES has expertise and are in areas where we have already
done substantial analysis. I would now like to discuss some of these technical areas
that have been raised since the events in Japan and discuss our related existing
or planned research activities.

First, the NRC has an extensive seismic research program. Seismic safety in the
design and operation of nuclear facilities has been evolving since the development
of the first rules and guidance for seismic design by the NRC’s predecessor, the
Atomic Energy Commission. In 1998, the NRC issued a policy decision to move to-
wards a risk-informed and performance-based regulatory framework. Risk-informed
frameworks use probabilistic methods to assess not only what can go wrong, but
also the likelihood of going wrong. Over the last decade, significant advances have
been made in the ability to assess seismic hazards. The NRC is currently sponsoring
several projects in support of both an updated assessment of seismic hazards in the
Central and Eastern United States (CEUS) and an enhancement of the overall
framework under which the hazard characterizations are developed. The products
of these projects will be used in the determination of seismic hazard design levels
for new reactors and are being used in a program to reassess seismic hazards at
existing plant locations. Although no immediate safety issue has been identified, the
NRC will take action if our further analysis shows that safety improvements can
be justified.

Since the 2004 Indian Ocean tsunami, significant advances have been made in the
ability to assess tsunami hazard globally. The NRC initiated its current tsunami re-
search program in 2006. It focuses on bringing the latest technical advances to the
regulatory process and exploring topics unique to nuclear facilities. The tsunami re-
search program focuses on several key areas: landslide-induced tsunami hazard as-
sessments, support activities associated with the licensing of new nuclear power
plants in the United States, development of probabilistic methods, and development
of the technical basis for new NRC guidance. This program, which includes coopera-
tive work with the United States Geological Survey (USGS) and the National Oce-
anic and Atmospheric Administration (NOAA), has already resulted in several im-
portant publications on tsunami hazard assessments on the Atlantic and Gulf
Coasts of the United States. The publications and research results help form the
basis of NRC review of new license applications. Whether additional work is needed
for operating reactors will also be examined.

The NRC has performed extensive research since the TMI accident to understand
the phenomena associated with severe accidents and has developed analytical mod-
els that predict accident progressions and their consequences. This research includes
test programs on zirconium fires, source term analysis, molten core-concrete inter-
actions, and containment analyses.

The NRC is conducting research to estimate the possible public health and safety
consequences in the unlikely event that a severe accident occurs at a commercial
nuclear power plant in the United States. The State-of-the-Art Reactor Consequence
Analysis (SOARCA) program takes maximum advantage of extensive national and
international reactor safety research and reflects improved plant design, operation,
and accident management implemented over the past 25 years. Using computer
models and simulation tools, the NRC is developing a set of realistic consequence
estimates of accidents at two U.S. reactor sites representative of different reactor
and containment designs used in the United States. The two pilot plants are a Gen-
eral Electric boiling-water reactor (BWR) with a Mark I containment (Peach Bot-
tom) and a Westinghouse pressurized-water reactor (PWR) with a dry, sub-atmos-
pheric containment (Surry). The results of the analyses are showing thus far that
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analyzed scenarios could reasonably be mitigated, either preventing core damage or
delaying or reducing the radiation release. For cases assumed to proceed unmiti-

gated, accidents appear to progress more slowly than previously thought and usu-
glly 1("iesu1t in smaller and more delayed radiological releases than previously pre-
icted.

A Probabilistic Risk Assessment (PRA) is a structured analytical process that pro-
vides estimates of risk by (1) identifying potential initiating event scenarios that can
challenge system operations, (2) estimating the likelihood of event sequences that
lead to an adverse event such as core damage, containment failure, and offsite radi-
ological effects; and (3) estimating the consequences associated with accident se-
quences. These rankings are very valuable in the sense that resources can be di-
rected towards the major contributors to risk. There are three levels of PRA for nu-
clear power plants. Level 1 PRA covers the initiating event to the onset of core dam-
age. Level 2 PRA covers the onset of core damage to radioactive material release
to the environment. Level 3 PRA covers radioactive material release to offsite radio-
logical consequences.

The first study to use PRA methods to obtain more realistic estimates of risk asso-
ciated with severe reactor accidents was completed in 1975. In 1988 the NRC asked
the licensees to conduct Individual Plant Examinations to ensure that NRC’s regula-
tions were adequate and no undue risk was posed to the public by any plant. In
1990, NRC completed a Level 3 PRA for five commercial nuclear power plants of
different reactor and containment designs. Since this last NRC-sponsored Level 3
PRA, the design, operation, maintenance, testing, and inspection of NPPs and the
state-of-the-art in PRA technology, and data have evolved considerably. Our staff
therefore continues to improve NRC’s PRA capability and risk understanding to en-
hance PRAs role in NRC’s current risk-informed regulatory approach.

The NRC has developed independent confirmatory PRA models for operating and
new reactor nuclear plants. The NRC maintains Standardized Plant Analysis Risk
(SPAR) models that represent the 104 operating commercial plants in addition to
2 SPAR models for new reactor designs. These SPAR models are used to support
a variety of NRC regulated activities including the reactor oversight and the acci-
dent precursor programs. The SPAR models are updated periodically to reflect plant
modifications, new operating experience data, and improved risk modeling capabili-
ties (es.g., support system initiating events, external hazards, and loss of offsite
power).

As part of the PRA program, the NRC conducts human reliability analysis (HRA)
research to assess the human contribution to risk. We study human performance
because it can significantly influence the reliability and safety of nuclear plant oper-
ations. HRA research is key to understanding accident sequences and appropriately
representing their relative importance to overall risk. Research is conducted both
domestically and internationally in cooperation with other organizations. In addi-
tion, the NRC participates in and I am the Board Chairman of the OECD/NEA
Halden Reactor Project. Halden is a research facility in Norway that advances HRA
through research. Several regulatory agencies and private sector companies partici-
pate in Halden research activities. NRC continues to study human performance in
nuclear power plants and improve the methods for assessing human reliability.

Another PRA based program that measures risk is the Accident Sequence Pre-
cursor (ASP) Program. The NRC established ASP in 1979 after the TMI accident.
The ASP Program systematically evaluates U.S. nuclear power plant operating ex-
perience to identify, document, and rank the operating events most likely to lead
to inadequate core cooling and severe core damage (precursors), given the likelihood
of additional failures.

The ASP Program provides (1) a comprehensive, risk-informed view of nuclear
power plant operating experience and a measure for trending core damage risk; (2)
a partial check on dominant core damage scenarios predicted by probabilistic risk
assessments; and (3) provides feedback to regulatory activities. The NRC also uses
the ASP Program to monitor performance against the safety goal established in the
agency’s strategic plan and report significant precursors to Congress.

The NRC has previously studied spent fuel pool (SFP) issues and modified li-
censee requirements in various areas such as an aircraft impact assessment, loss
of SFP cooling, modifications to assembly configurations, and additional require-
ments following the attacks of September 11, 2001. As a result of the recent events
in Japan, an updated SFP safety study to estimate the relative consequences of re-
moving older fuel from the SFP and placing it into dry storage versus leaving it in
the spent fuel pool is being considered.

Beyond the initial steps to address the experience from the events in Japan, the
NRC staff has established a senior level agency task force to conduct a methodical
and systematic review of our regulatory processes to determine whether the agency
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should make any improvements to our regulatory system and to make recommenda-
tions to the Commission for its policy direction. This activity will have both near-
term and longer-term objectives.

For the near-term effort, we have started a 90-day review. This review will evalu-
ate the currently available information from the Japanese events to identify imme-
diate or near-term operational or regulatory issues potentially affecting the 104 op-
erating reactors in the United States, including their spent fuel pools. Areas of in-
vestigation will include: the ability to protect against natural disasters; response to
station blackouts; severe accidents and spent fuel accident progression; and severe
accident management issues. Over this 90-day period, the task force will develop
recommendations, as appropriate, for changes to inspection procedures and licensing
review guidance, and recommend whether generic communications, orders, or addi-
tional regulations are needed.

This 90-day effort includes a briefing to the Commission after approximately 30
days to provide a snapshot of the regulatory response and the condition of the U.S.
fleet based on information it has available at that time. This briefing, which oc-
curred on May 12, also ensured that the Commission is both kept informed of ongo-
ing efforts and prepared to resolve any policy recommendations that surface. How-
ever, over the 90-day and longer-term efforts the task force will seek additional
stakeholder input. At the end of the 90-day period, a report will be provided to the
Commission and to the public in accordance with normal Commission processes, and
it will be provided to the Advisory Committee on Reactor Safeguards for its review.
The task force’s longer-term review will begin as soon as the NRC has sufficient
technical information from the events in Japan.

The task force will evaluate all technical and policy issues related to the event
to identify additional potential research, generic issues, changes to the reactor over-
sight process, rulemakings, and adjustments to the regulatory framework that
should be pursued by the NRC. The task force is also expected to evaluate potential
interagency issues, such as emergency preparedness, and examine the applicability
of any lessons learned to non-operating reactors and materials licensees. The task
force is expected to seek input from stakeholders during this process. A report with
appropriate recommendations will be provided to the Commission within 6 months
of the start of this evaluation. Both the 90-day and final reports will be made pub-
licly available in accordance with our regulatory decision making. The NRC has ex-
pertise in a multitude of technical disciplines and has performed significant re-
search in the past related to reactors, materials, and waste. In light of the events
in Japan, the NRC has initiated a near-term evaluation of the events’ relevance to
the U.S. nuclear power plants, and we are continuing to gather the information nec-
essary for us to take a longer, more thorough look at the events and their lessons
for us. Based on the lessons learned from these efforts, we will pursue additional
{?gsulgtory actions and research, as needed, to ensure the continuing safety of the

.S. fleet.
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May 13, 2011

The United States Nuclear Regutatory Commission (NRC) is an independent Federal agency
established to license and reguiate the Nation's civiiian use of byproduct, source, and special
nuclear materials to ensure adequate protection of public health and safety, tc promote the
common defense and security, and to protect the environment. The Office of Nuclear
Regulatory Research (RES) is a major NRC program office, mandated by Congress and
created along with the NRC in 1975. The NRC regulatory research program addresses issues in
the arenas of nuclear reactors, nuclear materials, and radioactive waste. RES plans,
recommends, and implements programs of nuclear regulatory research, standards
development, and resolution of generic issues for nuclear power plants and other facilities
regulated by the NRC. We work with the regulatory offices to develop appropriate regulatory
actions to resolve potential safety issues for nuclear power piants and other facilities regulated
by the NRC.

RES coordinates the development of consensus and voluntary standards for agency use,
including appointment of agency staff to numerous domestic and international standards
committees. RES implements internationai cooperative agreements with other regulators and
organizations to share information and leverage resources. RES participates extensively in
several International Atomic Energy Agency (IAEA) and Organisation for Economic Cooperation
and Development Nuclear Energy Agency (OECD/NEA) committees and working groups that
facilitate the exchange of information.

The phenomena associated with the events at Fukushima-Daiichi involve numerous disciplines
in which RES has expertise and has done substantial analysis. NRC has seismic and tsunami
research programs that use current geologic information to assess the risks to each plant. The
NRC has been using probabilistic risk assessment (PRA) methods to obtain estimates of risk for
several years, and the Research staff continues to improve our PRA capabilities and risk
understanding to enhance PRA’s role in NRC's current risk-informed regutatory approach. RES
has developed independent confirmatory PRA models for operating and new reactor nuclear
plants, and we update the models to reflect the current design of the plant. As part of our PRA
efforts, RES conducts human reliability analysis (HRA) research to assess the human impact to
risk. This research is conducted both domestically and internationally in cooperation with other
organizations.

The NRC has previously studied spent fuel pool (SFP) issues and impiemented additional
requirements to minimize SFP vulnerabilities. Following the event in Japan, we have begun an
updated SFP study to estimate the relative consequences of removing older fuef from the SFP
and placing it into dry storage versus leaving it in the SFP. In addition, Chairman Jaczko, with
the full support of the Commission, directed the staff to establish an agency task force to
conduct a systematic review of our regulatory processes to determine whether the agency
shouid make additional improvements.
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Chairman BROUN. Thank you very much, Dr. Sheron.
I now recognize our next witness, Mr. Lake Barrett, Principal of
L. Barrett Consulting, LLC.

STATEMENT OF MR. LAKE BARRETT, PRINCIPAL, L. BARRETT
CONSULTING, LLC

Mr. BARRETT. Thank you very much, Mr. Chairman, Ms. Ed-
wards, and Chairman Hall. I appreciate the opportunity to be here
before you today.

I would like to just quickly try to go through what happened at
Fukushima-Daiichi plant. It is a large, six reactor facility on the
northeast coast of Japan. On March 11, there was a huge earth-
quake. The earthquake was slightly beyond the design basis of the
plant, but the safety systems all performed satisfactorily there.
There was a greater-than-designed basis tsunami, a huge wave
that surrounded the plant as you can see in the lower right-hand
corner, and when it hit, it took out all the emergency A/C power
in the plant. They were able to cool the core for about eight hours
using a backup system that was operated with batteries. After
about eight hours the battery power exhausted and there was no
more cooling, and the core started to uncover and overheat. As the
core overheated, it started to melt and there was a steam cloud
interaction producing hydrogen. This led to an over-pressurization.
The primary containment was vented to the secondary containment
and there was hydrogen gas in that. That led to an explosion in
the Unit 1 building, and then there was another explosion in the
Unit 3 building.

Units 1, 2, and 3 were operating at the time of the earthquake
and tsunami. The operators started to inject seawater to cool the
core and through the feed and bleed operation, and they are doing
that to this day now. They are working to restore recirculation cool-
ing. They also have had to spray water up onto the spent fuel
pools, which are in the upper areas, with fire trucks in the begin-
ning. They now have an injection boom with a concrete injection
pump.

Thirty years ago at Three Mile Island there was another accident
that had core degradation also. There were entirely different rea-
sons for the accident at Three Mile Island. It was the Unit 2 reac-
tor which is in the foreground on this photo. At Three Mile Island,
it was an operator misunderstanding of the reactor system. There
was an abnormal shutdown and a valve stuck open. The operators
thought it was closed and the operators thought there was too
much water in the reactor, when in reality there was not enough.
They turned off the emergency pumps and this led to the core
being overheated. It melted approximately a little over half of the
core. This is what I expect we will find at Fukushima when they
eventually get inside. Hydrogen gas was generated. The hydrogen
gas did have a deflagration event, but it was contained primarily
within the reactor building. There was about a half a million gal-
lons of highly radioactive water on the floor of the containment
building. This would be a sequence of how the core would melt and
redistribute down toward the bottom of the vessel, which again, as
reported last night from Japan, is a situation like in Unit 1.
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At Three Mile Island, sophisticated clean up systems were in-
stalled, and the spent fuel pool, which was empty. Special refueling
tools were built and damaged fuel, the damaged fuel was placed in
canisters. This was safely completed in about a decade, cost about
$1 billion and about 3 million gallons of highly radioactive water
was processed.

At Fukushima, they are still stabilizing the plant. It is not stable
yet. They are looking to establish clean areas. They are working to
mitigate the airborne releases, which are unmonitored. They are
working to capture the 10-plus million gallons of highly radioactive
water that is in the plant, and gain access. This is just an old pic-
ture of the four reactors that are severely damaged at Fukushima,
another side angle where you can see some of the vapors coming
off probably the spent fuel pools and the reactors, which are located
down in the lower parts of the buildings. They are taking mitiga-
tive actions to mitigate the airborne effluents such as spraying res-
ins and fixatives on the contaminated soil on the plant site. There
is also the work to contain the tens of millions of gallons of highly
radioactive water. They have robotic equipment trying to remove
the highly radioactive debris from the site so they can gain access
to the buildings inside. There is offsite contamination, but it is not
that severe, but nonetheless it significant.

My observations on Fukushima: it is not a public health catas-
trophe, it certainly is an industrial plant catastrophe. The tsunami
was the critical safety matter. I think Units 1 and 4 are a complete
loss, but the cleanup, I believe, can be done. The technology is
there. We had it 30 years ago at Three Mile Island, and it is much
better today than it was back then. The Japanese have a strong
technological society, and I believe they can handle this in the fu-
ture, but they still have challenges. As far as U.S. plants, I believe
they have adequate safety margins today. The tsunami risk was
the main issue for safety. That is primarily limited to the north-
west coast of the United States. We have no operating reactors
there on the coast, but there are two shut down reactors that have
spent fuel that is stored there, and that is a risk that probably
shouldn’t be there. But it is a small risk because it is in dry stor-
age.

The United States has done a lot of work in severe response im-
provements over past decades, and I think that is a good basis for
the United States, but we need to have a systematic, methodical
risk informed, lessons learned evaluation. The industry is doing it,
and so is the NRC. We should resist quick fix, emotional reactions
to this until we get the facts and learn what has happened and
what is the right course of action.

The lessons learned from Three Mile Island greatly improved
U.S. nuclear safety and productivity. The most painful lessons are
the most teachable lessons, and we had very painful lessons at
Three Mile Island and we are wundergoing one now with
Fukushima. I believe history will probably look back, if we keep on
a steady course, that Fukushima will improve our entire energy sit-
uation, improve safety and performance for the future, just like
Three Mile Island did 30 years ago.

Thank you very much.
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[The prepared statement of Mr. Lake Barrett, Principal of L.
Barrett Consulting, LL.C, follows:]

PREPARED STATEMENT OF MR. LAKE BARRETT, PRINCIPAL OF L. BARRETT
CONSULTING, LL.C

Chairman Broun, Chairman Harris, Ranking Member Edwards, and Ranking
Member Miller, good morning and I am honored to appear before you today to
present my views on the events surrounding the incident at the Fukushima Daiichi
nuclear reactors in Japan, the current status of reactor safety in the United States,
and how the events at Fukushima can inform policies and technology advancement
to improve safety and risk management for nuclear facilities. I am presenting my
views as a private person in the context of my experience as the Nuclear Regulatory
Commission Site Director in charge of recovery and cleanup at Three Mile Island.

On March 11, 2011 a subduction slip fault, where the Pacific plate slides under
the Japan plate, snapped and released a tremendous amount of energy causing a
massive 9.0 earthquake that shocked the north east coast of Japan. The earthquake
caused a massive. tsunami that hit the coast approximately one hour after the
earthquake. This was reported as the largest earthquake to hit Japan in over the
last 1,000 years. The earthquake and tsunami caused immense destruction through-
out northern Japan destroying entire towns and killing over 20,000 persons with
early damage estimates of over $300 billion.

The massive earthquake took down the northern Japan power grid causing the
operating major power plants in the region to automatically shutdown. The
Fukushima Daiichi power reactor complex was impacted by the earthquake and the
three operating reactors there safely shutdown. Although the earthquake dynamic
loading was reportedly slightly above the seismic design basis of the facility, there
was no reported damage to safety systems and the shutdown appeared to function
normally despite the massive earthquake. The emergency diesels started as de-
signed and there was no reported significant structural damage to safety systems.

Approximately one hour after the earthquake, a massive 15 meter high tsunami
hit the Fukushima Daiichi site and overwhelmed the tsunami protections that had
a reportedly nominal design basis of 5.7 meters with the major facility buildings lo-
cated approximately 10 meters high. This ultra high “mega” tsunami flooded all the
emergency diesels, swept away their fuel supplies, and destroyed much of the elec-
trical switch gear. This complete loss of AC power and destruction of electrical com-
ponents resulted in an extended “station blackout” situation.

With the loss of all AC electric power, reactor Units 1, 2, and 3, which had auto-
matically shutdown, were then cooled by their DC battery controlled backup cooling
systems: an isolation condenser for the older Unit 1 reactor and the steam turbine
driven Reactor Core Isolation Cooling system pumps at the newer larger Units 2
and 3. After approximately 8 hours these backup systems apparently failed and thus
the operators were unable to remove the decay heat from the reactor cores. The op-
erators and government officials declared a site emergency and initiated a phased
evacuation and sheltering order in areas surrounding the site with a 30 KM radius.

With the loss of cooling, the reactor primary coolant system water in the reactor
core started to boil away and increase the primary coolant system pressure. This
led to either an automatic opening of the system overpressure protection relief
valves or manual opening of the valves to relieve primary system pressure by re-
leasing steam to the primary containment suppression pool in the basement of the
reactor building, The continued loss of coolant lowered the reactor vessel water level
such that the core became uncovered, but was bathed in superheated steam, With
this loss of cooling water, the fuel cladding temperatures increased significantly
until the zirconium alloy rods that encase the uranium fuel pellets over heated, be-
came over pressurized, and likely burst As the temperatures further increased there
was a chemical reaction between the zirconium alloy cladding material and the
superheated steam, The chemical reaction was an oxidation of the zirconium metal
by the oxygen in the steam which produced additional heat and also hydrogen gas,
This release of additional gas and energy into the primary coolant system led to fur-
ther over pressurization of the primary coolant system which in turn led to further
release of steam, which now contained hydrogen and noble gas fission products, into
the suppression pool and primary containment.

Since there were no cooling systems available to cool the primary containment
system suppression pool, the water temperature of the suppression pool began to
rise past the boiling point and the primary containment system pressure began to
rise, At some point, likely around 5 atmospheres of pressure, the primary contain-
ment system was in danger of over pressurizing toward a possible structural failure,
Although I do not know exactly what happened at this point, it appears that the
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operators manually released pressure from the primary containment to prevent a
failure of the primary containment system, They were likely trying to vent the
steam, hydrogen, and fission product gas mixture through filters and up the 100
meter ventilation stack, However, for some unknown reasons, there may have been
leaks in the system or they may have intentionally vented the gas mixture into the
reactor building (which serves as a secondary containment) trying to minimize re-
leases of radioactive materials to the environment Regardless of the operator ac-
tions, the hydrogen gas apparently mixed with oxygen rich natural air in the reactor
building resulting in an explosive gas mixture within the reactor building,

Some unknown ignition source ignited the explosive gas mixture resulting in the
destruction of the roof and upper sides of the Unit 1 and Unit 3 reactor buildings,
As expected, the hot gases rose toward the top of the reactor building doing the
most damage to the upper areas, The primary containment system boundary in the
lower levels of these reactor buildings seemed to not be seriously compromised and
seemed to maintain their ability to contain and scrub fission products from hot ra-
dioactive effluents venting from the primary coolant system,

Although no details are yet available on specific mitigation actions that the opera-
tors were taking to cool the reactor cores and mitigate the release of radioactive re-
leases, there was one heroic effort apparently made to prevent a hydrogen explosion
in Unit 2 reactor building, The operators went into the Unit 2 reactor building and
removed a side wall panel to allow hydrogen gas to naturally diffuse into the envi-
ronment before it could build up to explosive levels and ignite, There was however,
a reported explosion in the lower regions of the Unit 2 reactor building that likely
damaged the primary containment; however information as to the situation there
is not yet available,

Portable diesel power generators and fire engine pumps were brought into the site
as soon as possible, however, the huge extent of earthquake and tsunami damage
to the local area was a major delaying factor.

Eventually the operators were able to connect the fire truck pumps to directly in-
ject seawater into the reactor cores of Units 1, 2 and 3 to start removing decay heat
from the cores, thus likely preventing further core overheating and damage, Unfor-
tunately, considerable damage was already done to the cores, but with the seawater
and later freshwater injection to the cores, the situation seems to have stabilized.

At the time of the earthquake and tsunami the Unit 4 reactor was shut down for
maintenance with its reactor core removed from the reactor vessel and placed in its
spent fuel pool. Several days after the earthquake and tsunami there was one or
more major explosions in the Unit 4 reactor building. At this point, I do not know
the source of explosion energy. At an early time, it was theorized that the Unit 4
spent fuel pool may have overheated, but recent water samples from the Unit 4 pool
do not indicate major fuel damage. So at this point, more information is necessary
to determine what happened in Unit 4.

Although information is very sketchy, it seems based on water samples taken,
there has been damage to spent fuel that is stored in the Units 2 and 3 spent fuel
pools. Information as to what happened in these pools is still unavailable, so it is
impossible to determine the significance at this time, but it certainly appears that
something of significance occurred. Once information becomes available, a careful
analysis should determine what happened and what are the appropriate lessons
learned regarding spent fuel pool storage safety.

The U.S. Three Mile Island Unit 2 (TMI) accident back on the morning of March
28,1979 resulted in similar reactor core overheating and core damage similar to
what has now happened to the cores in the Fukushima Units 1,2 and 3. The TMI
accident led to localized core melting, hydrogen generation and release of radioactive
materials from the reactor core, but for entirely different reasons. Although the
physical core degradation mechanisms were similar for TMI and Fukushima, I ex-
pect that the primary safety lessons learned will be different because of different
circumstances involved.

At Three Mile Island there was no natural catastrophe as at Fukushima. It was
a major man-machine interface problem when, during an abnormal reactor shut-
down, the reactor operators were not aware of a stuck open pressurizer relief valve,
which had a faulty valve position indicator, resulting in the operators believing that
there was too much water in the reactor when actually there was not enough. The
operators stopped automatic water injection when they should not have done so. The
lack of water injection led to the core becoming uncovered and grossly overheating.
As in the Fukushima cores, the fuel cladding burst, chemically reacted with super-
heated steam, released hydrogen gas and melted approximately 50% of the reactor
core. Again, as at Fukushima, the TMI primary coolant system over pressurized and
radioactive steam, hydrogen gas, and radioactive fission products were released into
the TMI reactor containment building. The hydrogen gas mixed with the oxygen in
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the air inside the TMI containment building and ignited in a deflagration burn wave
pressure spike that was fully contained within the primary containment. At TMI
there was no breach of the primary containment system.

Once the TMI operators realized what the reactor situation was, cooling water
was immediately added and a sustainable core cooling function was restored later
on the first day by operating the large main coolant pumps. Decay heat was then
removed through the steam generators until cold shutdown was achieved.

The operation of the main coolant pumps required some highly contaminated pri-
mary coolant to be circulated into the Auxiliary Building which led to some radio-
active gases being released into the Auxiliary Building ventilation system. Virtually
all significant releases were contained within the reactor containment building.

There were approximately two and one half million gallons of highly radioactive
water generated during the accident and recovery that needed to be cleaned up. All
the accident related water was contained on site and special water processing sys-
tems were built to remove the radioactive fission products, primarily Cesium and
Strontium. Eventually the processed accident water was safely discharged by evapo-
ration.

The stabilization and cleanup of TMI took approximately a decade and cost ap-
proximately one billion dollars. Building accesses had to be established, ventilation
system improvements made, high radiation areas mitigated, radioactive water re-
moved, buildings decontaminated, building infrastructures (e.g. cranes) restored, ac-
cess to the damaged reactor cores accomplished, special defueling systems deployed,
packaging of damaged fuel and other highly radioactive waste products completed,
temporary onsite storage facilities constructed, and eventual offsite shipment of the
damaged fuel and radioactive wastes for lessons learned research and development
accomplished. This was safely achieved with virtually no offsite environmental im-
pacts.

There were no radioactive injuries or adverse health effects from the Three Mile
Island accident and cleanup. Inadequate operator response to deficient control room
instrumentation proved to be the root cause of the accident. The primary lessons
learned from TMI was that a much better integration of the operator’s under-
standing of the reactor systems was needed during off normal events. Major indus-
try wide improvements were instituted which included creation of the Institute of
Nuclear Power of Operations (INPO) and risk informed regulatory processes. Thus
the TMI lessons learned responses led to improved U.S. nuclear safety and improved
reactor productivity.

It should be noted that the sister Three Mile Island Unit 1 reactor, which has
a similar design to the damaged Unit 2, was restarted after a thorough lessons
learned review and continues to operate safely today with one of the highest capac-
ity factors in the country.

I believe Fukushima is nearing the end of their initial stabilization period and
will hopefully soon be entering their recovery/cleanup and lessons learned phases.
They are working to establish closed circuit core cooling for Units 1, 2 & 3 so that
they do not continue to create large quantities of highly radioactive water con-
taining fission products and continuing radioactive gas venting. In addition, they
are working to mitigate the releases of contaminated water that has accumulated
in all the reactor and turbine buildings by installing new water storage tanks and
processing systems. Airborne releases are being mitigated by the installation of air
filtration systems and spraying of resin fixatives to onsite areas that were highly
contaminated by earlier airborne releases. Even though the radioactive effluent
mitigation challenges are great, I expect they should be able to establish sufficient
capability to minimize any future significant radioactive releases from the site.

In summary, it is my view that the public health consequences of the Fukushima
accident should be infinitesimal when compared to the impact of the earthquake
and tsunami. From a radiological perspective, this should be inconsequential from
a national public health perspective. There are some areas to the northwest where
Cesium and likely Strontium contamination has deposited and significant remedi-
ation challenges will have to be addressed.

From an overall reactor safety perspective, I expect that there will be much
learned from Fukushima that will confirm present U.S. safety margins and should
also provide information to further improve reactor safety in the coming years. The
fundamental U.S. reactor safety level that exists today is likely to be demonstrated
as adequate because there is a limited tsunami risk to most U.S. reactor facilities.
The only significant tsunami risk area in the U.S. is in the Northwest Pacific coast
where there are no exposed operating reactors, but there are two shutdown reactor
sites which have stranded spent nuclear fuel in dry storage casks. In my view, I
believe that all stranded spent fuel at shutdown reactor sites should be removed to
completely eliminate ‘all radiological risks at these decommissioned sites.
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There are two other southern Pacific coast reactors, Diablo Canyon and San
Onofre; however, I expect that further reviews will confirm there are adequate tsu-
nami safeguards already in place at these sites that should demonstrate adequate
facility safety.

In the U.S. a lot of attention has already been placed on severe accident mitiga-
tion over the last 25 years and especially since September 11, 2001. Many safety
improvements have already been made which I believe will demonstrate that U.S.
reactors are well prepared to withstand severe accidents regardless of the initiating
event. So although a systematic methodical risk informed Fukushima lessons
learned evaluation should be performed and enhancing improvements should be
made, I expect that fundamental existing severe accident safety margins will basi-
cally be confirmed.

I strongly recommend that the U.S. lessons learned process be methodical, delib-
erate, risk informed and primarily led by private industry. The independent Nuclear
Regulatory Commission will do their own safety reviews into the adequacy of their
regulations with their own lessons learned function. NRC and DOE nuclear research
programs should be adjusted as more is learned.

The NRC should resist political or emotional calls for quick actions in one area
or another until a thoughtful, fully informed lessons learned analysis is completed
based on facts and public health and safety significance. Of course, if some imme-
diate safety issue is discovered requiring immediate action, the NRC has all the nec-
essary authority to act as necessary, but only when a clear significant safety situa-
tion exists.

Three Mile Island lessons learned programs strengthened U.S. nuclear energy in
many different ways. The most painful lessons are often the most teachable. Al-
though we are just beginning to understand the Fukushima lessons, I firmly believe
that they will further strengthen U.S. nuclear energy programs and other nuclear
energy programs throughout the world.
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Chairman BROUN. Thank you very much, Mr. Barrett. We have
been notified that we will be taking votes shortly, but what we are
going to do is we are going to hear from the last two witnesses and
then recess. We are going to go vote and we are going to come back
for questions.

So I now recognize our next witness, Dr. John Boice, Scientific
Director of the International Epidemiology Institute.

STATEMENT OF DR. JOHN BOICE, SCIENTIFIC DIRECTOR,
INTERNATIONAL EPIDEMIOLOGY INSTITUTE

Dr. BoicE. Thank you, Mr. Chairman, ranking Members, and
Members of the Subcommittee. I am a radiation epidemiologist,
and I have spent my entire career studying populations exposed to
radiation, from Chernobyl cleanup workers to populations living
near nuclear power plants. I was in Hiroshima just a few days be-
fore the accident as a member of the Science Council of the Radi-
ation Effects Research Foundation, reviewing the study of atomic
bomb survivors.

Fukushima is not like Chernobyl. The Chernobyl accident re-
sulted in massive radiation exposures. There was no containment
vessel, and a fire burned for 10 days, spewing radioactive material
into the environment. The first responders and the fire fighters re-
ceived so much radiation that 28 died of acute radiation sickness
within a few months. Radioactive iodines were deposited on large
areas, and were ingested by grass-eating cows who gave milk that
was drunk by children, and an epidemic of thyroid cancer resulted.

In contrast, Fukushima appears to have resulted in substantially
lower worker and public exposures. The Japanese authorities
raised the annual limit of worker exposure from 2 to 25 rem, but
only 21 workers received more than 10 rem. These levels are far
below the hundreds of rem needed to cause acute radiation sick-
ness, but they are sufficient to increase the lifetime risk of devel-
oping cancer over their lifetimes by about 1 percent.

Exposure to the public was minimal in large part because the
prevailing winds blew much of the radioactive releases toward the
ocean, and because of the actions taken by the Japanese authori-
ties. They evacuated people living within 20 kilometers of the
Fukushima plant, and recommended that those within 30 kilo-
meters stay indoors to minimize exposure. They monitored the food
and water supplies, and banned the shipment of foodstuffs and
milk when the radiation levels exceeded allowable standards.
These protective measurements, including the distribution of stable
iodine pills or syrup for children minimized public doses, and sub-
sequently, there was unlikely to be any or minimal health con-
sequences. This is borne out in a survey of over 1,000 children who
had their thyroids measured for possible uptakes of radioactive io-
dine. Not one child had a measurement above normal. Nonetheless,
some of the prevailing winds did blow toward populated areas and
these areas will be a concern for remediation before allowing public
access to return.

Fukushima is 5,000 miles away from the United States, and ra-
diation is substantially diluted after traveling such a long distance.
The detection of trace amounts of radiation speaks more about the
sensitivity of our detectors than to the possible consequences to
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public health. They pose no threat to human health. They rep-
resent at most only a tiny fraction of what we receive each day
from daily sources of radiation.

The minute levels of radioactive iodine detected in milk in Wash-
ington State were 5,000 times below the levels set by the FDA to
trigger concern. An infant would have to drink hundreds of gallons
of milk to receive a radiation dose equivalent to a day’s worth of
natural background radiation exposure. These trace levels are not
a public health concern, and potassium iodide tablets should not be
taken as a preventive measure to block the thyroid’s uptake of such
tiny levels. There are potential adverse effects from taking these
tablets, and these risks have to be a balance against a non-existent
benefit.

We live in a radioactive world. If I could have that first slide?

[Slide]
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In comparisons might help place the radiation levels from
Fukushima in context. Practically all the food we eat contains
small amounts of naturally occurring radioactive elements. We
breathe radioactive radon. Bricks and granite contain radioactive
materials that emit gamma radiation. The Capitol building has
some of the highest radiation levels in the United States. Water
contains small amounts of radioactive radium, thorium, and ura-
nium.

These examples are not to minimize the health consequences of
high and moderate exposures, but just to place in perspective the
tiny amounts from Fukushima which pose no public health prob-
lems to the United States.

The Fukushima accident, however, highlights the need for con-
tinued health research to fill important gaps in knowledge. We
know much about the effects of high levels of radiation when re-
ceived briefly, as was the case for the atomic bomb survivors whose
exposure was in less than a second. However, the level of risk fol-
lowing exposures experienced gradually, over long periods of time,
are uncertain and remains the major unanswered question in radi-
ation epidemiology and risk assessment.

One untapped opportunity that should not be wasted is to study
our own U.S. radiation workers and veterans. The Low Dose Radi-
ation Program within the Department of Energy had the foresight
to provide seed money to evaluate the feasibility of studying one
million Americans, and this comprehensive work should continue.
The studied populations include Department of Energy and Man-
hattan Project workers, atomic veterans who participated in nu-
clear weapons tests, nuclear utility workers, and others.

Thank you very much for this opportunity to appear before you.

[The prepared statement of Dr. Boice follows:]

PREPARED STATEMENT OF DR. JOHN BOICE, SCIENTIFIC DIRECTOR, INTERNATIONAL
EPIDEMIOLOGY INSTITUTE

Good morning, Mr. Chairmen, ranking Members, and Members of the Sub-
committee. I am pleased to discuss the possible health implications of radiation from
the Fukushima Daiichi nuclear power plant accident in Japan. Just a few days be-
fore the natural disasters struck on March 11, 2011, I was in Hiroshima, Japan as
a member of the Radiation Effects Research Foundation’s Science Council, reviewing
the study of atomic bomb survivors. I would like to begin by expressing my heartfelt
sympathy for the families of the tens of thousands who lost their lives as a result
of the tsunami and earthquake and for the hundreds of thousands who have been
displaced from their homes and livelihoods. The health consequences associated
with the radiation exposures emanating from the Fukushima Daiichi plant pale in
comparison.

As background, I am a radiation epidemiologist and Professor in the Department
of Medicine at Vanderbilt University and Scientific Director of the International Ep-
idemiology Institute. I have spent my career studying human populations exposed
to radiation, including Chernobyl clean-up workers, patients receiving diagnostic
and therapeutic radiation, underground miners exposed to radon, nuclear energy
workers, atomic veterans, persons living in areas of high background radiation and
U.S. populations living near nuclear power plants and other facilities. I am also a
commissioner of the International Commission on Radiological Protection, an emer-
itus member of the National Council on Radiation Protection and Measurements, a
U.S. delegate to the United Nations Scientific Committee on the Effects of Atomic
Radiation, and a member of the Congressionally-mandated Veterans Advisory Board
on Dose Reconstruction.

My remarks will cover five areas:

e Fukushima is not Chernobyl.
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e The health consequences for Japanese workers and public appear to be minor.

e The health consequences for United States citizens are negligible to non-
existent.

e We live in a radioactive world.

e There is a pressing need to learn more about the health consequences of radi-
ation in humans when exposures are spread over time at low levels and not re-
ceived briefly at high doses such as in atomic bomb survivors.

Fukushima is not Chernobyl [Slide 1]

The Chernobyl accident on April 26, 1986, resulted in massive radiation expo-
sures, both to the emergency workers putting out the ensuing fire and to the envi-
ronment. There was no containment vessel and after the explosion a fire burned for
ten days and spewed radioactive particles continuously into the environment. The
emergency workers, the first responders and fire fighters, received so much radi-
ation that 28 of them died of acute radiation sickness within a few months of expo-
sure. Those who survived developed cataracts at a high rate and several subse-
quently died of myelodysplastic disorders. Radioactive iodines were deposited on
large areas throughout the Ukraine, Belarus and Russian Federation and were in-
gested by cows who gave milk that was drunk by children, and an epidemic of thy-
roid cancer ensued beginning about five years after the accident. Over 520,000 re-
covery workers were sent to clean up the environment and build the so-called sar-
cophagus to contain the damaged nuclear reactor. To date there is little conclusive
evidence for adverse health effects associated with radiation received during these
clean-up operations. There have, however, been indications of severe psychological
stress and increased rates of suicide.

In contrast, while the radiation releases from Fukushima [Slide 2] are estimated
to be up to 10% of that from Chernobyl, there appears to be substantially less work-
er and public exposure. The Japanese authorities relaxed the allowable annual limit
of worker exposure from 2 to 25 rem for this emergency situation, but only about
21 workers received more than 10 rem and only two workers received between 20
and 25 rem. These levels are far below the hundreds of rem needed to cause acute
radiation sickness. Those workers who experienced levels over 10 rem to their entire
body, however, have an increased lifetime risk of developing cancer of about 1-2%
over the expected normal lifetime rate of about 42%. There were reports of high ra-
diation fields in the vicinity of the damaged reactors and spent fuel storage ponds
and with the contaminated water, but apparently the Japanese authorities rotated
workers in such a way that cumulative exposures to individuals were minimized.
Three workers received beta particle exposures to their legs from an estimated 200-
300 rem to the skin, but the health consequences of these localized exposures were
minimal and resulted in only a reddening of the skin.

Exposure to the public was minimal in large part because of the prevailing winds
and the quick action taken by the Japanese authorities. The prevailing winds were
generally to the east and over the ocean and thus did not result in meaningful radi-
ation exposures to the Japanese public. In contrast to the circumstances around
Chernobyl where the authorities failed to alert or evacuate the surrounding popu-
lations until several days had passed, the Japanese government quickly evacuated
persons living within 20 km of the Fukushima Daiichi plant and recommended that
those living within 30 km stay indoors to minimize any possible exposure to radio-
active releases. In addition, they immediately monitored the food and water supplies
and banned the shipment of foodstuffs and milk where the radiation levels exceeded
allowable standards.

These protective action measures, including the distribution of stable iodine pills
(or syrup for children), minimized public doses and suggest that there will be mini-
mal health consequences associated with any radiation exposures to the Japanese
public. This is borne out in one survey of over 1,000 children who had their thyroids
measured for possible uptakes of radioactive iodine. Not one child had a measure-
ment above detectable limits. This is in contrast to children living near Chernobyl
for whom large numbers had extremely high levels of radioactive iodine detected in
their thyroids from drinking contaminated milk shortly after the accident.

Nonetheless, some of the prevailing winds did blow toward populated areas short-
ly after the accident and during the hydrogen explosions, and to the north-west in
particular. Rain, snow and hail deposited radioactive particles in certain regions, in-
cluding some beyond 20 km, and these areas will be a concern for remediation be-
fore allowing public access or return. The Japanese authorities are considering reg-
ular medical examinations for workers and inhabitants who received more than 10
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rem. To reduce anxiety, they are considering medical check-ups for those who may
have received between 2 to 10 rem. They are also grappling with important issues
as to when and how to allow evacuated inhabitants to return to their homes. Child-
hood exposures are of particular concern and topsoil is already being removed from
some school playgrounds.

Thus, while Fukushima is clearly a major reactor accident, the potential health
consequences associated with radiation exposures in terms of loss of life and future
cancer risk are small, particularly in contrast with those resulting from the
Chernobyl accident some 25 years ago.

For completeness, the 1979 reactor accident at Three Mile Island did not release
appreciable amounts of radioactive substances into the environment, and public and
even worker exposures were minimal. The average dose to people in the area was
only about 1 millirem, or about what would be received in three days from sources
of natural background radiation to the surrounding population.

The health consequences for United States citizens are negligible to non-
existent. [Slide 2]

Fukushima is 5,000 miles away from the United States and the radiation that has
been detected was substantially diluted after traveling such a long distance. The de-
tection of trace amounts of radiation speaks more about the potential health con-
sequences from the radiation itself. In addition to EPA’s RadNet system that mon-
itors water, milk and the atmosphere, the Department of Energy has radiation mon-
itoring equipment that can detect minute quantities of radioactive particles from the
other side of the world as part of the Comprehensive Nuclear Test Ban Treaty. The
tiny amounts of detected radioactive materials from Fukushima pose no threat to
human health. They represent, at most, only a tiny fraction of what we receive each
day from natural sources, such as the sun, the food we eat, the air we breathe and
the houses we live in.

It is impressive that radiation monitors can detect levels of radioactive iodine-131
as low as 0.03 Bq/L (0.8 pCi/L) in milk in Washington State; this is the decay of
one radioactive atom per second in about 33 gallons of milk. Such a level is 5,000
of times below the Derived Intervention Level set by the Food and Drug Administra-
tion to trigger concern over radionuclides in food. An infant would have to drink
hundreds of gallons of milk to receive a radiation dose equivalent to a day’s worth
of natural background radiation exposure. Such tiny levels of radiation are incon-
sequential compared with the levels we experience in daily life.

Interestingly, the radiation monitoring stations in Washington State had to detect
radionuclides other than iodine-131 in order to distinguish radiation from
Fukushima from that at any local hospital in the area. Most nuclear medicine de-
partments use radioactive iodine for imaging the thyroid and to treat thyroid dis-
eases, and patients are discharged shortly after intake and remain radioactive for
several months, releasing small but detectable levels of radioactive iodine into the
environment.

The trivial levels of radiation from Japan, while detectable, should not be of a con-
cern and Americans should not take stable iodine (potassium iodide pills, KI) as a
preventive measure to block the thyroid’s uptake of radioactive iodine. There are po-
tential adverse health effects from taking KI pills and these risks have to be bal-
anced against a nonexistent benefit.

We live in a radioactive world. [Slide 3]

To place the radiation levels from Fukushima in brief perspective, it is important
to recognize that we live in a radioactive world. A banana, for example, has 10 Bq
of activity, that is, 10 radioactive potassium atoms decay every second. All the food-
stuffs we eat that contain potassium also contain a small amount of radioactive po-
tassium, a primordial element with a billion year half-life. There are no concerns
and no health consequences from such exposures.

We breathe radioactive radon which contributes over the year to about 210
millirem of natural background radiation. Bricks and granite contain radioactive
materials that result in radiation exposures to the public (20 millirem). The Capitol
Building was constructed with granite and is frequently cited as having some of the
highest radiation levels in all of the United States, about 85 millirem per year.
Water contains small amounts of radioactive radium, thorium and uranium, all
within allowable limits.

Not only do we live in a radioactive world, our bodies are radioactive (30 millirem
per year). Each second over 7,000 radioactive atoms in our bodies decay and can
irradiate those sitting next to us. The atoms are largely radioactive potassium in
our muscles and carbon-14 in our tissues. The amount of radiation we receive each
year from medical sources (300 millirem), such as CT and medical imaging, equals
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the amount received from natural sources (300 millirem). International travel in-
creases our exposure to cosmic rays and space radiation. A roundtrip from Dulles
to Tokyo would result in 20 millirem. Living in Denver for a year results in 450
millirem of radiation dose, or 35% more than the U.S. average of 310 millirem from
natural sources. About 2.5 million Americans (0.8% of the population) receive more
than 2,000 millirem per year from natural sources.

These examples are not to minimize the health consequences of high-level expo-
sures which are clearly demonstrable in human populations and include acute radi-
ation sickness at very high doses in excess of 200 rem and an increase in cancer
at moderate doses above about 10 rem (10,000 millirem). The examples do indicate,
however, that we live in a world of exposures to the U.S. population from
Fukushima are tiny and thousands of times below U.S. standards or guidelines
where remedial action would be triggered.

What research is needed? [Slide 4]

Although we know much about the health effects of high levels of radiation when
received briefly, as was the case for atomic bomb survivors, the risk following expo-
sures experienced gradually over time is uncertain and remains the major unan-
swered question in radiation epidemiology.

One untapped opportunity is to study our own U.S. radiation workers and vet-
erans. The Low Dose Radiation Program within the Department of Energy had the
foresight to initiate pilot investigations of over one million such workers and this
comprehensive work should continue. Cooperating agencies include the National
Cancer Institute, the Department of Defense, the Department of Veterans Affairs,
the Nuclear Regulatory Commission and others. The study populations include early
DOE and Manhattan Project workers, atomic veterans who participated in nuclear
weapons testing in the 1940s and 1950s, nuclear utility workers, medical workers
and others involved in the development of radiation technologies, as well as nuclear
navy personnel.

Such a large study in the United States is critically important to understand sci-
entifically the health consequences of low-dose radiation experienced over time and
is directly relevant to the setting of protection standards for workers and the public;
the assessment of possible risks from enhanced medical technologies such as CT and
nuclear medicine imaging; the expansion of nuclear power; the handling of nuclear
waste; the compensation of workers with prior exposures to radiation; and even the
possible consequences of the radiation released from reactor accidents such as at
Fukushima. To date, no direct study of these issues has been exposures in 1945
have to be relied upon.

Summary [Slide 5]

Fortunately, the health consequences from the radiation releases from the
Fukushima Daiichi power plant appear to be minimal and are of little importance
with regard to the U.S. public. The Japanese authorities acted quickly to evacuate
over’200,000 inhabitants living near the damaged reactors; they monitored food and
water and took rapid action to ban foodstuffs with increased radiation levels; they
distributed stable iodine pills and syrup; and they made measurements on over
175,000 persons. The lasting effects upon the Japanese population will most likely
be psychological with increased occurrence of stress-related mental disorders and de-
pression associated not necessarily with the concern about reactor radiation, but
with the horrific loss of life and disruption caused by the tsunami and earthquake.
There is a need for better public understanding and better communications on the
health effects of radiation exposures. Finally, there is now the opportunity in the
United States to learn directly about low-dose, long-term radiation health effects by
studying our workers and veterans.

Thank you for this opportunity to testify. I welcome any questions that you may
have.

Relevant References

Boice JD Jr. Lauriston S. Taylor lecture: radiation epidemiology—the golden age
and future challenges. Health Physics 100(1):59-76, 2011.

Christodouleas JP, Forrest RD, Ainsley CG, Tochner Z, Hahn SM, Glatstein E.
Short-Term and Long-Term Health Risks of Nuclear-Power-Plant Accidents. New
England Journal of Medicine, April 20, 2011.

Idaho National Laboratory. Oversight Program: Guide to Radiation Doses and
Limits. [http://www.deq.idaho.gov/inl-oversightlradiation/radiation-guide.cfm]

International Atomic Energy Agency. Fukushima Nuclear Accident Update Log
[http://www.iaea.org/mewscenter/news/tsunamiupdate01.html]



46

National Council on Radiation Protection and Measurements, NCRP Report No.
160, Ionizing Radiation Exposure of the Population of the United States, March
2009.

Report of the President’s Commission on the Accident at Three Mile Island, Wash-
ington, D.C. (The Kemeny Commission Report), October 1979.

Smith J. A long shadow over Fukushima. Nature, April 5, 2011.

UNSCEAR. United Nations Scientific Committee on the Effects of Atomic Radi-
ation. Sources and Effects of Ionizing Radiation, UNSCEAR 2008 Report to the Gen-
eral Assembly, with Scientific Annexes, Volume II, Annex D, health Effects due to
Radiation from the Chernobyl Accident (United Nations Publications, New York),
2011.

U.S. Army Corps of Engineers. [http:/www.Irb.usace.army.mil/fusrap/docs/fusrap-
fs-uranium-2008-09.pdf]

Wakeford R. And now, Fukushima (editorial). Journal of Radiological Protection
(in press).



John D, Boice, Jr. : Vanderbilt-Ingram Cancer Center

1of2

47

http://www.vicc.or

1d/dien]

php?per

Vanderbilt-Ingram Cancer Center

The VICC.ORG Directory of Doctors, Healthcare Providers & Researchers

John D. Boice, Jr., Sc.D.

Professor, School of Medicine
VICC Member
Cancer Epidemiologist

Contact Information:

International Epidemiology Institute
1455 Research Blvd.; Suite 550
_Rockville, MD 20850

301-424-1054

Profile

John Boice 1s professor of Medicine at Vanderbilt University
School of Medicine and scientific director of the International
Epidemiology Institute (IEI), a biomedical research firm with
offices in Rdckville, Md., and Jacksonviile, Fla., involved in the
design, conduct and analysis of epidemiologic studies into the
causes of cancer and other diseases. He is an international
authority on radiation effects and currently serves on the Main
Commission of the International Commission on Radiological
Protection, the US delegation to the United Nations Scientific
Committee on the Effects of Atomic Radiation, and the US
Congressionally mandated Veterans' Advisory Board on Dose

e Cancer Epidemiology,
Prevention and Control
Research

* Medicine: Division of
Epidemiology

* Medicine: General
Internal Medicine and
Public Health

e PubMed Listing of Dr.
Boice's Publications

Reconstruction. He Is a Distinguished Emeritus Member of the National Council on Radiatibn'

Protection and Measurements.

During 27 years of service in the US Public Health Service, Boice developed and became the first

chief of the Radiation Epidemiology Branch at the National Cancer Institute (NCI). Boice has

established programs of research in all major areas of radiation epidemiology, with major proj'ects

dealing with populations exposed to medical, occupationatl, military, and environmental radiation.

These research efforts have aimed at clarifying cancer and other health risks associated with

exposure to ionizing radiation, especially at low dose levels. Boice's seminal discoveries and over

420 publications have been used to formulate public health measures to réduce population exposure

to radiation and prevent radiation associated diseases.

In March 2010, he delivered the Elis Berven Lecture at the Swedish Society of Oncology in Kalmar,

e.com

6/18/2010 7:07 PM



48

John D. Boice, Jr. : Vanderbilt-Ingram Cancer Center hitp://www.vice.org/dd/display.php?person=boicej_compuserve.com

20f2

Sweden on "Epidemiologic studies of second cancers following radiotherapy.”

1In 2009, Boice delivered the Lauriston Taylor Lecturé at the National Council on Radiation and
Protection and Measurements’ annual meeting and the Fessinger-Springer Lecture at the University
of Texas at El Paso. In 2008, Boice recelvéd the Harvard School of Public Health Alumni Award of
Merit. He has also received the E.Q. Lawrence Award from the Department of Energy an honor
bestowed on Richard Feynman and Murry Gell Mann among others and the Gorgas Medal from the
Association of Military Surgeons of the United States. In 1999 he received the outstanding alumnus
award from the University of Texas at El Paso (formerly Texas Western College).

Boice has a bachelor’s degree in Physics from Texas Western College (now the University of Texas at
El Paso) and a master’s degree in Nuclear Engineering from Rensselaer Polytechnic Institute. He
received a master’s degree in Medical Physics at Harvard and also a doctoral degree in Epidemiology

at Harvard.

He currently directs the Genetic Consequences of Cancer Treatment study, supported by the NCI,
the largest epidemiologic study yet undertaken to assess the possible risks of adverse pregnancy
outcomes (malformation, neonatal death, stilibirth, cancer) related to the curative treatments
recelved by cancer survivors who are able to become pregnant. In cooperation with the Department
of Defense and‘ the Department of Veterans Affairs, Boice recently initiated an NCI-funded study of
atomic veterans who partlclpated in any of the 230 atmospheric nudear weapons tests between
1946 and 1958 at the Nevada Test Site or the Padific Proving to examine the lifetime risk of cancer

following relatively low-dose exposures received gradually over time.

NCI
ACrapest v P

CCC et v

The Vanderbilt-Ingram Cancer Center | 691 Preston Building | Nashville, TN 37232 | 615-936-8422

Vanderbilt University is committed to principles of equai opportunity and affirmative action

Copyright © 2010 by Vanderbilt University Medical Center -

Contact VICC [ Last modified: April 22, 2010

Accessibility - Privacy

6/18/2010 7:07 PM



49

Enclosure 3

Committee on Science, Space, and Technology

TU.S. House of Representatives
‘Witness Disclosure Requirement - " Truth in Testimony"
Required by House Rule XT, Clause 2(g)(5)

1. Your Name:
John D. Boice, Jr.

2. Areyou testifying on behalf of the Federal, or a State or local Yes No
government entity? X

3. Areyou testifying on bhehalf of an entity that is not a government Yes No
entity? X

4. Other than yourself, please list which entity or entities you are representing:

5. . Please list any Federal grants or contracts (including subgrants or subcontracts) that
you or the entity you represent have received on or after October 1, 2008:

See attached. ‘

6. I your answer to the question in item 3 in this form is “yes,” please describe your
Pposition or representational capacity with the entity(ies) you are representing:

7. If your answer to the question in ifem 3 is “yes,” do any of the Yes No
entities disclosed in item 4 have parent organizations, subsidiaries, :
or parinerships that yon are not representing in your testimony?

8. If the answer to the question in item 3 is “yes,” please list any Federal grants or
contracts (including subgrants or subcontracts) that were received by the entities listed
under the guestion in item 4 on or after October 1, 2008, that exceed 10 percent of the
revenue of the entities in the year received, inclading the source and amount of each
grant or contract to be listed:

I certify that the above information is true and correct.
Signature: QMQ/ B, Rewe M Date:_ 5 77,7:;/ R0/

<)




50

Enclosure 3

Federal grants or contracts on which John D. Boice is an investigator on or after October 1, 2008

Award Number
ROI CA104666

U24 CAQ35727
RO1 CA97397

RO1 CA114236

ROI CA092447

U01 CA137026

DESC0004307

Title
Genetic Consequences of Therapies for Cancer

Childhood Cancer Survivors Study

Interaction of Radiation, BRCA1/2, and Breast
Cancer

Breast Cancer, Radiation and ATM-CHEK2
Pathway

Southern Community Cohort Study
Cancer Mortality among Military Participants at
U.S. Nuclear Weapons Tests

One Million U.S. Workers and Veterans Exposed
to Radiation

Sponsor
NIH-National Cancer Institute
NIH-National Cancer Institute

NIH-National Cancer Institute

NIH-National Cancer Institute

NIH-National Cancer Institute

NIH-National Cancer Institute

U.S. Department of Energy



51

Dr. HARRIS. Thank you very much, Dr. Boice, and now I recog-
nize our final witness, Dr. Dave Lochbaum, the Director of Nuclear
Safety Project for the Union of Concerned Scientists.

Mr. Lochbaum?

STATEMENT OF MR. DAVID LOCHBAUM, DIRECTOR, NUCLEAR
SAFETY PROJECT, UNION OF CONCERNED SCIENTISTS

Mr. LoCHBAUM. Good morning, Mr. Chairman, Ranking Member
Edwards, and other Members of the Subcommittees. On behalf of
the Union of Concerned Scientists, I appreciate this opportunity to
share our perspectives. My written testimony describes lessons al-
ready evident from the Fukushima disaster that are applicable to
ensuring safer nuclear power plants in the United States. This
morning, I would like to focus on three of those lessons.

The first lesson involves severe accident management guidance.
In NRC terminology, a severe accident involves some fuel damage.
The NRC and the nuclear industry representatives have claimed
that the severe accident management guidelines developed after
the Three Mile Island meltdown would protect us from the prob-
lems faced at Fukushima. They have not been telling the whole
story. As broadcaster Paul Harvey used to say, here is the rest of
the story.

The entry for severe accident management guidelines in NRC
manual chapter 0308 states “The staff concluded that regular in-
spection was not appropriate because the guidelines are voluntary
and have no regulatory basis.” The NRC never checks the guide-
lines to determine if they might actually work under severe acci-
dent conditions. From March 2009 until March 2010, I worked for
the NRC as an instructor at their technical training center. My du-
ties included teaching the severe accident management guidelines
to NRC employees. I and the other instructors emphasized that
NRC inspectors were not authorized to evaluate the adequacy of
the guidelines. Plant owners are required to have the guidelines,
while NRC inspectors are required not to assess them.

If the NRC continues to rely on these guidelines to protect public
health, it must evaluate their effectiveness. It would be too late
and too costly to find out after a nuclear plant disaster that the
guidelines were missing a few key steps or contained a handful of
missteps.

The second lesson involves upgraded guidance for spent fuel pool
events. As I mentioned, the NRC and the nuclear industry up-
graded the procedures used by the operators during reactor core ac-
cidents. The upgraded procedures provide the operators with a full
array of options available to deal with the reactor core accident, not
just those options relying on emergency equipment. In addition, the
upgraded procedures would help the operators handle problems
like unavailable or misleading instrumentation readings. No such
procedures and associated training are available to help the opera-
tors deal with spent fuel pool events. The NRC must require robust
procedures for spent fuel pool problems comparable to those avail-
able for reactor core problems so that operators can prevent fuel
damage from occurring, or mitigate its consequences when those ef-
forts fail.
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The last lesson involves additional regulatory requirements for
defueled reactors. When the earthquake and tsunami happened in
Japan, the reactor core in Fukushima Unit 4 was fully offloaded
into the spent fuel pool. This configuration is termed a defueled
condition. There is a gaping hole in the regulatory safety net when
reactors are defueled. When the NRC issues operating licenses for
reactors, appendix A to that license contains the technical specifica-
tions. These specifications establish “the lowest functional capa-
bility of performance levels of equipment required for safe oper-
ation of the facility,” along with the scope and frequency of testing
required to demonstrate that capability.

The operational condition of the reactor determines which re-
quirements are applicable when. When the entire reactor core has
been offloaded into the spent fuel pool, very few requirements still
apply. For example, the containment structure surrounding the
spent fuel pool is no longer required to be available to be intact.
This containment significantly reduces the amount of radioactivity
reaching the environment from damaged fuel in the spent fuel pool,
but only when it is intact. Likewise, the specifications do not re-
quire normal power, backup power, or even battery power to be
available.

When the fuel is in the reactor core, the specifications mandate
safety measures to protect Americans from that hazard, but when
that hazard is entirely relocated to the spent fuel pool, nearly all
those safety measures can be removed. The NRC must fix this defi-
ciency as soon as possible to provide adequate protection of public
health when reactor cores are defueled. In the interim, the NRC
should seriously consider banning full core reactor offloads into the
spent fuel pool.

In conclusion, the measures we have recommended will lessen
the chance of a disaster at a U.S. nuclear power plant, but if it
happens anyway, the Federal Government would be able to look
Americans in the eye and say we took every reasonable measure
to protect you.

Thank you.

[The prepared statement of Mr. Lochbaum follows:]
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PREPARED STATEMENT OF MR. DAVID LOCHBAUM, DIRECTOR, NUCLEAR SAFETY
PROJECT, UNION OF CONCERNED SCIENTISTS

For nearly four decades, the Union of Concerned Scientists has been a nuclear power safety and
security advocate. Neither anti- nor pro-nuclear power, UCS strives to ensure that the
technology’s inherent risks are minimized to the extent that is practically achievable.

The tragic events at the Fukushima Dai-Ichi nuclear plant in Japan have already revealed areas of
elevated risk that should be rectified. Over the ensuing months and years, additional lessons will
undoubtedly surface as workers conduct CSI Nuclear to assess what failed due to various causes,
including the earthquake, the tsunami, the extended power outage, the hydrogen explosions, the
torrents of water dropped from above and sprayed from below, and the submersion of equipment
in water. Today, UCS would like to share six of the lessons already evident from Fukushima
Dai-lIchi that are applicable to ensuring safer nuclear power plants in the United States:

s Better protection against extended power outages

* Adequate severe accident management guidance

* Safer storage of spent fuel

e Upgraded guidance for spent fuel pool events

e Additional regulatory requirements for defueled reactors

BETTER PROTECTION AGAINST EXTENDED POWER OUTAGES

Some may argue that what happened at Fukushima Dai-Ichi cannot happen here—that our
nuclear power plants are not vulnerable to extended power outages caused by the one-two punch
of an carthquake and tsunami. In June 1998, a tornado disabled the normal power supply for the
Davis-Besse nuclear plant in Ohio, just as the earthquake had done for Fukushima Dai-Ichi.
Outside air temperatures exceeding 90°F caused the backup power supply to overheat and fail,
just as the tsunami had done at Fukushima Dai-Ichi. The difference was that workers restored the
normal power supply for Davis-Besse an hour before the backup power supply failed while more
extensive damage prevented workers at Fukushima Dai-Ichi from restoring its normal power
supply for nearly a week, days too late to prevent fuel damage.
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Enclosure | provides Tables B-1 and B-2 from a 2003 report issued by the NRC on power
outages at U.S. nuciear power plants. When both the normal and backup power supplies are jost,
a condition called station blackout occurs. As at Fukushima Dai-Ichi, the only source of power
during a station blackout is a bank of batteries. The fourth column of data in Tables B-1 and B-2
provides the percentage of overali risk of reactor core damage (called core damagce frequency or
CDF) duc to station blackouts as calculated by the plant owners themselves. For example. statior
blackouts constitute 80.6 percent of the overall core damage risk at the LaSalle nuclear plant in
Hlinois. In other words, the risk from station blackouts is roughly four times the risk from all
other causes combined. And LaSalle is located far away from the earthquake fauits of California
and the tsunami risks of both coasts, so clearly an earthquake and tsunami is not the only path to
a station blackout disaster.

The three reactors at Fukushima Dai-Ichi operating at the time of the earthquake werc each
equipped with banks of batteries having 8-hour capacities. As reflected by the data in the fifth
column of Tables B-1 and B-2, the majority of U.S. reactors have equal or shorter station
blackout coping durations. This means that workers at a U.S. reactor experiencing a station
blackout would essentially be playing a very high stakes version of “Beat the Clock.” If they
restore normal or backup power within a few hours, they win. If not, many may lose.

Requiring nuclear plants to have 16 hours of battery capacity would give workers a greater
chance of bearing the clock. But what if, as at Fukushima Daij-Ichi, it takes longer than 16 hours
to restore the normal and backup power supplies? The world has been watching what happens,
and it isn’t pretty or worth emulating.

UCS believes a better way to ensure victory in station blackout “Beat the Clock™ is to evaluate
how long it will likely take for replacement batteries and/or portable generators to be delivered to
each nuclear power plant site. For some plant sites, the current situation is fine because nearby
reinforcements exist and it will be possible to supply replacement batteries or portable generators
within the existing 4-hour or 8-hour station blackout coping duration. However, for other plants
reinforcements are not likely to arrive in time, and reactor owners should increase the battery
capacity and/or pre-stage battery replacements and portable generators closer to the site.

ADEQUATE SEVERE ACCIDENT MANAGEMENT GUIDANCE

In NRC terminology, a severe accident is one in which at least some of the fuel melts. in
testimony at Congressional hearings, NRC and nuclear industry representatives have claimed
that the severe accident management guidelines (SAMGs) developed in the wake of reactor
meltdown at Three Mile Island would provide reliable protection against the problems faced at
Fukushima Dai-Ichi. They have not been telling the whole story. As newscaster Paul Harvey
used to say, here’s the rest of the story.

Enclosure 2 provides part of Table 2 from NRC Manual Chapter 0308 on its reactor oversight
process (ROP). The fourth column for the severe accident management guidelines entry states:

Page 2 of 5



55

The [NRC] staff concluded that regular inspection of SAMG was not appropriate because
the guidelines are voluntary and have no regulatory basis.

The NRC never checks—repeat, never checks—the guidelines to see if they would be effective
under severe accident conditions.

From March 2009 untii March 2010, I worked for the NRC as a Boiling Water Reactor
technology instructor at their Technical Training Center. My duties included teaching the severe
accident management guidelines to NRC employees for their initial qualifications and re-
qualifications. I and the other instructors emphasized that NRC inspectors were not authorized to
evaluate the adequacy of the guidelines. Plant owners are required to have the guidelines while
NRC inspectors are required not to assess their effectiveness. It’s like maritime inspectors
ensuring that passenger liners have lifeboats, but not checking to see that there’s sufficient
capacity for all passengers and crew members.

If NRC continues 1o rely on these guidelines to protect public health, it must evaluate their
effectiveness.. It would be too late and too costly to find out after a U.S. nuclear plant disaster
that the plant’s severe accident management guideline was missing a few key steps or contained
a handful of missteps.

SAFER STORAGE OF SPENT FUEL

Much has been reported about the problems with the fuel in the spent fuel pools at Fukushima
Dai-Ichi Units 3 and 4. Helicopters dropped tons of water from above while water cannons on
fire trucks sprayed water from below. And yet it appears that fuel in at least two spent fuel pools
has been damaged.

Virtually nothing has been reported about the fuel stored in dry casks at Fukushima Dai-Ichi. It
experienced the earthquake. It experienced the tsunami. It experienced the prolonged power
outage. It did not overheat. It was not damaged. It did not produce hydrogen that later exploded.
It did not cause the evacuation of a single member of the public. It did not cause a single worker
to receive radiation over-exposure.

The spent fuel pools at nuclear plants in the United States are significantly fuller than those in
Japan. As a result, the chances of a spent fuel accident are higher and the consequences would be

greater,

For the first five years after being taken out of the reactor core, spent fuel generates too much
heat to be placed into dry casks. After five years, the heat generation rates have dropped low
enough to permit dry cask storage.

It takes no pumps, no power, no switches, and no forced circulation of water to protect spent fuel

in dry casks from damage. Instead. air enters an inlet in the bottom of the dry cask, gets warmed
by the heat from the spent fuel, and flows out an outlet in the top of the dry cask via the chimney

Page 3 of 5
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effect. It's the “passive™ safety system that worked at Fukushima Dai-Ichi and would work here,
if we bothered to use it.

Instead, spent fuel pools in America are filled nearly to capacity. Then and only then is spent fuel
transferred into dry casks. But the amount of spent fuel transferred is just enough to free up the
space needed for the next fuel discharged from the reactor core. This practice maintains the spent
fuel pool risk at a level about as high as can be achieved, and exposes millions of Americans to
elevated and undue risk.

The safer way to store spent fuel is to transfer it into dry casks as soon as possibie following the
five year cooling off period in a spent fuel pool. That’s the “passive™ safety system Americans
need most.

UPGRADED GUIDANCE FOR SPENT FUEL POOL EVENTS

Following the March 1979 accident at Three Mile Island Unit 2 in Pennsylvania, the NRC and
the nuclear industry significantly upgraded the procedures used by operators during reactor core
accidents. The upgraded procedures provide the operators with the full array of options available
to deal with a reactor core accident, not just those relying on emergency equipment. In addition,
the upgraded procedures would help the operators handle problems like unavailable or
misleading instrument readings.

No such procedures, and associated training, are available to help operators deal with spent fuel
pool accidents. After the water level in the Unit 4 spent fuel pool at Fukushima Dai-Ichi dropped
below the top of the fuel assemblies, the fuel rods heated up, producing large amounts of
hydrogen gas. That hydrogen exploded, destroying the reactor buildings walls and roof and
creating a pathway for radioactivity to freely escape to the environment. To lessen the likeithood
of similar explosions, workers cut openings in the roofs and walls of the reactor buildings on
Units 2, 5, and 6. Their efforts were ad hoc and reactive.

The NRC should require robust procedures for spent fuel pool problems, comparabie to those for
reactor core problems, to help operators either prevent fuel damage or mitigate its consequences
should such damage occur.

ADDITIONAL REGULATORY REQUIREMENTS FOR DEFUELED REACTORS

When the earthquake and tsunami happened, the reactor core on Fukushima Dai-{chi Unit 4 was
empty of fuel, with the fuel having been transferred to its spent fuel pool. That configuration is
termed a defueled operating condition. There’s a gaping hole in the regulatory safety net when
reactors are defueled.

Enclosure 3 contains pages excerpted from the NRC’s Standard Technical Specifications for
boiling water reactors. When the NRC issues, or renews, licenses to operate nuclear power
reactors, Appendix A to these licenses are the technical specifications. These specifications
establish “the lowest functional capability or performance levels of equipment required for safe
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operation of the facility™" along with the scope and frequency of testing required to verify that
capability. The operational condition of the reactor {also called its MODE and defined by the
Reactor Mode Switch Position and the temperature of the reactor cooling water) determines
which requirements are applicable when. However, technical specification requirements only
apply when one or more fuel assemblies are located in the reactor core. When the entire reactor
core inventory has been offloaded to the spent fuel pool, almost no technical specification
requirements still apply.

For example, technical specification 3.6.4.1 no longer requires secondary containment to be
intact. Secondary containment, which is the reactor building, houses the spent fuel pool and acts
as a barrier to prevent any radioactivity released from fuel in the spent fuel poo! from reaching
the environment—but only when it is intact. Likewise, technical specification 3.8.2 does not
require normal or backup power supplies to be available. And technical specification 3.8.5 does
not even require battery power to be available.

When one or more fuel assemblies is in the reactor core, the technical specifications mandate
safety measures to protect Americans from that hazard. But when that hazard is entirely
relocated to the spent fuel pool. the technical specifications allow all of those safety measures to
be taken away. Technical specification 3.7.8 would even allow all the water to be drained from
the spent fuel pool with all the irradiated fuel in it.

The NRC must fix this technical specification deficiency to provide adequate protection of
public health when reactor cores are defueled.

CONCLUSION

The measures we have recommended will lessen the chance of a disaster at a U.S. nuclear power
plant. But if it happens anyway, the federal government would be able to look Americans in the
eye and say, “we took every reasonable measure to protect you.” Americans expect that
protection. We urge the Congress to ensure the NRC provides Americans the protection they
deserve.

Enclosures:

i. Pages from NRC NUREG- 1776, “Regulatory Effectiveness of the Station Blackout Rule, August
2003.

2. Pages from NRC Inspection Manual Chapter 0308, “Reactor Oversight Process (ROP) Basis
Document,” October 16, 2006,

3. Pages from NRC NUREG-1433, Volume 1, Rev. 3, “Standard Technical Specifications General
Electric Plants, BWR/4,” December 2005.

4, Executive Summary from UCS’s report “Nuclear Power: Still Not Viable without Subsidies,”
February 2011.

' 10 CFR 50.36, Technical Specifications. Available online at http://www.nrc.gov/reading-rm/doc-

collections/cftr/part050/part050-0036.html
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Enclosure 1

NUREG-1776

Regulatory Effectiveness of
the Station Blackout Rule

Manuscript Completed: August 2000
Date Published: August 2003

by
W.S. Ranghley

Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatery Research

U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001
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NRC INSPECTION MANUAL IPAB

MANUAL CHAPTER 0308

REACTOR OVERSIGHT PROCESS (ROP)
BASIS DOCUMENT

0308-01 PURPOSE

To describe the basis for the significant decisions reached by the U.S. Nuclear Regulatory
Commission (NRC) staff during the development and implementation of the Reactor
Oversight Process (ROP) for operating commercial nuclear power plants. This document
shaii serve as the source information for all applicable programdocuments such as manual
chapters, performance indicator guidance, and assessment guidance.

0308-02 OBJECTIVES

02.01 To discuss significant developmental steps and decisions reached.

02.02 To describe in general how the processes work and why they are setup the way
they are.

02.03 To summarize the history of, and reasons for, significant changes made to the
oversight processes.

02.04 Toexplainthose significant attributes that were considered but not used in the ROP,
and the basis for the decision not to include them in the process.

0308-03 DEFINITIONS

None stated.

0308-04 RESPONSIBILITIES AND AUTHORITIES

None stated.

0308-05 GENERAL REQUIREMENTS

05.01 Introduction

On April 2, 2000, the NRC implemented a new ROP at all operating commercial nuclear
power plants. The objectives of the staff in developing the various components of this new

Issue Date: 10/16/06 -1- 0308
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Enclosure 3

Standard Technical Specifications
General Electric Plants,
BWR/4

Specifications

This electronic text represents the Commission’s current Standard Technical
Specifications.  This document is updated periodically to incorporate NRC
approved generic changes to the Standard Technical Specifications.

The last Standard Technical Specificaton NUREGs were published as
Revision 3 of NUREG-1430, NUREG-1431, NUREG-1432, NUREG-1433, and
NUREG-1434 in June 2004.
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Definitions
1.1

LEAKAGE (continued)

[ LINEAR HEAT GENERATION
RATE (LHGR)

LOGIC SYSTEM FUNCTIONAL
TEST

[ MAXIMUM FRACTION OF
LIMITING POWER DENSITY
(MFLPD)

MINIMUM CRITICAL POWER
RATIO (MCPR)

MODE

b.  Unidentified LEAKAGE

Alt LEAKAGE into the drywell that is not identified
LEAKAGE,

c.  Total LEAKAGE
Sum of the identified and unidentified LEAKAGE, and

d.  Pressure Boundary LEAKAGE

LEAKAGE through a nonisolable fault in a Reactor
Coolant System (RCS) component body, pipe wall, or
vessel wall.

The LHGR shall be the heat generation rate per unit length of
fuel rod. it is the integral of the heat flux over the heat transfer
area associated with the unit length. ]

A LOGIC SYSTEM FUNCTIONAL TEST shall be a test of all
logic components required for OPERABILITY of a logic circuit,
from as close to the sensor as practicable up to, but not
including, the actuated device, to verify OPERABILITY. The
LOGIC SYSTEM FUNCTIONAL TEST may be performed by
means of any series of sequential, overlapping, or total system
steps so that the entire logic system is tested.

The MFLPD shail be the largest value of the fraction of limiting
power density in the core. The fraction of limiting power
density shall be the LHGR existing at a given location divided
by the specified LHGR limit for that bundie type. |

The MCPR shall be the smailest critical power ratio (CPR) that
exists in the core [for each class of fuel]. The CPR s that
power in the assembly that is calculated by application of the
appropriate correlation(s) to cause some point in the assembly
to experience boiling transition, divided by the actual assembly
operating power.

A MODE shail correspond to any one inclusive combination of
mode switch position, average reactor coolant temperature,
and reactor vessel head closure bolt tensioning specified in
Table 1.1-1 with fuel in the reactor vessel.

BWR/4 STS

1.14 Rev. 3.1, 12/01/05
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[Secondary] Containment

3.64.1
3.6 CONTAINMENT SYSTEMS
3.6.4.1 [Secondary] Containment
LCO 3.6.4.1 The [secondary] containment shall be OPERABLE.
APPLICABILITY: MODES 1, 2, and 3, .
During movement of [recently] irradiated fuel assemblies in the
[secondary] containment,
During operations with a potential for draining the reactor vessel
(OPDRVSs).
ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. [Secondary] containment | A.1 Restore [secondary] 4 hours
inoperable in MODE 1, containment to OPERABLE
2,0r3. status.
B. Regquired Action and B.1 Be in MODE 3. 12 hours

associated Completion
Time of Condition A not AND

met.
B.2 Be in MODE 4. 36 hours
C. [Secondary] containment | C.1 NOTE
inoperable during LCO 3.0.3 is not applicable.
movement of {recently]
irradiated fuel
assembilies in the Suspend movement of Immediately
[secondary] containment [recently] irradiated fuel
or during OPDRVSs. assemblies in the
[secondary] containment.
AND
c.2 Initiate action to suspend Immediately
OPDRUVSs.

BWR/4 STS 3.6.4.1-1 Rev. 3.0, 03/31/04
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Spent Fuet Storage Poo! Water Level

3.7.8
3.7 PLANT SYSTEMS
3.7.8 Spent Fuel Storage Pool Water Level
LCO 3.7.8 The spent fuel storage pool water ievel shali be > [23] ft over the top of
irradiated fuel assemblies seated in the spent fuel storage pool racks.
APPLICABILITY: During movement of irradiated fuel assembties in the spent fuel storage
pool.
ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. Spent fuel storage pool At NOTE
water leve! not within LCO 3.0.3 is not applicable.
limit.
Suspend movement of Immediately
irradiated fuel assemblies in
the spent fuel storage pool.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.7.8.1 Verify the spent fuel storage pool water level is 7 days
> [23] ft over the top of irradiated fuel assembiies
seated in the spent fuel storage pool racks.

BWR/4 STS 3.7.8-1 Rev. 3.0, 03/31/04
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AC Sources - Shutdown
3.8.2

3.8 ELECTRICAL POWER SYSTEMS

3.8.2 AC Sources - Shutdown

LCO 3.8.2 The following AC electrical power sources shall be OPERABLE:

a.  One qualified circuit between the offsite transmission network and
the onsite Class 1E AC electrical power distribution subsystem(s}
required by LCO 3.8.10, "Distribution Systems - Shutdown" and

b.  One diesel generator (DG) capable of supplying one division of the
onsite Class 1E AC electrical power distribution subsystem(s)
required by LCO 3.8.10.

APPLICABILITY: MODES 4 and 5,
During movement of [recently] irradiated fuet assemblies in the
[secondary] containment.

ACTIONS
NOTE
LCO 3.0.3 is not applicable.
CONDITION REQUIRED ACTION COMPLETION TIME
A. One required offsite NOTE
circuit inoperable. Enter applicable Condition and

Required Actions of LCO 3.8.10,
with one required division de-
energized as a result of
Condition A.

A1 Declare affected required Immediately
feature(s), with no offsite
power available,
inoperable.

BWR/4 STS 3.8.2-1 Rev. 3.0, 03/31/04
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DC Sources - Shutdown
3.85

3.8 ELECTRICAL POWER SYSTEMS

3.85 DC Sources - Shutdown

LCO 3.8.5

APPLICABILITY:

ACTIONS

[DC electrical power subsystems shall be OPERABLE to support the DC
electrical power distribution subsystem(s) required by LCO 3.8.10,
"Distribution Systems - Shutdown."}

[One DC electrical power subsystem shall be OPERABLE.]

REVIEWER’S NOTE
This second option above applies for plants having a pre-ITS licensing
basis (CTS) for electrical power requirements during shutdown conditions
that required only one DC electrical power subsystem to be OPERABLE.
Action A and the bracketed optional wording in Condition B are aiso
eliminated for this case. The first option above is adopted for plants that
have a CTS requiring the same level of DC electrical power subsystem
support as is required for power operating conditions.

MODES 4 and 5,
During movement of [recently] irradiated fue! assemblies in the
[secondary] containment.

NOTE

LCO 3.0.3 is not applicable.

CONDITION

REQUIRED ACTION

COMPLETION TIME

[A. One [or two] battery
charger{s on one
division] inoperable.

AND
The redundant division

battery and charger{s}]
OPERABLE.

A1 Restore battery terminal 2 hours
voltage to greater than or
equai to the minimum
established float voltage.

AND

BWR/4 STS

3.8.5-1

Rev. 3.0, 03/31/04



Union of
« Concerned
¥ Scientists

ot Enaronantal Selurans

™% onspicuously absent from

industry press refeases

“n and briefing memos tout-
ing nuclear power’s potential as a
solution o global warming is any
mention of the industry’s long
and expensive history of taxpayer

subsidies and excessive charges to

utility ratepayers. These subsidies
not only enabled the nation’s exist-
ing reactors to be built in the firse
place, but have also supported their
operation for decades.

The induscry and s allies are
now pressuring all levels of govern-
ment for large new subsidies co
support the construction and oper-
ation of a new generation of reac-
cle facilivies. The
substantial political support the
industry has ateracted thus far rests

toss and fuel-

largely on an uncritical acceptance
of the industry’s economic claims
and an incomplete understanding
of the subsidies that made~—and
continue to make—the existing
nuclear {leet possible.

Such blind acceptance is an
unwarranted, expensive leap of
faith thar could set back more cose-
effective efforts to combat climate

change. A fair comparison of the
available oprions for reducing heat-
trapping catbon emissions while
generating electricity requites con-
sideration not only of the private

costs of building plants and their
ociated infrastructure but also
of the public subsidies given to the

industry, Moreover, nuclear power
brings with it important economic,
waste disposal, safety, and security
risks unique among low-carbon
energy sources. Shifting these risks
and thelr associated costs onto the
public is the major goal of the new
subsidies sought by the industry
{just as it was in the past), and by
not incorporating these costs into
its estimates, the industry presents a
skewed economic picture of nuclear
power’s value compared with other

fow-carbon power sources.

SUBSIDIES OFTEN EXCEED
THE VALUE OF THE ENERGY
PRODUCED

"This report casalogues in onc place
and for the first time the full range
of subsidies that benefit the nuclear
power sector. The findings are serik-

ing: since its inception more than

50 years ago, the nuclear power
industry has benefited——and con-
tinues to benefit—from a vast artay
of preferential government subsi-
dies. Indeed, as Figure ES-1 {p. 2)
shows, subsidies to the nuclear fuel
cycle have often exceeded the value
of the power produced. This means
that buying power on the open
marker and giving it away for free
would have been less costly than
subsidizing the construction and
operation of nuclear power plants.
Subsidies to new reacrors are on a
similar path.




Figure ES-1. Nuciear Subsidies Compared to EIA Power Prices
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Throughout its history, the
industry has argued that subsidies
a short-term
uld work

were only temporar,

stimulus so the industry o
through early technical hurdles that
prevented economical reactor oper-
ation. A 1954 advertisement from
General Electric stated thar, “In

five ——certainly within ten,”

ci

ilian reactors would be “privately

financed, built without government

subsidy.” That day never arrived

and, despite industry claims to rhe

contrary, remains as elusive as ever.
The most important subsidies

to the induastry do not involve
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cash payments. Rather, they shift
cost and operating
risks from investoes to taxpayers and

CONSLIUCTON-

ratepayers, burdening taxpayers with

an array of risks ranging from cost
overruns and defanlts to accidents
and nuclear waste management.
This approach, which has remained
remarkably consistent through-
out the industry’s history, distorts
market choices that would other-
wise favor less risky invesrments.
Although it may not involve direct
cash payments, such favored treat-
ment is nevertheless a subsidy,
with a profound effect on the

bottom line for the industry and
taxpayers alike.

Reactor owners, therefore, have
never been cconomically respon-
sible for the full costs and risks of
their operations. Instead, the public
faces the prospect of severe losses in
the event of any number of poten-
tial adverse scenarios, while private
if nuclear

investors reap the rewan
plants are economically successful.
For all pracrical purposes, nuclear
power's economic gains are priva-
tized, while irs risks are socialized.
Recent expeticnees in the hous-

ing and financial markets amply
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demonstrate the folly of arrange-
ments that separate investor risk
from reward. Indeed, massive new
subsidies ro nuclear power could
encourage udlities to make similarly
speculative, expensive investments

in nuclear plants—investments that
would never be tolerated if the actual
risks were properly accounted for
and allocated.

While the purpose of this
report is to quantify the extent of
past and existing subsidies, we are
not blind to the context: the indus-
ey is calling for even more support
from Congress. Though the value
of these new subsidies is not quan-
tified in this report, it is clear that
they would only further increase
the taxpayers’ tab for nuclear power
while shifting even more of the

risks onto the public,

LOW-COST CLAIMS FOR
EXISTING REACTORS IGNORE
HISTORICAL SUBSIDIES

The nuclear indusery is only able

o portray itself as a low-cost power
supplier today because of past
government subsidies and write-
offs. First, the industry received
massive subsidies at its incep-
tion, reducing both the capital
costs it needed to recover from
ratepayers (the “legacy” subsidies
that underwrote reactor construc-
tion through' the 1980s) and its
aperating costs (through ongoing
subsidies to nputs, waste manage-
ment, and accident risks). Second,
the industry wrote down tens of
bifions of dollars in capital costs

after its first generation of
reactors experienced farge cost
overruns, cancellations, and plant
abandonments, further reduc-

ing the industry’s capital-recovery
requirements. Finally, when indus-
try restructuring revealed that
nuclear power costs were still oo
high to be competitive, so-called
stranded costs were shifted to udlity
ratepayers, allowing the reactors to
continue operating,

These legacy subsidies are
estimated to exceed seven cents
per kilowate-hour (¢/kWh)—an
amount equal o about 140 percent
of the average wholesale price of
power from 1960 to 2008, making
the subsidies more valuable dian
the power produced by nuclear
plants over that period. Withour
these subsidies, the industry would
have faced a very different market
reality—one in which many reac-
tors would never have been builr,
and utilities that did build reactors
would have been forced to charge

consumers even higher rates,

ONGOING SUBSIDIES
CONTRIBUTE TO NUCLEAR
POWER’S PERGEIVED
COST ADVANTAGE

In addition to legacy subsidies, the
ry continues to benefit from

indus
subsidies that offset the costs of
uranium, insurance and liability,
plant security, cooling water, waste
disposal, and plant decommission-
ing. The value of these subsidies is
harder to pin down with specificity,

with estimates ranging from a low

Nyclear Pow

of 13 percent of the value of the
power produced to a high of 98 per-
cent, The breadth of this range
targely reflects three main factors:
uncertainty over the dollar value of
; the value w
publicly owned ut (POUs) of
ongoing subsidies such as tax breaks

accident liability caj

S

and low return-on-investment
requirements; and generous Capi(;ﬂ

it
g

il Noe Viable withewr Subsidies § 3




subsidies to investor-owned utilites
(10Us) that have declined as the
aging, installed capacity base is fully
written off.

Our low-end estimate for sub-
sidies to existing reactors {in this
case, investor-owned facilities) is
0.7 ¢/kWh, a figure that may scem
relatively small at only 13 percent
of the value of the power produced.
However, it represents more than
35 percent of the nuclear production

omcerned Scientists

costs (operation and maintenance
casts plus fuel costs, without capital
recovery) often cited by the indus-
try’s main trade association as a core
indicator of nuclear power’s com-

petitiveness; it also represents nearly
80 percent of the production-cost
advantage of nutlear relative to
coal. With ongoing subsidies to
PQUs neasly double those to 10Us,
the impact on competitive viabiliy
is proportionally bigher for publicly
owned plants.

SUBSIDIES TO NEW REACTORS
REPEAT PAST PATTERNS

Legacy and ongoing subsidies to
existing reactors may be important
factors in keeping facilitics operat-
ing, but they are not sufficient to
attract new investment in nuclear
infrastructure, Thus an acray of
new subsidies was rolled out during
the past decade, targeting not only
reactors bur alse other fuel-cycle
facilities. Despite the profoundly

POOT invesument experience with

taxpayer subsidies to nuclear
plants over the past 50 years,
the objectives of these new subsi-
dies are precisely the same as the
carfier subsidies: o reduce the pri-
vate cost of capital for new nuclear
reactors and to shift the long-term,
often multi-generational risks of the
nuclear fuel cycle away from inves-
tors. And once again, these subsidies
o new reactors—whether publicly

or privately owned-—could end up
exceeding the value of the power
produced (4.2 to 11.4 ¢/kWh, or
70 to 200 percent of the projected
value of the power).

it should be noted that cer-
tain subsidies to new reactors are
currently capped at a specific dol-
lar amoung, limited o a specific
number of reactors, or available

only in specific states or localities.
Therefore, although all the subsi-
dies may not be available to cach
new reactor, the values shown in
Figure ES-1 are reasonably repre-
sentative of che subsidies thac will
be available to the first new plants
to be built. Furthermore, it is far
from clear whether existing caps
will be binding. Recent legislarive
initiatives would expand eligibility
for these subsidies to even more
reactors and extend the period of
cligibility during which these subsi-
dies would be available.

KEY SUBSIDY FINDINGS
Government subsidies have been
directed to every parr of the nuclear
fuel cycle. The most significant
forms of support have had four
main goals: reducing the cost of



capital, labor, and land (i.e., factors
of production), masking the true
costs of producing nuclear energy
(“intermediate inputs”), shifting
security and accident risks to the
public, and shifting long-rern
operating risks {decornmission-

ing and waste management) to the
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. identifying and valuing subsidies to the nucle-
@ ar fuet cycle far this report invalved a broad
presentations, and government documents. The result is an
in-depth and comprehensive evaluation that groups nuclear

review of dozens of historical studies and pro-
gram assessmentis, industry statements and

subsidies by type of piant ownership {(public or privale), ime
frame of support {whether the subsidy is engoing or has
expired), and the specific atiribute of nuciear power produc-
tion the subsidy is intended to support.

Plant ownership
Subsidies available to investor-owned and publicly owned
utifities are not identical, so were tracked separately.

Time frame of support
The data were organized into:

* Legacy subsidies, which were critical in heiping
nuciear power gain a sofid foothold in the U.S.
energy sector but no longer significantly affect
pricing

= Ongoing subsidies o existing reactors, which
continue fo affect the cost of electricity produced by
the 104 U.S. nuciear reactors operating today

Subsidies to new reactors, which are generally
provided in addition to the engoing subsidies
available to existing reactors

A further set of subsidies proposed for the nuclear
sector but not presently in U.S. statutes is discussed
qualitatively but not quantified.

Attribute of production
The following subcategories were modeled on the structure

commonly used internationally {as by the Organisation for
Economic Cooperation and Development):

.

Factors of production—subsidies intended to off~
set the cost of capital, labor, and land

.

intermediate inputs——subsidies that aiter the eco-
nomics of key inputs such as uranium, enrichment
services, and cooling water

Output-finked support—subsidies commensurate
with the quantity of power produced

Security and risk management—subsidies that
address the unique and substantial safety risks
inherent in nuclear power

+ Decommissioning and waste management--sub-
sidies that offset the environmental or plant-closure
costs unigue to. nuciear power

To enable appropriate comparisons with other energy
options, the resuits are presented in terms of levelized cents
per kilowatt-hour and as a share of the wholesale vaiue of
the power produced. inclusion of industry and historical data
sources for some component estimates means that some of
the jevelization inputs were not transparent. Where appropri-
ate, a range of estimates was Used to reflect variation in the
avaitable data or plausible assumptions,

public, A new category of subsidy,
“output-linked support,” is directed
at reducing the price of power pro-
duced. Table ES-1 {p. 6) shows the
estimated value of these subsidies to
existing and new reactors. The sub-
sequent sections discuss cach type
of subsidy in more detail.

A. Reducing the Cost of
Capital, Labor, and Land
{Factors of Production)

rain build emes thar exacerbare
both the cost of financing during
construction and the market risks

Nor Viable withour Subs

Nitclear Pawes

Nudear power s 2 capital-intensive
industry wich long and oftent uncer-
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of misjudging demand. Historically,
investment tax credits, accelerated -
depreciation, and other capital
subsidies have been the dominant
pe of gavernment suppore for the

industry, while subsidies associated
with labor and fand costs have
provided lesser (though still rel-
evant} support.

Legacy subsidies that reduced
the costs of these inputs were high,
estimated at 7.2 ¢/kWh. Ongoing

subsidies to existing reacrors are
miuch fower but seill significant,
ranging from 0.06 to 1.94 ¢/kWh
depending on ownership structure.
For new reactors, accelerated depre-
ciation has been supplemented with
a variety of other capiral subsidies
10 bring plant costs down by shife-
ing a large portion of the capital
risk from investors to taxpayers.

The toral value of subsidies available
o new reactors in this category

is significant for both POUs

and 10Us, ranging from 3.51 to

6.58 ¢/kWh. These include:

* Federal loan guarantees.
Authorized under Tite 17 of
the Energy Policy Act (EPACT)
of 2005, federal foan guaran-
tees are the largest construction

subsidy for new, investor-owned

reactors, effectively shifting the
costs and risks of financing and
building a nuclear plant from
investors to taxpayers, The
industry’s own estimates, which

$22.5 billion for new planes and
enrichment facilities, but the
industry has been lobbying for
much higher levels.

Loan guarantees not only
allow firms w obtain lower-cost

we have used despite large subse-
quent increases in expected
plant costs, place the vatue of
debr, but enable them o use
much more of it—up o 80 per-

this program berween 2.5 and
3.7 ¢/kWh. Total loan guar-

antees are currently limited to cent of the project’s cost. For a

Table ES-1. Subsidies to Existing and New Reactors
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single 1,600-megawate (MW)
teactor, the loan guarantee alone
wauld generate subsidies of
$495 million per year, or roughly
$15 billion over the 30-year life
of the guarantee.

Accelerated depreciation.
Allowing utilities to depreciate
new reactors over 15 years instead
of their typical asset life (between
40 and 60 years) will provide the
typical plant with a rax break of
approximately $40 million o
$80 million per year at current
construction cost estimares.
Rising plant costs, longer sesvice

lives, and lower capacity factors
would all increase the value of
current accelerated depreciation
rides to IOUs. This subsidy is

not available to POUs because

they pay no taxcs.

Subsidized borrowing costs to
POUs. The most significant
subsidy available to new publicly
owned reactors is the reduced
cost of borrowing made possible
by municipal bonds and new
Build America Bonds, which
could be worth more than

3 ¢/kWh.

* Construction worlc in prog-

ress. Many states allow utili-

tics to charge ratepayers for
construction work in progress
(CWIP) by adding a surcharge
to customers’ bills. This shifts
financing and construcrion
risks (including the risk of cost
escalations and/or plants being
abandoned during construction)
from investors to customers.
CWIP benefits both POUs
and {OUs and s estimared to
be worth between 0.41 and
0.97 ¢/kWh for new reactors.

* Property-tax abatements.
Support for new plants is also
available through state and local
governments, which provide a
variety of plant-specific subsidies
chat vary by project.

B. Masking the True Costs
of Producing Nuciear Energy
{intermediate inputs}

A varicty of subsidies masks the
costs of the inputs used o produce
nuclear power. Uranium fuel costs,
for example, are not a major ele-
ment in nuclear economics, but
subsidies to mining and earichment
operations contribute to the percep-
tion of nuclear power as a low-cost
encrgy source. In addition, the
under-pricing of warer used in bulk
gnificant

by nuclear reactors has
cost implications. The value of such
legacy subsidies to existing reactors
is estimared beoween 0.10 and

0.24 ¢/k\h, and the value of ongo-
ing subsidies is estimated beeween

0.16 and 0.51 ¢/kWh. The value of

Naeelear Porer: Still Not Viable without Subsidie

such subsidies to new reactors is estim-
ated between 0.21 and 0.42 ¢/kWh.
Subsidized inputs include:

* Fuel. The industry continues
to teceive a special depletion
allowance for uranium mining
cqual to 22 percent of the orc’s
marker value, and its deductions
are allowed to exceed the gross
investiment in a given mine.
In addition, uranium mining
on public lands is governed by
the antiquated Mining Law of
1872, which allows valuable ore
10 be taken with no royaltics
paid to taxpayers. Although no
relevant data have been collect-
ed on the approximately 4,000
mines from which uranivm has
been extracted in the past, envi-
ronmental remediation costs at
some U.S, uranium milling sites
actually exceeded the market
value of the ore extracted.
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* Uranium enrichment. Uranium
cnrichment, which turns mined
ore into reactor fuel, has ben-
chited from subseantial legacy
subsidies. New plants thac add
enrichment capacity will receive
subsidies as well, in the form
of federal loan guarantecs.
Congress has already authorized
$2 billion in loan guarantces for

ment facility,
and the Department of Energy

anew U.S. ene

has allocated an additional

$2 billion for this purpose.
While we could not estimarc the
per-kilowatt-hour cost of this
subsidy because it depends on
how much enrichment capacity
is built, the $4 billion represents
a significant new subsidy to this

stage of the fuel cycle.

* Cooling water. Under-priced
cooling water is an often-ignored
subsidy to nuclear powes, which
is the most warer-intensive large-
scale thermal encrgy technology
in use. Even when the water is
reeurned to its source, the large
withdrawals alter stream flow

8 | Union of Concerned Scientists

and thermal patcerns, causing
environmental damage. Available
data suggest that reacor ownets
pay little or nothing for the
water consumed, and are

often given priority access to
water resources—including
exemption from drought restric-
tions that affect other users.
While we provide a low estimate
of warer subsidies {between

$600 million and $700 million
per year for existing reacrors),
more work is needed 10 accu-
rately quantify this subsid
particularly as water resources

become more constrained in a

warming climate,

C. Reducing the Price

of Power Produced
{Output-Linked Support)
Until recenty, subsidics linked to
plant output were not a factor for

auclear power. That changed with
the passage of EPACT in 2003,
which granted new reactors an
important subsidy in the form of:

* Production tax credits (PTCs).
A PTC will be granted for each
kilowatt-hour gencrated during a
new reactor’s first eight years of

operation; at present, this credit
is available only to the first
planis o be built, up t a com-
bined toral capacity of six giga-
watts, While EPACT provides

a nominal PTC of 1.8 ¢/kWh,
payments are time-timited, Over
the full life of the plant, the
PIC is worth berween 1.05 and
1.45 ¢/kWh. Under current law,

PTCs are not available to POUs
{since POUs do not pay raxes),

but there have been legt
efforcs to enable POUs to cap-
ture the value of the tax credits
by selling or teansferring them
to other project investors that

do pay taxes.

slative

D. Shifting Security and
Accident Risks to the
Public {Security and Risk
Management}

Subsidics that shift long-term risks
to the public have been in place for
many years. The Price-Anderson
Act, which caps the nuclear indus-

ay's liability for third-party damage
0 people and property, has been a
central subsidy to the industry for
more than half a century.

Plant security concerns have
increased significantly since 9/11,
and proliferation risks will increase
in proportion to any cxpansion af
the civilian nuclear secror (boch in
the United States and abroad). The
complexity and lack of data in these
areas made it impossible to quantify
the magnitude of security subsi-
dies for this analysis. But it is clear
that as the magnizude of the threat
increases, taxpayers will be forced

to bear a greater share of the ris
Subsidies that shift the:
associated with:

sks arc

» The Price-Anderson Act. This
law requires utilities to carry
a pre-set amount of insurance
for off-site damages caused by
a nuclear plant accident, and
to contribute to an addidonal
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The foliowing nuclear subsidies, as pro-
& posed in the American Power Act (APA) cooperative utilities
and the American Clean Energy Leadership

Act (ACELA), would not necessarily be

available to every new raactor, but their coliective value to

the industry would be significant:

e A clean-energy bank that could promote miclear
power through much larger loans, letters
of credit, loan guarantees, and other credit
instruments than is currently possible

.

reactors from 15 years to five

Tripling federal loan guarantees available 1o
nuclear reactors through the Department of
Energy, from $18.5 billion to $54 billion

Reducing the depreciation period for new

payments fo publicly owned and

» Expanding the existing production tax
credit from 6,000 to 8,000 megawatts, and
permitting tax-exempt entities to alfocate

their available credits to private partners

interests

A 10 percent investment tax credit for private

investors or federal grants in lieu of tax

+ Permitting tax-exempt bonds to be ussd for
public-private partnerships, which would aliow
POUs to issue tax-free, low-cost bonds for
nuclear plants developed jointly with private

» Expanding federal regulatory risk insurance
caverage from $2 biltion to $6 biflion {up to
$500 milfion per reactor}, which would further
shieid plant developers from costs associated
with requiatory or legal delays

pool of funds meant to caver
a pre-set portion of the dam-
ages. However, the law limits
total industry liability 0 a level
much lower than would be
needed in a variety of plausible
accident scenarios. This consti-
tutes a subsidy when compared
with other energy sources that
are required 1o carry full private
liability insurance, and benefits
hoth existing and new reacrors.
Only a few analysts have
actempted to determine the
value of this subsidy aver its
existence, with widely diver-
gent results: between 0.1 and
2.5 ¢/kWh. More work is
therefore needed to determine
how the hability cap affects

plant economics, risk-control
decisions, and risks to the adja-
cent POPLI‘H(;OH.

* Plant security. Reactor opera-
tors must provide s
against terrorist attacks or other
threats of a certain magnitude,

3

curity

referred to as the “design ba

threat.” For threats of a greater
magnitude {a larger number

of attackers, for example), the
government assumes all finan-
cial responsibility, which consti-
tutes another type of subsidy. It
is difficult to quantify the value
of this taxpayer-provided ben-
efit because competing forms
of energy do not carry similar
risks. But it is importang that
plant security costs be reflecred

in the cost of power delivered
o consumers, rather than sup-
portted by taxpayers in general.
Proliferation. The link berween
an expanded civilian nuclear
sector and profiferation of
nuclear weapons or weapons -
technology is faitly widely
accepted. It is also consis-
tenely ignored when
plant costs—much as inves-

550551
tors in coal plants ignored the
cost of carbon controls until
recenty. Though quantifying
proliferation costs may be dif-
ficule, assuming they are zero s
clearly wrong. Thesc ancillary
impacts should be fully assessed
and integrated intw the cost of
nuclear power going forward.

Nirclear Powes: Still Ner Viable withous Subsidies | 9



E. Shifting Long-Term
Operating Risks te the Pubiic
{Decommissioning and Waste
Management)

The nuctear fuet cycle is unique in
the types of long-term liabilities

it creates. Reactors and fuel-cycle
facilities have significant end-of-
life liabilities associated with the

proper closure, decommissioning,

and decontamination of facilities,
as well as the safe management
over thousands

of nuclear wa
of years. The industry has lirde
operational experience with such
large and complex undertakings,
greatly increasing the likelihood of
dramatic cost overruns. In total, the
subsidies that shifi these long-term
operating risks to the public amount
to berween 0.29 and 1.09 ¢/kWh
for existing reactors and becween
0.13 and 0.54 ¢/kWh for new
reactors, The specific subsidies tha

do the shifting are associated wich:
= Nuclear waste management.
The federal Nuclear Waste
Repository for spent fuel is

baions of Cancerned Scientisis

expected to cost nearly $100 bil-
lion over its projected operating
life, 80 percent of which is
ateribured to the power sector.
onally mandated fee

A congyess
on nuclear power consumers,
earmarked for the repasitory,
has collected roughly $31 billion
in waste-disposal fees through
2009. There is no mechanism
other than investment revurns
on collections to fully fund the
repository once reactors close.
‘The repository confers a vari-
ety of subsidies o the nuclear
sector. First, despite its com-
plexity and sizable investment,
the repository is structured to
operate on a break-even basis at
bese, with no required return on
investment. Second, utilities do

not have to pay any fec o secure
repository capacity; in fact, they
are allowed to defer payments
for waste generated priot 1o the
repository programs creation,

at interest rates well below cheir
cost of capital. Third, the sign-
ificant risk of delays and cost

overruns will be borne by tax-
payers rather than the program’s
beneficiaries. Delays in the
repository’s opening have already
triggered a rash of lawsuits and
taxpayer-funded waste storage at
reactor sites, at a cost herween
$12 billion and $50 billion.

Plant decommissioning. While
funds are collected during plant
operation for decommission-
ing once the plands life span

has ended, reduced tax rates on
nuclear decommissioning erust
funds provide an annual subsidy
to existing reactors of between
$450 mitlion and $1.1 billion
per year. Meanwhile, concerns
persist about whether the funds
accrued will be sufficient to cover
the costs; in 2009, the Nuclear
Regulatory Commission (NRC)
notified the operators of roughly
one-quarter of the nation’s reac-
tor fleet about the potential for
insufficient funding, We did

not quantfy the cost of this
potential shorefall.
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CONCLUSIONS AND POLIGY
REGOMMENDATIONS

Historical subsidies to nuclear
power have already resulted in bun-
dreds of billions of dollars in costs
paid by taxpayers and ratcpayers.
With escalating plant costs and
more competitive power matkets,
the cost of repeating these failed
policies will likely be even higher
this time around. Of equal impor-
tance, however, is the fact that sub-

sidies to nuclear power also carry
significant opportunity costs for
reducing global warming emissions
because reactors are so expensive
and require such long lead times o
construct. In other words, massive
subsidies designed o help under-
write the large-scale expansion of
or

the nuclear industry will delay
diminish investments in less :‘.xp‘(‘,n-
sive abatement options.

Other energy technologies would
be able ro compete with nuclear
power far more effectively if the
government focused on creating an
-neugral playing field rather
than picking technology winners and
losers.
in nuclear also carries with it a risk

cnetg!

0iCe tO tvest

The policy

unique 1 the nudear fuel cycle:
greatly exacerbating already thorny
proliferation challenges as reactors
and anciflary fuel-cycle facilities
expand throughout the world.

As this report amply demon-
strates, taxpayer subsidies o nuclear
power have provided an indispens-
able foundation for the industry’
existence, growth, and survival. Bur

instead of reworking its business
modet to more effectively manage
and internalize its operational and
constraction risks, the indusery is
pinning its hopes on a new wave of

taxpayer subsidies to prop up a new

generation of reactors,
Future choices about U

energy policy should be made with

a Full understanding of the hidden

taxpayer costs now embedded in
nuclear power. To accomplish
this goal, we offer the following
recommendations:

* Reduce, not expand, subsidies
to the nuclear power industry.
Federal involvement in energy
markets should instead focus
on encouraging firms involved

in nuclear power—some of

the largest corporations in the
world-—to create new models
for internal risk pooling and to
develop advanced power con-
tracts that enable high-risk proj-
ard without

ects to move for
addirional taxpayer risk.

.

Award subsidies to low-carbon
energy sources on the basis
of a competitive bidding

all competing
technologies. Subsidics should

process acro

be awarded to those approaches
able 1o achicve emissions reduc-
tions at the lowest possible cost
per unit of abatement—not on
the basis of congressional ea

marks for specific types of energy.

* Modernize liability systems for
nuclear power. Liability systems
should reflect current options
in risk robust

yndication, mo!

Nuclear Pow

requirements for the privare sec-
tos, and more extensive testing of
the current rules for excess risk
concentration and counterparty
risks. Thesc steps ate necessary

to0 ensure coverage will actually
be available when needed, and to
send more accurate risk-related
price signals to investors and
POWer CONSLTCLS.

* Establish proper regulation
and fee structures for nranium
mining. Policy reforms are
needed to eliminate ourdated
x subsidies, adept market-level
rovalties for uranium mines on
public lands, and establish more
appropriate bonding regimes for
land reclamarion.

* Adopt a more market-oriented
approach to financing the
Nuclear Waste Repository. The
government should require size-
able waste management depc
by the industry, a repository
structure that earns a return on

o

investment at least comparable
1o other large utility projects,

s Seil] Noe Viable withos:
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and more equitable sharing
of financial risks if additional
delays occur.

« Incorporate water pricing
to allocate limited resources
among competing demands,
and integrate associated dam-
ages from large withdrawals.
The government should estab-
lish appropriate benchmarks
for setting water prices that
will be paid by utilities and
other consumers, using a strat-
egy that incorporates ecosystem
damage as well as consump-
tion-hased charges.

* Repeal decommissioning tax
breaks and ensure greater
transparency of nuclear
decommissioning trusts
(NDTs). Eliminating existing
tax breaks for NDTs would
put nuclear power on a simi-
lar footing with other encrgy
sources. More detailed and
timely information on ND'T
funding and performance
should be collected and publi-

d by the NRC.

. Y Nutlear Porver: §

Braltie Square 2397 o Daug Koplow, presidens and founder of E
Cambricge, 14 02136-3780 Beckeloy. GA 04702-156 The Union of Concerned Scientists is the |
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71 864-9405 Fax: {H10) 843-2785
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Washington, DG 20006-1232
Shone: (202 223-6133

Fax: (207) 223-6162
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« Ensure that publicly owned
utilities adopt appropriate risk
and asset

=5
ment procedures. POUs and

relevant state regulatory agen-

cies should review their internal
procedures to be sure the finan-
cial and delivery risks of nucle-
ar investments arc appropriatel
compared with other options.

* Roll back state construction-
work-in-progress allowances
and protecr ratepayers against
cost overruns by establish-
ing clear limits on customer
cxposure. States should also
establish a refund mechanism
for instances in which plant
construction is cancelled after it
has already begun.

* Nuclear power should not
be eligible for inclusion in a
renewable portfolio standard.
Nuclear power is an established,
manure technology with a long
histery of government support.
Furthermore, nuclear plants are
unique in their potential to cause
catastrophic damage (due to acci-
dents, sabowge, or terrorism); 1o

e St Ste. 1204
o, K. 60802-4064
8-1750

produce very long-lived radioac-
tive wastes; and to exacerbate
nuclear proliferation.

Evaluate proliferation and
terrorism as an externality of
“he costs of

nuclear power.
preventing nuclear proliferation
and terrorism should be rec-
ognized as negative externali-
ties of civilian nuclear power,
thoroughly evaluated, and inte-

grated into economic asse!
ments—ijust as global warming
emissions are increasingly iden-
rified as a cost in the economics
of coal-fired electricity.

Credit support for the nuclear
fuel cycle via export credit agen-
cies should explicidy inregrate
proliferation risks and require
project-based credit screening.
Such support should require
higher interest rates than those
extended to other, less risky
power projects, and include con-

dirions on fuel-cycle investments
w ensure the fending does not
contribute to proliferation risks
in the recipient country.

ot Viable without Subsidies was prepared for UCS by

th Track.

ding science-based nonprofit

working for a healthy coviconment and  safer world.

Union of
; Concerned




84

Union of Concerned Scientists

Citizans and Scientists for Environmental Solutions

David Lochbaum is the Director of the Nuclear Safety Project for the Union of Concerned
Scientists.

David Lochbaum is one of the nation's top
independent experts on nuclear power. At UCS, he
monitors safety issues at the nation's nuclear power
plants, raises concerns with the Nuclear Regulatory
Commission, and responds to breaking events, such as
current concerns over aging power plants and plant
fire safety.

Mr. Lochbaum is a nuclear engineer by training and
worked in nuclear power plants for 17 years. In 1992,
he and a colleague identified a safety problem in a
plant where they were working, but were ignored
when they raised the issue with the plant manager, the
utility, and the Nuclear Regulatory Commission. They
decided to go to Congress, and the problem was
eventually corrected at the original plant and at plants
across the country. Concerned about nuclear safety
and frustrated with the NRC's complacency, Mr.
Lochbaum joined UCS in 1996. Mr. Lochbaum left
UCS in 2009 to accept a position as a reactor
technology instructor at the NRC’s Technical Training
Center. Mr. Lochbaum returned to UCS in his old
position in March 2010.

He has written numerous reports, including The Good, the Bad, and the Ugly: A Report on Safety
in America's Nuclear Power Industry, Three Mile Island's Puzzling Legacy, and the book
Nuclear Waste Disposal Crisis. He is widely quoted in the media and a frequent guest on
network news programs.



85

Comlmttee on Scxence, Space, and ’I‘ec]mology

; . . U.S. House of Repressntahves
H .. . Witness Disclosyre Requirerent - "Trufh in Testimony"

1]

1 . c - . e
[} - . R
: =

1

: qunlraﬂbyﬂmxeknhxl,ﬂms:z(g)(s)
i r T YourNamer D‘w;n Lccusmm . —E
2 Areyuutesﬁfymgonbebalfofmredml, oraStateorlocal J-~Ye= f i
govermment entity?
3. Areyoufesﬂ:ﬁymgnnbeha]fnfa.uen.htythaﬁsnotaguvermnent l No
) ‘mhty" .. )(

4. Omﬂthanyom'se];f,plennehstwhmhenﬁiyor mﬂhasyuuarevepmenhng-, i o
Unten «f Concermed . Scientists. 4 :

- 5. Please Yist any Federal grauis or ot s mhgruntsor h ts) that

- “you or the entity you represenit have reecived on or after Ocfober T, 2008 -, o

o T have ceeesved ACOE- er;‘oe-ﬂn G;r:n‘luud7 Moy
H . Superveses, *tmd- vie that UCS has received e,

6. Ifyon.r a.uswettothe quasﬁon in jtem 3 in #his form is “yes,” please describe your
‘position or representatipnal capacxiy with the enhty(les) you mnpresenﬁng:

T irector, Nvclasr ;.7;&;7 ‘?h_&d.&ﬁf’ .

7. IfyunranswertathequaﬁonmﬂemSm“yw,”du;iniofﬂ:z . | Yes- 4.N-o -

entities disclosed hutem 4 have parert t)rganiz.atmns, subs:ﬂmms, .
oF partners]nps that you ar'e nof rep ing in your festi . X
i .
: 8. If the answer to the question in ifein 3 is “yes,? please list any Federal granis or

comiracts (includa subgmuﬁ or snbeontr: 13) that were received by the entities listed
wider the question i item 4 o or after Octéber 1, 2008, thit exceed 10. percent of the

. revenué of the entities in the year rscswpd, inclading the source xmd amount of each

) grant m’con(ract to be listed: .

-’ .- >, ND:\Q’ Psr- ij‘f,i»\ 5’_,'

_ Teertify that ;Jlev yve information j and correct. R A
Signature: Guet (/’[/ At -Dater 3-G= Z0ff




86

Dr. HARrIS. Thank you very much, Mr. Lochbaum. The Com-
mittee will now recess so we can go and vote. We will reconvene
five minutes after the last vote.

Committee is in recess.

[Recess.]

Chairman BROUN. I want to thank the witnesses for your indul-
gence and apologize for the break, but we will try to expedite this.
I want to thank the panel for your testimony. I remind Members
that the Committee rules limit questioning to five minutes.

The Chair, at this point, will open the round of questions. The
Chair recognizes himself for five minutes.

I am concerned nuclear groups will exploit the tragedy in
Fukushima as an excuse to halt not only future expansion of nu-
clear power, but restrict relicensing of existing plants. Dr. Sheron,
are you—I have a hard time pronouncing it—Chairman Jaczko and
NRC committed to continue moving forward with reviewing the ap-
plication—license application for the Vogtle plant in Georgia? What
commitment can you provide that your office will continue to pro-
vide the necessary information for these licenses to advance?

Dr. SHERON. Right now the Agency does not believe that there
are any impediments to the continued either licensing of new
plants or the renewed license of existing plants, such as the Vogel
plant. So the Agency, as I understand, is moving forward with the
relicensing of the plant, the review, and provided that the licensee
provides all of the required information, I believe they will main-
tain on the agreed upon schedule.

Chairman BROUN. Well, I certainly hope so. It is absolutely crit-
ical for us to go forward in as expeditious a manner as possible,
and I would encourage you to do so.

The impetus for this hearing was the tragic event in Japan.
Since then, the American south has experienced a tragedy of its
own, in fact, even in my north Georgia district, several of my coun-
ties have been hit by that tragedy. Recent tornados in Alabama
and the flooding of the Mississippi River unfortunately provide an-
other opportunity for us to learn. How has the NRC incorporated
in lessons learned from the recent events in the South? It has been
reported that some reactors were taken offline as a result of the ex-
treme weather. To your knowledge, were there any problems with
any of these? How will this impact NRC’s research portfolio, and
how did the previous safety reviews prepare the U.S. for these
events?

Dr. SHERON. The events, the tornados that took place in the
South did take down some transmission lines at some plants,
which did cause loss of offsite power. My understanding is the
emergency diesel generators at those sites did work as designed.

We look at all natural phenomena that occur in the United
States. We confer with other agencies, as I said before, like USGS,
to determine if there is any new information that we need to take
into account in the design of these plants. Nuclear plants are de-
signed for tornados, for high winds, for storms. We look at floods
that might occur in the vicinity when these plants are licensed to
make sure that they are designed such that they can handle them.

If we learn anything new that says the current design base for
these plants is not adequate, then obviously the Agency will take
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action to make the plant—install, you know, whatever corrections
are necessary.

Chairman BROUN. The answer is no problem at this point?

Dr. SHERON. Yes.

Chairman BRrROUN. Okay, very good. Now that this Administra-
tion has decided to ignore the law and clear congressional direction,
our Nation has no long-term storage plans for radioactive waste.
Where is spent fuel stored at Fukushima? Where is the U.S. cur-
rently storing its spent fuel? How many sites have currently filled
their available storage space? Have any waivers been granted or
regulatory changes made to allow greater onsite storage, and has
any comparative risk analysis been done to compare centralized
storage with dispersed storage? Doctor?

Dr. SHERON. The spent fuel at the Fukushima plant, as I under-
stand, was stored on the site in the pools. I do not know if they
had any dry cask storage. At the U.S. right now, plants store their
fuel either at—in their spent fuel pools which have been designed
to handle the amount of fuel that they can put in, that they can
hold, or to independent spent fuel storage facilities, ISF'S, they are
called. Usually these are dry casks that are stored onsite or nearby,
and are basically—require air cooling.

Chairman BROUN. Are you going to allow expansion of those local
pools since the Administration has closed down the Yucca Moun-
tain storage facility?

Dr. SHERON. Some licensees have come in and proposed to rerack
the pools, which is to “do” a more dense configuration where they
can hold more fuel. Licensees have to come in and present a safety
analysis to demonstrate why that is acceptable and safe. I can’t tell
you which ones have done that so far. I don’t have that information
with me. I know there are some plants that do have the high den-
sity fuel racks.

With regard to a comparative risk study, with regard to—let me
call it a minimally loaded spent fuel pool versus a fully loaded one,
my office is beginning to undertake a comparative risk study to see
what the differences are in risk to public health and safety between
the two. My personal opinion is that pools have a lot of water in
them, and regardless of the amount of fuel, it takes a very long
time, if there was an accident, to actually drain the pool to the
point where there would be an uncovering of the fuel, which gives
licensees ample time to bring in either emergency equipment or to
restore whatever did fail.

Usually—and even if it was a drain down that was occurring or
a boil off, the amount of time that is available before one actually
starts as a release of radioactivity provides ample time for evacu-
ation in the vicinity of the site so that people could be evacuated
and there wouldn’t be any harmful radiation effects.

Chairman BROUN. Thank you, Doctor. Your answer just further
points out the need to open up Yucca Mountain for the Administra-
tion to start obeying the law.

I now recognize Ms. Edwards for five minutes, and I will give you
some leeway on that, Ms. Edwards. You are recognized for five
minutes.

Ms. EDWARDS. Thank you, Mr. Chairman, and thank you to the
witnesses for your patience. Before I begin questions, I would like
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to ask the Chairman for unanimous consent to enter two Nuclear
Regulatory Commission reports relating to the shutdown at Calvert
Cliffs that I referenced earlier, and a report by Mr. Lochbaum at
the Union of Concerned Scientists on the 14 near-misses at U.S.
power plants and their safety.

Chairman BROUN. Any objections? Hearing no objections, so or-
dered.

[The information follows:]
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
REGION |
475 ALLENDALE ROAD
KING OF PRUSSIA, PA 19406-1415

June 14, 2010

EA-10-080

George H. Gelirich, Vice President
Calvert Ciiffs Nuclear Power Piant, LLC
Constellation Energy Nuclear Group, LLC
1650 Calvert Cliffs Parkway

Lusby, Maryland 20657-4702

SUBJECT: CALVERT CLIFFS NUCLEAR POWER PLANT - NRC SPECIAL INSPECTION
REPORT 05000317/2010006 AND 05000318/2010006; PRELIMINARY WHITE
FINDING

Dear Mr, Gelirich:

On Aprit 30, 2010, the U. S. Nuctear Regutatory Commission (NRC) completed a Special
Inspection of the February 18, 2010, dual unit trip at Calvert Cliffs Nuclear Power Plant
{CCNPP} Units 1 and 2, The enclosed report documents the inspection results, which were
discussed on April 30, 2010, with you and other members of your staff.

The special inspection was conducted in response to the dua! unit trip with complications on
February 18, 2010. The complications included loss of a 500 kilovolt (kV) offsite power supply
to sach unit, loss of power to a 4 kV safety bus on each unit, faiture of the 2B emergency diesel
generator (EDG) fo reenergize a 4 kV safely bus, loss of power o the Unit 2 4 kV non-safety
buses, loss of Unit 2 forced reactor coolant system (RCS) flow, and loss of the Unit 2 normai
heat sink. The NRC's initial evajuation of this event satisfied the criteria in NRC inspection
Manual Chapter 0309, “Reactive inspection Decision Basis for Reactors,” for conducting a
special inspection. The Special Inspection Team {SIT) Charter (Attachment 2 of the enclosed
report) provides the basis and additional details concerning the scope of the inspection.

The special inspection team (the team) examined activities conducted under your license as
they relate to safety and compliance with Commission ruies and regulations and with conditions
of your license. The team reviewed selected procedures and records, observed activities,
conducted in-pfant equipment inspections, and interviewed personnel. in particuiar, the team
reviewed event evajuations {including technical analyses}, causal investigations, relevant
performance history, and extent-of-condition to assess the significance and potentiai
consequences of issues related to the February 18 event.

The team concluded that, overall, station personnel maintained plant safety in response to the
reactor frips. Nonetheless, the team identified several issues related to equipment performance
and human performance which complicated the event. The enclosed chronology (Attachment 3
of the enclosed report) provides additional details on the sequence of events and event

complications.,
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This report documents one self-revealing finding that, using the reactor safety Significance
Determination Process (SDP), has preliminarily been determined to be White, a finding with low
to moderate safety significance. The finding is associated with the failure to perform appropriate
maintenance activities to ensure 2B EDG reliability. Specifically, safety related time delay
relays in the EDG low lube oif pressure trip circuit were used beyond the manufacturer
recommended service life, without an associated test or monitoring program to demonstrate,
their continued reliability. Consequently, when called upon to reenergize the 24 4 kV safety
bus, the time delay relay failed and the 2B EDG prematurely tripped in response to a low lube
oil pressure signal. The 24 4 kV safety bus was reenergized from an alternate feed source
approximately 30 minutes into the event. The significance determination of the event was
performed assuming that similar time-delay relays on other systems have not faited due to this
performance deficiency. Subsequent corrective actions included replacing and retesting the
associated time delay relays on all three EDGs susceptible to the iow lube oil pressure trip.
There is no current immediate safety concern due to this finding, because alt EDGs have
subsequently been demonstrated operable and long term corrective actions are being
implemented through the Calvert Cliffs corrective action program to address the extent-of-
condition and extent-of-cause. The final resojution of this finding will be conveyed in a separate
correspondence addressing the final risk significance and disposition of any violations.

As discussed in the attached inspection report, the finding is also an apparent violation (AV) of
NRC requirements, involving Technical Specification 5.4.1, and is therefore being considered
for escalated enforcement action in accordance with the Enforcement Policy, which can be
found on NRC's Web site at hitp://www.nrc.gov/reading-rom/doc-collections/enforcement/.

in accordance with NRC inspection Manual Chapter (IMC) 0609, we will complete our
evaluation using the best available information and issue our final determination of safety
significance within 90 days of the date of this letter. The significance determination process
encourages an open dialogue between the NRC staff and the licensee; however, the dialogus
should not impact the timeliness of the staff's final determination.

Before we make a final decision on this matter, we are providing you with an opportunity (1) to
attend a Regulatory Conference where you can present to the NRC your perspective on the
facts and assumptions the NRC used to arrive at the finding and assess its significance, or {2)
submit your position on the finding to the NRC in writing. If you request a Regutatory
Conference, it should be held within 30 days of your response to this letter and we encourage
you to submit supporting documentation at lsast one week prior to the conference in an effort to
make the conference more efficient and effective. If a Regulatory Conference is held, it will be
open for public observation. If you decide to submit only a written response, such submittal
should be sent to the NRC within 30 days of your receipt of this letter. if you decline to request
a Regulatory Conference or submit a written response, you relinquish your right to appeat the
final SDP determination, in that by not doing either, you fail to meet the appeal requirements
stated in the Prerequisite and Limitation sections of Attachment 2 of IMC 0609. We request that
if you decide to attend a Regulatory Conference or provide a written response, that you address
the apparent violation, and that you also address the length of time that the 2B EDG was
considered inoperable.

Please contact Glenn Dentel at (610} 337-5233 in writing within 10 days from the issue date of
this letter to notify the NRC of your intentions. if we have not heard from you within 10 days, we
will continue with our significance determination and enforcement decision. The final resolution
of this matter wiil be conveyed in separate correspondence.
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Because the NRC has not made a final determination in this matter, no Notice of Violation is
being issued for these inspection findings at this time. In addition, please be advised that the
number and characterization of the apparent viotation described in the enclosed inspection
report may change as a result of further NRC review.

in addition, the report documents two NRC-identified findings and two seff-revealing findings,
each of very low safety significance (Green). Three of these findings were determined to
involve violations of NRC requirements. However, because of the very low safety significance
and because they are entered into your corrective action program, the NRC is treating these
findings as non-cited violations (NCVs) consistent with Section V1.A.1 of the NRC Enforcement
Policy. If you contest any NCV, you should provide a response within 30 days of the date of thit
inspection report, with the basis for your denial, to the Nuclear Regutatory Commission, ATTN.:
Document Controf Desk, Washington DC 20555-0001; with copies to the Regionat :
Administrator, Region {; the Director, Office of Enforcement, United States Nuclear Regulatory
Commission, Washington, DC 20555-0001; and the NRC Senior Resident inspector at Caivert
Ciiffs Nuclear Power Plant. In addition, if you disagree with the characterization of any finding in
this report, you should provide a response within 30 days of the date of this inspection report,
with the basis for your disagreement, to the Regional Administrator, Region {, and the NRC
Senior Resident inspector at Calvert Cliffs Nuclear Power Plant. The information you provide
will be considered in accordance with inspection Manuai Chapter 0305.

in accordance with 10 CFR 2.390 of the NRC's “Rules of Practice," a copy of this letter, its
enclosure, and your response (if any) will be available electronically for public inspection in the
NRC Public Document Room or from the Publicly Available Records (PARS) component of
NRC’s document system (ADAMS). ADAMS is accessible from the NRC Website at
http:/iwww.nrc.govireading-rm/adams htmi (the Public Electronic Reading Room).

Sincerely,

/ 4

Division of Reactor Projects

Docket Nos.: 50-317, 50-318
License Nos.: DPR-53, DPR-69

Enclosure:  Inspection Report 05000317/2010006 and 05000318/2010006
w/Attachments: Supplemental Information (Attachment 1)
Special Inspection Team Charter (Attachment 2)
Detailed Sequence of Events (Attachment 3)

cc w/encl: Distribution via ListServ

Enclosure:  Inspection Report 05000317/2010006 and 050003 18/2010006
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Because the NRC has not made a final determination in this matter, no Notice of Violation is
being issued for these inspection findings at this time. In addition, please be advised that the
number and characterization of the apparent violation described in the enclosed inspection
report may change as a result of further NRC review.

In addition, the report documents two NRC-identified finding and two seif-revealing findings,
each of very low safety significance (Green). Three of these findings were determined to
involve violations of NRC requirements. However, because of the very low safety significance
and because they are entered into your corrective action program, the NRC is treating these
findings as non-cited viotations (NCVs) consistent with Section VI.A 1 of the NRC Enforcement
Policy. if you contest any NCV, you should provide a response within 30 days of the date of thi:
inspection report, with the basis for your denial, to the Nuclear Regulatory Commission, ATTN.:
Document Control Desk, Washington DC 20555-0001; with copies to the Regional
Administrator, Region {; the Director, Office of Enforcement, United States Nuciear Regulatory
Commission, Washington, DC 20555-0001; and the NRC Senior Resident inspector at Calvert
Cliffs Nuclear Power Plant. In addition, if you disagree with the characterization of any finding in
this report, you should provide a response within 30 days of the date of this inspection report,
with the basis for your disagreement, to the Regional Administrator, Region |, and the NRC
Senior Resident inspector at Calvert Cliffs Nuclear Power Plant. The information you provide
will be considered in accordance with Inspection Manual Chapter 0305.

In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter, its
enclosure, and your response (if any) will be available electronically for public inspection in the
NRC Public Document Room or from the Publicly Available Records (PARS) component of
NRC's document system (ADAMS). ADAMS is accessible from the NRC Website at
hitp://www.nrc.govireading-rm/adams.htm! {the Public Electronic Reading Room).

Sincerely,

IRAS

David C. Lew, Director
Division of Reactor Projects

Docket Nos.: 50-317, 50-318
License Nos.: DPR-53, DPR-69
Enclosure:  Inspection Report 05000317/2010006 and 05000318/2010006
w/Attachments: Supplemental information
Special Inspection Team Charter
Detailed Sequence of Events
cc wiencl: Distribution via ListServ
Distribution w/enc! (see attached page)
SUNSI Review Complete: _ GTD (Reviewer's initials : ML 101650723
DOCUMENT NAME: G:\DRP\BRANCH1\Calvert_CHffs\CC SIT Report 2010-06 Final.doc
After declaring this document "An Official Agency Record”, it will be released to the Public.
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U. S. NUCLEAR REGULATORY COMMISSION
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Consteliation Generation Company

Calvert Cliffs Nuclear Power Plant (CC)
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D, Kern, Senior Resident Inspector, Division of Reactor Projects {DRP)

W. Cook, Senior Reactor Analyst, Division of Reactor Safety (DRS)
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SUMMARY OF FINDINGS

IR 05000317/2010006 and 05000318/2010006; 02/22/2010 - 04/30/2010; Consteilation
Generation Company, Calvert Cliffs Nuclear Power Plant; Special Inspection for the February
18, 2010, Dual Unit Trip; Inspection Procedure 93812, Special inspection.

A six-person NRC team, comprised of resident inspectors, regional inspectors, and a regional
senior reactor analyst conducted this Special inspection. The team was accompanied by two
engineers from the State of Maryland, Department of Natural Resources and Department of the
Environment. One apparent violation with potential for greater than Green safety significance
and four Green findings were identified. The significance of most findings is indicated by their
color {Green, White, Yellow, or Red) using Inspection Manual Chapter {IMC) 0609, 'Significance
Determination Process' (SDP); the crosscutting aspect was determined using IMC 0310,
‘Components Within the Cross Cutting Areas;’ and findings for which the SDP does not apply
may be Green or be assigned a severity level after NRC management review. The NRC’s
program for overseeing the safe operation of commercial nuclear power reactors is described in
NUREG-16489, "Reactor Oversight Process," Revision 4, dated December 2006.

NRC identified and Self Revealing Findings

Cornerstone: Initiating Events

+ Green: A self-revealing non-cited violation {(NCV) of 10 CFR Fart 50, Appendix B,
Criterion XVi “Corrective Actions,” was identified, because auxiliary building roof leakage
into the Unit 1 and Unit 2 45 foot switchgear rooms was identified on several occasions
from 2002 to 2008, but was not thoroughly evaluated and corrective actions to this
condition adverse to quality were untimely and ineffective. This degraded condition ied
to the failure of the auxiliary building fo provide protection to several safety related
systems from external events, a ground on a reactor coolant pump (RCP) bus, and
ultimately a Unit 1 reactor trip. immediate corrective actions included: repair of
degraded areas of the roof; walk downs of other buildings within the protected area that
couid be susceptible to damage to electrical equipment due to water intrusion; issuance
of standing orders to include guidance regarding prioritizing work orders due to roof
leakage; and identifying further actions to take during periods of snow or rain to ensure
plant equipment is not affected. Constellation entered the issue into their corrective
action program {Condition Report (CR) 2010-001351). Long-term corrective actions
include implementation of improved plant processes for categorization, prioritization and
management of roofing issues,

The finding is more than mirior because it is associated with the protection against
external factors attribute of the Initiating Events Cornerstone and affected the
cornerstone objective to limit the fikelihood of those events that upset piant stability and
challenge critical safety functions during shutdown as well as power operations. The
team determined the finding had a very iow safety significance because, although it
caused the reactor trip, it did not contribute to the likelihood that mitigation equipment or
functions will not be available. The cause of the finding is related to the crosscutting
area of Problem Identification and Resolution, Corrective Action Program aspect P.1(c)
because Constellation did not thoroughly evaluate the probiems related to the water
intrusion into the auxiliary building
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such that the resolutions addressed the causes and extent-of-condition. This includes
properly classifying, prioritizing, and evaluating the condition adverse to quality. (Section
2.1)

« Green; The team identified a finding for failure to translate the design calculations of
phase overcurrent relays on 13 kV feeder breakers into the actual relay settings. The
overcurrent relays protect the unit service transformer against fauits in the primary or
secondary side windings. The design specified limit of 1200 amps was determined
based on the breaker rating of the feeder breakers. Constellation determined the as-
found relay setting for the feeder breakers was 1440 amps which exceeded the rating of
the feeder breakers. The team determined that due to the as-found relay setting, certain
phase overcurrent conditions could potentially cause the breakers to fail prior to the
phase overcurrent relay sensing the degraded condition. This condition could affect the
recovery of the safety buses from the electrical grid. Constellation entered this issue into
the corrective action program (conditior report 2010-002123).

The finding is more than minor because it affected the Initiating Events Cornerstone
attribute of equipment performance for ensuring the availability and reliability of systems
to limit the likelihood of those events that upset plant stability and chalienge critical
safety functions during shutdowr as well as power operations. Also, this issue was
simitar to Example 3j of IMC 0612, Appendix E, “Examples of Minor Issues,” because
the condition resuited in reasonable doubt of the operability of the component, and
additional analysis was necessary to verify operability. This finding was determined to
be of very low safety significance because the design deficiency did not result in an
actual loss of function based on Constellation’s determination that the maximum load
current possibie would not challenge the feeder breaker ratings. Enforcement action
does not apply because the performance deficiency did not invoive a violation of a
regulatory requirement. The finding did not have a cross-cutting aspect because the
most significant contributor to the performance deficiency was not reflective of current
licensee performance. (Section 2.3)

Cornerstone: Mitigating Systems

Preliminary White: The NRC identified an apparent violation of Technical Specification
5.4.1 for the failure of Constellation to establish, implement, and maintain preventive
maintenance requirements associated with safety refated relays. The team identified
that Constelfation did not implement a performance monitoring program specified by the
licensee in Engineering Service Package (ES2001000867) in fieu of a previously
established (in 1987) 10-year service life replacement PM requirement for the 2B EDG
T3A time delay relay. As a consequence, the 2B EDG failed to run following a demand
start signal on February 18, 2010. Following identification of the failed T3A relay, it was
replaced and the 2B EDG was satisfactorily tested and returned to service. In addition,
time delay relays used in the 1B and 2A EDG protective circuits, that also exceeded the
vendor recommended 10-year service fife, were replaced. Constellation entered this
issue, including the evaluation of extent-of-condition, into the corrective action program.

This finding is more than minor because it is associated with the equipment performance

attribute of the Mitigating Systems Comerstone and adversely impacted the objective of
ensuring the availability, reliability, and capability of the safety related 2B EDG to
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respond to a loss of normal electrical power to its associated safety bus. This finding
was assessed using IMC 0609, Appendix A and preliminarily determined to be White
(low to moderate safety significance) based upon a Phase 3 Risk Analysis with an
exposure time of 323 days which resulted in a total (internal and external contributions})
calculated conditiona) core damage frequency (CCDF) of 7.1E-6. The cause of this
finding is related to the crosscutting area of Human Performance, Resources aspect
H.2(a) because preventive maintenance procedures for the EDGs were not properly
established and implemented to maintain long term plant safety by maintenance of
design margins and minimization of long standing equipment issues. (Section 2.2)

Green: The team identified a NCV of 10 CFR 50, Appendix B, Criterion XVi, “Corrective
Action,” because Consteliation did not thoroughly evaluate and correct a degraded
condition of a CO-8 relay disc sticking or binding issues which can adversely impact the
function of the EDGs and the electrical distribution protection scheme. Specifically,
following the February 18, 2010 event, Consteliation did not identify and adequately
evaluate the recent CO-8 relay failures due to sticking or binding of the induction discs in
the safety related and non-safety related applications. Constellation entered this issue
into the corrective action program (CR 20100004673).

The finding is more than minor because it is associated with the equipment reliability
attribute of the Mitigating Systems Cornerstone, and it adversely affected the associated
cornerstone objective of ensuring the availability, reliability, and capability of systems
that respond to initiating events to prevent undesirable consequences (i.e., core
damage). This finding was determined to be of very low safety significance because
these historical relay failures did not result in an actual loss of system safety function.
The cause of the finding is related to the crosscutting area of Problem Identification and
Resolution, Corrective Action Program aspect P.1(c) because Constellation did not
thoroughly evaluate the previous station operating experience of CO-8 relay induction
disc sticking and binding issues such that resolutions addressed the causes and extent-
of-condition. (Section 2.3)

Green: A self-revealing NCV of Technical Specification (TS) 5.4.1.a, “Procedures” was
identified for failure to establish adequate procedures for restoration of Chemical and
Volume Control System (CVCS) letdown flow, On February 18, 2010, an electrical
ground fault caused a Unit 1 reactor trip, loss of the 500 kV Red Bus, and CVCS letdown
isolation as expected on the ensuing instrument bus 1Y10 electrical transient. Deficient
operating instructions prevented timely restoration of letdown flow following the initial
transient. Pressurizer level remained abave the range specified in Emergency
Operating Procedure (EOP)-1 for an extended period because of the operators’ inability
to restore letdown. This ultimately led to exceeding the TS high limit for pressurizer
fevel. CVCS Operating instruction Qi-2A was subsequently revised, providing
necessary guidarice for re-opening the letdown system excess flow check valve to
restore letdown flow. This event was entered into the licensee’s corrective action
program (CR 2010-001378).

The finding is more than minor because it is associated with the procedure quality
attribute of the Mitigating Systems Cormerstone and affected the cornerstone objective to
ensure the availability, refiability, and capability of systems that respond to initiating
events to prevent undesirable consequences (i.e., core damage). The finding is of very
low safety significance because it is not a design or qualification deficiency, did not
represent a loss of a safety function of a sysiem or a single train greater than its TS
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allowed outage time, and did not screen as potentially risk significant due o external
events. This finding has a crosscutting aspect in the area of human performance,
resources aspect H.2(c), because Constellation did not ensure that procedures for
restoring CVCS Jetdown were complete and accurate. (Section 3.1}
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REPORT DETAILS

Background and Description of Events

In accordance with the Special Inspection Team (SIT) charter (Attachment 2), team
members (the team) conducted a detailed review of the February 18, 2010, dual unit trip
with complications at Calvert Cliffs Nuclear Power Plant including equipment and
operator response. The team gathered information from the plant process computer
(PPC) alarm printouts, interviewed station personnel, performed physical walkdowns of
plant equipment, and reviewed procedures, maintenance records, and various technicai
documents to develop a detailed timeline of the event (Attachment 3). The following
represents an abbreviated summary of the significant automatic plant and operator
responses which began at 8:24 a.m. on February 18, 2010, and ended on February 22,
2010, with both Unit 1 and Unit 2 in cold shutdown:

On February 18, 2010, at 8:24 a.m., the Unit 1 reactor automatically tripped from 93
percent reactor power in response to a reactor coolant system (RCS) low flow condition.
Water had leaked through the auxiliary building roof into the 45’ elevation switchgear
room, causing an electrical ground on bus 14 which tripped the 12B reactor coolant pump
(RCP), thereby initiating the reactor protection system trip on RCS low flow. Three of the
four Unit 1 RCPs continued operating.

Ground overcurrent (O/C) relay 2RY251G/B~22-2 failed to actuate as designed,
permitting the Unit 1 ground O/C condition to reach the Unit 2 22 13 kV RCP bus and the
associated 500 kV/13 kV transformer (P-13000-2). Ground O/C protection for the P-
13000-2 transformer actuated which deenergized the 500 kV "Red Bus” offsite power
supply, the 22 bus, and all four RCPs. At 8:24 a.m., the Unit 2 reactor automatically
tripped from full reactor power in response to the associated reactor protection system

trip on RCS low flow.

The P-13000-2 isolation also deenergized the 21 13 kV service bus, which deenergized
the Unit 1 14 4 kV safety bus, the Unit 2 24 4 kV safety bus, and severai Unit 2 non-
safety related 4 kV busses. The 1B emergency diesel generator (EDG) started as
designed and reenergized the Unit 1 14 bus. The 2B EDG started, but tripped 15
seconds later due to a low Jube oil pressure signal and the 24 bus remained deenergized.
The electrical transient deenergized 120 volt instrument buses 1Y10 and 2Y10, which
isolated the chemical volume control system (CVCS) and RCS letdown for both units and
complicated operators’ control of pressurizer level.

Loss of power to the Unit 2 non-safety related buses resulted in loss of the normai RCS
heat removal path (main feedwater pumps, circulating water pumps, and condenser).
Operators used the turbine driven auxiliary feedwater pump and atmosphenic steam
dump valves for decay heat removal.

At 8:48 a.m., Unit 2 operators exited emergency operating procedure (EOP)-0, "Reactor
Trip" and entered EOP-2, "Loss of Flow and Loss of Offsite Power.” At 8:57 a.m.,
operators reenergized the 24 bus via the aiternate feeder breaker. At 9:00 a.m., Unit 2
operators restored RCS letdown and maintained appropriate pressurizer level control.

At 11:17 a.m., Unit 2 operators started the 23 motor driven auxiliary feedwater (AFW)
pump and secured the turbine driven AFW pump. At 11:18 a.m., Unit 2 operators exited
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the EOPs and returned to normal operating procedures. As of 12:02 p.m., Unit 1
operators remained unsuccessful at restoring RCS letdown and exceeded the
pressurizer high level limits specified by both EOPs and TS. At 1:09 p.m., Unit 1
operators restored RCS letdown and restored normal pressurizer level control. At 1;38
p.m., Unit 1 operators exited the EOPs and returned to normal operating procedures.

At 2:07 p.m., Unit 1 vital 4 kV bus 14 was aligned to its alternate offsite source and the
18 EDG was secured. At 5:13 p.m., Unit 2 operators started 21B and 22A RCPs to
restore forced RCS circulation. On February 19, 2010, at 12:05 p.m., operators verified
two offsite power supplies were available, with the 21 13 kV service bus energized from
an alternate offsite source. On February 20, 2010, at 10:31 p.m. repairs on the 2B EDG
were completed and the diese! generator was declared operable.

Unit 1 achieved cold shutdown at 5:38 a.m. on February 21, 2010, and 500 kV Red Bus
was restored at 5:50 a.m. Unit 2 achieved cold shutdown at 5:00 a.m. on Febtuary 22,

2010.

Egquipment Performance

Untimely Corrective Actions to Unit 1 45 Foot Elevation Switchgear Room Roof Leak
Caused Reactor Trip

Inspection Scope

Water leakage through the Unit 1 auxiliary building roof into the 45' elevation switchgear
room, caused an electrical ground on Bus 14 which tripped the 12B RCP, thereby
initiating a reactor protection system trip on RCS low flow. The team interviewed station
personnel, performed field walkdowns, and reviewed various records including
maintenance backliogs, maintenance history, operating logs, condition reports, and
maintenance rule program records to independently determine the cause of the event
and assess associated corrective actions. Constellation determined the root cause of
the event was that Calvert Cliffs lacked sensitivity to the consequences associated with
degraded roof conditions which led to a reactive rather than preventive strategy for
dealing with roof leaks. The team independently reviewed Constelfation’s Root Cause
Analysis Report (RCAR) for the Unit 1 reactor trip to determine the adequacy of the
evaluation, the extent-of-condition review, and associated corrective actions.

Findings

Introduction: A self-revealing non-cited violation (NCV) of very low safety significance
associated with 10 CFR Part 50, Appendix B, Criterion XV! “Corrective Actions,” was
identified because Constellation did not promptly identify and correct degraded
conditions associated with the Unit 1 auxiliary building (45-foot elevation switchgear
room) roof leakage. These degraded conditions led to the failure of the auxiliary building
to provide adequate protection to numerous safety related systems from external events
(adverse weather conditions) resulting in a ground on a reactor coolant pump (RCP) bus
and a consequentiat Unit 1 reactor trip on February 18, 2010.

Description: On February 18, 2010, Unit 1 tripped due to water from a roof leak entering

into the Unit 1 45-foot elevation switchgear (SWGR) room and causing a phase to
ground short near a current transformer (CT) for the 12B RCP bus 14P
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differential/ground current protection devices. The ground fault was not isolated close to
the source, due to a failed ground protection relay in the feeder breaker to the Unit 1
RCP bus. The consequential trip of the 12B RCP led to the Unit 1 reactor protection
system (RPS) trip due to the a low reactor coolant system {RCS) flow signal.

While conducting a review of the dual unit trip, the team noted that in July of 2008,
condition report (CR) IRE-032-766 was written regarding rain water which had fallen onto
and into the emergency shutdown panel (ESDP) 1C43, which is located in the Unit 1 45’
elevation SWGR room. Immediate actions were taken to notify the control room
supervisor of the condition as weli as to clean up the pooled water around the panel.
Corrective actions were initiated to establish a program to maintain weather tight buiiding
integrity. In June of 2009, CR 2009-004060 documented water dripping inside the
SWGR room just east of the No. 12 motor generator set. No immediate actions were
taken; however, recommended actions were to repair the roof. On August 8, 2009, a
third CR (CR 2009-005508) was written, again regarding water feaking into the SWGR
room and onto the ESDP. Immediate actions were taken to cover the panel with
herculite and to direct the leaking water into a plastic bucket, as well as mopping up the
standing water. Despite the immediate actions taken to address the three rain water
issues, ro additional actions were taken to properly prioritize, identify, and correct the
roof leakage. This is evident due to the fact that each CR was given the lowest priority
(category 4) as well as none of the work orders written to address the roof leakage had
been approved. Additional safety related SWGR equipment in the SWGR room included
power supply breakers for the “B” train auxiliary feed water pump, high pressure safety
injection pump, low pressure safety injection pump and EDG.

Based on the review of the RCAR, the team noted several missed opportunities from
2002 to 2009 to identify and evaluate the degraded condition prior to the dual unit trip.
During a periodic bus inspection in 2004, repairs were made to insulating material on the
power cables inside the 14P01 cubicle to correct a water spot on the “B” phase of the
12B RCP bus. This cubicle is in the same SWGR enclosure as the 14P02 cubicle where
the water intrusion occurred that resuited in the February 18, 2010 trip. The work was
completed under the bus inspection work order; however, no CR was written
documenting the indicated water intrusion. This preventive maintenance activity should
have led to an investigation into the cause of the water intrusior1 as well as the extent of
the degraded condition. An apparent cause (IRE-007-705) was also completed in 2005
in response to a CR written by quality assurance personnel noting that there were 33
leaks identified during a walk down but no trend CR was written. Corrective actions were
proposed; however they were not adequately implemented.

The Calvert Cliffs' maintenance rule scoping document states that the function of the
auxiliary building is to provide structural support and separation to safety and non-safety
related equipment while accounting for the effects of certain external events. Rain
storms and heavy snowfall are examples of external events for which the auxiliary
building is designed to provide protection against. The Calvert Cliffs’ structure
monitoring program did not effectively use the corrective action process to ensure this
function of the auxiliary building would be maintained. At the time of this special
inspection, 58 work orders were open to repair roof leaks. None of these work orders
were planned or scheduled. Several of these work orders were over 2 years old.

immediate corrective actions included: repairing degraded areas of the auxiliary building
roof; performing walk downs of other protected area buildings that could be susceptible
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to damage to electrical equipment due to water intrusion; issuing standing orders to
include guidance regarding prioritizing work orders due to roof leakage; and identifying
further actions to take during periods of snow or rain to ensure plant equipment is not
affected. Long-term corrective actions inciude implementing improved plant processes
for categorization, prioritization, and management of degraded roof and water leakage
issues,

The team concluded that Constellation had numerous opportunities to have thoroughly
evaluated, classified, and prioritized the roof leakage, such that corrective actions could
have addressed the full extent of the auxiliary building roofing degraded condition and
prevented the water intrusion event and subsequent plant trip on February 18, 2010.
The team concluded that station personnel did not properly inspect and maintain the
roofs of several safety related structures to ensure the internal safety related and non-
safety related components were protected from effects of the extemal environment (i.e.,
rain, snow).

Analysis: The failure of Constellation to promptly identify and correct conditions adverse
to quality, associated with the auxiliary building roof leakage, is a performance
deficiency. The finding is more than minor because it is associated with the Initiating
Events Comerstone and affects the comerstone objective to limit the likelihood of those
external events that upset plant stability and challenge critical safety functions during
shutdown, as well as power operations. The inspectors evaluated this finding using IMC
0612 Attachment 4, “Phase 1- Initial Screening and Characterization of Findings.” The
team determined the finding to have very low safety significance because, although it
contributed to a reactor trip, it did not contribute to the likelihood that mitigation
equipment would not be available.

The cause of this finding is related to the Problem Identification and Resolution cross-
cutting area, corrective action program, because Constellation did not thoroughly
evaluate the problems related to the water intrusion into the.auxiliary building such that
the resolutions addressed the causes and extent-of-condition. This included properly
classifying, prioritizing, and evaluating the condition adverse to quality (P.1{c)).

Enforcement: 10 CFR Part 50, Appendix B, Criterion XV!| “Corrective Action,” states, in
part, that conditions adverse to quality, such as failures, malfunctions, deficiencies;
deviations, defective material and equipment, and non-conformances are promptly
identified and corrected. Contrary fo the above, from 2002 to February 18, 2010,
Constellation did not thoroughly evaluate and promptly correct degraded conditions
associated with auxiliary building roof leakage. This led to the failure of the auxiliary
building to provide protection to several safety refated systems from external events (i.e.
flooding), a ground on a reactor coolant pump bus, and ultimately a Unit 1 reactor trip.
Because this violation was of very low safety significance and was entered into the
licensee’s corrective action program as CR 2010-001351, this violation is being treated
as an NCV, consistent with the NRC Enforcement Policy.” (NCV 0500317/318/2010006-
01: Failure to Thoroughly Evaluate and Correct Degraded Conditions Associated
with Auxiliary Building Roof Leakage)
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Deficient Preventive Maintenance Program Procedures and implementation for EDG
Agastat Time Delay (TD) Relays

Inspection Scope

On February 18, 2010, Unit 2 experienced an automatic reactor trip, loss of the P-13000-
2 Service Transformer, and loss of the 500 kV Red Switchyard Bus. The loss of the Red
Bus resulted in loss of power to the No. 24 4 kV safety bus which caused an automatic
start of the 2B EDG. The 2B EDG tripped due to low lube oil {LO) pressure after running
for 15.2 seconds. The team reviewed the timing sequence, design requirements, reiay
schematics, and surveillance and maintenance history for the 2B EDG. Failure of a T3A
time delay (TD) relay coincident with the 2B EDG LO low pressure protection logic not
having reset caused the low LO pressure protective trip of the engine. Consteliation
identified two root causes for the EDG failure: (1) station personnel faiied to recognize
and quantify the low margin in all aspects of the low lube oil pressure trip set feature for
the EDG; and, (2) station personnel did not rigorously assess all failure modes of the
Agastat relays in the EDG protection circuitry prior to extending its service life beyond
the vendor qualified life.

The team reviewed Constellation’s evaluation of the 2B EDG’s failure, the adequacy of
proposed and completed corrective actions, and the appropnateness of the extent-of-
condition review, Independent reviews of design documents, mock-up testing, drawings,
surveillance tesling, and field walk-downs were performed by the team to evaluate the
cause of the 2B EDG failure. {n addition, the team reviewed Constellation’s preventive
maintenance (PM) history and associated PM programs.

Findings

introduction. The NRC identified an apparent violation of Technical Specification 5.4.1
for the failure of Constellation to establish, implement, and maintain preventive
maintenance requirements associated with safety relaled relays. The team identified
that Consteliation did not implement a performance monitoring program in lieu of a
previously established 10-year service life replacement PM requirement for the 2B EDG
T3A TD relay. As a consequence, the 2B EDG failed to run following a demand start
signal on February 18, 2010. This apparent violation is preliminarily determined to be of
low-to-moderate safety significance (White).

Description. The purpose of the T3A (Agastat 7000 series) TD relay in the EDG
protective circuit is to bypass the low lube oil trip on the EDG start to aliow the EDG lube
oil pressure to initialty build up to operating conditions. The relay begins timing when the
EDG speed reaches 810 rpm (approximately 6 seconds after EDG start). The relay
functions to bypass the low LO pressure trip (<17 pounds pressure sensed in the EDG
upper crankcase) for 15 seconds (a total of 21 seconds from EDG start). This time delay
allows LO pressure to build-up in the EDG upper crankcase high enough to reset the trip
logic (2 of 3 pressure switches reset at >20 pounds). The Unit 2 February 18, 2010,
sequence of events printout revealed that the T3A relay timed out early (after 9.2
seconds) at 15.2 seconds following the EDG start and prior to the low LO pressure
sensing tnp logic being reset. Consteliation determined that a typical fast, non-pre-
lubricated EDG start results in LO pressure exceeding 20 pounds pressure
approximately 13 seconds following the start of the EDG. Accordingly, the earty timeout
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of the T3A relay was not the only degraded 2B EDG condition that presented itself on
February 18, 2010. Consteliation aftributed the February 18 delayed reset of the
pressure switches to “sticky lubrication oil” in the Y4-inch stainless steel pressure sensing
line to the pressure switches, vice an actuat low LO pressure condition in the diesel
engine upper crankcase,

The feam determined that the T3A relay, which timed-out early, had been in-service on
the 2B EDG for approximately 13.5 years, 3.5 years beyond its vendor recommended
10-year service life. In 2001, Constellation engineering discontinued the vendor
recommended 10-year replacement PM and substituted a performance monitoring
program envisioned to ensure Agastat relays (approximately 100 safety related -
applications and 500 to 800 non-safety related applications in the two Calvert Cliffs units)
were appropriately monitored and replaced prior to failure (reference Engineering
Service Package ESP No. ES200100067, approved 03/06/2001). The team identified
that a relay performance monitoring program had not been established since 2001 at
Calvert Cliffs. Constellation initiated CR 2010-04493 to address this performance issue.
The Shift Manager reviewed the immediate operability and determined that the other
safety-related components using Agastat relays remain operable because these relays
are installed in less harsh operational environments (e.g. vibrations) then the EDG
Agastat relays, and therefore, are less susceptible to age-related degradation. in
addition, CR 2010-01784 was written to address the extent-of-condition of Agastat relays
used in other safety-related applications.

Consteliation replaced the 2B EDG failed T3A refay and, via a single ‘as-found’ bench
test, validated its February 18, 2010, in-service failure, when the relay failed again,
timing out early at 11.6 seconds. Subsequent attempts by Constellation to adjust the
refay to within calibration tolerance were unsuccessful. The failed relay was shipped to
an independent laboratory for diagnostic testing and destructive examination. The
laboratory identified that, exercised over its full range of operation, >40 percent of the TD
actuation results were out of tolerance. Internals examination identified three of six
screws on the flexible diaphragm retaining ring were loose, suggesting that the early
time-out of the relay was possibly due to excessive air bleed off (leakage passed the
diaphragm seal). Constellation concluded that the TD relay failure was a relatively
recent event (within the last 47 days) and attributable to the three 2B EDG starts and
approximately seven cumulative hours of operation that occurred in early January 2010.
The team concluded that Consteliation provided no evidence to support the approximate
time of failure of the TD refay. However, the team determined that the failure and
probable failure mechanism may have occurred between the last successful calibration
of the TD relay (May 13, 2008) and the observed failure on February 18, 2010. In
addition, the team concluded that the TD relay early time-out was most likely a latent
fallure and masked by the monthly EDG surveillance test. Accordingly, the TD relay
failure was revealed by the fast, non-pre-lubrication, demand start on February 18, 2010.

The basis for the team’s conclusion was as follows:

» Constellation’s troubleshooting results were not conclusive regarding the jubricating
oil pressure sensing line “sticky oil" theory, based upon the following: 1) the “sticky
oil” drained from the sensing line was not saved or analyzed for consistency or
contaminants (Constellation did not exercise appropriate quarantine practices); 2) the
Ye-inch LO pressure sensing line was not backfilled with oil and was therefore
susceptible to trapped air pockets that may tend to dampen accurate pressure
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sensing and may result in a delayed pressure response; and, 3) Constellation’s
routine (two-year calibration cycle) and post-event cafibration checks of the pressure
switches did not record “as-found” values of the pressure switch reset values; this
information may have assisted in rufing out possible pressure switch setpoint drift or
maifunction. ) .

The team acknowledged that Constellation’s subsequent mock-up testing of the
pressure sensing line did show that lubricating oils of heavier viscosity tend to delay
the pressure sensing response, However, the 100W oil used to demonstrate the
phenomena {(approximate 3 second pressure sensing delay) was considerably
heavier than the lubricating oil used in the 2B EDG (40W) and may or may not have
reflected the “sticky oil” viscosity observed by the technician responsible for the
pressure switch troubleshooting.

« The fast, non-pre-lube start of the 2B EDG contributed to the identification of the
failed relay; whereas the monthly pre-lube EDG starts likely masked the failure of the
TD relay. The team determined that for a typical fast, pre-lubricated EDG start, a
small pre-lube pump is run for 3 to 5 minutes prior to the EDG starting and fills the
upper crankcase with Jubricating ofl, but is not of sufficient capacity to pressurize the
upper crankcase. When the EDG starts, the engine driven LO pump functions to
complete the upper crankcase fill and pressurization (>20 pounds pressure) in
approximately 8 seconds. Accordingly, any relay failure (timing out early, <12
seconds) is masked by the fast, pre-lube EDG start because the relay actuates at 6
seconds and only has to satisfactorily function (block the low lube ofl trip signal) for >2
seconds. The team noted that by the low LO pressure protective system design, the
fast pre-lube EDG starts aflow for a significant margin to satisfactory build-up of lube
oil pressure before the TD relay times out (a margin of approximately 13 seconds).
For the fast non-pre-lube start, LO pressure typically exceeds 20 pounds pressure at
13 seconds after EDG start. This 13 second time interval similarly translates to the
TD relay having to function for >7 seconds from the time it actuates at 6 seconds from
EDG start. This 7 seconds minimal TD function aiso, by design, provides margin (an
additional 8 seconds) for satisfactery LO pressure build-up.

The team concluded that the last known satisfactory relay calibration (setpoint) check of
the T3A relay was the two-year calibration check completed on May 13, 2008. Based
upori Constellation records, the as-found setting was 17.5 seconds and the as-left was
16.5 seconds. All monthly surveillance tests of the 2B EDG since May 13, 2008, were
fast, pre-lube starts. There were no demand starts of the 2B EDG between May 13,
2008, and February 18, 2010, that would have proved or disproved that the T3A relay
was operable, and that the LO pressure sensing line issue was coincidental or
precipitous of a fast, non-pre-iube start.

Following identification of the failed T3A relay, the licensee replaced the relay,
satisfactorily tested the 2B EDG, and returned the 2B EDG to service. In addition, time
delay relays used in the 1B and 2A EDG protective circuits, that also exceeded the
vendor recommended 10-year service life, were replaced. Constellation is evaluating the
continued use of Agastat relays beyond their vendor recommended 10-yr service life. As
previously noted, there are approximately 100 safety related appiications and 500-600
non-safety related applications at the two Calvert Cliffs units.
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Analysis. The team identified that the failure of Constellation to perform preventive
maintenance in accordance with vendor recommendations without adequate
performance monitoring on safety related Agastat 7000 series TD relays used in safety
related applications is a performance deficiency and violation of Technical Specifications
(TS). This violation of TS is more than minor because it is associated with the
equipment performance attribute of the Mitigating Systems Cornerstone and adversely
impacted the objective of ensuring the availability, reliability, and capability of systems
that respond to initiating events to prevent undesirable consequences. Specifically, the
early timeout of the T3A relay caused the 2B EDG to trip prior to the low lube oil
pressure trip signal clearing (resetting) after a demand fast start on February 18, 2010.
The failure of the 2B EDG to run resulted in the continued loss of alternating current to
the No. 24 4 kV safeguards bus and its associated emergency core cooling systems.

In accordance with Table 4a of IMC 0609, Attachment 04, *Phase 1 — Initial Screening
and Characterization of Findings,” this performance deficiency required a Phase 2 or 3
risk analysis because the issue resuited in an actual loss of safety function of a single
train for greater than its TS allowed outage time. A Phase 3 risk assessment was
performed by a Region | Senior Reactor Analyst (SRA) using the SAPHIRE software and
Calvert Cliffs Unit 2 Standardized Plant Analysis Risk {SPAR) model, Revision 3.46,
dated February 2010.

To conduct the Phase 3 analysis, the SRA made the following modeling assumptions:

. Exposure time was based upon a T/2 approximation, The team determined that
the 2B EDG exposure time is best approximated by a T/2 value, per the usage
rules of IMC 0308, Appendix A, “Technical Basis for At Power Significance
Determination Process.” Specifically, if the inception of a condition is unknown,
the use of the mean exposure time (T/2) is a statistically valid time period
because it represents one-half of the time since the last successfui demonstration
of the component’s function and the time of discovery or known failure. The last
successful demonstration of the T3A relay was the calibration check performed
on May 13, 2008. The total time (T) between May 13, 2008 and February 18,
2010 is 646 days. Therefore, T/2 represents an approximate exposure time of

323 days or 7752 hours.

. SPAR model basic event EPS-DGN-FS-2B, representing “Diesel Generator 2B
Failure to Start” was set to TRUE. The basis for the TRUE, vice a failure
probability of 1.0, is that common cause failure of the remaining Fairbanks-Morris
EDGs could not be conclusively ruled out. The same type Agastat 7000 series
TD relays, with comparable greater than 10 years in-service times were instalied
on the 1B and 2A EDGs.

» SPAR model basic event AFW-XHE-XM-FCS8, representing operator failure to
open the Turbine Building to turbine driven auxiliary feedwater (TDAFW) pump
room door within 12 hours of a station blackout event, was set to FALSE. The
basis for this change is that recent engineeting analysis of the TDAFW pump
room heat-up {post Appendix R fire, LOOP/LOCA, SBO) identified no
dependency on operator action to open the door to the turbine building to ensure
adequate cooling of the TDAFW pumps.
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. No additional 2B EDG recovery credit was applied to the model based upon this
event. The SRA noted that 2B EDG non-recovery probability (0.772) in the SPAR
mode! is based upon industry statistical data. The SRA notes that Constellation
procedures have operators align the OC EDG (within 45 minutes) vice attempt to
troubleshoot and restart the failed EDG. Accordingly, any subsequent attempis
to restart the 2B EDG, after an approximaie one hour delay {aligning the OC
EDG) would likely have the same result because all LO would have drained from
the upper crankcase.

. Even though Agastat 7000 series relays are used in muiltiple safety related
applications (some beyond their vendor recommended service life), no broad-
based increase in safety related systems’ or components’ failure probabilities was
applied for this Phase 3 risk assessment. As a consequence, the calculated risk
estimate for this condition may be a non-conservative value because the Agastat
relays are used in multiple other safety related applications beyond the
manufacturer's recommended 10-year service life.

. Truncation for the SPAR model analysis was set at 1E-13.

Using the above stated assumptions, the increase in internal risk (core damage
frequency) associated with the 2B EDG failure of February 18, 2010, was estimated at
6.0E-6. The dominant core damage sequence involves the loss of Facility B (13 kV
Service Bus No. 21), loss of steam generator cooling {main feedwater and auxiliary
feedwater), and the subsequent loss of once through cooling {feed and bieed, using the
charging system and a power operated relief valve).

Based upon the absence of an NRC external risk quantification tool, the SRA used
Constellation’s calculated external risk values to approximate the external risk
contribution. Constellation’s estimated external risk is based upon a RISKMAN fire
modeling tool and was calculated at 1.1E-6 for the T/2 exposure period. No appreciabie
external risk contributions were identified for flooding or seismic events. The dominant
core damage external events include turbine building fires (involving the steam generator
main feedwater pump area)} and high wind/hurricane events. The dominant turbine
building fire scenarios involve the failure of the available EDGs (2B and 1B) and a
spurious initiation of the safety feature actuation system (SFAS). The dominant high
wind/hurricane event core damage scenarios involve the assumed failure of the OC
EDG, the subsequent failure of the remaining safety related EDGs, and a spurious
SFAS.

Based upon the SRA's calculated internal events risk estimate and Constellation’s
estimated external events risk contribution, the total increase in Unit 2 core damage
frequency for this finding is approximately 7.1E-6. Accordingly, this finding is of low to
moderated safety significance (WHITE). This finding and the associated risk analysis
was reviewed by a Significance and Enforcement Review Panel (SERP) conducted on
June 1, 2010. The SERP concluded that the stated Technicai Specification violation and
associated risk characterization were appropriate. The violation does not represent an
immediate safety concem because the licensee took prompt corrective actions to
replace the Agastat refays in use beyond their service life for all three Fairbanks-Morris
EDGs and ensured the LO pressure sensing lines were properly backfilled. Subsequent
testing of alf three EDGS verified operability, including a non-pre-iubricated fast start of
the 2B EDG.
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The Constellation PRA staff performed a risk assessment of the 2B EDG failure using
their CAFTA internal events model and RISKMAN external events model. Consteliation
assumed the same exposure time as the Region | SRA of T/2 equal to 323 days.
Constellation’s total risk estimate was 3.1E-6 CDF. Based upon discussions with the
Consteliation PRA staff, their risk estimate and dominant core damage sequences
compare favorably with the NRC results.

The cause of this finding is related to the crosscutting area of Human Performance,
resources aspect because preventive maintenance pracedures for the EDGs were not
properly established and implemented to maintain long term plant safety by maintenance
of design margins and minimization of long standing equipment issues (H.2(a)).

Enforcement Technical Specification 5.4.1 states, in part, that written procedures
specified in Regulatory Guide 1.33, Revision 2, Appendix A, February 1978, shall be
established, implemented, and maintained. Section 2.b. of Appendix A to Regulatory
Guide 1.33 states, in part, that preventive maintenance schedules should be developed
to specify replacement of parts that have a specific service life. in March 2001
Constellation replaced their original 10-year relay replacement preventive maintenance
with a proposed performance monitoring program, to ensure the continued reliability and
operability of Agastat relays installed in safely related applications beyond the vendor
recommended 10-year service life, via Engineering Change Package No. ES200100067.

Contrary to the above, the team identified that Constelfation did not establish a
performance monitoring program, and all Agastat relays installed in safety related
applications at Calvert Cliffs have been subject to “run to failure” preventive
maintenance/replacement interval. Constefiation took prompt corrective action to
replace Agastat relays used in service, beyond their 10-year service life, in the 2B, 2A
and 1B EDGs. The remaining Agastat relays, used in safety related applications beyond
their vendor recommended service life, are under evaluation by Constefiation.
Constellation has initiated several CRs (see Attachment 1 to this report) associated with
this performance deficiency. Pending final significance determination, the finding is
identified as Apparent Vioiation (AV} 05000318/2010006-02, Inadequate Preventive
Maintenance Results in the Failure of the 2B Emergency Diesel Generator.

Ground Fault Relay 251G/B-22-2 Did Not Actuate on Ground Overcurrent to Trip Open
Breaker 252-2202

inspection Scaope

The team reviewed design requirements, drawings, and maintenance history of the
251G/B-22-2 relay. Failure of this relay to actuate and trip open the 252-2202 breaker
resulted in a loss of the P-13000-2 service transformer, which resulted in loss of power to
the Unit 2 RCPs and a Unit 2 trip with joss of normal decay heat removal. Unit 2
remained on atmospheric dump valves and auxiliary feedwater for heat removal for
approximately 68 hours. Constellation determined the most likely cause of the relay
failure was premature coil aging due to the operating environment and the magnitude of
the current seen, which caused insulation breakdown and shorting of the magnetizing
coil. Even though Constellation could not conclusively identify the cause of 1he insulation
breakdown and magnitude of the signal that coincided with the breakdown, they did note
that the relay in this particular application is located in non-environmentally controlied
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space which would impact aging mechanisms due to the temperature extremes.
Additionally, the 251G/B-22-2 relay age was 39 years at the time of the event, which is
only 1 year within the 40-60 year service life.

The team reviewed Constellation’s root cause analysis report (RCAR) for the 251G/B-22-
2 relay to determine the adequacy of the evaluation and the appropnateness of the
extent-of-condition review. Independent reviews of the design documentation, drawings,
maintenance history, and field walk-downs were performed to validate the cause of the
relay failure. The team reviewed the design requirement and the refay setting
information of the 13.8 kV fault protection refaying scheme to ensure proper equipment
protection during transient and steady state conditions. The team also reviewed the
history of the 251G/B-~22-2 relay, along with other protective relays in the 13.8 kV system
that were required during the event, to verify that the applicable test acceptance criteria
and maintenance frequency requirements were met.

Findings

Deficient Evaluation and Untimely Corrective Action Associated with Induction Disc
Binding on CQO-8 Type Relays

Introduction: The team identified a finding of very low safety significance (Green) that
involved a NCV of 10 CFR 50, Appendix B, Criterion XV, “Corrective Action,” because
Consteliation did not thoroughly evaluate and correct a degraded condition of CO-8 retay
disc sticking or binding issues which can adversely impact the function of the EDGs and
the electrical distribution protection scheme. Specifically, following the February 18,
2010, event Constellation did not identify and adequately evaluate the recent CO-8 relay
failures dus to sticking or binding of the induction discs in the safety related and non-
safety related applications.

Description: The team reviewed Constellation’s RCAR for the relay 2RY251G/B-22-2 on
breaker 2BKR252-2202 which failed to trip open the breaker. The relay was a CO-8
ground fault over-current relay which had been in service for the life of the plant. The
relay consists of an electromagnet and an induction disc which rotates to close a moving
contact to a stationary contact to compiete the breaker trip circuitry. The root cause
analysis concluded that the magnetizing coil had shorted out the majority of the windings
in a manner that current would pass but the induction disc would not rotate.

The team reviewed Constellation’s maintenance and corrective action history of the CO-
8 relay failures and noted that the induction disc type relays had a failure history
associated with disc binding and sticking conditions. The team also rioted that CO-8
relays and other induction disc type relays had a high failure rate for out of tolerance
conditions during the performance of relays calibration procedures. The team
determined that failures of the relay due to binding, sticking, and out of tolerance
conditions can potentially impact the breaker trip operation and affect breaker
coordination.

The failure history for binding, sticking, and out of tolerance conditions for the induction
type relays were reviewed since 2007. The team found 40 failures since 2007 and 5
failures of the CO-8 type relays. Consteliation has a total of 68 CO-8 type relays
instalted in safety refated and non-safety related appiications, all of which have been
scheduled to be calibrated every 2 years since 2005. The team noted that from 1999 to
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2005 as-found testing and calibration of the relays were performed every 4 years. The
team reviewed the faflure data of the CO-8 and other induction disc type relays prior to
2005 and conciuded that the failure rate did not change significantly subsequent to the
increase in calibration frequency. The CO-8 relay failures were noted to be 10 percent
from 1898-2005.

Consteliation replaced or cleaned the relays with sticking or binding conditions; however,
the licensee did not place the relays in any system or component monitoring program.
The relays were also not part of the system health tracking report. The team reviewed
the historical failures of the CO-8 relays and noted that for some of the testing
conditions, the induction disc needed to be mechanically agitated to free it from the
binding or sticking conditions. The team reviewed the vendor and Electric Power
Research Institute (EPRI} calibration and maintenance manual and determined that
Constellations’ calibration and inspection procedure did not include all of the
recommended practices specified in the EPRI guideline related to inspection and
cleaning of the induction disc units. Constellation entered this issue into the corrective
action program (CRs 2010-004672 and 2010-004673).

Analysis: The team reviewed Constellation’s root cause evaluation, which concluded the
cause of the relay failure to be premature coil aging due to its operating environment and
the magnitude of the current seen by the relay. The team concluded that there was no
direct correlation between the coil failure and the historical binding and sticking
conditions of the CO-8 relay discs. However the team determined that Consteliation’s
failure histories of the CO-8 type relays were significant and the failure to evaluate the
degraded conditions and implement timely and effective action to correct this condition
adverse to quality was a performance deficiency. The CO-8 relays are used in multiple
safety related and non-safety related applications.

The finding was more than minor, in accordance with NRC IMC 0612, Appendix B,
“Issue Screening,” (IMC 0612B) because, while it was not similar to any examples in IMC
0612, Appendix E, “Examples of Minor issues” (IMC 0612E), it was associated with the
equipment reliability attribute of the Mitigating Cornerstone and it adversely affected the
associated comerstone objective of ensuring the availability, reliability, and capability of
systems that respond to initiating events fo prevent undesirable consequences (i.e., core
damage). The team evaluated this finding using IMC 0612 Attachment 4, “Phase 1-
Initial Screening and Characterization of Findings.” The finding is of very low safety
significance (Green) because it is not a design or qualification deficiency, did not
represent a loss of a safety function of a system or a single train greater than its TS
aliowed outage time, and did not screen as potentially risk significant due to external
events. The historical relay failures did not result in an actual loss of system safety
function.

The cause of the finding is related to the crosscutting area of Probiem identification and
Resolution, Corrective Action Program because Constellation did not thoroughly
evaluate the previous station operating experience of CO-8 relay induction disc sticking
and binding issues such that resolutions addressed the causes and extent-of-condition
(P-1(c)).

Enforcement: 10 CFR 50 Appendix B, Criterion XVI, “Corrective Action,” requires, in

part, that measures shalf be established to assure that conditions adverse to quality are
promptly identified and corrected. Contrary to the above, Consteliation did not
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adequately evaluate and correct the degraded condition of CO-8 relays which can
potentially impact the function of muitiple safety related systems or component. Because
the finding was of very low safety significance and has been entered into Constellation’s
corrective action program (CR 2010-004673), this violation is being treated as a NCV,
consistent with Section VI.A of the NRC Enforcement Policy: NCV 05000317 &
318/2010006-03, Failure to Evaluate Degraded Conditions Associated With CO-8
Relays and Implement Timely and Effective Action to Correct the Condition
Adverse to Quality.

Deficient Offsite Power Distribution Tripping Scheme Design Control

Introduction: The team identified a finding having very low safety significance (Green)
for failure to transiate design calculation setpoint standard listed in calcuiation E-20-058
and E-80-061 of phase overcurrent relay (250) on feeder breakers 252-1101, 1102,
1103, 2101, 2102, and 2103 into the actual relay settings.

Description: During the relay settings review, the team identified that the service
transformer 251G/ST-2 and service bus 251G/SB-21 ground overcurrent relays settings
specified in the relay setting sheets did not support the values listed in the refay setting
calculation E-80-61 for the 500/14 kV Service Transformer (P-13000-2). The value listed
in the calculations for the 251G/ST-2 ground overcurrent relay tap settings was 2.5 amps
and the actual field setting, which is set in accordance with the relay setting sheets, was
found to be at 2 amps, For the service bus 251G/SB-21 the calculation setting of the
time delay value was 4 seconds and the actual field settings was found to be at 3
seconds. Due to these discrepancies Constelation's engineering staff conducted an
evaluation to determine if the actual field settings as specified in the relay setting sheets
for the two overcurrent relays provided adequate coordination to ensure selective
tripping. The relays are designed to detect ground faults on the 13.8 kV system which
have not been cleared by the 500 kV fransmission system relays and separate the
station service transformer P-13000-2 from the grid. The team reviewed Consteilation’s
evaluation and determined that there was no selective tipping coordination impact due
to the relay setting discrepancies on 251G/ST-2 and 251G/SB-21. However, due to
these discrepancies identified between the relay setting sheets and the design
calculations, Constellation conducted an extent-of-condition review for the 13.8 kV
systems to determine if other similar relay settings discrepancies exist.

As a result of the extent-of-condition review, Consteilation identified that the phase
overcurrent relay (250) pickup vaiue for the six unit service transformers feeder breakers
262-1101, 1102, 1103, 2101, 2102, and 2103 were set at 1440 amps in accordance with
the relay setting sheets and the values specified in the calculations E-90-058 and E-90-
061 were 1200 amps.

The normal system operation design when offsite power is available, is the 4.16 kV
system being supplied by the 13.8 kV system through six unit service transformers. The
unit service transformers have overcurrent protection to protect against transformer
faults in the primary or secondary side windings. This overcurrent protection per
calculations E-90-058 and E-90-061 was limited fo be at 1200 amps due to the breaker
rating of all of the feeder breakers. Due to the as found relay setting of 1440 amps
exceeding the breaker ratings of 1200 amps, Constellation conducted an operability
analysis and performed a calculation which determined that the maximum load current
possible during the worst case electrical distribution line-up condition would be 982
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amps. The calculation demonstrated that the maximum load current possible during the
worst case electrical distribution line-up would not chalienge the feeder breaker ratings,
and therefore would not cause the breaker to fail prior to the trip operation (tripping).

Analysis: The team determined that the failure to transiate the design calcuiation
setpoint standard values listed in the caiculation E-90-058 and £-90-061 of phase
overcurrent relay (250) on feeder breakers 252-1101, 1102, 1103, 2101, 2102, and 2103
into the actual relay settings was a performance deficiency.

The team determined that this finding was more than minor because it affected the
Initiating Events Cornerstone attribute of equipment performance for ensuring the
availability and reliability of systems to limit the likelihood of those events that upset piant
stability and challenge critical safety functions during shutdown as well as power
operations. Also, this issue was similar to Example 3j of IMC 0612, Appendix E,
“Examples of Minor Issues,” because the condition resulted in reasonable doubt of the
operability of the component, and additional analysis was necessary to verify operability.
The failure to translate adequate design calculation setpoint of phase overcurrent relays
on the feeder breakers resulted in an as-found relay setting that exceeded the rating of
the feeder breakers. The team determined that due to the as-found relay setiing
exceeding the breaker ratings, certain phase overcurrent conditions could have
potentially caused the breaker to fail prior to the phase overcurrent relay sensing the
degraded condition. The team determined that this condition could affect the recovery of
the safety buses from the electrical grid. The team evaluated this finding using IMC
0612 Attachment 4, “Phase 1- Initial Screening and Characterization of Findings.” This
finding was determined to be of very low safety significance (Green) because these
inadequate relay settings did not result in an actual loss of system safety function and
Constellation also performed an evaluation and determined that the maximum load
current possible would not challenge the feeder breaker ratings. The finding did not
have a cross-cutting aspect because the most significant contributor to the performance
deficiency was not reflective of current licensee performance.

Enforcement; This finding was not a violation of regulatory requirements because the
unit service transformers and the overcurrent protection relays are not a system or
component covered under 10 CFR Part 50, Appendix B. The issue has been entered
into the ficensee’s corrective action program (CR 2010-002123. Because this finding
does not involve a violation and has very low safety significance, it is identified as FIN
05000317 & 318/2010006-04: Failure to Translate Design Calculation Setpoint of
Phase Overcurrent Relay on Feeder Breakers.

Breaker 2BKR152-2501 (4 kV Bus 25 Normal Feed) Failed to Trip Open

Inspection Scope

The team reviewed design requirements, drawings, and maintenance history of the
2BKR152-2501 breaker. The breaker inspection reviewed the maintenance practice and
procedure of overhauling the 4 kV breakers to determine if adequate test acceptance
criteria were established and followed vendor recommendations. The team reviewed
Constellation’s root cause analysis report for the 2BKR152-2501 to determine the
adequacy of the evaluation and the appropriateness of the extent-of-condition review.
Independent reviews of the design documentation, drawings, maintenance history, and
field walkdowns were performed to validate the cause of the breaker failure.
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Additionally, operations, maintenance, and engineering staff were interviewed to confirm
the observations and causes cited in Constellation’s evaluation of this issue. The team
reviewed the adequacy of associated preventive maintenance, comrective actions, and
post maintenance testing performed on the 2BKR152-2501 breaker. Bus 25 supplies
power to three Unit 2 circulating water pumps.

Findings

No findings of significance were identified for this equipment issue. The team
determined that this faifure of 2BKR152-2501 to open had no adverse consequence
during this event.

Breaker 2BKR252-2201 {13 kV Unit 2 RCP Buses Normal Feed) Failed to Trip Open

Inspection Scope

The team reviewed design requirements, drawings, and maintenance history of the
2BKR252-2201 breaker. The team reviewed the maintenance practice and procedure of
overhauling the 13.8 kV breakers to determine if adequate test acceptance criteria were
established and followed vendor recommendations. Constellation conciuded the cause
of the breaker failing to open was infant mortality (i.e., manufacturing defect). The team
reviewed Consteliation’s root cause analysis report for the 2BKR252-2201 to determine
the adeguacy of the evaluation and the appropriateness of the extent-of-condition
review. independent reviews of the design documentation, drawings, maintenance
history, and field walkdowns were performed to validate the cause of the breaker failure.
Additionally, operations, maintenance, and engineering staff were interviewed to confirm
the observations and causes cited in Consteilation’s evaluation of this issue. The team
reviewed the adeguacy of associated preventive maintenance, corrective actions, and
post maintenance testing performed on the 2BRK252-2201 breaker.

Findings
No findings of significance were identified.
Human Performance

Event Diagnosis and Crew Performance

Inspection Scope

The team interviewed the operations crew that responded to the February 18, 2010,
event, including three senior reactor operators, the shift manager, the controt room
supervisor, the shift technical advisor, two reactor operators, and three equipment
operators to determine whether the operators performed in accordance with procedures
and training. The team also reviewed narrative logs, post-transient reports, condition
reports, PPC trend data, and procedures implemented by the crew.

Findings/Observations

Deficient Procedure Guidance for CVCS Letdown Restoration
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introduction: A self-revealing Green NCV of TS 5.4.1.a, “Procedures,” was identified
because Constellation did not establish adequate procedures for restoration of CVCS
letdown flow. Deficient operating instructions prevented timely restoration of letdown
flow following letdown isolation, which ultimately ied to exceeding the TS high limit for
pressurizer level.

Description: On February 18, 2010, Unit 1 was operating at 93% reactor power in
preparation for main steam safety valve testing with the 11 and 13 charging pumps
operating and increased letdown flow balanced with charging flow. At8:24am., a
phase to ground overcurrent fault on 12B RCP switchgear resulted in an automatic
reactor trip on Unit 1. Protective relaying isolated plant service transformer P-13000-2,
which de-energized Unit 1 4 kV bus 14. Instrument Bus 1Y10, which is normally fed
from 4 kV Bus 14, de-energized, isolating CVCS letdown by closing letdown isolation
valve 1-CVC-515. The 1B EDG automatically started on bus undervoitage and re-
powered 4 kV Bus 14 about 8 seconds fater.

Charging pump 13 stopped on loss of power when 14 Bus de-energized and charging
pump 11, powered from 4 kV Bus 11, continued running. At 8:3t a.m., operators re-
started charging pump 13. Charging pumps remained running and pressurizer level
increased as expected. Operators performed makeup to the CVCS Volume Control
Tank (VCT) from 8:50 a.m. to 9:11 a.m. in order to maintain VCT inventory while the two
running charging pumps transferred VCT contents into the pressurizer, At 8:58 a.m., 34
minutes after the reactor trip, and with pressunzer leve! approaching the high end of the
EOP pressurizer level conirol band (180", operators turned off charging pump 13,
Charging pump 11 continued to run in anticipation of restoring letdown. At 8:02 a.m.,
operators stopped charging pump 11 because pressurizer level was above the EOP higt
level limit.

At 9:12 a.m., operators made their first attempt to restore letdown in accordance with Ol-
2A, “Chemical and Volume Control System”, Section 6.7, “Starting Charging and
Letdown™ by re-starting charging pump 11 and shortly thereafter opening letdown
isolation valves. They were not successful in restoring letdown. Subsequent post-event
analysis of system parameter data stored on the plant computer indicated that excess
flow check valve 1-CVC-343 was closed. Inadequate procedural guidance prevented
operators from re-opening the check valve to estabiish letdown flow. The procedure for
starting letdown consisted of setting letdown downstream control valves at 20% open in
manual, starting a charging pump to cool the letdown stream, then opening letdown
upstream isolations 1-CVC-515 and 1-CVC-516 to establish letdown flow. OI-2A did not
contain any information refated to the possibility that excess flow check valve 1-CVC-343
might be closed and did not provide direction for opening the valve.

Operators were confused by indicated fetdown flow remaining downscale and took about
7 minutes re-confirming the system lineup and monitoring their instrumentation before
stopping charging pump 11. They did not use Oi-2A, Section 6.6, "Securing Charging
and Letdown” to stop charging and letdown because letdown was not yet established.
Initial conditions for using Section 6.6 were not met. Operators did not recognize a need
for simuitaneously stopping charging and letdown in accordance with the general
methodelogy of Section 6.6. An additional 17 minutes elapsed from the time operators
stopped the charging pump 11 until they closed the upstream letdown isolation valves.
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Post-event data analysis showed the downstream letdown- piping temperature steadily
increased into the 400° to 500°F range during the 17 minutes between stopping the
charging pump and closing the upstream letdown isolation valves because of hot reactor
coolant flowing in the letdown line through the 10 gallons per minute (gpm) orifice which
bypasses around the excess flow check valve. Typically, reactor coolant is cooled by
charging flow through the letdown regenerative heat exchanger to about 220°F in the
letdown line. It is postulated that during letdown restoration attempts, the RCS which
was greater than 2000 psi pressure, re-pressurized the letdown line which rapidly
collapsed steam voids in the hot (400°F-500°F) letdown piping and re-closed the excess
flow check valve because of water hammer. A differential pressure was then establishec
across the check valve, maintaining it closed. The restoration method provided by
procedure Oi-2A did not contain actions necessary for pressure equalization across this
spring-loaded check vaive.

During the second letdown restoration attempt at 10:44 a.m., letdown continued to flow
through the bypass orifice for 21 minutes after stopping charging pump 11. This action
again heated the letdown line to near reactor coolant temperature. On the third attempt
at 11:39 a.m., operators closed letdown isolation valves just 2 minutes after stopping the
charging pump, which feft the letdown line in a relatively cool state, such that the
transient conditions on the fourth and final attempt did not re-close the excess flow check
valve. Operators made a total of four attempts to restore letdown over 5 hours before
letdown was finally restored at 1:17 p.m.

Pressurizer level remained above the specified limit in EOP-1 for ali but a few minutes of
approximately § hours following the reactor trip. Throughout this period, operators
attempted to control pressurizer level from the EOP high level fimit of 180" to the normal
full power level of 215”. This range was based on the constraints of controlling
pressurizer level below the TS high limit of 225” and high enough to prevent overfiling
the VCT. With letdown unavailable, operators were only able to lower pressurizer level
through the 6 gpm reactor coolant pump seal bleed off that returns to the VCT.

The team observed that unnecessarily conservative procedural requirements for -
ensuring adequate shutdown margin in NEOP-301, “Operator Surveillance Procedure”
contributed to the operating crew’s sense of urgency for letdown restoration. Operators
recognized that the 2400 gatfion RCS boration required to satisfy the requirements of
NEOP-301 would cause pressurizer leve! to significantly exceed the TS high level limit if
performed with letdown isolated.

Other options existed for controlling VCT level such that bieed off could be aliowed to
reduce pressurizer level to within the EOP band. These included intentionally draining
the VCT to the liquid waste system and aligning bleed off flow to retum to the reactor
coolant drain tank instead of to the VCT. However, the station does not have an
abnormal operating procedure for responding to a sustained ioss of ietdown and
therefore no procedural guidance existed for using other methods to control VCT level.

Around noon, shortly after the third attempt to restore letdown, operators became
involved in shifting main turbine gland sealing steam supply from main steam to auxiliary
steam and failed to control RCS temperature. Loop temperature rose approximately
5°F, causing pressurizer level, already high at 215", to rise and peak at 231.”
Pressurizer level remained above the TS 3.4.9 high limit of 225" for approximately 7
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minutes until operator actions which were taken to lower RCS temperature succeeded in
reducing level to below the TS limit.

The excess flow check valve did not re-close on the fourth restoration attempt. Letdown
was successfully re-established at 1317, approximately 5 hours after event initiation.
Consteliation has established procedure guidance relating to letdown restoration
following closure of the excess fiow check valve. The issue was entered into their CAP
for further evaluation as CR 2010-001378.

Analysis: The performance deficiency is that Constellation did not establish adequate
procedures for restoring tetdown. Muitiple factors contributed to pressurizer level
exceeding the TS high limit. These included time pressure from overly conservative
procedure requirements related to maintaining shutdown margin, filling the pressurizer
above the EOF band when RCS temperature was below its nominal no-load vaiue,
makeup to the VCT to the high end of its control band when pressurizer level was
already high, the absence of proceduralized options for controlling VCT level, and
inattentiveness to reactor coolant temperature controi. However, inadequate procedure
guidance for letdown restoration is the primary reason which led to operation outside of
EQP pressunizer leve! limits for an extended period of time and unnecessarily challenged
operators in their attempts to maintain pressunizer level control.

The team determined this finding is more than minor because it is associated with the
procedure quality attribute of the Mitigating Systems Cornerstone and affected the
cornerstone objective to ensure the availability, reliability, and capability of systems that
respond to initiating events to prevent undesirable consequences (i.e., core damage).
The finding is of very low safety significance (Green) because it is not a design or
quaiification deficiency, did not represent a foss of a safety function of a system or a
single train greater than its TS aliowed outage time, and did not screen as potentially risk
significant due to external events. This finding has a crosscutting aspect in the area of
Human Performance, resources, because Constellation did not ensure that procedures
for restoring CVCS letdown were complete and accurate (H.2(c)).

Enforcement; TS 5.4.1.a requires, in part, that written procedures be established,
implemented, and maintained for activities described in Appendix A of Regulatory Guide
(RG) 1.33, "Quality Assurance Program Requirements (Operation).” Specifically,
Section 3 of RG 1.33, Appendix A, "Instructions for energizing, filling, venting, draining,
startup, shutdown, and changing modes of operation should be prepared, as
appropriate, for the following systems," inciudes the Letdown/Purification System.
Contrary to the above, on February 18, 2010, the operators were unable to restore
charging and letdown using the existing instructions of QI-2A, “Chemical and Volume
Contro! System,” due to inadequacy of the procedure. Because this issue is of very low
safety significance (Green) and Consteflation entered this issue into their corrective
action program as CR 2010-001378, this finding is being treated as an NCV consistent
with Section VI.A.1 of the NRC Enforcement Policy. (NCV 05000317/318/2010006-05,
Failed to Establish Adequate Procedures for Letdown Restoration).

Communications and Emergency Plan Applicability

Inspection Scope
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This event involved an automatic reactor irip of both units with multiple complicating
degraded equipment issues. Each unit lost one 500 kV ofisite power supply (the Red
Bus). in addition, Unit 2 lost forced RCS circulation when all four RCPs tripped, the 2B
EDG failed to reenergize the Unit 2 24 4 kVafety bus, and the Unit 2 normal heat
removal sink (main condenser) was unavaitable for an extended time. Operators notified
the NRC of the event at 11:47 a.m. on February 18 in accordance with 10 CFR 50.72.
Operators determined that emergency action level (EAL) entry criteria were not met and
accordingly did not declare an emergency event. The team reviewed operator logs,
emergency procedures, the Emergency Plan, plant operating data, and interviewed
station personnel to verify operators properly assessed the EAL entry criteria and
notified the NRC of the event.

Findings
No findings of significance were identified.

Organizationai Response

Immediate Response and Restart Readiness Assessment

Inspection Scope

The team interviewed personnel, reviewed various procedures and records, observed
plant operators and station meetings, and performed plant walkdowns to assess station’
personnel’s immediate response to the event and restart readiness assessment. The
licensee restart readiness assessment was performed in accordance with CNG-OP-
1.01-10086, Post-Trip Reviews, Rev. 1.

Findings
No findings of significance were identified.

Operators promptly announced the event, implemented the appropriate emergency
operating procedures, and correctly assessed EALs. However, human performance
deficiencies and/or procedure deficiencies led to Unit 1 exceeding the TS pressurizer
fevel limit (Section 3.1) and untimely verification of offsite power source availability,
Constellation augmented the on-shift staff promptly to support initial diagnosis and
corrective actions to address the numerous degraded equipment problems.

The post-trip review was sufficient to ensure operator performance issues and significant
equipment issues were identified and addressed. Notwithstanding, the team identified
several deficiencies which posed challenges to the effectiveness of the licensee restart
readiness assessment (CR 2010-004502). The team discussed each issue with licensee
management who entered the issues into the corrective action program, as applicable.
One notable issue was that station personnel did not quarantine severai failed
components (breaker 152-2501, 2B EDG oil sensing line contents, relay 251G/B-22-2).
This adversely limited the as-found information available to diagnose the failure
mechanisms.

Post-Event Root Cause Analysis and Actions
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Inspection Scope

The team reviewed the RCAR for the 2010 Dual Unit Trip to determine whether the
causes of the event and associated human performance and equipment challenges
were properly identified. Additionally, the team assessed whether interim and planned
long term corrective actions were appropriate to address the cause(s).

Findings
No findings of significance were identified.

The RCAR properly evaluated causes and appropriate corrective actions for several
equipment challenges. For example, evaluation and corrective actions for the Unit 1 roof
leakage which initiated the ground fault event were comprehensive. In addition to the
root cause, the RCAR identified several contributing causes including deficient
maintenance ruie implementation and performance monitoring, over reliance and
inadequate vendor oversight, incomplete incorporation of Quality Assurance findings,
and insufficient engineering involvement in roof construction. interim corrective actions
were appropriate and long term actions were being developed through the corrective

action program.

In severa! other areas the team determined the RCAR iacked depth and technical rigor
in identifying and assessing potential causes. In each case the RCAR developed an
explanation for what may have caused the event or equipment response, but did not fully
develop other potential causes. Examples included:

. RCAR did not identify the failure to implement an Agastat relay monitoring
program when the 10 year replacement PM was sliminated (28 EDG failure);

. RCAR conclusion that loose diaphragm retaining ring screws on the Agastat relay
were caused by vibration and were the result of a manufacturing defect were not
well supported by the contracted failure analysis or data evaluation (2B EDG
failure);

. Information that the relay induction disc did not freely rotate back to the originat
position during bench troubleshooting, was not incorporated into the RCAR (relay
2RY251G/B-22-2 failure); ‘

. RCAR did not thoroughly review previous internal OE regarding induction disc
failure on CO-8 type relays. Station personnel did not recognize the sensitivity of
the induction disc to sticking/binding (retay 251G/B-22-2 failure); '

. RCAR did not include or address the 2008 as-found inspection results which
found the armature linkage misaligned and the trip coil ioose. This was an
unexpected and infrequent occurrence (breaker 152-2501 faiiure); and

. RCAR concluded the 152-2501 breaker failure was due to mechanical binding in
the trip linkage caused by human error during the October 2008 trip armature bolt
replacement. However, corrective actions did not investigate other breaker
maintenance performed by these technicians during that time period.
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The team reviewed these issues and determined that none of these issues involved
violations of regulatory requirements or were already described as part of the previously
discussed violations in this report.
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Review of Operating Experience
Inspection Scope

The team reviewed Consteliation's use of pertinent industry and station operating
experience {OE), including evaluation of potential precursors to this event.

Eindings
No findings of significance were identified.

The team identified several instances where Consteliation had not effectively evaluated
or initiated actions to address related station or industry operating experience issues.
Examples included:

« Unit 1 and Unit 2 45 foot switchgear room roof leakage onto electrical switchgear
had been identified numerous times since 2002, but not correcied. Fifty-eight
open work orders for roof ieaks, several > 24 months old, had not been
implemented (Section 2.1).

+ Industry OE has reported numerous problems with Agastat series 7000 reiays;
several affecting reliability of the actuation setpoint. Yet engineers extended both
the service life and calibration periodicity of the EDG lube oil pressure trip time
delay relays beyond the vendor specified periods without adequate technical
basis (Section 2.2).

« Technicians routinely did not consider relay actuation outside of the acceptance
band to be a test failure. Often no condition report was initiated and no
drift/performance trending was performed. Corrective action was often limited to
adjusting the as-left setpoint to within the acceptance band (e.g, agastat 7000°
series time delay relays, CO-8 overcurrent protection relays) (CR 2010-004090).

The team reviewed these issues and determined that none of these issues involved
violations of regulatory requirements or were already described as part of the previously
discussed violations in this report.

Risk Significance of the Event

Initial Assessmen

The initial risk assessment for this event is documented in the enclosed SIT charter.

Final Assessment

Onsite follow-up and discussions with the Constellation PRA staff verified that there
were no additional piant conditions or operator performance issues that significantly aiter
the initial event risk assessments performed for both units. The Unit 1 reactor trip
estimated conditional core damage probability (CCDP) was calculated to be 2.6 E-6 for
the February 18, 2010 reactor trip. The Unit 2 reactor trip CCDP, accounting for a foss
of reactor coolant forced circulation (all RCPs tripped), loss of heat sink (main
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condenser), and failure of the 2B EDG to run, was estimated to be 1.5 E-5 for the
February 18, 2010 event.
Follow-up of Events

{Closed) Licensee Event Report (LER) 05000317/2010-001, Reactor Trip Due to Water
intrusion into Switchgear Protective Circuitry

On February 18, at 8:24 a.m., the Unit 1 reactor automatically tripped from 93 percent
reactor power in response to a RCS low flow condition. Water had leaked through the
auxiliary building roof into the 45" switchgear room, causing an electricaf ground which
tripped the 12B RCP, thereby initiating the reactor protection system trip on RCS low
flow. Three of the four Unit 1 RCPs continued operating. The elecirical ground and
failure of a ground fault protection relay caused service transformer P-13000-2 to isolate,
thereby deenergizing the 14 4 kV safety bus and the 1¥10 120 volt instrument bus. The
1B EDG automatically started and reenergized the 14 bus as designed. The LER
accurately described operator response to the event. The team reviewed the LER and
identified no findings of significance beyond those previously documented in this report
(NRC inspection Report No. 05000317/2010006). This LER stated a supplemental LER
will document a complete description of corrective actions after the event analysis and
cause determination is complete. This LER is closed.

{Closed) Licensee Event Report {LER} 05000318/2010-001, Reactor Trip Due to Partial
Loss of Offsite Power

On February 18, at 8:24 a.m., the Unit 2 reactor automatically tripped from 99.5 percent
reactor power due to a loss of power to all four RCPs and the associated reactor
protection system RCS low flow frip. The event emanated from a ground fault on Unit 1
{see Section 2.1). A ground O/C relay failed to actuate as designed, permitting the Unit
1 ground O/C condition to reach Unit 2. Unit 2 electrical protection responded by
deenergizing the 500 kV "Red Bus" offsite power supply and muitiple onsite electrical
buses including the 24 4 kV safety bus. The 2B EDG started as designed, but tripped on
low lube oil pressure (see Section 2.2). The LER accurately described operator
response to the event. The team reviewed the LER and identified no findings of
significance beyond those previously documented in this report (NRC Inspection Report
No. 05000317/2010006). This LER stated a supplemental LER will document a
complete description of corrective actions after the event analysis and cause
determination is complete. This LER is closed.

Meetings, Including Exit

Exit Meeting Summary

On April 30, 2010, the team presented their overall findings to members of Consteilation
management led by Mr. G. Gelirich, Site Vice President, and other members of his staff
who acknowledged the findings. Theteam confirmed that proprietary information
reviewed during the inspection period was returned fo Consteliation.
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SUPPLEMENTAL INFORMATION

KEY POINTS OF CONTACT

Site Vice President

Senior Operations Instructor
Performance improvement
Principal Assessor, Engineering Quality Performance Assessment
Manager, Maintenance

Manager, Nuciear Training
Communications

HR Director

Manager, Operations

GS, Design Engineering
Supervisor

Manager, Work Management
PRA

Director, Licensing

Supervisor, Chemistry Operation
Supervisor, Instrumentation and Controls
Assistant Operations Manager
Quality Performance Assessment
GS, System Engineering
Manager, NSS
Engineering/Licensing

Design Engineering

Plant General Manager

Power Plart Research Program Manager, Department of Natura!
Resources, State of Maryland

Nuclear Emergency Preparedness Coordinator, Department of the
Environment, State of Maryland

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED

QOpened

05000317/318/2010006-01
05000317/318/2010008-02

05000317/318/2010006-03

NCV Failure to Thoroughly Evaluate and Promptly
Carrect Degraded Conditions Associated with
Auxifiary Building Roof Leakage {Section 2.1)

AV inadequate Preventive Maintenance Results in the
Failure of the 2B Emergency Diesel Generator
{Section 2.2) '

NCV Failure to Evaluate Degraded Conditions
Associated with CO-8 Relays and Implement
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Timely and Effective Action to Correct the Condition
Adverse to Quality (Section 2.3)

05000317/318/2010006-04 FIN Failure to Translate Design Calculation Setpoint of
Phase Overcurrent Relay on Feeder Breakers
(Section 2.3)

05000317/318/2010006-05 NCV Failed to Establish Adequate Procedures for

Letdown Restoration {Section 3.1)

Opened and Closed

05000317/2010-001 LER Reactor Trip Due to Water Intrusion into Switchgear
Protective Circuitry (Section 40A3.1)

LER Reactor Trip Due to Partial Loss of Offsite Power
(Section 40A3.2)

05000318/2010-001

LIST OF DOCUMENTS REVIEWED

Drawings
61004, Single Line Meter & Relay Diagram 13 kV System, Rev. 26

61001SH0001, Electrical Main Single Line Diagram FSAR Fig. No. 8-1, Rev. 42
63070SH0009, Schematic Diagram 13 KV Service Bus 22 RCP Bus Feeder Breaker 252-2201,

Rev. 11
63049, AC Schematic Diagram Service Bus 22 & Service Transformer P-13000-2, Rev. 17

Condition Reports (CR)

IRE-000-433
IRE-004-399
IRE-004-400
IRE-011-621
IRE-011-769
IRE-020-768
IRE-020-769
IRE-020-776
IRE-022-227
IRE-026-951
IRE-028-751
{RE-031-691
IRE-032-766
CR 2008-001582
CR 2008-002458
CR 2009-004060
CR 2009-004074
CR 2009-004606
CR 2009-005508
CR 2009-005629
CR 2009-006187

CR 2009-008115
CR 2009-008537
CR 2009-008635
CR 2010-001330
CR 2010-001340
CR2010-001351
CR 2010-001355
CR 2010-001381
CR 2010-001516
CR 2010-001517
CR 2010-001544
CR 2010-001553
CR 2010-001586
CR 2010-001592
CR 2010-001682
CR 2010-001685
CR 2010-001690
CR 2010-001691
CR 2010-001671
CR 2010-001699
CR 2010-001700

CR 2010-001707
CR 2010-00177¢
CR 2010-001780
CR 2010-001781
CR 2010-001782
CR 2010-001783
CR 2010-001784
CR 2010-001787
CR 2010-001813
CR 2010-001888
CR 2010-002875
CR 2010-004411
CR 2010-004493
CR 2010-004502
CR 2010-004613
CR 2010-004652
CR 2010-004672
CR 2010-004673
CR 2010-004674
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Maintenance Orders
MO #1200801597, Replace Fiex Hoses on the 1B EDG

MO #2199801416, Calibrate 2B EDG Lube Oil Pressure Gauge, 2-P1-4796
MO #22000004786, Perform E-19 on 2B EDG Agastat Relays

MO #2200201832, 2B EDG Engine Stop Relay

MO #2200401152, 2B EDG Engine Stop Relay

MO #2200501401, 2B EDG Engine Stop Relay

MO #2200700554, Replace Flex Hoses on the 2A EDG

MO #2200700555, Replace Flex Hoses on the 2B EDG

MO #2200700852, 2B EDG Engine Stop Relay

QOperability Evaluation
OE-2009-003712

Procedures
Auxiliary Building Walkdown Results, MN-1-319 “Structure and System Walkdowns,” Rev. 5

Auxiliary Building Walkdown Results, MN-1-319 “Structure and System Walkdowns,” Rev. 7
10-02 “Rain/Snow Water intrusion Compensatory Measures,” Rev. 1

CNG-AM-1.01-2000, “Scoping and identification of Critical Components,” Rev. 00200
CNG-CA-1.01-1000, “Corrective Action Program,” Rev. 0200

CNG-0OP-1.01-1006, "Post Trip Reviews,” Rev. 00001

CNG-0OP-1.01-2000, “Operations Logkeeping and Station Rounds,” Rev. 00100
CNG-QL-1.01-1007, *Quality Performance Assessment Process,” Rev. 00201
CNG-PR-1.01-1008, "Procedure Use and Adherence Reguirements,” Rev. 00400

FTE-87, “Powell 13.8 kV Type PVDH Vacuum Circuit Breaker Inspection,” Rev. 00101
FTE-51A, “General Electric Cubicle Inspection,” Rev. 2

FTE-59, “Periodic Maintenance, Calibration and Functional Testing of Protective Relays,” Rev. 5
MN-1-319 “Structure and System Walkdowns,” Rev. 7

NO-1-200, “Contro! of Shift Activities, Rev. 04401

NO-1-201, “Calvert Cliffs Operating Manual," Rev. 02000

0O1-2A, "Chemical and Volume Control System,” Rev. 55/Unit 1

Miscellaneous
Control Room Operations Narrative Logs
Operations Administrative Policy 90-7, Guidelines, System Expert and Shift Crew Ownership
Program Guidelines and Expectations, January 27, 2010, Change 15
Piant Areas System 102 Walkdowns, 1- Unit 1 performed January 5, 2010, & March 31, 2010
System 102 “Plant Areas,” Maintenance Rule Scoping Document, Rev. 30
Site Roof Leakage Condition Report Scoping Document
U-1 Alarm History Printout for February 18, 2010
U-2 Alarm History Printout for February 18, 2010
U-1 Sequence of Events Recorder Printout for February 18, 2010
U-2 Sequence of Events Recorder Printout for February 18, 2010
- Engineering Service Package ES200100067, Revision 1, Delete Requirement in E-406
Sec 234.0.1 to Change Out Agastat Prior to Ten Years and Remove Testing
Recommendations to VTM 15-167-001
- Procedure E-406, Rev. 0, instailation and Repiacement for Agastat Relays
- RO01617, Revision 4, Guideline for Testing Agastat Relay Models
- Constellation Nuclear Generation Fieet Administrative Procedure CNG-CA-1.01-1004
Root Cause Analysis, Revision 00301
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- Procedure FT1-328, Revision 1, Calibration Check/Calibration of Alien-Bradiey Pressure
Switches

- Rover Maintenance Approval and Closeout Form, MN-1-101, Revision 03601, 2A EDG
Oil Sensing Line Flush

- Calvert Cliffs Surveillance Test Procedure, STP O-8B-2, Revision 26, Test of 2B DG and
4 kV Bus 24 LOC! Sequencer

- Calvert Cliffs Surveillance Test Procedure, STP O-8A-2, Revision 28, Test of 2A DG and
4 kV Bus 24 LOCI Sequencer

- Operating Experience OE13852 — Inadequate Venting of the Emergency Diesel
Generator Lubricating Oil System

- Schematic Diagram Diesel Generator No. 2B Engine Control, No. 63086SH0010,
Revision 32

- Work Order C90791765, 2B Diesel Generator Failed to Start and Load on the 24 4 kV
Bus on an ESFAS UV Signal

- Operating Expenience, ACE 013617, Surry EDG Agastat Relay Failure

- Constellation Nuclear Generation Fleet Administrative Procedure CNG-AM-1.01-1018
Preventive Maintenance Program, Revision 00400

- Vendor Manual 15167-001-1001, Agastat Timing Relays 7000 Series

- Vendor Manual 15167-001-1005, Tyco Electronics

- Herguth Labratories Crankcase Oil Sample Data

- Troubleshooting Data Sheet to Determine Cause of 2B EDG Trip after Closing onto 24 4
kV Bus

- CCNPP Procurement Engineering Specification, PES — 25180, Revision 17, Agastat
Relays and Associated Hardware ,

- Maintenance Strategy 2RY2DG2BA/T3A Relay

- 2-PS-4798 Master Calibration Data Package, 2/19/10

Root Cause Analysis
CNG-CA-1.01-1004 “Root Cause Analysrs” Dual Unit Trip, Rev 00301

Apparent Cause Evaluation
IRE-007-705

Calculations/Engineering Evaluation Reports
E-80-058, Breaker 252-1101, 1102, 1103, Rev. 2

E-90-061, Breaker 252-2101, 2102, 2103, Rev. 2
E-90-062, Breaker 252-2201, Rev. 2
RCS Letdown Line Evaluation for Potential Water Hamrmer dated 3/16/10

Completed Tests/Survelllances
E-30, 4.16 kV Magne-Blast Circuit Breaker Overhaul Procedure, Performed 10/04/04

FTE-51, 4 KV General Electric Magne-Blast Circuit Breaker Inspection, Performed 11/18/08,
4/14/05

FTE-59, Periodic Maintenance, Calibration and Functional Testing of Protective Relays,
Performed 04/06/00, 03/26/03, 05/03/04, 10/01/05, 05/08/07, 10/10/07, 03/08/08,
11/20/08, 02/28/09

FTE-87, Powell 13.8 kV Type PVDH Vacuum Circuit Breaker inspection, Performed 3/15/07

STP-0-90-1 and STP-0-80-2, "AC Sources and Onsite Power Distribution Systems 7 Day
Operability Verification, Rev. 22
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LiST OF ACRONYMS

Apparent Violation

Calvert Cliffs

Increase in Core Damage Frequency
Code of Federai Regulations
Condition Report

Chemical and Voiume Control System
Division of Reactor Projects
Division of Reactor Safety
Emergency Action Level
Emergency Diesel Generator
Emergency Operating Procedure
Emergency Shutdown Panel
Gatlons per Minute

Inspection Manua! Chapter
Kilovoit

Increase in Large Early Release Frequency
Licensee Event Report

Lube Oil

Non-cited Violation

Nuclear Regulatory Commission
Overcurrent

Operating Experience
Preventive Maintenance

Plant Onsite Review Commitiee
Plant Process Computer
Probabilistic Risk Assessment
Root Cause Analyses Report
Reactor Coolant Pump

Reactor Coolant System
Regulatory Guide

Reactor Protection System
Significance Determination Process
Shift Manager

Woodward SPM-A Synchronizer
Senior Reactor Analyst

Special Inspection Team
Standardized Piant Analysis Risk
Surveillance Test

Time Delay

Technical Specification
Under-Voltage

Volume Control Tank
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
REGION i
475 ALLENDALE ROAD
KING OF PRUSSIA, PA 19406-1415

SPECIAL INSPECTION TEAM CHARTER
February 22, 2010

MEMORANDUM TO: Gienn Dentel, Manager
Special Inspection Team

David Kern, Leader
Special Inspection Team

FROM: David C. Lew, Director RA/
Division of Reactor Projects

Darrell J. Roberts, Director RA/
Division of Reactor Safety

SUBJECT: SPECIAL INSPECTION TEAM CHARTER -
CALVERT CLIFFS PARTIAL LOSS OF OFFSITE POWER AND
DUAL UNIT TRIP WITH COMPLICATIONS ON
FEBRUARY 18, 2010

in accordance with Inspection Manual Chapter (IMC) 0309, “Reactive Inspection Decision
Basis for Reactors,” a Special Inspection Team (SIT) is being chartered to evaluate a Calvert
Cliffs dual unit trip with complications which occurred on February 18, 2010. The decision to
conduct this special inspection was based on meeting multiple deterministic criteria (mulitiple
failures in equipment needed to mitigate an actual plant event, significant unexpected system
interactions, and events involving safety related equipment deficiencies) specified in Enclosure
1 of IMC 0309 and the event representing a preliminary conditional core damage probability in
the low E-6 range for Unit 1 andlow E-5 range for Unit 2.

The SIT will expand on the inspection activities started by the resident team immediately after
the event. The team will review Constellation’s organizational and operator response to the
event, equipment and design deficiencies, and the causes for the event and subsequent issues.
The team wil collect data, as necessary, to refine the existing risk analysis. The team will also
assess whether the SIT should be upgraded to an Augmented Inspection team.

The inspection will be conducted in accordance with the guidance contained in NRC Inspection
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G. Dentel, D. Kern 2-2

Procedure 93812, "Special Inspection,” and the inspection report will be issued within 45 days

following the final exit meeting for the inspection.
The special inspection will commence on February 22, 2010. The following personnet have
been assigned to this effort:

Manager: Glenn Dentel, Branch Chief,

Projects Branch 1, Division of Reactor Projects (DRF), Region |
Team Leader: David Kern, Senior Resident Inspector

DRP, Region |
Full Time Members: Peter Presby, Operations inspector

Division of Reactor Safety (DRS), Region |

Manan Patel, Electrical Inspector
DRS, Region |

Brian Smith, Resident inspector
DRP, Region |

Part Time Member: William Cook, Senior Reactor Analyst
DRS, Region |

Enclosure: Special Inspection Charter
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G. Dentel, D. Kem 2-3
The special inspection will commence on February 22, 2010. The following personnet have
been assigned fo this effort:

Manager: Glenn Dentel, Branch Chief,

Projects Branch 1, Division of Reactor Projects {DRP), Region |
David Kern, Senior Resident inspector

DRP, Region

Team Leader:

Peter Presby, Operations Inspector
Division of Reactor Safety (DRS), Region |

Full Time Members:
Manan Patel, Electrical Inspector
DRS, Region |

Brian Smith, Resident inspector
DRP, Region |

William Cook, Senior Reactor Analyst
DRS, Region |

Part Time Member:

Enclosure: Special Inspection Charter

cc wienci:

B. Borchardt, EDO (RidsEDOMailCenter} J. Hawkins, DRP

B. Mailett, DEDO (RidsEDOMailCenter) §. Sloan, DRP

E. Leeds, NRR §. Kennedy, DRP, SRi

B. Boger, NRR M. Davis, DRP, Ri

J. Wiggins, NSIR C. Newgent, DRP, Resident OA

8. Coliins, RA {R10RAMAIL RESOURCE}
M. Dapas, ORA {RIORAMAIL RESOURCE)
D. Lew, DRP {R1DRPMAIL RESOURCE}
J. Clifford, DRP (R1DRPMAIL RESOURCE}

RidsNrrPMCalvertClifis Resource
RidsNrrDorlLplt-1 Resource
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Special Inspaction Team Charter
Calvert Cliffs Nuclear Power Plant
Dual Unit Trip with Complications due to a Partial Loss of Offsite Power
on February 18, 2010

Background:

At 8:24 a.m. on February 18, 2010, Calvert Cliffs Unit 1 experienced an unexpected loss of the
12B reactor coolant pump (RCP). The loss of the RCP trip resuited in a valid reactor protection
system (RPS) actuation on low reactor coolant system flow and a Unit 1 trip.

At approximately the same time, Unit 2 experienced a loss of the 500 kV to 13.8 kV transformer
for the “Red Bus” (500 kV). The Red Bus is the feeder for offsite power for the Unit 1 “14” and
Unit 2 “24" 4 kV safety buses. Unit 2 experienced the following system/compenent responses
based on the loss of the Red Bus: loss of the non-safety related buses, a loss of load RPS trip
signal, a oss of all RCPs, and a Unit 2 trip. The loss of the non-safety related buses resuited in
the loss of the circulating water pumps, the main feedwater pumps, and condensate pumps, and
the subsequent loss of the normal heat sink. Bus 21, the other Unit 2 safety 4 kV bus, normally
aligned to the Black Bus, remained energized.

The loss of power to the “14” and “24” 4 kV safety buses resulted in a valid start signal for the
1B and 2B EDGs, respectively. The 1B EDG started and re-powered the “14" safety bus;
however, the 2B EDG tripped during loading resulting in the ioss of the “24” safety bus. This
resulted in the unavailability of the “B” safety train. Calvert Cliffs subsequently restored power
to the “24" safety bus via the Black Bus altemate power supply.

Unit 1 was cooled down and entered a refueling outage that was originally scheduied to begin
on February 20, 2010. Unit 2 was stabilized on natural circulation, and normal decay heat
removal was subsequently restored; the plant has entered a forced outage.

At the time of the event, the resident team responded to the control room and monitored
licensee actions to stabilize the plant and restore offsite power. An NRC regional inspector was
also depioyed to the site to supplement the resident staff.

Basis for the Formation of the SIT:

The IMC 0309 review concluded that three deterministic criteria were met. The deterministic
criteria met included: 1) multiple failures of plant equipment in systems used to mitigate an
event; 2) significant unexpected system interactions; and 3) events involving safety related
equipment deficiencies. These criteria were met based on the partial loss of offsite power due
to the transformer loss, and the subsequent failure of the 2B EDG to start and restore a safety
bus. In addition, the system interactions between the 12B RCP trip and the transient, which
resulted in the opposite 500 kV transformer loss, were unexpected. The Unit 2 transformer ioss
also resuited in a complete loss of forced flow to Unit 2 due to the expected loss of all four
RCPs, and the loss of the Unit 2 main condenser as a heat sink.

The event was also evaluated for risk significance because the IMC 0309 review concluded that
at least one deterministic criteria was met. Based upon best available information, the Region 1
Senior Risk Analyst (SRA) conducted a preliminary risk estimate for each unit on February 18.
Using the Graphical Evaluation Module initiating event quantification tool and the Calvert Cliffs
Unit 1 and Unit 2 Standardized Plant Analysis Risk (SPAR) modeis, the conditionat core
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damage probability (CCDP) for Unit 1 was estimated to be in the low E-8 range, and the Unit 2
estimated CCDP was in the low E-5 range. On February 19, 2010, the SRA discussed these
resuits with the Constellation PRA staff and determined that the risk estimates (CCDP)
performed by Constellation favorably compared to the NRC SPAR mode! generated vaiues.

Based upon the preliminary CCDP estimates, and in accordance with IMC 0309, the Unit 1 and
Unit 2 events fall within the overlap ranges of No Additional inspection and Special Inspection
Team (SIT) for Unit 1, and SIT and Augmented inspection Team (AIT) for Unit 2, After
consuitation with NRC headquarters personnel, an SIT was initiated.

Obijectives of the Special Inspection:

The SIT will review Consteilation’s organizational and operator response to the event,
equipment and design deficiencies, and the causes for the event and subsequent issues. The
team will collect data, as necessary, to refine the existing risk analysis. The team wilf also
assess whether the SIT shouid be upgraded to an Augmented Inspection Team. Additionally,
the team leader will review lessons learned identified during this special inspection and, if
appropriate, prepare a feedback form on recommendations for revising the Reactor Oversight
Process (ROP) baseline inspection procedures.

To accomplish these objectives, the team will:

1. Develop a complete sequence of events including follow-up actions taken by
Consteliation.

2. Review and assess the equipment response to the event. This assessment should
include an evaluation of the consistency of the equipment response with the plant's
design and regulatory requirements. In addition, review and assess the adequacy of
any operability assessments, corrective and preventive maintenance, and post
maintenance testing.

3. Review and assess operator performance including procedures, logs,
communications (internal and external), and emergency plan implementation.

4, Review and assess the effectiveness of Constellation’s response to this event. This
includes overall organizational response, failure modes and effect analysis
developed for the equipment challenges, causal analyses conducted, and interim
and proposed longer term corrective actions taken.

5. Evaluate Consteliation’s application of pertinent industry operating experience and
evaluation of potential precursors, including the effectiveness of any actions taken in
response to the operating experience or precursors; and

6. Collect any data necessary to refine the existing risk analysis and document the final
risk analysis in the SIT report.
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Guidance:

Inspection Procedure 93812, “Special Inspection”, provides additional guidance to be used by
the Special inspection Team. Team duties will be as described in Inspection Procedure 93812.
The inspection should emphasize fact-finding in its review of the circumstances surrounding the
event. it is not the responsibility of the team to examine the regulatory process. Safety
concerns identified that are not directly related to the event should be reported to the Region |
office for appropriate action.

The team will conduct an entrance meeting and begin the inspection on February 22, 2010.
While on site, the team Leader will provide daily briefings to Region | management, who will
coordinate with the Office of Nuclear Reactor Regulation, to ensure that all other parties are
kept informed. A report documenting the results of the inspection will be issued within 45 days
following the final exit meeting for the inspection.

This Charter may be modified shouid the team develop significant new information that warrants
review.
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DETAILED SEQUENCE OF EVENTS
February 18, 2010 Dua! Unit Trip with Complications

The sequence of events was constructed by the team from review of Control Room Narrative
Logs, corrective action program condition reports, post transient review report, process plant
computer (PPC) data (alarm message file and plant parameter graphs) and plant personne!
interviews. The sequence of events s listed separately by Unit 1 and Unit 2. .

UNIT 1 EVENT TIMELINE

Clock Time i Event Time i Description

02/18/2010
] A phase to ground fault occurs on the 13 kV supply line to Unit 1
Reactor Coolant Pump (RCP) 12B Motor, upstream of 12B RCP
08:24:25:225 10.000 sec  |Breaker 252-14P02, which is already open (normal lineup).
_ RCP 12B Breaker 252-14P01 trips open on differential overcurrent
08:24:25:225 10.000 sec_ relay actuation, stopping 12B RCP.
Feeder Breaker 252-2104 to 13 kV Service Bus 21 frips open, de-
energizing Unit 2 Non-vital balance of plant, Unit 2 Vital 4 kV Bus 24
08:24:27:251 12.026 sec_Jand Unit 1 Vital 4 kV Bus 14.
208/120 VIAC Bus 12 de-energizes, resuiting in isolation of the Unit
1 RCS letdown flowpath in the Chemical and Volume Contro}
08:24:27:421 12.196 sec  iSystem {CVCS),
13 kV Service Bus 22 Suppiy Breaker 252-2202 to Unit' 1 RCPs trips
open. Unit 1 RCPs are not affected as they are aligned to their
normal power supply from 13 kV Station Service Transformer P-
08:24:28:803 [3.578 sec_ |13000-1 through 13 kV Service Bus 12.
08:24:28.781 [3.556 sec 1500 kV Switchyard Red Bus Isolation Breaker 552-41 frips open.
500 kV Switchyard Red Bus Isolation Breakers 552-21 and 5§52-61
irip open, completing the high side isolation 13 kV Station Service
08:24:28.783 3.558 sec _[Transformer P-13000-2.
Unit 1 automatic reactor trip on reactor coolant fow flow signal from
93% initial reactor power level. 3 of 4 Unit 1 reactor coolant pumps
08:24:20:110 [3.885 sec_|are still operating.
08:24:29:146 13.921 sec _|Unit 1 reactor trip breakers open.
08:24.20:417 14.192 sec  {Unit 1 turbine trip.
Undervoltage signal actuates on Unit 1 4 KV Vital Bus 14, initiating
08:24:29:423 4.198 sec _lthe 1B Emergency Diesel Generator start sequence.
Unit 1 4 kV Vital Bus 14 Normal Feeder Breaker 152-1414 trips
08:24:29:948 14.723 sec  jopen.
13 kV Service Bus 21 Supply Breaker 252-2103 to Transformer U-
08.24:33:818 18.593 sec_ |4000-22 opens.
13 kV Service Bus 21 Supply Breaker 252-2102 to Transformer U-
08:24:33:818 18.593 sec 14000-21 opens,
13 kV Service Bus 21 Supply Breaker 252.2101 to Transformer U-
08:24:33:819 18.594 sec  4000-23 opens.
08:24:36:101 110.876 sec |[Emergency Diesel Generator 1B reaches 810 rpm.
Emergency Diesel Generator 18 Output Breaker 152-1403 to 4 kV
08:24:37:256 |12.030 sec |Vital Bus 14 closes.
Shutdown Sequencer on 4 KV Vital Bus 14 actuates, to re-start bus
08:24:37:267 [12.042 sec jloads.
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UNIT 1 EVENT TIMELINE

Clock Time | Event Time Description

08:24:37:748 {12.523 sec |208/120 V/AC Bus 12 re-energizes.

08:24:37.774 112.549 sec jUndervoltage signal clears on Unit 1 4 kV Vital Bus 14.
Reactor Operator backs up the automatic reactor trip signai by
08:24:42:015 116.790 sec idepressing manual reactor trip pushbutions,

08:24:55 30 sec Crew enters EQP-0, Post-Trip Immediate Actions

Component Cooling Pump 11 is manuaily started. Component
08:26:35 2.17 min__ iCooling system pressure and flow are réstored.

08:31 7 min Charging Pump 13 re-started.
08:40 16 min Crew exits EOP-0 and enters EOP-1, Reactor Trip.
09:00 36 min Pressurizer fevel out of EOP control band high, >180 inches,
09:02 38 min Charging Pump 11 stopped.
Operators attempt to restore CVCS letdown {1st attempt). Charging
09:12 48 min Pump 11 started. Letdown Isclations CVC-515 and 516 opened.
09:20 56 min Charging Pump 11 stopped.
09:37 73 min Letdown Isolation Valves CVC-515 and 5186 closed.
10:41 2.28 hrs _ |Pressurizer level returns within EOP control band, <180 inches.

Operators attempt to restore CVCS letdown (2nd aftempt).
Charging Pump 11 started. Letdown Isolations CVC-515 and 516

10:44 2.33 hrs  jopened. :
10:47 2.38 hrs _ [Pressurizer level out of EOP controf band high, >180 inches.
11:07 2.72 hrs __|Charging Pump 11 stopped. .
11:28 3.07 hrs __ |Letdown Isolation Valves CVC-515 and 516 closed.
Operators attempt to restore CVCS letdown (3rd attempt). Charging
11:39 3.25 hrs  |Pump 11 started. Letdown Isolations CVC-515 and 516 opened.
11:47 3.38 hrs  iCompleted 4 hr report fo NRC, as required per 10CFR50.72.
11:50 3.43 hrs _ [Charging Pump 11 stopped.
11:52 3.47 hrs __ |Letdown Isolation Valves CVC-615 and 516 closed.
12:02 3.63 hrs __IPressurizer level above Tech Spec fimit, >225 inches.
12:07 3.72 hrs  iPressurizer level returns within Tech Spec limit, <225 inches.
Completed STP-0-90-1, AC Sources and Onsite Power Distribution
12:07 3.72 hrs _ ISystems 7 Day Operability Verification.
12111 3.78 hrs __ |Discennects for 500 kV Switchyard Breaker 552-21 are opened.
12:14 383 hrs  Disconnects for 500 kV Switchyard Breaker 552-61 are opened.
12:15 3.85 hrs__ [Disconnects for 500 kV Switchyard Breaker 552-23 are opened.
12:17 3.88 hrs _ {Disconnects far 500 kV Switchyard Breaker 552-22 are opened.
12:18 3.90 hrs _ |Disconnects for 500 KV Switchyard Breaker 552-63 are opened.
13:06 4.70 hrs _ [Pressurizer level returns within EOP control band, <180 inches.

Operators attempt to restore CVCS letdown (4th attempt). Charging
Pump 11 started. Commenced RCS boration from 11 Boric Acid

13:09 4.75 hrs  [Tank.

13:11 4.77 hrs _ |Pressurizer level out of EQOP control band high, >180 inches,
L.etdown Isolations CVC-515 and 516 opened. CVCS letdown
restored. Letdown Excess Flow Check Valve 1-CVC-343-CV
13:17 4.88 hrs  lopened on 4" letdown restoration attem pt.

13:30 5.10 hrs  |Pressurizer level returns within EOP control band, <180 inches.
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UNIT 1 EVENT TIMELINE
Ciock Time |Event Time Description
Crew exits EOP-1 and enters OP-5, Plant Shutdown From Hot
13:38 5.23 hrs _ |Standby to Cold Shutdown.
13:46 5,37 hrs  |Boration stopped, charging suction from VCT fo lower VCT level.
13:58 5.57 hrs  {Boration re-commenced from 11 Boric Acid Tank.
14:07 5,72 hrs 14 kV Vital Bus 14 Alternate Feeder Breaker 152-1401 closed.
Emergency Diese! Generator 1B Quiput Breaker 152-1403 to 4 kV
14:13 5.82 hrs __ |Vital Bus 14 opened.
14:15 5.85 hrs  |Emergency Diesel Generator 1B shutdown.
Boration completed. Approximately 2420 galions of boric acid
1416 5.87 hrs  linjected,
14:37 6.22 hrs  IRCS sampled for boron. Concentration at 529 ppm.
16:00 7.6 hrs RCS sampled for boron. Concentration at 622 ppm.
121:50 13.4 hrs  Disconnects for 500 KV Switchyard Breaker 552-22 closed.
22.00 13.6 hrs {500 kV Switchyard Breaker 552-22 closed.
122:01 13.6 hrs Disconnects for 500 kV Switchyard Breaker 552-23 closed.
22.07 13.7 hrs 1500 kV Switchyard Breaker 552-23 closed. -
- 02/19/2010
12:01 [27.6 hrs  |SMECO now credited to 4 kV Bus 24.
02/20/2010
17:05 56 hrs Started 12B RCP.
19:20 59 hrs Commenced RCS cooldown to MODE 5 per OF-5,
02/21/2010
05:38 69 hrs Unit 1 in MODE 5, RCS temperature < 200°F.
05:50 60.5 hrs  {Divorced from SMECQ, re-energized 500 kV Red Bus.
UNIT 2 EVENT TIMELINE
Clock Time t Event Timq] Description
02/18/2010
. |A phase to ground fault accurs on the 13 kV supply iine to Unit 1
Reactor Coolant Pump (RCP) 12B Motor, upstream of 12B RCP
08:24:25:225 [0.000 sec _|Breaker 252-14P02, which is already open (normal lineup).
RCP 12B Breaker 252-14P01 trips open on differential overcurrent
08:24:25:225 |0.000 sec _relay actuation, stepping 12B RCP.
Feeder Breaker 252-2104 to 13 kV Service Bus 21 trips open, de-
energizing Unit 2 Non-vital balance of plant, Unit 2 Vital 4 kV Bus 24
08:24:27:251 |12.026 sec__jand Unit 1 Vital 4 kV Bus 14.
208/120 V/IAC Bus 22 de-energizes, resulting in isolation of the Unit
2 RCS letdown flowpath in the Chemical and Volume Controi
08:24:27.478 12.253 sec _{System (CVCS).
13 kV Service Bus 22 Supply Breaker 252-2202 to Unit 1 RCPs trips
open. Unit 1 RCPs are not affected as they are aligned to their
normal power supply from 13 kV Station Service Transformer P-
08:24:28:803 13.578 sec  113000-1 through 13 kV Service Bus 12,
08:24:28:781 13.556 sec {500 kV Switchyard Red Bus Isolation Breaker 552-41 trips open.
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UNIT 2 EVENT TIMELINE
Clock Time |{Event Time Description
500 kV Switchyard Red Bus Isolation Breakers 552-21 and 552-61
trip open, completing the high side isolation 13 kV Station Service
08:24:28.783 |3.5568 sec__|Transformer P-13000-2.
Undervoltage signal actuates on Unit 2 4 kV Vital Bus 24, initiating
08:24:29:451 14.226 sec_jthe 2B Emergency Diesel Generator start sequence.
Unit 2 4 kV Vital Bus 24 Normal Feeder Breaker 152-2401 trips
08:24:29:511 14.286 sec  jgpen.
Unit 2 automatic reactor trip on reactor coolant low flow signal from
. 100% initial reactor power level. All Unit 2 reactor coolant pumps
08:24:20:788 14.563 sec__jhave siopped.
08:24:20:827 14.602 sec_ |Unit 2 reactor trip breakers open.
08:;24:30:019 14.794 sec_ {Unit 2 turbine trip.
08:24:32:122 16.897 sec  [Emergency Diesel Generator 2B reaches 250 rpm.
13 kV Service Bus 21 Supply Breaker 252-2103 to Transformer U-
08:24:33:818 18.593 sec [4000-22 opens.
13 kV Service Bus 21 Supply Breaker 252-2102 to Transformer U-
08:24:33:818 |8.593 sec  14000-21 opens.
13 kV Service Bus 21 Supply Breaker 252-2101 to Transformer U-
08:24:33:810 18.504 sec  14000-23 opens.
108:24:33:889 [B.664 sec |4 kV Non-Vital Bus 22 Feeder Breaker 152-2201 opens.
08:24:33:900 8.684 sec 14 kV Non-Vital Bus 23 Feeder Breaker 152-2311 opens.
08:24:35:988 [10.763 sec [Emergency Diesel Generator 2B reaches 810 rpm.
Emergency Diesel Generator 28 Output Breaker 152-2403 to 4 kV
08.24:37:306 |12.081 sec |Vital Bus 24 closes,
08:24:37:785 112.560 sec 208/120 V/AC Bus 22 re-energizes.
08:24:37:887 |12.662 sec Undervoltage signal clears on Unit 2 4 KV Vital Bus 24.
08:24:45:155 119.930 sec [Emergency Diesel Generator 2B trips.
Emergency Diesel Generator 2B Qutput Breaker 152-2403 to 4 kV
08:24:45:185 ]19.960 sec [Vital Bus 24 opens.
08:24:45:320 120.0985 sec 208/120 V/IAC Bus 22 de-energizes.
08:24:47:315 [22.090 sec {Undervoltage signal actuates on Unit 2 4 kV Vital Bus 24.
08:24:55:133 [29.908 sec 121 and 22 Steam Generator Feed Pumps low suction pressure trip.
Reactor Operator backs up the automatic reactor trip signal by
08:24:56:335 131.110 sec |[depressing manual reactor trip pushbuttons.
08:24:55 30 sec Crew enters EOP-0, Post-Trip Immediate Actions
Commenced boration because of loss of power to rod position
indication. Aligned gravity feed flowpath from boric acid storage
tanks to charging pump suction through 2-MQV-508 and 2-MOV.-
08:26 2 min 509.
Manually closed 2-MS-343, Main Steam (MS) Isolation to 22
Moisture Separator Reheater (MSR) as alternate action because 2-

08:32 8 min MS-4019-CV, MS to 22 MSR 2nd Stage failed to close.
Steam-driven AFW Pump 21 started to maintain SG heat sink,
08:33 9 min feeding approximately 150 gpm to each steam generator.
08:34 10 min 2Y10 tied to 2Y09. Power restored 1o 2Y10.
Crew exits EOP-0 and enters EOP-2, Loss of Offsite Power / Loss of|
08:38 14 min Forced Circulation
08.47 - 23 min Report of smoke and acrid odor, vicinity of MCC-207
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UNIT 2 EVENT TIMELINE
Clock Time [Event Time Description
08:53 29 min Unit 2 main steam isolation valves closed.

14 kV Vital Bus 24 Alternate Feeder Breaker 152-2414 closed.
Shutdown segquencer is manually initiated per EOP Attachment 16.

08:57 33 min The undervoliage signal clears an Unit 2 4 kV Vital Bus 24.
09:00 36 min Restored Unit 2 CVCS letdown.
09:08 44 min Low condenser vacuum.

VCT Outlet MOV-501 opened. Boration stopped. Approximately
09:10 46 min 1936 galions of boric acid injected.

Electricians report acrid odor coming from closed 4 kV Non-vitai Bus
23 Supply Breaker 152-2501 (cause later diagnosed as a burnt

09:20 56 min breaker trip coil).
10:46 2.37 hrs _ [Chemistry samples RCS for boron concentration.

Completed verification of required shutdown margin per NEOP-301
11:00 2.60 hrs __|Attachment 3. Reguired concentration determined to be 1297 ppm.

Started 23 AFW Pump (motor-driven) and stopped 21 AFW Pump
11:17 2.88 hrs  [(turbine-driven).

Crew exits EOP-2 and enters OP-5, Plant Shutdown From Hot
11:18 2.90 hrs _ [Standby to Cold Shutdown.

Chemistry reports RCS boron 1479 ppm. initial concentration was
11:30 3.10 hrs 1128 ppm prior to the event.
11:47 3.38 hrs _ [Completed 4 hr report to NRC, as required per 10CFR50.72.
12:11 3.78 hrs ___ {Disconnects for 500 kV Switchyard Breaker 552-21 are opened.
12:14 3.83 hrs  IDisconnects for 500 kV Switchyard Breaker 552-61 are opened.
12:15 3.85 hrs  IDisconnects for 500 kV Switchyard Breaker 552-23 are opened.
12:17 3.88 hrs _ iDisconnects for 500 kV Switchyard Breaker 552-22 are opened,
12:18 3.90.hrs  |Disconnects for 500 kV Switchyard Breaker 552-63 are opened.

Completed STP-0-90-2, AC Sources and Onsite Power Distribution
Systems 7 Day Operability Verification. This was a missed action
requirement of TS 3.8.1, required to be completed within 1 hour of

12:55 4.52 hrs  tthe event.

Commenced RCS Cooldown # 87 using Natural Circulation to target
13:30 5.10 hrs___jtemperature of 445°F per OP-5 to protect RCP seals.

Stopped RCS Cooldown # 87 based on decision to start two RCPs
14:45 6.35 hrs __ jand go on farced circulation. RCS temperature at 505°F.
17:13 8.82 hrs  IStarted 21B and 22A RCPs. Forced RCS circulation restored.
21:50 13.43 hrs__ IDisconnects for 500 kV Swilchyard Breaker 552-22 closed.
22:00 13.60 hrs 1500 kV Switchyard Breaker 552-22 closed.
22:01 13.62 hrs__|Disconnects for 500 kV Switchyard Breaker 552-23 closed.
22:07 13.72 hrs 500 KV Switchyard Breaker 552-23 closed.

02/19/2010

00:29 Started 21 Condensate Pump
02:56 Started 21 Circulating Water Pump
06:00 Restored Gland Sealing Steam
07:10 Performed fast speed start test of EDG 2A.
07:37 EDG 2A paralleled to 4 kV Bus 21.
07:48 EDG 2A at full load on 4 KV Bus 21,
10:08 Aligned SMECO to 13 kV Bus 21.
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UNIT 2 EVENT TIMELINE
Clock Time |{Event Time Description
11:01 Energized U-4000-21 from 13 kV Bus 21 (SMECO feeding).-
11:02 Energized U-4000-22 from 13 kV Bus 21 (SMECO feeding).
Two offsite power sources verified OPERABLE with SMECO
12:05 276 hrs  |supplying 13 kV Bus 21 and avaiiable to Unit 2 4 kV buses.
12:28 Unloaded EDG 2A.
12:32 Shutdown EDG 2A. Compileted 4 hour loaded test run.
Restored normal power supply alignment for 208/120 instrument

13:52 Bus 22 (2Y10). 2Y09 and 2Y10 are un-tied.

02/20/2010
1719 57 hrs Performed fast speed start test of EDG 2B,
17:36 EDG 2B paralleled to 4 kV Bus 24,
17:46 EDG 2B at full load on 4 kV Bus 24.
21:57 Unloaded EDG 2B.
22:02 Shutdown EDG 2B. Completed 4 hour loaded test run.
22:31 . 62 hrs EDG 2B declared OPERABLE.

02/21/2010
04:24 Commenced drawing main condenser vacuum.
05:50 69.5 hrs  |Divorced from SMECOQ, re-energized 500 kV Red Bus.
0624 Opened 21 and 22 Main Steam Isolation Valves
09:25 73 hrs Recommenced RCS Cooldown # 87 to MODE 5 per OP-5.
1716 8ihrs Unit 2 in MODE 4, RCS temperature < 350°F.
20:12 84 hrs Stopped RCS cooldown to degas RCS.

02/22i2010
01:30 89 hrs Recommenced RCS cooldown.
05:00 926 hrs  |Unit 2 in MODE 5, RCS temperature < 200°F.
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Executive Summary

This report is the first in an annual series on the safety-related
performance of the owners of U.S. nuclear power plants and the Nuclear
Regulatory Commission (NRC), which regulates the plants. The NRC’s
mission is to protect the public from the inherent hazards of nuclear power.

In 2010, the NRC reported on 14 special inspections it launched in
response to troubling events, safety -equipment problems, and security
shortcomings at nuclear power plants. This report provides an overview of
each of these significant events—or near-misses.

This overview shows that many of these significant events occurred
because reactor owners, and often the NRC, tolerated known safety
problems. For example, the owner of the Calvert Cliffs plant in Maryland
ended a program to routinely replace safety components before launching a
new program to monitor degradation of those components. As a result, an
electrical device that had been in use for longer than its service lifetime
failed, disabling critical safety components.

In another example, after declaring an emergency at its Brunswick
nuclear plant in North Carolina, the owner failed to staff its emergency
response teams within the required amount of time. That lapse occurred
because workers did not know how to activate the automated system that
summons emergency workers to the site.

Outstanding Catches by the NRC

This report also provides three examples where onsite NRC inspectors
made outstanding catches of safety problems at the Oconee, Browns Ferry,
and Kewaunee nuclear plants—before these impairments could lead to events
requiring special inspections, or to major accidents.

At the Oconee plant in South Carolina, the owner fixed a problem with a
vital safety system on Unit 1 that had failed during a periodic test. However,
the owner decided that identical components on Units 2 and 3 could not
possibly have the same problem. NRC inspectors persistently challenged
lame excuse after lame excuse until the company finally agreed to test the
other two units. When it did so, their systems failed, and NRC inspectors
ensured that the company corrected the problems.
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Poor NRC Oversight

However, the NRC did not always serve the public well in 2010. This
report analyzes serious safety problems at Peach Bottom, Indian Point, and
Vermont Yankee that the NRC overlooked or dismissed. At Indian Point, for
example, the NRC discovered that the liner of a refueling cavity at Unit 2 has
been leaking since at least 1993. By allowing this reactor to continue
operating with equipment that cannot perform its only safety function, the
NRC is putting people living around Indian Point at elevated and undue risk.
The NRC audits only about 5 percent of activities at nuclear plants each year.
Because its spotlight is more like a strobe light-—providing brief, narrow
glimpses into plant conditions—the NRC must focus on the most important
problem areas. Lessons from the 14 near-misses reveal how the NRC should
apply its limited resources to reap the greatest returns to public safety.

Because we have not reviewed all NRC actions, the three positive and
three negative examples do not represent the agency’s best and worst
performances in 2010. Instead, the examples highlight patterns of NRC
behavior that contributed to these outcomes. The positive examples clearly
show that the NRC can be an effective regulator. The negative examples
attest that the agency still has work to do to become the regulator of nuclear
power that the public deserves.

Findings
Overall, our analysis of NRC oversight of safety-related events and
practices at U.S. nuclear power plants in 2010 suggests these conclusions:

¢ Nuclear power plants continue to experience problems with safety-
related equipment and worker errors that increase the risk of damage
to the reactor core—and thus harm to employees and the public.

* Recognized but misdiagnosed or unresolved safety problems often
cause significant events at nuclear power plants, or increase their
severity.

¢ When onsite NRC inspectors discover a broken device, an erroneous
test result, or a maintenance activity that does not reflect procedure,
they too often focus just on that problem. Every such finding should
trigger an evaluation of why an owner failed to fix a problem before
NRC inspectors found it.

* The NRC can better serve the U.S. public and plant owners by
emulating the persistence shown by onsite inspectors who made
good catches while eliminating the indefensible lapses that led to
negative outcomes.

*  Four of the 14 special inspections occurted at three plants owned by
Progress Energy. While the company may simply have had an
unlucky year, corporate-wide approaches to safety may have
contributed to this poor performance. When conditions trigger
special inspections at more than one plant with the same owner, the
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NRC should formally evaluate whether corporate policies and
practices contributed to the shortcomings.

The chances of a disaster at a nuclear plant are low. When the NRC finds
safety problems and ensures that owners address them—as happened last
year at Oconee, Browns Ferry, and Kewaunee—it keeps the risk posed by
nuclear power to workers and the public as low as practical. But when the
NRC tolerates unresolved safety problems-—as it did last year at Peach
Bottom, Indian Point, and Vermont Yankee-—this lax oversight allows that
risk to rise. The more owners sweep safety problems under the rug and the
Jonger safety problems remain uncorrected, the higher the risk climbs.

While none of the safety problems in 2010 caused harm to plant
employees or the public, their frequency—more than one per month-—is high
for a mature industry. The severe accidents at Three Mile Island in 1979 and
Chernoby! in 1986 occurred when a handful of known problems—aggravated
by a few worker miscues—transformed fairly routine events into
catastrophes. That plant owners could have avoided nearly all 14 near-misses
in 2010 had they corrected known deficiencies in a timely manner suggests
that our luck at nuclear roulette may someday run out.



151

CHAPTER 1

THE COP ON THE NUCLEAR BEAT

The Nuclear Regulatory Commission (NRC) is to owners of nuclear re-
actors what local law enforcement is to a community. Both are tasked with
enforcing safety regulations to protect people from harm. A local police force
would let a community down if it investigated only murder cases while toler-
ating burglaries, assaults, and vandalism. The NRC must similarly be the cop
on the nuclear beat, actively monitoring reactors to ensure that they are oper-
ating within regulations, and aggressively engaging owners and workers
when even minor violations occur.

The Union of Concerned Scientists (UCS) has evaluated safety at nuclear
power plants for nearly 40 years. We have repeatedly found that NRC en-
forcement of safety regulations is not timely, consistent, or effective. Our
findings match those of the agency’s internal assessments, as well as of inde-
pendent agents such as the NRC’s Office of the Inspector General, and the
federal Government Accountability Office. Seldom does an internal or exter-
nal evaluation conclude that a reactor incident or unsafe condition sternmed
from a lack of regulations. Like UCS, these evaluators consistently find that
NRC enforcement of existing regulations is inadequate.

With study after study showing that the NRC has the regulations it needs
but fails to enforce them, we decided that another report chronicling only the
Jatest examples of lax enforcement would be futile. Instead, this report—the
first in an annual series on NRC performance- chronicles what the agency
is doing right as well as what it is doing wrong.

The Reactor Oversight Process

When an event occurs at a reactor, or workers or NRC inspectors discov-
er a degraded condition, the NRC evaluates whether the chance of damage to
the reactor core has risen (NRC 2001). If the event or condition has not af-
fected that risk—or if the risk has increased only incrementally—the NRC
relies on its reactor oversight process (ROP) to respond. The ROP features
seven cornerstones of reactor safety (see Table 1). In this process, the NRC’s
inspectors continually monitor operations and procedures at nuclear plants,
attempting to detect problems before they lead to more serious violations and
events. The NRC issued nearly 200 reports on such problems in 2010 alone.

Most safety-related incidents and discoveries at nuclear power plants are
low risk. However, when an event or condition increases the chance of reac-
tor core damage by a factor of 10, the NRC is likely to send out a special in-
spection team (SIT). When the risk rises by a factor of 100, the agency may
dispatch an augmented inspection team (AIT). And when the risk increases
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by a factor of 1,000 or more, the NRC may send an incident inspection team
(IIT). The teams go to the sites to investigate what happened, why it hap-
pened, and any safety implications for other nuclear plants. These teams take
many weeks to conduct an investigation, evaluate the information they gath-
er, and document their findings in a report, which they usually make public.

Both routine inspections and those of the special teams identify viola-
tions of NRC regulations. The NRC classifies these violations into five cate-
gories, with Red denoting the most serious, followed by Yellow, White,
Green, and Non-Cited Violations (NCVs).

The Focus of This Report

Chapter 2 investigates all 14 “near-misses” at nuclear reactors that the
NRC reported on in 2010: events that spurred the NRC to dispatch an SIT,
AIT or IIT. In these events, a combination of broken or impaired safety
equipment and poor worker training typically led operators of nuclear plants
down a pathway toward potentially catastrophic outcomes.

After providing an overview of these events, this chapter shows how one
problem led to another in more detail. The chapter then describes the “tick-
ets” the NRC wrote for the numerous safety violations that contributed to
each near-miss. Finally, the chapter suggests how the NRC can prevent plant
owners from accumulating problems that will conspire fo cause next year’s
near-misses-—or worse,

This review of near-misses provides important insights into trends in nu-
clear safety as well as the effectiveness of the NRC’s oversight process. For
example, if many near-misses stem from failed equipment, such as emergen-
cy diesel generators, the NRC could focus its efforts in that area until it ar-
rests declining performance.

With these near-misses attesting to why enforcement is vital to the safety
of nuclear power, the next two chapters highlight NRC performance in moni-
toring safety through the onsite reactor oversight process. Chapter 3 de-
scribes three occasions in which effective NRC oversight produced three
positive outcomes—preventing safety problem from snowballing into even
more dangerous near-misses. Chapter 4, in turn, describes three occasions in
which ineffective NRC oversight failed to prevent negative outcomes.’

Chapter 5 summarizes findings from the near-misses in Chapter 2, the
examples of positive outcomes in Chapter 3, and the examples of negative
outcomes in Chapter 4. This chapter notes which oversight and enforcement
strategies worked well for the NRC in 2010 and which did not. This chapter
also recommends steps the agency should take to reinforce behavior patterns
leading to commendable outcomes, and steps it should take to avoid con-
demnable outcomes.

UCS’s primary aim in creating this and ensuing annual reports is to spur
the NRC to improve its own performance as well as that of reactor owners
and operators. Future reports will highlight steps the agency took to reinforce
effective oversight and eliminate lax enforcement, and to ensure that plant
owners comply with NRC safety regulations.

! The utility of the examples as models was more important than the number. Future
reports may include a different number of exampies.
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Table 1: Seven Comerstones of the Reactor Over-

sight Process

Initiating
evenlts

Conditions that, if not properly controlled, require the
plant’s emergency equipment to maintain safety. Problems
in this comerstone include improper control over combus-
tible materials or welding activities, causing an elevated
risk of fire; degradation of piping, raising the risk that it
will rupture; and improper sizing of fuses, raising the risk
that the plant will Jose electrical power.

Mitigating
systems

Emergency equipment designed to limit the impact of ini-
tiating events. Problems in this cornerstone include inef-
fective maintenance of an emergency diesel generator, de-
grading the ability to respond to a loss of offsite power;
inadequate repair of a problem with a pump in the emer-
gency core cooling system, reducing the reliability of cool-
ing during an accident; and non-conservative calibration of
an automatic set point for an emergency ventilation sys-
tem, delaying startup longer than safety studies

Barrier  in-
tegrity

Multiple forms of containment preventing the release of
radioactive material into the environment. Problems in this
cornerstone inciude foreign material in the reactor vessel,
which can damage fuel assemblies; corrosion of the reactor
vessel head from boric acid; and malfunction of valves in
piping that passes through containment walls.

Emergency
preparedness

Measures intended to protect the public if a reactor releas-
es significant amounts of radioactive material. Problems in
this cornerstone include emergency sirens within 10 miles
of the plant that fail to work; and underestimation of the
severity of plant conditions during a simulated or actual
accident, delaying protective measures.

Public radia-
tion safety

Design features and administrative controls that limit pub-
lic exposure to radiation. Problems in this cornerstone in-
clude improper calibration of a radiation detector that mon-
itors a pathway for the release of potentially contaminated
air or water to the environment.

Occupational
radiation
safety

Design features and administrative controls that limit the
exposure of plant workers to radiation. Problems in this
cornerstone include failure to properly survey an area for
sources of radiation, such that workers receive unplanned
exposures; and incomplete accounting of individuals’ radi-
ation exposure.

Security

Protection against sabotage that aims to release radioactive
material into the environment, which can inciude gates,
guards, and guns. After 9/11, the NRC removed discussion
of this cornerstone from the public arena.
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NEAR-MISSES AT NUCLEAR
POWER PLANTS IN 2010

In 2010, the NRC reported on 14 significant safety- and security-related
events at nuclear reactors that resulted in special or augmented inspections
(see Table 2). (Some of the events actually occurred in 2009, but the reports
appeared in 2010.) Thirteen of these events triggered an SIT, one triggered
an AIT, and none triggered an IIT.

These events are near-misses because they raised the risk of damage to
the reactor core—and thus to the safety of workers and the public. Lessons
from these 14 near-misses reveal how the NRC can apply its limited re-
sources to reap the greatest returns to public safety.

Table 2: Nuclear Near-Misses in 2010

Reactora0d | Owner Highlights
Arkansas SIT: Security problems prompted the
Nuclear One Entergy NRC to conduct a special inspection. De-
Russellviile, tails of the problems, their causes, and
AR their fixes are not publicly available.
SIT: The plant owner knew about several
problems but did not correct them, lead-
ing to a near-miss. The problems included
N a poor design that led to repeated floods
?ﬁfﬂiﬂd Exelon in buildings with safety equipment, a poor
? design that allowed vented steam to rip
metal siding off containment walls, and
undersized electrical fuses for vital safety
equipment.
SIT: Equipment failure prompted the
plant owner to declare an emergency.
Brunswick Workers did not know how to operate thAe
W Progress En- | computer systems that automancally‘non-
NC y ergy fied offsite workers to report immediately
to emergency response facilities. Staffing
and preparing these facilities took far
longer than required.




155

The NRC and Nuclear Power Plant Safety in 2010: A Brighter Spotlight Needed

Reactor and
Location

Owner

Highlights

Calvert Cliffs
Annapolis,
MD

Constellation
Energy

SIT: A roof known for years to leak when
it rained allowed rainwater to short out
electrical equipment. One reactor auto-
matically shut down. A worn-out protec-
tive device that workers had not replaced
because of cost-cutting efforts allowed the
electrical problem to trigger an automatic
shutdown of a second reactor.

Catawba
Rock
SC

Hill,

Duke Energy

SIT: Security problems prompted the
NRC to conduct a special inspection. De-
tails of the problems, their causes, and
their fixes are not publicly available.

Crystal River
3

Erystal Riv-
er, FL

Progress En-
ergy

SIT: Workers severely damaged thick
concrete reactor containment walls when
they cut a hole to replace steam genera-
tors. The ensuing inquiry concluded that
the workers had applied more pressure
than the concrete could withstand—a mis-
take that cost more than $500 million.

Davis-Besse
Toledo, OH

FirstEnergy

SIT: Workers discovered through-wall
cracks in metal nozzles for control rod
drive mechanisms in a replacement reac-
tor vessel head. These cracks leaked be-
cause workers did not -properly account
for peak temperatures inside the reactor
vessel.

Diablo Can-
yon

San Luis
Obispo, CA

Pacific Gas
& Electric

SIT: A misguided repair to valves that
would not open fast enough prevented
other key valves from opening. Tests after
the valve repairs failed to detect the prob-
lem. The reactor operated for nearly 18
months with vital emergency systems dis-
abled.

Farley
Dothan, AL

Southern Nu-
clear

SIT: A replacement pump had a part with
a manufacturing defect. Excessive vibra-
tion levels caused the pump to fail when
workers did not ensure that it met key
parameters specified in the purchase or-
der. :

Fort Calhoun
Omaha, NE

Omaha Pub-
lic Power
District

SIT: Pumps in an emergency water
makeup system failed repeatedly over
several years, The plant owner never
identified the true cause of the failures,
and therefore did not take the right steps
to prevent their recurrence.
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R‘;f‘:::t’i;:d Owner Highlights
AIT: On the 31" anniversary of Three
Mile Isiand, this event revisited nearly all
HB Robinson | Progress En- | the problems that caused that meltdown:
Florence, SC | ergy bad design, poor maintenance of prob-
lematic equipment, inadequate operator
performance, and poor training.

SIT: The same problems (see above)
caused this reactor’s second near-miss in
HB Robinson | Progress En- | six months: bad design, nonconforming
Florence, SC | ergy equipment, inadequate operator perfor-
mance, and poor training. This baggage
reflected years of programmatic failures.
SIT: After an inadvertent shutdown of the
Unit 1 reactor, a fire began in the control
room due to an overheated -electrical

'iﬁo 1t Domini(}n component. A similar component in the
News. VA Generation Unit 2 control room had overheated and
' started a fire six months earlier. The com-
pany did not take steps to protect Unit 1

from the problem identified in Unit 2.
SIT: Seven hours after the reactor shut
down automatically because of a problem
with the electrical grid, an NRC inspector
found water leaking from the system that
) cools the emergency diesel generators and
;lu%r‘g—zil‘( Wolf Creek | virtually all other emergency equipment.
KS ’ Nuclear An internal study in 2007 had forecast

such leakage, and a leak had actually oc-
curred after a reactor shutdown in April
2008. However, the owner had taken few
steps to correct this serious safety prob-
lem,

In 2010, SIT/AIT reports identified 40 violations of NRC safety regula-
tions. Figure 1 classifies these violations by the seven cornerstones of the re-
actor oversight process (ROP).

2 For more information on the cornerstones and related NRC inspections, see Table
and Atp:/fwww.nre. gov/NRR/OVERSIGHT/ASSESS/cornerstone. html.
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Figure 1: Near-Misses in 2010 by Comerstones of
the Reactor Oversight Process

REGULATORY FRAMEWORK
PUBLIC HEALTH AND SAFETY
AS ARESILT OF CIVILIAN
byt rasml NUCLEAR REACTOR
‘OPERATION
1
g REACTOR RADIATION
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Source: NRC (top half of figure).

Two of the NRC’s regulatory cornerstones accounted for most of the near-
misses in 2010. And most near-misses drew a Green finding-—the weakest
color-coded sanction—from the agency. NCV = Non-Cited Violations.

The most significant near-miss occurred on March 28, 2010—
coincidentally, the 31* anniversary of the Three Mile Island accident—at the
HB Robinson nuclear plant in South Carolina. The most costly event forced
the owner of the Crystal River 3 reactor in Florida to shut it down for the en-
lire year.

Arkansas Nuclear One, AR

The Near-Miss

The NRC sent an SIT to the plant in response to security-related prob-
lems. Reflecting the NRC’s post-9/11 procedures for withholding infor-
mation, the SIT report on the problem(s) and their remedies is not publicly
available. However, the cover letter sent to the plant owner with the SIT re-
port is pubticly available, and indicates that the agency uncovered no viola-
tions (NRC 2010k).
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Braidwood, IL

The Near-Miss

The NRC sent an SIT to the site after an unplanned shutdown of both re-
actors on August 16, 2010—complicated by problems with an emergency
pump for Unit 2 and the steam pressure control valve for Unit 1 (NRC
2010d).

The SIT found that these complicating factors had all occurred individu-
ajly at least once before, and that they combined this time to create serious
risks. The NRC sanctioned the owner for baving known about these prob-
fems but not correcting them. Yet the NRC also knew or should have known
about them, but did nothing to compel their resolution until after this near-
miss.

How the Event Unfolded

On August 16, 2010, both reactors at the Braidwood nuclear plant in Illi-
nois were operating at full power. The Unit 2 reactor automatically shut
down at 2:16 am, when an electrical ground caused the main generator to
turn off. The pumps of the auxiliary feedwater (AFW) system started auto-
matically after the reactor shutdown, to transfer water from the condensate
storage tank to the steam generators.

Condens Tanks

ate Slor
b

e

NRC drawing of the key components involved in the Braidwood near-miss.
The red “X” indicates where the event started, when the main generator shut
down.

However, the flow-control valve for one AFW pump failed in the open
position, and the water level in the main condenser hotwell rose until valves
opened to send some of this water back to the condensate tank. Nearly
12,000 gallons of water spilled onto the floor of the turbine building, from
open standpipes instailed on the piping between the outdoor tank and the
AFW pumps (NRC 2010j).
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Some of the spilled water flowed through holes in the floor and rained
down on equipment on lower floors. Water leaked into an electrical panel
housing controls for Unit 1 equipment. Two large pumps that circulate water

between a nearby river and the main condenser stopped running because of

electrical shorts. The reduction in cooling water flow through the main con-
denser impaired the condensation of steam inside the condenser. This im-
pairment degraded the condenser’s vacuum, triggering an automatic shut-
down of the Unit 1 reactor about 15 minutes after the Unit 2 reactor shut

down.

After the Unit 1 reactor shut down, the main steam safety valves
(MSSVs) automatically opened to relieve pressure in the piping carrying
steam from the steam generators to the main turbine. One MSSV stuck open
after pressure dropped back below the opening set points. The operators did

not realize that the MSSV
was open until a worker ar-
riving at the site 40 minutes
fater told them. Meanwhile
steam passing through this
open value dislodged sheet-
metal siding around the top
of the Unit 1 containment
building. Some of the siding
landed on power lines for
the Unit 1 off-site power
transformer.

Although two large cir-
circulating water pumps for
Unit 1 had shut down be-
cause of electrical shorts,
other pumps continued to

NRC photo of the metal siding torn from the
containment building at the Braidwood nu-
clear power plant in Illinois.

run. These pumps sit in a concrete structure on the banks of the nearby river.
The piping on the discharge of each pump contains a valve that closes when
the pump is not running, to prevent backflow. However, the loss of electrical
power that shut down the pumps also prevented their motor-operated valves
from closing. Water flowing back through the idle pumps stirred up organic
growth and debris. The pumps carried this material into the piping of the ser-
vice water system, which supplies cooling water {0 essential plant equipment.
The debris impaired but did not disable the system and the equipment it sup-

ported.

A second 'spill then complicated the Unit ! reactor shutdown. The seal on
a condensate booster pump failed, allowing water to spray onto another elec-
trical panel. Operators stopped the pump and closed its valves to isolate the

leak.

NRC Sanctions

The SIT identified two violations of regulatory requirements of the
ROP’s initiating events cornerstone. The first violation involved the failure to
correct the condition that allowed water to spill onto the turbine building
floor. Operators had observed such spills several times before, but had evalu-

ated them only from a worker safety perspective.
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The second violation involved failure to properly evaluate operating ex-
perience. Workers had evaluated an event at another nuclear plant where
steam had dislodged metal siding, and had concluded that it did not apply to
Braidwood. They failed to evaluate a previous event at Braidwood in which
steam had dislodged metal siding. The NRC classified both violations as
Green-—the least serious of the color-coded violations.

The SIT identified two other violations of requirements associated with
the mitigating systems cornerstone. The first involved a failure to properly
inspect and clean the pump intake structure, to prevent fouling that could dis-
able the essential service water systemn.

The second violation involved inadequate corrective actions. In 2008,
workers had found that they needed to replace 1.5-amp fuses in safety-related
electrical panels with 3.0-amp fuses. However, the workers did not do so,
and the fuses failed in 2009. After the failures, workers replaced the blown
fuses with 1.5-amp fuses, and these failed again during the August 2010
event. The NRC classified both violations as Green.

Brunswick, NC

The Near-Miss

The NRC sent an SIT to the site after the inadvertent discharge of Halon
gas—a fire suppression agent—on June 6, 2010, into the basement of the
building housing the emergency diesel generator, The release of the toxic gas
into a vital area prompted control room operators to declare an Alert—the
third-most-serious of four emergency classifications. The SIT investigated
delayed responses to the emergency declaration.

The SIT found that workers did not know how to activate the computer
systems that automatically notified emergency responders, so the responders
took longer than required to staff emergency facilities. Luckily, this event
was not an actual emergency, or the delay could have put people in harm’s
way.

How the Event Unfolded

On June 6, operators declared an Alert at 11:37 am, after Halon dis-
charged into the building housing the plant’s emergency diesel generator.
Halon extinguishes fires by reducing the concentration of oxygen in the air.
In this case, no fire had occurred, and the Halon discharge was spurious.
While the Halon discharge was inadvertent, it prevented ready access to the
diesel generator building. This restriction prompted the Alert declaration.

The Alert should have prompted operators to activate three onsite emer-
gency response facilities within 75 minutes: the Technical Support Center,
the Operations Support Center, and the Emergency Operations Facility. Spe-
cialists at the Technical Support Center help control room operators diagnose
problems and take steps to mitigate them.

Specialists at the Operations Support Center help repair broken or mal-
functioning safety equipment. Specialists at the Emergency Operations Facil-
ity liaise with local, state, and federal officials responding to the emergency.
The Alert is also supposed to activate an emergency response data system
(ERDS) within 60 minutes, which provides continuous, real-time information
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on conditions at the plant to local, state, and federal authorities. These activa-
tions all occurred late.

Twenty-five minutes after the Alert declaration, the control room site
emergency coordinator (CR-SEC) notified the plant’s security department to
initiate the emergency callout system, which notifies off-duty personnel to
report to their assigned emergency response facilities promptly. Security per-
sonnel made five unsuccessful attempts to initiate the catlout system, and
then informed the CR-SEC that they were unable to do so. The CR-SEC then
directed the control room emergency communicator to initiate the callout,
who made three unsuccessful attempts.

An hour after workers declared the Alert, an emergency preparedness
supervisor initiated the callout from home on the first attempt, and off-duty
personnel began receiving notification to report to the plant because of an
emergency. Two hours and thirty minutes after operators declared the Alert,
onsite emergency response facilities were fully staffed and activated. That re-
sponse time was twice as long as specified in the plant’s emergency response
procedures.

The CR-SEC directed the shift technical advisor (STA) to activate the
ERDS 28 minutes after the Alert declaration. After several unsuccessful at-
tempts, the STA contacted the on-call nuclear information technologist (NIT)
for help in activating the ERDS. The NIT did not know how to do so, but
contacted another NIT who did. The second NIT initiated the ERDS from
home on the first attempt—~80 minutes after operators had declared the Alert.
That was 20 minutes longer than specified in the plant’s emergency response
procedures (NRC 2010g).

NRC Sanctions

The SIT identified two violations of regulatory requirements associated
with the ROP’s emergency preparedness cornerstone. The first violation in-
volved the failure to activate the onsite emergency response facilities within
75 minutes, as specified in the plant’s emergency response procedures. The
NRC classified that violation as White-——one step up from Green (NRC
2010a).

The second violation involved the failure to activate the emergency re-
sponse data system within 60 minutes, as specified in the plant’s emergency
response procedures. The NRC classified that violation as Green.

Calvert Cliffs, MD

The Near-Miss

The NRC sent an SIT to the site after an unplanned shutdown of both re-
actors on February 18, 2010 (NRC 2010s). The SIT determined that two fac-
tors had complicated this event. One was the longstanding flow of rainwater
through a leaky roof. The second was a problem created by the plant’s re-
placement program for safety equipment.

The plant owner had originally replaced devices on safety equipment be-
fore they reached the end of their service life. To save money, the company
decided to test the performance of the devices rather than replacing them au-
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tomatically. However, the company stopped the routine replacement program
before instituting the new regime for testing actual conditions. As a result, a
worn-out device failed to prevent electrical problems caused by rainwater
from propagating throughout the plant.

How the Event Unfolded ,

This event began when water leaking through the roof of Unit 1’s auxil-
iary building caused an electrical short that shut down one of the four large
pumps circulating water through the reactor core. The reduced flow of cool-
ing water triggered the Unit 1 reactor to shut down automatically.

The failure of an electrical protection device on Unit 1 then created an
overcurrent condition in Unit 2°s power distribution system. In response, an
electrical protection device on Unit 2 shut down all four pumps circulating
water through the reactor core, and the loss of cooling water triggered the au-
tomatic shutdown of the Unit 2 reactor.

The problems with the power distribution system prompted emergency
diesel generators for both reactors to start automatically. However, an emer-
gency generator for Unit 2 shut down after only 15 seconds, because of a
signal indicating low lubricating oil pressure. Loss of that emergency diesel
generator de-energized equipment needed by the operators to control the wa-
ter level in the pressurizers.

The pressurizers are large tanks partially filled with water that are con-
nected to the pipes running between the reactor vessel and the steam genera-
tors. By heating or cooling the water inside the pressurizer, the operators can

. control the pressure of the water flowing through the reactor core. The pres-

surizer also accommodates the swelling and shrinking of water caused by
temperature changes during changes in reactor power.

To supplement the pressurizer’s ability to handle the expansion of water
during temperature increases, water can be removed from the system via
drain pipes called letdown paths. The SIT discovered that procedural prob-
fems prevented the operators from restoring the letdown paths in time to pre-
vent water levels in the pressurizers from exceeding their safety limits,

The power distribution problems at Unit 2 eliminated the normal means
of removing decay heat from the reactor core after shutdown. Operators re-
lied instead on the turbine-driven auxiliary feedwater pump, and atmospheric
steam duimp valves, to remove decay heat.

The SIT found that roof leakage had been a recurring problem since
2002, and that the company knowingly tolerated it. For example, in 2005
plant workers noted 33 roof leaks. When rainfall leaked through the roof in
July 2008, workers notified control room operators and mopped up the pud-
dle. In August 2009, workers responded to water leaking through the roof on-
(o an electrical panel by covering the panel with a plastic sheet and catching
the leakage in a bucket. The plant owner discussed corrective actions but
never took them.

The SIT reported that the company attributed the failure of the electrical
protection device to premature aging of its coil. The device had a 40-year
service lifetime but failed after 39 years, because high temperatures aged it
more rapidly. The SIT discovered that 68 devices at Calvert Cliffs had a 10
percent failure rate between 1999 and 2003, and that the owner’s calibration
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and inspection procedures lacked common industry practices specified in a
manual from the Electric Power Research Institute.

The SIT determined that Unit 2’s emergency diesel generator did not run
because of a failed time-delay relay. The relay prevents a shutdown stem-
ming from low oil pressure until the pressure has first risen to the normal op-

* erating range after the emergency generator has started.

On February 18 the relay timed out too soon, shutting down the emer-
gency generator. The SIT found that the failed relay had been in service for
3.5 years longer than the 10-year service lifetime recommended by the ven-
dor. In 2001, the company had discontinued the practice of replacing the re-
lays after 10 years of service. The owner substituted a performance-
monitoring program for about 100 relays with safety functions, and more
than 500 relays with non-safety functions. However, the owner had never de-
veloped the monitoring program, much less implemented it.

NRC Sanctions

The SIT documented two violations of regulatory requirements associat-
ed with the ROP’s initiating events cornerstone. The first involved the com-
pany’s failure to respond to recurring roof leakage with timely and effective
corrective action. The second violation involved failure to properly evaluate
and correct degraded electrical protection devices. The NRC classified both
violations as Green.

The SIT also identified three violations of regulatory requirements asso-
ciated with the mitigating systems cornerstone. The first violation involved
failure to implement a preventive maintenance program for electrical relays
with safety functions. The second violation involved failure to properly eval-
uate and correct recurring binding and sticking problems with electrical pro-
tective devices.

The third violation involved failure to establish procedures for restoring
the primary system’s letdown flow function. The NRC classified the first
violation as White, and the remaining two violations as Green.

Catawba, SC

The Near-Miss

The NRC sent an SIT to the site in response to security-related problems.
Reflecting post-9/11 procedures, the SIT report explaining the probliems and
their remedies is not publicly available. However, the cover letter sent to the
plant owner with the SIT report is publicly available, and indicates that the
NRC identified one Green violation (NRC 2010r).
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Crystal River Unit 3, FL

The Near-Miss

The NRC sent an SIT to the site after discovery of a gap in the concrete
containment walls on October 2, 2009, near an opening cut to allow workers
to replace the steam generators (NRC 2010h).

The SIT found that the method used to cut through the thick concrete
walls created so much pressure that thick metal reinforcing bars in the walls
acted like the San Andreas fault. The SIT’s computer simulations showed
that the outer half of the walls had separated from the inner half along the re-
inforcing bars.

This finding raises several questions: Why didn’t the company do such
homework before embarking on this ill-fated experiment, and why did the
NRC allow it to happen? Even more fundamentally, why did the owner de-
sign and build a massive structure with doors smaller than the equipment it
houses, given the potential need to replace the equipment?

How the Event Unfolded

The pressurized water reactor (PWR) at Crystal River Unit 3 (CR3) has
large heat exchangers, called steam generators. Water heated to nearly 600° F
in the reactor core flows through thousands of thin metal tubes in the steam
generators. This water is maintained at high pressure to keep it from boiling.
Heat conducted through the walls of the tubes boils water at lower pressure
outside the tubes. The resulting steam is piped to the turbine to generate elec-
tricity.

When originally installed inside the reactor containment structure in the
1970s, the steam generators were expected to Jast the plant’s entire operating
lifetime. However, corrosion, vibration-induced wear, and stress cracking
degraded the generators’ thin metal tubes. Thus, work performed during a
scheduled refueling outage in September 2009 included replacing the steam
generators. Because they were larger than the equipment hatch for the reactor
containment building,
workers had to cut a
25-by-27-foot  open-
ing through the 42-
inch-thick  contain-
ment wall to get the
old steam generators
out and the new ones
in.

CR3’s dome-
shaped reactor con-
tainment structure is
lined with a 3/8-inch
layer of steel, rein-

forced with 282 hori- NRC picture of the crack (delamination) in the
zontal  S-inch-thick concrete containment wall ar Crystal River 3
metal cables, called caused when workers cut a square opening o

tendons, and 144 ver- replace the steam generaiors.
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tical tendons embedded inside the concrete. The tendons are stretched, or
tenstoned, to strengthen the containment structure.

The SIT found that workers had loosened 10 vertical and 17 horizontal
tendons where they planned to cut through the containment walls, and had
then used a high-pressure jet of water to make the cut. A significant crack in
the concrete running vertically between the horizontal tendons then appeared.
Further investigation revealed a 60-by-82-foot hourglass-shaped delam-
ination around the opening.

The SIT confirmed that the containment structure had been intact while
the reactor operated, and concurred with the owner that seven factors had
combined to produce more force than the concrete could withstand. Fortu-
nately, the delamination occurred during an outage, when safety did not re-
quire integrity of the containment walls.

NRC Sanctions

The SIT identified no violations of NRC requirements. From a regulatory
perspective, damaging the reactor’s containment building is perfectly ac-
ceptable if the reactor is not operating, and it is not restarted until the build-
ing is {ixed. The CR3 reactor remained shut down for more than a year—
punishment enough for this miscue.

Davis-Besse, OH

The Near-Miss

The NRC sent an SIT to the site after the discovery on March 12, 2010,
of cracks in nozzies on the contro} rod drive mechanism (CRDM) that had
penetrated through the head of the reactor vessel. Borated reactor cooling
water leaked through some of the cracks (NRC 2010f).

This situation was déja vu all over again, as an SIT had visited Davis-
Besse in 2002 after a cracked and leaking CRDM nozzle caused extensive
damage to the reactor vessel head. After replacing the damaged head and cor-
recting numerous other safety problems, operators had restarted the reactor in
March 2004.

That episode had revealed that higher temperatures in the CRDM nozzles
create more stress, allowing cracks to form and hastening their propagation.
Despite that finding, the 2010 SIT learned that workers did not accurately
track temperatures inside the reactor vessel, assuming instead that they were
the same as the temperature of the water leaving the vessel. However, some
temperatures inside the vessel were nearly 7° F higher.

Given that the water is at about 600° F, this error may seem minor. How-
ever, those seven degrees are the difference between detecting cracks in the
CRDM nozzles before they leak and experiencing a déja vu moment.

How the Event Unfolded

The March 2001 discovery of similar cracking and leakage at the Oconee
nuclear plant in South Carolina prompted the NRC to require more extensive
inspections of CRDM nozzles. The nozzles are four-inch-diameter hollow
metal tubes that penetrate through the six-inch-thick steel heads atop the re-
actor pressure vessel. The nozzles connect the control rods used to regulate
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the power level of the reactor core to electric motors on a platform above the
reactor vessel head.

When workers per-
formed  Oconee-inspired
inspections at Davis-Besse
in March 2002, they found
extensive cracking in the
nozzles, and that leaking
borated water had signif-
icantly degraded the reac-
tor vessel head. Workers
replaced this damaged
head with one from the
closed Midland nuclear
plant in Michigan, and re-
started Davis-Besse in
March 2004. Inspections
of the CRDM nozzies dur-
ing refueling outages in
2006 and 2008 revealed no
evidence of leakage.

However, inspections during the March 2010 refueling outage revealed
that two cracked CRDM nozzles had leaked borated reactor cooling water,
and that many other nozzles had apparent cracks. Although the reactor vessel
head did not need repair or replacement, workers repaired 24 of the 69
CRDM nozzles.

The SIT identified three violations of regulatory requirements associated
with the ROP’s initiating events cornerstone. The first involved workers’
failure to control water rinse time after applying a liquid dye penetrant to the
CRDM nozzles and welds. The penetrant makes cracks more apparent during
a visual inspection. The uncontrolled rinse time could have allowed the pene-
trant to wash away before the inspection.

The second violation cited control room operators for failing to provide
specific guidance to ensure that workers examined the entire affected area on
camera. The third violation involved a defective welding process used to re-
pair one of the two leaking CRDM nozzles. The procedure failed to control
temperature during the welding process. Welding temperature is important to
ensuring high-quality results: too low a temperature can allow the metal to
cool before strong bonds form, while too high a temperature can damage the
metal. The NRC classified all three violations as Green.

White-crystalline boric acid leaked through a
cracked nozzle in the head of the reactor ves-
sel ar the Davis-Besse plant in Ohio. NRC
photo.

Diablo Canyon Unit 2, CA

The Near-Miss

The NRC sent an SIT to the site after operators could not open valves
that provide emergency cooling water to the reactor core and containment
vessel during a test on October 22, 2009 (NRC 2010x).

The SIT found that a misguided fix of an earlier problem had caused this
even Jarger problem. When the valves failed to open and close within speci-
fied time limits, workers shortened their “travel distance.” The workers did
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not realize that this meant that these valves no longer reached their finish
lines. Interlocks prevented other safety valves from opening until the first
valves were fully open. The NRC sanctioned the company for a bad “fix,”
and for inadequate post-fix testing that should have identified the unintended
consequences but failed to do so.

How the Event Unfolded

In July 2005, workers became aware that motors for valves that provide
emergency cooling water to the reactor core could not move against pressure
inside the cooling system’s pipes under certain accident conditions. In Octo-
ber, workers revised the emergency operating procedure to have control
room operators establish cooling water flow within 30 minutes of an acci-
dent, to reduce pressure on the valves. However, operators needed to ensure
that the valves would function under all credible accident conditions.

In February 2008, therefore, workers changed the gear ratios on the mo-
tors for the valves, to enable them to move against any pressures that might
occur, The workers then tested the valves to verify that they could move
from fully closed to fully open in 25 seconds or less, as required. However,
the valves failed the test. To fix that problem, an engineer shortened the trav-
el distance between the two positions, and both valves passed retests.

Eighteen months later, when operators tried to open the valves to allow
pumps to provide flow inside the containment building, they would not open.
That meant operators would be unable to provide cooling water to the reactor
core and containment vessel at a key point during an accident.

The SIT found that three pairs of valves were interlocked, and that the
first pair had to open fully before the other pairs could do so. The February
2008 modification to shorten the trave! distance of the first pair meant that
they stopped moving before they reached the fully open position. That is, the
fix for the problem that some valves might not open when required meant
that other valves definitely would not open.

NRC Sanctions

The SIT identified three violations of regulatory requirements associated
with the ROP’s mitigating systems cornerstone. The first violation involved
the improperly analyzed change that shortened travel distances for the valves.
The second violation involved inadequate post-modification testing of the
valves. The NRC classified both violations as Green. Although the February
2008 modification impaired the emergency core cooling systems, workers
could have opened the valves manually, so that mitigated the severity of the
violations.

A third violation involved the October 2003 revision to emergency oper-
ating procedures that introduced a.manual action into an accident response.
The SIT determined that workers failed to conduct a safety evaluation to de-
termine whether this change required NRC review and approval. The NRC
classified this violation as Severity Level] IV, the least serious sanction.
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Farley, AL

The Near-Miss

The NRC sent an SIT to the site after a vendor notified the agency about
a defective coating on a pump shaft journal (a device used to maintain the
shaft alignment as it rotates at high speed), which contributed to the failure of
a service water pump at Unit 2 in August 2009 (NRC 2010u).

The SIT found that the company had replaced the failed pump just three
years earlier. The purchase order for the replacement pump specified key pa-
rameters, including some intended to protect it from damage caused by ex-
cessive vibration. However, the installed pump did not satisfy those parame-
ters, and it failed after excessive vibration exacerbated the defect in the jour-
nal coating.

How the Event Unfolded

The service water system provides cooling water to safety equipment,
such as emergency diesel generators, during an accident. Each of two reac-
tors at Farley has five service water pumps. Four pumps must be available to
allow each reactor to operate safely, with the fifth pump acting as a spare.

In April 2006 the company issued a purchase order for 11 service water
pumps to replace the originals. Workers then replaced five of the original
pumps over the ensuing three years. The first one replaced was the 2E pump
on Unit 2. However, the new pump failed in August 2009, and was replaced
again and sent back to the vendor for evaluation. The vendor found that a de-
fective coating on the pump shaft’s bearing journal had led to bearing dam-
age and fracture of the wear ring.

The SIT found that purchase specs for the replacement pumps required
that the critical speed of the rotor be at least 25 percent above the pump’s
normal speed, but that the replacement pumps failed to meet that require-
ment. Operating the pumps contrary to this specification increased their sus-
ceptibility to vibration, contributing to the August 2009 failure.

NRC Sanctions

The SIT identified one violation of regulatory requirements associated
with the ROP’s mitigating systems cornerstone. The violation involved the
failure to ensure that service water pumps conformed to purchase specifica-
tions. The NRC classified the violation as Green.

Fort Calhoun, NE

The Near-Miss

The NRC sent an SIT to the site after the turbine-driven auxiliary feed-
water (AFW) pump automatically shut down shortly after operators started
the pump during a monthly test. The AFW system is an emergency system.
During normal plant operation, it is in standby mode.

However, although the AFW system plays a vital role in an accident, the
SIT found that the pump had failed numerous times over many years. The
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owner had never found the cause of the problem, and therefore had never
taken steps to prevent it.

How the Event Unfolded

On February 17, 2010, workers manually started the turbine-driven AFW
pump, to test whether it could deliver the required flow of water within the
time frame assumed in safety studies for the plant. The pump automatically
shut down shortly after it started because of high pressure in the turbine’s ex-
haust. When pressure in the exhaust line rises to nearly 10 times normal, a
piston unlatches a trip lever, which shuts.down the turbine.

There were no indications that pressure in the turbine exhaust line had
actually exceeded the normal range during the test. This prompted workers to
check the calibration and functioning of the device that triggers the automatic
shutdown. They found nothing wrong with the calibration, but they did ob-
serve that minor bumping of the equipment unlatched the trip lever. When
they tried to start the AFW pump with the trip lever already unlatched, it
soon shut down, just as it had during the February 17 test. The company re-
sponded by restricting access to the area around the trip device, and by re-
quiring shift managers to brief workers needing access to that area before en-
{ry.

The SIT identified four violations of regulatory requirements associated
with the ROP’s mitigating systems cornerstone. The first violation involved
five instances where workers bumped the AFW and the pressure trip lever
had unlatched, preventing the pump from starting when required. The second
violation involved the company’s failure to develop procedures to verify that
the trip device for the AFW pump was properly latched.

The third violation involved an inadequate procedure in which workers
did not properly vent air from the oil system for the AFW pump contro! after
maintenance. As a result, the AFW pump failed to start during a test on Feb-
ruary 26, 2009.

The fourth violation invoived failure to properly transfate information in
the plant’s design into its equipment, which led to the automatic shutdown of
the AFW pump during a test on April 6, 2009. The NRC classified all four
violations as Green (NRC 2010n). )

HB Robinson, SC

The Near-Miss

The NRC sent an SIT to the site to investigate electrical fires, which had
caused an unplanned reactor shutdown and declaration of an Alert—the
third-most-serious emergency classification——on March 28, 2010. The SIT
found so many problems that the NRC upgraded it to an AIT after a few days
(NRC 2010q).

The AIT documented numerous problems in many areas——including de-
sign and procurement of safety equipment, maintenance, operations, and
training—over many years. There is simply no excuse for the fact that the
company and the NRC had not detected and corrected at least some of these
problems before this event.
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How the Event Unfolded

The event began when a 4,160-volt electrical cable shorted out and start-
ed a fire. An electrical breaker designed to automatically open and deener-
gize power to the shorted cable failed to do so.

The failed electrical breaker
allowed electricity to flow
from a circuit through the
shorted cable into the ground,
reducing the circuit’s voltage.
This circuit powered a large
motor-driven pump  circu-
lating water through the reac-
tor core, among other com-
ponents. As the circuit’s
power dropped, the pump’s
output also dropped low

enough to trigger the reactor ¢, 4.1 for electrical cables damaged by

to shut down automatically. g e o1 the HB Robinson plant. NRC pho-
The electrical problems

damaged the main power

transformer  between the

plant and its electrical grid. When the reactor shuts down, this transformer
usually allows the electrical grid to supply power to the plant’s equipment.
However, the damage to this transformer meant that another transformer had
to provide the sole connection to the electrical grid. Other electrical breakers
opened to isolate the faulted cable. This stabilized the plant’s electrical con-
ditions, but left roughly half of its equipment without power.

The equipment without power included valves on drain lines from the
main steam lines. Although these valves normally close when a reactor shuts
down, they opened fully on loss of power, as designed. That meant that heat
escaped from the reactor more rapidly than normal, exceeding the cool down
safety limit of 100° F per hour. The large reactor vessel and its piping have
strict limits on how fast they can heat up or cool down to prevent thermal
stress from cracking the metal. The operators did not notice the open drain
valves or abnormally fast cool down. Another power failure 33 minutes later
closed the drain valves.

The electrical problems interrupted the supply of cooling water to the
pump seals for the reactor coolant system. When seals are damaged by over-
heating, cooling water leaks into the containment building. Contro} room op-
erators did not notice the lack of cooling for more than 30 minutes.

After the reactor shut down, the operators started two pumps that trans-
ferred water from a tank in the auxiliary building to the reactor vessel. When
this tank emptied, the pumps were supposed to automatically realign to ob-
tain water from the refueling water storage tank. This realignment failed to
happen. The operators did not notice this failure for nearly an hour.

About four hours into the event, the operators attempted to restore power
to the de-energized circuit, but they did not check first to ensure that workers
had fixed the original fauli—and they had not. When the operators closed the
electrical breaker to repower the circuit, they reenergized the shorted cable,
and it caused another fire. The electrical disturbance also triggered alarms on
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both sets of stalion batteries, prompting the operators to declare an emergen-
cy Alert.

The AIT documented an incredibly long series of mistakes that first
caused this event and then made it more severe. For example, the cable that
started the first fire, installed in 1986, did not meet several parameters speci-
fied in the plant design. The design called for providing coated copper con-
ductors for the cable, but it had uncoated conductors. The design also called
for an outer jacket on the cable, but it did not have one. And finally, the de-
sign called for insulating the cable with self-extinguishing and non-
propagating material. However, rather than extinguishing when the cable was
de-energized, the fire actually spread along its length.

The non-conforming cable was connected to an electrical breaker that
was supposed to open if the cable failed to isolate the problem. But with the
breaker closed, a light bulb thought to indicate that the breaker was closed
would not illuminate. Workers had replaced the bad light bulb in November
2008, but the new bulb also failed to illuminate. These workers thought that
meant the bulb was good but the socket was bad, so they requested (hat other
workers repair it. The second group of workers never made the trip, thinking
it merely concerned an annoying problem with an unnecessary light bulb.
But that bulb, when lit, actually indicated that control power was available to
automatically open the electrical breaker. With the bulb not lit, the electrical
breaker did not open.

Control room operators joined this error-fest with errors of omission and
commission. First, they failed to stay aware of key plant parameters. For ex-
ample, they did not note that the cool down rate of the reactor coolant ex-
ceeded the safety limit of 100° F per hour. Second, as noted, they failed to
ensure that workers had corrected the original electrical fault before reener-
gizing the electrical circuits. Because the problem remained uncorrected,
their misguided actions started another fire.

NRC Sanctions

The AIT identified 14 unresoived problems (NRC 2010e; NRC 20104).
Follow-up reports documented resolution of these problems. The NRC also
identified six violations associated with the ROP’s initiating events corner-
stone:

e One violation involved a deficiency in the systems approach to train-
ing. This training weakness manifested itself in the operators’ failure
to mitigate a loss of cooling water to the seals on reactor coolant
pumps during this event.

* A related violation involved the company’s failure to develop emer-
gency procedures to guide operators in ensuring cooling of the seals
of the reactor coolant pump.

*  One violation involved inadeguate work and post-maintenance test-
ing that prevented the cbarging pump from automatically switching
from the volume-control tank to the refueling water storage tank.
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e One violation involved inadequate design control that enabled instal-
lation of an out-of-specification electrical cable. Failure of this cable
initiated the March 2010 fire.

¢ One violation involved inadequate configuration of the control room
simulator: Some valves modeled in the simulator behaved exactly
apposite to those in the actual plant after a loss of electrical power.
Operators received misleading training in how to handle this scenar-
io.

*  One violation involved inadequate corrective actions for a degraded
control power condition for an electrical breaker, which prevented it
from opening when required to isolate an electrical fault during the
March 2010 event.

The NRC classified four violations as Green, and deferred classification of
the other two.

The NRC also identified two violations of regulatory requirements asso-
ciated with the ROP’s mitigating systems cornerstone. The first involved in-
adequate corrective actions for a degraded condition on the output breaker
for emergency diesel generator B. A stuck control relay link caused the
emergency diesel generator to fail in October 2008, and again in April 2009,
before workers identified and corrected the problem.

The second violation involved the failure to provide the NRC with com-
plete and accurate information on the problem with the breaker for the emer-
gency diesel generator. The plant owner informed the NRC, in writing, that
certain diagnostic and testing activities had been performed when in fact they
had not. The NRC classified the first violation as being preliminarily White,
and deferred classification of the second violation.

HB Robinson, SC

The Near-Miss

The NRC sent an SIT to the site after an automatic shutdown of the reac-
tor on October 7, 2010, followed by equipment failures and operator miscues
(NRC 2010b). This was the second near-miss at Robinson in six months (see
the preceding case).

The SIT found many of the same shortcomings that had played a role in
the earlier near-miss: bad design, nonconforming parts, inadequate operator
performance, and poor training. The SIT should not have been surprised: an
owner cannot correct years of programmatic deficiencies overnight.

How the Event Unfolded

The problems began shortly after midnight, when one of four pumps that
supply cooling water to the reactor vesse!l experienced a motor failure and
automatically shut down. That shutdown, in turn, triggered an automatic
shutdown of the reactor and main turbine, per the plant design. One of the
two feedwater pumps normaily supplying makeup water to the steam genera-
tors also shut down automatically.
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About a minute after the reactor shut down, relief valves opened in the
steam system to protect piping and components from damage caused by ex-
cessive pressure. The shutdown of the turbine stopped steam from entering it.
The steam vented directly into the turbine building, where its high tempera-
ture triggered the fire protection system for the main turbine’s lubricating oil
system. Water began spraying inside the turbine building to extinguish a
nonexistent fire. About a minute later, two-inch piping in the fire protection
system ruptured, adding to the flooding. Workers dispatched to the turbine
building manually closed valves within 10 minutes, stopping the water flow.

About 11 minutes after the reactor shutdown, the second feedwater pump
supplying makeup water to the steam generators automatically shut down be-
cause of high water level in the steam generators. The auxiliary feedwater
(AFW) system-—a backup to the normal system-—had started after the trip of
the first feedwater pump, and continued to provide makeup water.

Concerned that continued reliance on the AFW systern rather than the
normal feedwater system might prompt the NRC to issue a Red violation, the
operators attempted to restart one of the normal feedwater pumps about four
hours after the reactor shut down. Although they restarted the pump, it auto-
matically shut down right away because they had improperly reset the pa-
rameters that had caused it to shut down in the first place. Not understanding
the normal feedwater system, the operators gave up trying to restore it.

About 10 hours after the reactor shut down, day-shift operators tried to
restart one of the normal feedwater pumps. They succeeded in doing so, but
only because they improperly defeated safety interlocks. That meant they op~
erated without required safety protection for the next 3 hours and 11 minutes.
After realizing this mistake, the operators restarted the AFW system and re-
inserted the safety interiocks. About 30 minutes later, the operators success-
fully restarted the normal feedwater pump with safety interlocks.

NRC Sanctions

The SIT determined that the motor failure that initiated this event had
stemmed from age-related degradation of the insulation on the motor wind-
ing. The reactor owner had been aware of this problem, and developed a plan
in 2003 to deal with it. However, the motor that failed on October 7 had not
yet been fixed.

The SIT determined that operators’ procedures and training did not allow
them to recover from the automatic reactor shutdown. They had encountered
similar problems in trying to recover from the automatic shutdown six
months earlier.

The SIT also determined that the fire protection system for the lubricat-
ing oil system for the main turbine had started up because steam vented into
the turbine building after the turbine shut down falsely simulated a fire con-
dition. Events at the plant on May 15, 2007, and November 6, 2009, had
shown that this would occur, but the company had done nothing to correct
the problem. In response to this event, workers installed piping to carry
steam vented from the relief valves outside the turbine building.

The SIT determined that the pipe in the fire protection system ruptured
because workers had improperly welded two different types of metal togeth-
er. This failure reinforced the large inventory of information showing that
welding two different materials together simply does not work.
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The SIT identified two violations of regulatory requirements associated
with the ROP’s mitigating systems cornerstone. The first involved the viola-
tion of safety requirements when day-shift operators improperly bypassed
safety interlocks to restart a pump in the normal feedwater system.

The second violation involved regulations requiring owners to correct
known deficiencies in equipment in a timely manner. Specifically, the owner
knew that steam vented after turbine shutdowns inadvertently initiated the
fire protection system in the turbine building, -but had done nothing to correct
it. The NRC classified both violations as Green.

Surry, VA

The Near-Miss

The NRC sent a SIT to the site after a loss of power to instrumentation
caused the Unit 1 reactor to shut down automatically on June 8, 2010, with
ensuing complications (NRC 20101).

The SIT found that an overheated electrical device had started a fire in
the Unit 1 control room about 90 minutes after the reactor shut down. A simi-
lar device had overheated and started a fire in the Unit 2 control room the
previous November. The NRC sanctioned the company for not taking steps
to prevent a fire at Unit 1 that it had taken to prevent another fire at Unit 2.

How the Event Unfolded

The event began when workers removed one of two power supplies to an
electrical bus service—an electrical connection—for planned maintenance.
The electrical bus powered circuits controlling plant equipment, as well as
devices for monitoring them.

During the maintenance, a worker dropped a tool, causing an electrical
short that disabled the remaining power supply to the electrical bus. That, in
turn, caused various valves in the feedwater system to either Jock up or fully
open. The result was an imbalance between the amount of steam flowing
from the steam generators and the amount of water supplied to the steam
generators by the feedwater system. Less than 90 seconds later, low water
level in one steam generator triggered the automatic shutdown of the reactor
and the turbine.

The imbalance also triggered two standby emergency pumps to begin
supplying makeup water to the reactor vessel. This measure was precaution-
ary, as no piping had ruptured, and the reactor vessel was not losing water.
About 20 minutes later, the unnecessary makeup water increased pressure in
the reactor vessel to the point where a relief valve opened automatically, to
protect the system. That relief valve opened and closed 14 times during the
next 20 minutes. A similar relief valve, which stuck open the first time it
opened, contributed to the partial meltdown of the Unit 2 reactor core at
Three Mile Island in March 1979.

About 90 minutes after the reactor shut down, overheated electrical resis-
tor/capacitor (RC) filters inside a control room cabinet caught fire. The oper-
ators put out the fire within three minutes. Shortly afterward, electrical fuses
blew to de-energize some instrumentation monitoring key plant parameters.
The operators restored power within minutes.
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NRC Sanctions

The SIT learned that overheated RC filters had caused a fire in a control
room cabinet at Unit 2 in November 2009. After putting out the fire and re-
placing the scorched filter, workers wrote a condition report asking techni-
cians to investigate why the RC filter had overheated. However, the company
closed the condition report without any investigation or evaluation. After the
similar fire in Unit 1, workers tested all the RC filters in cabinets in both con-
trol rooms. They found many in a degraded condition, including some that
produced visible electrical sparks during testing. Workers replaced all RC fil-
ters in all applicable cabinets.

The SIT identified one violation of regulatory requirements associated
with the ROP’s initiating events cornerstone. The violation involved failure
to correct degraded RC filters in Unit 1 instrumentation cabinets after dis-
covery of the same situation at Unit 2. The NRC classified the violation as
Green.

Wolf Creek, KS

The Near-Miss

The NRC sent an SIT to the site after a nearby lightning strike on August
19, 2009, disconnected the plant from the electrical grid. The reactor and tur-
bine automatically shut down in response, as designed. Onsite emergency
diesel generators started automatically, to provide electrical power fo essen-
tial safety equipment. Essential service water (ESW) pumps also started au-
tomatically. However, a pressure spike in the ESW system after the pumps
started created a 3/8-inch-diameter hole in the piping. The SIT investigated
the loss of offsite power and the ensuing damage to the ESW system (NRC
2010y).

The SIT found that a 2007 internal study had forecast leakage in the
ESW piping, and that leakage had actually occurred in April 2008 in an event
similar to that in August 2009. The NRC sanctioned the company for having
identified this safety problem but having failed to correct it.

How the Event Unfolded

The SIT found that Wolf Creek personnel had little responsibility for the
plant’s electrical switchyard. Most responsibility rested with Westar Energy,
an independent electricity provider. This division of responsibility meant that
workers at Wolf Creek did not enter all switchyard-related problems into the
plant’s corrective action program, which determines the root causes of
equipment failures and proper fixes.

For example, one or more transmission lines between the plant and the
electrical grid had failed 31 times since 2004, but workers had not entered 20
percent of those failures into the corrective action program. The SIT also
learned that when Wolf Creek workers received accounts of switchyard prob-
lems at other nuclear facilities, they did not effectively communicate that in-
formation to Westar Energy. The plant was therefore more vulnerable to
offsite power interruptions than necessary.

The loss of offsite power triggered several fire protection alarms. Plant
procedures called for workers to monitor areas triggering the alarms, to com-
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pensate for the disabling of automatic fire detection and suppression circuits
owing to the Joss of power. NRC inspectors discovered that more than a doz-
en areas lacked the required fire watches.

The plant’s response to the loss of offsite power, and the resulting rup-
ture in the ESW piping, led to a sizable leak in the auxiliary building—
discovered by an NRC inspector seven hours later. During an accident or a
foss of offsite power, this plant’s ESW system draws water from a nearby
lake for numerous cooling systems, including one used to remove heat from
the reactor core and containment.

The SIT found that similar leakage in ESW system piping had occurred
after another loss of offsite power in April 2008. The SIT concluded that the
company’s evaluations after these two events were too narrow to determine
the causes and consequences of the problem. Specifically, the SIT found that
the company had not adequately evaluated the damage caused by internal
corrosion of ESW system piping and components.

The SIT also found that a 2007 assessment of the ESW system found that
lake water was causing pitting and other corrosion. The study recommended
better chemistry control and monitoring measures to prevent damage. How-
ever, managers opted to delay “repairs until such degradations (pitting) had
become through-wall leaks” (NRC 2010y). ‘

NRC Sanctions

The STT documented two violations of regulatory requirements associat-
ed with the ROP’s initiating events cornerstone. One violation involved the
failure to enter electrical switchyard problems into the comrective action pro-
gram. The second violation involved failure by the operators to control the
water level in the steam generator after the reactor shut down. The NRC clas-
sified both violations as Green.

The SIT identified five other violations of regulatory requirements asso-
ciated with the ROP’s mitigating systems cornerstone. The first involved the
failure to assess the impact of the through-wall leaks caused by internal cor-
rosion of ESW piping on the system’s operability.

The second violation involved inadequate corrective action following
damage to ESW piping after the loss of offsite power in April 2008, The
third violation involved inadequate corrective action related to the corrosion
problems identified by the ESW assessment in 2007.

The fourth violation involved failure to develop and implement needed
procedures. Wolf Creek required operators to visually examine systems sub-
ject to water-hammer forces during electrical events for structural damage.
However, the company did not include the ESW system in such inspections,
despite the fact that a water hammer after the loss of offsite power in April
2008 damaged ESW piping and components.

The fifth violation involved a violation of the plant’s operating license
reflected in the inadequate response to fire protection alarms. The NRC clas-
sified all five violations as Green.

Observations on Near-Misses in 2010

Nearly all 14 near-misses in 2010 resulted from known safety problems
that went uncorrected. With luck, such impairments do not interact to turn a
bad day into a catastrophe. However, Three Mile Island and countless other



177

The NRC and Nuclear Power Plant Safety in 2010: A Brighter Spotlight Needed 27

nuclear and non-nuclear technological catastrophes show what can happen
when luck runs out.

Many excuses underlie owners’ failures to correct these safety problems.
For example, each time the roof at Calvert Cliffs leaked without serious con-
sequences, that outcome encouraged the owner to continue to tolerate the
problem rather than fixing it before Juck ran out. At Surry, operators consid-
ered the electrical component that overheated and caused a fire in the Unit 2
control room an isolated failure—until the same component overheated and
caused a fire in the Unit 1 control room.

Al Wolif Creek, an internal 2007 study predicted through-wall corrosion
of piping in the emergency cooling system, and an event when the piping ac-
tually leaked validated that prediction in April 2008. Yet the owner took in-
adequate steps to correct the safety problem until the piping leaked again in
August 2009. None of these excuses are defensible, particularly in an indus-
try that so often claims to place safety first.

Shortcomings in NRC Oversight

A majority of the SIT and AIT findings in 2010 fell into two of the
ROP’s seven cornerstones: initiating events and mitigating systems. The
NRC already devotes.considerable resources to these cornerstones through
the efforts of its onsite inspectors. These near-misses therefore do not suggest
that the agency needs to reallocate resources from other cornerstones.

However, NRC inspectors—full-time personnel at each nuclear plant,
supplemented by employees from regional offices and headguarters—
conduct about 6,300 person-hours of oversight at each plant each year. Why
didn’t this NRC inspection army identify all, some, or at least one of the
problems contributing to these 14 near-misses?

Agency inspectors audit only about 5 percent of the activities at each
plant each year. That means each device examined, each test result reviewed,
and each maintenance activity witnessed represents 19 unaudited devices,
tests, and activities.

Limiting audits to only 5 percent makes sense if and only if the NRC
views the findings as insights into the bigger picture. Instead, the agency
treats them as if they stem from 100 percent, full-scope audits. When inspec-
tors find a broken device, an erroneous test resuit, or a maintenance activity
that does not reflect procedure, they simply require companies to fix the de-
vice, correct the problem and rerun the test, or perform the maintenance ac-
tivity correctly.

The NRC simply cannot be an effective regulator if it continues to treat
limited-scope audits as full-scope audits. Instead, every NRC finding should
trigger a formal evaluation of why an owner failed to fix a problem before
NRC inspectors found it. Such an evaluation would answer questions such
as:

e Did plant workers identify the device as broken?
o If so, did they attempt to repair it?
* If so, why wasn’t the repair successful?
= If not, was the reason for the deferral justified?
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o If workers did not identify the device as broken, why didn't the
plant’s tests and inspections work?
= Are tests and inspections adequate to detect this kind of fail-
ure?
= Do workers conduct tests and inspections often enough?

¢ What other devices might also be broken but undetected?

® What assurances can the owner give that uninspected devices will
work?

Owners of the top-performing nuclear plants do not wait for the NRC to ask
such questions: they already ask and answer them. For example, workers at
the South Texas Project discovered that reactor cooling water had leaked
from instrumentation lines on the bottom of a reactor in spring 2003.

To prepare for public meetings between the NRC and the owner, UCS
reviewed the agency’s inspection reports as well as company documents.
This owner answered all our questions—plus dozens more we had not con-
sidered asking-—during its own presentations at the meetings. Unfortunately,
not all reactor owners back up their safety-first assertions with such solid
homework. The NRC must ask the questions that the underperformers are not
asking.

This is especially important because 4 of the 14 near-misses in 2010 oc-
curred at reactors owned by Progress Energy. Progress owns less than 5 per-
cent of the U.S. nuclear fleet, yet experienced more than 28 percent of the
significant events that year. These near-misses occurred at three different
Progress-owned sites—Robinson, Crystal River 3, and Brunswick: only one
Progress site did not have a near-miss.

While these events may have nothing in common other than the same
owner, the corporate hand may have played a role. Companies with multiple
reactors at various sites develop fleet-wide standards and procedures intend-
ed to improve performance through the sharing of best practices. However,
even good intentions can contribute to bad outcomes in the face of insuffi-
cient resources, or resistance to change among employees. The NRC should
take formal, documented steps to confirm that four near-misses at three Pro-
gress Energy sites in the same year is coincidence, or identify common caus-
es and ensure that the company eliminates them.
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CHAPTER 3

POSITIVE OUTCOMES FROM
NRC OVERSIGHT

This chapter describes situations where resident NRC investigators acted
to bolster the safety of nuclear plants before problerns spiraled into signifi-
cant events that prompted the agency to send in an outside team to provide
more in-depth analysis. These positive outcomes are not necessarily the best
the NRC achieved last year—we would have had to review and rate all NRC
safety-related actions to make that claim. Nor are these outcomes the only
positive ones the NRC achieved last year—far from it.

Average Outcomes

Number of Outcomes

. ¢ Reatly Gaod Outcomes
Really Bad Qutcomes

UCS’s review focused on really good and really bad outcomes from the larg-
er population of average NRC outcomes.

Quadity of Outconne

Instead, in choosing these situations, we focused on especially good out-
comes. We also found two important instances in which the NRC expanded
public access to agency officials and information on reactor safety. These re-
sults show that the NRC can be an effective and accessible regulator, and
provide insights into how onsite investigators can emulate these results in
other situations.
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Oconee Letdown Flow

On October 9, 2009, workers shut down the Oconee nuclear plant in
South Carolina for scheduled refueling. On October 11, they conducted a
routine test to verify that the letdown line of the reactor coolant system for
Unit 1 had adequate flow. The letdown line prevents the pressurizer from
overfilling during an accident. If it does, the system can leak more water than
the emergency makeup pump can compensate for.

No water flowed through the letdown line during the test. Workers found
that gasket material from a valve had broken apart and completely clogged a
filter in the line. Workers replaced the valve and cleaned the filter, and com-
pleted a successful test of the letdown flow rate before restarting Unit 1 in
December (NRC 2010t).

Workers installed the same type of valves in Units 2 and 3 around the
same time. However, they did not test their letdown flow rates, citing two
primary teasons: (1) the degradation of the Unit 1 valve was an isolated oc-
currence unlikely to happen in Units 2 and 3; and (2) even if the filters in
those units were blocked, control room operators could bypass them (o estab-
lish a flow path. In the face of these lame excuses, resident NRC inspectors
could have easily asked a few questions about the Unit 1 test results and
moved on to other concerns. Instead, they peeled away the claims and found
serious problems.

First, the inspectors found that the manufacturer of the failed valve had
informed the plant owner in November 2009 that valves in other units were
equally vulnerable to degradation. Second, the inspectors found that the al-
ternate flow path would not be available during an accident. To create that
path, workers would have had to open closed valves within the reactor con-
tainment buildings—which they could not do in the dangerous conditions ex-
isting in the wake of an accident.

On February 20, 2010, spurred by NRC inspectors, workers reduced the
power level of Unit 2 to test the letdown flow rate—and found that debris
from a degraded valve had indeed clogged the filter. Three days later they
found the same problem in Unit 3.

The NRC issued a Yellow finding to the plant owner in August 2010—
not for the failure at Unit 1, but for allowing the same degraded conditions to
impair Units 2 and 3 for nearly three months after discovery of the first
clogged filter (NRC 2010m). If the NRC inspectors had not taken the hard
route and persisted with their questioning, Oconee Units 2 and 3 would have
operated with a key safety system significantly impaired.

NRC managers supported these inspectors by issuing the Yellow finding.
Had the plant owner reacted when workers first revealed the problem, the
agency would not have needed to issue any sanction. And had the owner re-
acted sooner to pointed questioning by the inspectors, the NRC would proba-
bly have levied a lighter Green or White sanction. The Yellow finding de-
servedly called attention to the unsafe condition sustained for three months
because of the owner’s recalcitrance.

Browns Ferry Oil Leak
On July 24, 2009, workers conducted a routine test to verify the perfor-
mance of the high pressure coolant injection (HPCI) system for the Unit 1 re-
actor at the Browns Ferry plant in Alabama. The HPCI system is an emer-
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gency system that is normally in standby mode. If an accident drains cooling
water from the metal vessel housing the reactor core, the system provides
makeup water to protect the core from damage caused by overheating.

During the test, an oil leak of 0.25 to 0.50 gallons per minute developed.
The HPCI system uses oil pressure to regulate the position of valves that con-
trol the flow of makeup water to the reactor vessel. The plant owner initially
reported this condition to the NRC as degradation that could prevent the
HPCI system from fulfilling its safety function during an accident. However,
the owner later retracted this report, claiming that further evaluation had re-
vealed that the oil leak was (oo small to impair valve control.

However, the NRC resident inspectors at Browns Ferry asked an im-
portant question. The HPCI system operates for just minutes during a test,
but might have to operate for hours during an accident. Would the oil reser-
voir have enough capacity to sustain the valves during that entire time? After
reevaluating the situation, the owner answered no, and formally reported the
problem with the HPCI system to the NRC.

The inspectors’ efforts produced much more than a mea culpa from the
plant owner. They refocused the company’s workers on ail the potential con-
sequences of a degraded condition. The inspectors’ efforts also produced an-
other significant outcome. HPCI systems at other U.S. nuclear reactors also
contained the part that broke at Browns Ferry, and the vendor recalled it. The
ripple effect {rom the actions of these NRC inspectors yielded safety divi-
dends at nuclear plants across the country.

In contrast to the Oconee case, the NRC did not issue a Yellow finding
(or any finding) for the problem with the HPCI system at Browns Ferry. That
is because the owner fixed the HPCI problem within hours—although the
“what-if”” analysis required NRC intervention and took much Jonger. At
Qconee, the flawed what-if analysis delayed correction of safety hazards at
Units 2 and 3 for months.

Kewaunee Emergency Pumps i

When the reactor at the Kewaunee nuclear plant in Wisconsin is operat-
ing normally, two emergency safety injection (SI) pumps are in standby
mode. If cooling water drains out of the reactor vessel because of a pipe
break or other accident, these pumps automatically start to transfer cooling
water from the refueling water storage tank to the reactor vessel.

However, under some conditions, the pressure inside the reactor vessel is
initially higher than that created by tbe SI pumps, which prevents them from
supplying water to the vessel. In that situation, if the pumps operate but water
does not flow through them, the water would heat up and couid damage the
pumps. To protect them, a small pipe recirculates water back to the refueling
water safety tank, until the pressure inside the reactor vessel drops low
enough to allow the pumps to deliver the cooling water.

At Kewaunee, NRC resident inspectors found that workers were routine-
ly closing valves in the recirculation pipes while testing the safety injection
system—despite the fact that the reactor was still operating (Dominion
2010). The inspectors noted that this practice disabled both SI pumps be-
cause they share a common recirculation line. In response, the company
changed the testing procedure to avoid disabling the key emergency pumps
while the reactor was operating.
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This was a good catch by NRC inspectors for several reasons:

® The problem occurred only during infrequent tests. The inspectors
might have focused just on practices during normal operation or ac-
cidents.

e The problem reflected an atypical plant design at Kewaunee. At most
plants, SI pumps have separate recirculation lines back to the refuel-
ing water safety tank. The inspectors caught a problem that they
probably had not encountered in their training or other experience.

e Closing the valves during testing had been standard practice since
the reactor began operating in 1973. That the problem existed for
nearly 40 years testifies to its subtlety. Numerous plant workers and
NRC inspectors who had reviewed the safety injection system had
overlooked it.

¢ The SI pumps would not necd the recirculation line during most ac-
cidents. If a pipe ruptures, the SI pumps automatically start when
pressure inside the reactor vessel drops from about 2,235 pounds per
square inch (psi) to 1,815 psi. The discharge pressure of the SI
pumps is nearly 2,195 psi. Thus the pumps would typically supply
makeup water immediately to the reactor vessel, without the need for
the recirculation lines.

However, operators may manually start the SI pumps in response to events
such as a rupture in a steam generator tube. Depending on the size of the
tube, the pressure in the reactor vessel could remain close to normal long
enough for SI pumps to sustain damage.

How Top NRC Officials Served

the Public Interest

The NRC chair and commissioners visit several nuclear plants each year.
These visits typically involve a tour of the facility and a brief presentation by
the owner on plant safety. The visits also often feature updates by resident
NRC inspectors on the plant’s performance. The agenda may even include a
press conference or a meeting with local elected officials.

Although not unprecedented, an NRC chair or commissioner rarely
meets face to face with residents who live near nuclear plants, to listen to
their concerns and explain what the agency is doing about them. In 2010, the
NRC chair and a commissioner took the time to do just that.

NRC Chair Gregory B. Jaczko visited the Vermont Yankee nuclear plant
on July 4. His visit included a 90-minute roundtable meeting with several
members of the public, at which Jaczko heard their concems and offered his
views (NRC 2010p). The NRC arranged a telephone call-in so stakeholders
from around the country could listen to the discussion.

Similarly, when NRC Commissioner William D. Magwood IV visited
the Braidwood nuclear plant in Iilinois on November 16, he met with local
citizens to hear their concerns about the more than 6 million galions of radio-
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actively contaminated water that had leaked from the plant. One attendee told
UCS that it was the most meaningful dialogue the community had had with
the NRC since the leaks were first reported in late 2005.

These officials impressed members of the public by telling them exactly
what they most wanted to hear—the truth. For example, Chair Jaczko shared
concerns that senior NRC managers expressed to him about Vermont Yan-
kee, and the measures they planned to address those concerns. When those
senior NRC managers spoke at public meetings in Vermont weeks and
months earlier, they remained silent about those concerns, instead conveying
only rosy assurances. Chair Jackzo and Commissioner Magwood provided
spin-free commentary on conditions at these plants,

Expanding Public Access to NRC Records

Members of the public can gain access to NRC records in several ways.
For example, they can search the Agencywide Documents Access and Man-
agement System (ADAMS), which includes hundreds of thousands of rec-
ords.® They can also submit requests for information to the NRC under the
Freedom of Information Act (FOIA). The NRC significantly improved public
access to its records via both these avenues in 2010.

The agency introduced Web-Based ADAMS (WBA), a new interface
that greatly enhances public access to NRC records.' WBA lacks the firewall
barriers of earlier interfaces, and allows users to find, view, and download
records more easily. The system also allows NRC staff to make changes to it
more quickly: For example, after some users told the NRC that the interface
had made some routine searches more difficuit, employees revised WBA
within days to allow the requested searches.

The NRC also recently added a search tool to its website that greatly fa-
cilitates public access to licensee event reports (LERs).” Federal regulations
require plant owners to submit LERs on the causes of problems with safety
equipment and corrective actions taken. The new search tool allows users to
find LERs for a specific cause at a specific reactor during a specific time
frame, and provides many other search options. The LER database also ex-
tends back decades—1long before records stored in ADAMS.

The NRC also significantly improved its response time to FOIA requests.
UCS has often waited months and sometimes more than a year for NRC re-
sponses to FOIA requests, In 2010, UCS received complete responses to
FOIA requests of comparable scope within weeks.

Unlike the Oconee, Browns Ferry and Kewaunee catches, these gains in
public access to information do not immediately affect plant safety. Howev-
er, they deserve equal recognition. The NRC prides itself on being transpar-
ent. When it backs up good intentions with action, everyone wins.

Observations on Effective NRC Oversight
At Oconee, Browns Ferry, and Kewaunee, some information suggested
that the status quo was acceptable, but onsite NRC inspectors probed deeper.

3 See htip:Afwww.nre. govireading-rm/adams himi.
* See hup:Afwww.nre.govireading-nm/adams/web-based. himl.
% See hups:lersearch.inl gov/Entry. aspx.
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Resident inspectors at other plants can improve plant safety by asking similar
kinds of questions:

o Could workers actually perform critical but dangerous safety-related
aclions inside a reactor containment vessel during an accident?

® (Could a degraded safety system work reliably for the entire essential
period if an accident occurs?

o Even if problems with a safety system might not limit its perfor-
mance during many accidents, could the system perform as required
during all such events?

In all three of these cases, plant owners were initially satisfied that reactor
safety was adequate, but NRC inspectors revealed that the owners were
wrong. These owners should have ensured plant safety without NRC assis-
tance—and in fact were legally required to do so. Given this record, the NRC
must insist that plant owners find out why their own testing, inspection, and
evaluation methods fail to uncover safety-related problems.
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CHAPTER 4

NEGATIVE OUTCOMES FROM

NRC OVERSIGHT

35

This chapter describes situations where lack of effective oversight by on-
site NRC inspectors led to negative outcomes. As Chapter 3 noted, these out-
comes are not necessarily the worst the NRC achieved last year. Rather, they
provide insights into practices and patterns that prevent the NRC from

achieving the return it should from its investment in oversight.

Peach Bottom’s Slow Control Rods

The NRC was aware of a serious safety problem at the Peach Bottom nu-
clear plant in Pennsylvania in 2010, and an even more troubling response by

the plant owner, yet did nothing except watch.®

The Peach Bottom plant includes two boiling water reactors (BWRs),
both with 185 control rods. The power level in these reactors can spike under
certain conditions. If that occurs, all control rods can be fully inserted within
seconds to stop the nuclear chain reaction—a vital response. Fatal accidents
at the Chernobyl nuclear plant in Ukraine in April 1986, and the SL-1 nucle-
ar plant in Idaho in January 1961, occurred when unchecked increases in re-

actor power caused massive steam explosions.

The operating licenses for the Peach Bottom BWRs require the owner to
test the control rods periodically, to verify that their insertion times are with-
in required safety margins. Each control rod travels 12 feet from the fuily
withdrawn to the fully inserted position. The licenses require that each con-
trol rod begin moving within-0.44 second, and finish moving within 3.35 se-
conds, after operators initiate this response. Because each BWR features 185
control rods, some can be “slow” if their neighbors are “fast.” The operating
licenses and associated safety studies limit the share of slow control rods to 7

percent of tested control rods.

On January 29, Peach Bottom workers tested the insertion times of 19
control rods at Unit 2, and found that three took longer than 0.44 second to
begin moving. The workers then tested other controi rods, to try to reduce the
share of slow ones to less than 7 percent of those tested. However, they in-

© For more information on this Peach Bottom event, see Union of Concerned Scien-
tists. 2010. Artful dodgers at Peach Bottom. Cambridge, MA. Online at

hitpHwww.ncsusa.org/nuclear power/nuclear power_risk/safety/brief-on-slow-

control-rods-at.himl.
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stead found more slow ones. Workers uliimately tested all 185 control rods
and found that 21 were slow.

The operating license for Unit 2 requires workers to shut down the reac-
tor within 12 hours if more than 13 control rods are slow. However, workers
did not shut down Unit 2. Instead, the team testing the contro} rods slowed its
pace to match that of the team repairing the slow ones. That meant the plant
never officially had more than 13 slow control rods. However, because of the
foot-dragging, tesis of all 185 control rods took longer than two days—a task
T have performed in a single 12-hour shift at similar reactors.

The controt rods were slow because of a part found to be faulty in the
1990s. The vendor offered free replacement kits at the time, and other BWR
owners fixed the problem. However, 39 of the 185 control rods at Peach Bot-
tom Unit 2—including the 21 slow ones—still had the defective part.

As soon as workers traced the cause to the defective part, the safe and le-
gal move would have been to shut down the reactor. Instead, the workers
conspired to keep the reactor operating despite known safety flaws. Had Unit
2 encountered an event that required rapid insertion of the control rods before
employees finished playing their games, the results could have resembled
those at Chernobyl and SL-1.

Onsite NRC inspectors were fully aware of the shenanigans at Peach
Bottom but simply stood by. The NRC later issued a Green citation to the
plant owner for replacing the defective parts only belatedly (NRC 2010w).
However, the agency could and shouid have examined earlier tests of the
control rods to show that testing all 185 does not take two days, and then
asked the owner to justify the foot-dragging. The NRC also should have
forced the plant owner to comply with federal safety requirements rather than
scoff at them.

The NRC’s reaction contrasts sharply with that in 1987, when the agency
fined both individual Peach Bottom operators and the company after finding
that operators routinely slept on duty. The NRC did so because they demon-
strated “a total disregard for performing licensed duties and a lack of appre-
ciation for what those duties entail,” and because supervisors and senior plant
managers knew or should have known about the rampant sleeping (NRC
1987). In so doing, the NRC noted:

The NRC expects licensees to maintain high standards of control room
professionalism. NRC licensed operators in the control room at nuclear pow-
er plants are responsible for assuring that the facility is operated safely and
within the requirements of the facility’s license, technical specifications, reg-
ulations and orders of the NRC.

Because both operators and managers deliberately circumvented safety
requirements again in 2010, the NRC should have levied similar sanctions.
‘When the agency condones egregiously poor performance, it is being unfair
on many levels. First and foremost, that response is unfair to the people liv-
ing around Peach Bottom, who deserve protection. A lax response is also un-
fair to the owners of other plants, who sometimes pay a price for doing the
right thing.

For example, the owner of the North Anna nuclear plant in Virginia vol-
untarily shut down the Unit 2 reactor in September 2010. The owner took
this step after workers at Unit 1-—which had shut down on September 12 for
refueling—discovered 58 cubic feet of Microtherm insulation and & cubic
feet of calcium-silicate insulation inside the containment building.



187

The NRC and Nuclear Power Plant Safety in 2010: A Brighter Spotlight Needed 37

In 2007, to resolve a safety problem, workers had removed Microtherm
and calcium-silicate insulation from the containment buildings for North An-
na Units ! and 2. During an accident, such insulation could block the flow of
water to emergency pumps used to cool the reactor core and the containment
building. The owner replaced the Microtherm and calcium silicate with an-
other type of insulation less likely to impair the performance of emergency
pumps.

In 2010, rather than arguing that unlike Unit 1, Unit 2 did not contain
leftover Microtherm and calcium-silicate insulation, or that Unit 2 could op-
erate safely until its next scheduled refueling outage, the owner voluntarily
shut down Unit 2 and fixed the problem (NRC 2010c). The owner did the
right thing despite the fact it carried a price tag reflecting lost revenue from
electricity sales and the higher cost of replacing insulation on short notice.
North Anna’s owner clearly placed safety ahead of production.

This owner took a financial hit for doing the right thing—only to watch
as the NRC allowed Peach Bottom’s owner to avoid a financial hit by doing
the wrong thing. North Anna’s owner has a long track record of putting safe-
ty first.” Not all owners can match that record. The NRC must deprive own-
ers of the option of placing safety second, third, or lower.

Indian Point’s Leaking Refueling Cavity Liner
The Indian Point nuciear plant in
New York features two pressurized
water reactors (PWRs). To refuel a
PWR, workers flood the refueling
cavity with water, which allows them
to remove irradiated fuel assemblies
from the reactor core and replace
them with fresh fuel assemblies. The
water both removes decay heat from
the irradiated fuel assemblies and
shields the radiation they emit, pro-
tecting the workers.
The Final Safety Analysis Re-
ports (FSARs) submitted by the plant

Refueling Cavity
Refusling
Cavity Walls

owner with the application for an op-
erating license for Unit 2 stated that
the refueling cavity was “designed to

NRC drawing showing refueling
cavity walls and the fuel rods lo-
cated at the bortom of the cross-

withstand the anticipated earthquake
loadings,” and that “the liner prevents

hatched refueling cavity volume.

7 In fall 2001, North Anna’s owner voluntarily shut down a reactor months before a
scheduled refueling outage, to inspect the nozzles on the reactor’s contro! rod drive
mechanism (CRDM). The owner of the Davis-Besse plant in Ohio, in contrast, re-
sisted NRC pressure to conduct these inspections, and operated a reactor into 2002
with cracked and leaking CRDM nozzles. The NRC later found that this near-miss of
a reactor accident was the most serious event since the Three Mile Island meltdown
in 1979.
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leakage in the event the reinforced concrete develops cracks.” When the
NRC issued the operating license for Unit 2, the leakage prevention function
of the liner for the refueling cavity became part of the licensing basis.

However, NRC inspectors at Indian Point recently found that the liner
has been leaking 2 to 20 gallons per minute since at least 1993 (NRC 2010v),
and that the plant owner has not yet delivered on repeated promises to fix the
leak. That means the device installed to prevent leakage after an earthquake
is leaking before an earthquake even occurs. The liner has no other safety
function. Yet NRC managers have dismissed the Jongstanding problem, not-
ing that the refueling cavity leaks only when it is filled with water (NRC
20100).

These inspectors are repeating the very same mistakes the NRC made at
the Millstone nuclear piant in Connecticut 15 to 20 years ago. In March 1996
the NRC made the cover of Time magazine—and not as regulator of the year.
Time called the NRC out for failing to enforce its own rules. Workers at
Millstone routinely transferred all the fuel from the reactor core to the spent
fuel pool during each refueling outage, despite a regulatory requirement to do
so only under abnormal conditions. Workers also nearly always violated a
regulatory requirement to wait a few hours before transferring fuel out of the
reactor core, to aflow radiation levels to drop, thus lowering the threat to

After being embarrassed on the
cover of Time, the NRC found that the
Millstone reactors had been operating
outside their design and licensing bases,
and ordered the owner to shut them
down (NRC 1996). The NRC also fined
the owner a then-record $2.1 million,
for “several failures to assure that the
plants were operated in accordance with
design requirements in the plants’ Final
Safety Analysis Report (NRC 1997a).

To prevent another Millstone, the
agency also required its inspectors o
review “the applicable portions of the
FSAR during inspection preparation
and verify that the commitments had
been properly incorporated into plant
practices, procedures, or design (NRC 1997b). The resident inspectors at In-
dian Point were expressly carrying out this prevent-another-Millstone mis-
sion when they discovered that the degraded refueling cavity liner no jonger
conformed to the plant’s licensing basis.

The Millstone debacle also prompted the NRC to develop specific guid-
ance on what plant owners should do when they find degraded or noncon-
forming conditions (NRC 2008).

This guidance allows owners to resolve nonconforming conditions via
any one of three options: (1) full restoration to the FSAR condition; (2) a
change in the licensing basis to accept the new condition; or (3) some modi-
fication of the facility or licensing basis other than restoration.

That means the Indian Point owner could fix the refueling cavity liner so
that it no longer leaks. Or the company could seek NRC approval for leaving
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the cavity liner as is, if an evaluation shows that the plant would then main-
tain required safety margins. Or the owner could seek NRC’s approval to
modify the plant or its procedures to compensate for the leaking liner.

However, the Indian Point owner has chosen option 4: to do absolutely
nothing to resolve the safety nonconformance, daring the NRC to respond.
That was the very same option the Millstone owner chose in the early
1990s-—which led to the reactor shutdown and the NRC’s efforts to prevent
such a situation from ever happening again.

The laissez-faire approach to safety at Indian Point contrasts sharply with
the approach at Turkey Point Unit 3 in Florida, after a similar problem sur-
faced in 2010. On July 29, workers at that plant detected a through-wall
crack in the drain pipe from the refueling cavity transfer canal (FPL 2010).
Workers could not repair the crack until they drained the refueling cavity, but
the owner committed to making the repair immediately after they did so.

The owner also committed to “daily walkdowns for increased leakage or
new leak locations while the transfer canatl is filled.” In other words, workers
would inspect that area each day for water leaking from the damaged drain
pipe. Rather than fall back on the NRC’s apparent indifference to leaks from
the refueling cavity, this owner took steps to manage the risk until workers
could correct the degraded condition.

The NRC’s performance at Indian Point is worse than that 15 to 20 years
ago at Millstone, for the simple reason that the agency has put measures in
place to prevent the next such fiasco. The NRC has explicitly directed resi-
dent inspectors to determine whether nuclear plants are operating within their
licensing bases, and whether they are adhering to the agency’s guidance giv-
en any discrepancies.

The resident NRC inspectors at Indian Point did their job by flagging the
degradation of the liner for Unit 2’s refueling cavity, and the fact that the
plant does not conform to its licensing basis. However, NRC managers have
deviated from their own post-Millstone guidance by accepting the degraded,
nonconforming condition without any analysis showing that the plant has
critical safety margins. There is just no excuse for the NRC to revert back to
its pre-Millstone nonchalance regarding nuclear reactors that operate outside
their licensing bases.

Curbing lllegal Radioactive Effluents

NRC regulations permit owners to routinely release air and water con-
taminated with radioactivity from their nuclear facilities. However, owners
must monitor and control the pathways for such effluents, and the total in-
ventory must remain below federal limits. These regulations are intended to
protect the public from radiation-induced health problems.

The NRC has enforced these regulations inconsistently over the past dec-
ade. Examples at two plants—one positive and one negative, both at plants
owned by Entergy—illustrate this baffling inconsistency.

In September 2008, Hurricane Gustav caused considerable damage to the
River Bend nuclear plant outside Baton Rouge, La. High winds tore sheet
metal siding from three sides of the turbine building. The company repaired
some damage and prepared to restart the reactor—planning to replace the
walls of the turbine building later.
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The turbine building at the River Bend plant after Hurricane Gustay removed
its metal siding. NRC photo.

If the radioactivity level of air flowing through ventilation ducts in the
turbine building rises too high, radiation detectors sound alarms and dampers
close, to stop any release to the environment. Because the River Bend turbine
building lacked walis, any radioactively contaminated air that had leaked into
the building would have reached the environment via uncontrolled and un-
monitored pathways.

The potential for unmonitored and uncontrolled releases spurred the
NRC to take steps to prevent River Bend from restarting, Only after rein-
stalling the walls and complying with regulations could the owner restart the
plant.

In January 2010, Entergy informed the NRC that it had detected triti-
um—radioactively contaminated water—in an onsite monitoring well at the
Vermont Yankee nuclear plant. The company thought the tritium was coming
from a leak in an underground pipe, but was uncertain about the location,
size, and nature of the leak. The NRC allowed the company to continue oper-
ating Vermont Yankee while workers searched for the leak. Weeks later they
found holes in two underground drain pipes that carried radioactively con-
taminated water to a tank inside the turbine building.

At River Bend, the mere potential for an unmonitored and uncontrolied
release of radioactively contaminated air prompted the NRC to prevent the
reactor from operating until the owner eliminated that potential. Yet at Ver-
mont Yankee, an actual unmonitored and uncontrolled release of radioactive-
ly contaminated water from spurred no response from the NRC.

The agency did the right thing at River Bend by enforcing its regulations
and not allowing Entergy to intentionally violate them. The agency did the
wrong thing at Vermont Yankee—and at Pilgrim in Massachusetts, Oyster
Creek in New Jersey, Brunswick in North Carolina, and many other plants by
pretending that those same regulations did not exist.?

The people living in Vermont and other states expect and deserve the
same protections as those the NRC provided to residents of Louisiana, By

* See Lochbawn, David. 2010. Regulatory roulette: The NRC’s inconsistent over-
sight of radioactive releases from nuclear power plants. Cambridge, MA: Union of
Concerned Scientists.
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failing to enforce regulations designed to protect public health and safety, the
NRC let millions of Americans down.

Observations on Lax NRC Oversight

Unsurprisingly, the common elements in the situations that produced
negative NRC outcomes are essentially mirror images of the elements re-
sponsible for positive NRC outcomes.

When workers at Oconee sought to narrow a problem to Unit 1, NRC in-
spectors expanded the shortcoming to two other reactors. When workers at
Peach Bottom sought to narrow a problem to a handful of control rods at
Unit 2, NRC inspectors passively accepted that response.

When workers at Browns Ferry justified a degraded safety system by
saying that it satisfied all requirements at that moment, NRC inspectors ques-
tioned whether the system could respond throughout an emergency. When
workers at Indian Point noted that a critical safety liner leaked only when
filled with water, NRC managers meekly nodded.

When workers at Kewaunee explained that they had been testing a safety
system a certain way for nearly four decades, NRC inspectors asked whether
the system could do its job if the reactor remained in operation during test-
ing. When workers at Indian Point explained that a safety device had been
leaking for more than two decades, NRC managers simply accepted that de-
viance.

When River Bend’s owner sought to restart a reactor without the ability
to monitor and control releases of radioactively contaminated air from the
turbine building, the NRC stepped in to prevent that scenario. When Vermont
Yankee’s owner sought to continue operating the reactor while releasing ra-
dioactively contaminated water from an uncontrolled and unmonitored path-
way, the NRC stepped aside and allowed it.

NRC inspectors cannot examine every inch of piping or every foot of ca-
bling. They cannot Jook over the shoulder of every worker to verify that he or
she is following every procedure faithfuily, and that the result of every test is
valid.

NRC staff informed commissioners some 15 years ago that inspectors
could audit 5-10 percent of all activities at each reactor each year. Every
safety problem found during a 10 percent sample audit represents 9 safety
problems in areas not sampled. Each safety problem found during a 5 percent
sample audit represents 19 other safety problems in areas not sampled.

The NRC cannot be blamed for safety problems in areas it does not ex-
amine, but the agency deserves considerable blame for failing to correct safe-
ty problems it has identified. When the agency’s limited-scope audits find
broken devices, the failures of the plants’ testing and inspection regimes to
find and fix these devices are the true safety problems. By failing to insist
that owners correct these true safety problems, the NRC does nothing about
the 90-95 percent of conditions and activities in nuclear plants that it does
not audit. :

Peach Bottom, Indian Point, and Vermont Yankee are all in the NRC’s
Region I. All the negative outcomes in 2010 involved Region I reactors,
while none of the positive outcomes involved Region I reactors. Those out-
comes may simply be statistical anomalies. Or they might indicate where the
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agency most needs to reform its own efforts and those of plant owners—and
soon.
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CHAPTER 5

SUMMARY AND
RECOMMENDATIONS

In UCS’s view, the 14 near-misses reported at nuclear power plants in
2010 are too many, for several reasons:

Two of the near-misses occurred at the HB Robinson plant in South
Carolina. These events shared contributing causes, including design
flaws complicated by known but uncorrected equipment problems-—
and inadequate operator performance. Neither the plant owner nor
the NRC should have allowed conditions to deteriorate so deeply and
broadly that they set the stage for near-miss after near-miss.

Four of the near-misses occurred at three plants owned by Progress
Energy. This company owns only four plants. Better corporate gov-
ernance and NRC oversight likely would have prevented the compa-
ny’s fleet {rom having such a bad year.

Reactor owners could easily have avoided many of the near-misses
in 2010 simply by correcting known problems. For example, one
Calvert Cliffs reactor was known to have a leaking roof, with fre-
quent reminders occurring when it rained. But the problem remained
uncorrected until rainwater triggered a series of events that ultimate-
ly shut down both reactors.

Similarly, workers at Wolf Creek predicted in 2007 that piping in a
vital cooling system was vulnerable to leaking, and actual leakage in
April 2008 validated that prediction. Yet the company merely
patched the leak, allowing the degraded piping to leak further in Au-
gust 2009.

The NRC identified 40 violations of federal safety regulations in these near-

misses.

Some of these violations resulted from problems arising during the

event itself, but most were for safety problems known for months if not
years. When known problems combine to cause near-misses, they are not
surprises: these were accidents waiting to happen.

The NRC enables lax behavior to occur again and again. For example,
the NRC sanctioned the Calvert Cliffs owner for not having fixed the leaky
roof. When the owner finally fixed it, NRC inspectors verified the repair.
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However, they Jet the owner off the hook by not probing whether other
known safety problems remain uncorrected. Nor did the NRC ask the owner
to explain why it had allowed the leaking roof to go unrepaired for so long,
or to describe measures it would use to prevent future roof leaks from going
uncorrected. In short, the NRC did little to prevent known safety problems
from causing future near-misses at Calvert Cliffs and other sites.

The NRC must draw larger implications from narrow findings for the
simple reason that it audits only about 5 percent of activities at every nuclear
plant each year. The agency’s limited-scope audits are designed to spot-
check whether an owner’s testing and inspection regimes are ensuring that a
plant complies with regulations. Those regimes, if fully adequate, should find
and correct any and all safety problems, leaving none for NRC inspectors to
identify.

Each NRC finding therefore has two important components: identifying
a broken device or impaired procedure, and revealing deficient testing and
inspection regimes that prevented workers from fixing a problem before the
NRC found it. The NRC’s recurring shortcoming is that it focuses nearly ex-
clusively on the first part. It is good that the NRC assured that the leaking
roof at Calvert Cliffs no longer leaks even when it rains. But the NRC failed
in the larger sense by not ensuring that Calvert Cliffs patched leaks in its test-
ing and inspection regimes that allowed this known problem to languish for
so long. The NRC simply has to do better in tackling this larger picture.

The NRC can do better because the NRC did do better in some cases last
year. Agency inspectors uncovered safety problems at the Oconee, Browns
Ferry, and Kewaunee plants that their owners initially misdiagnosed or dis-
missed. NRC resident inspectors kept asking questions until the true picture
came into focus. Their commendable efforts meant that owners corrected
safety problems, making these plants less vulnerable to near-misses. The in-
tangible dividends from these efforts are very likely lessons learned by these
plant owners about the kinds of questions they should be asking themselves.
If so, the ripple effect from these NRC efforts will further reduce the risks of
near-misses.

Unfortunately, the stellar performance exhibited by the NRC in the
Oconee, Browns Ferry, and Kewaunee cases is not yet the rule. The NRC did
not flag comparable safety problems at the Peach Bottom, Indian Point, and
Vermont Yankee nuclear plants.

At Indian Point, the liner for the refueling cavity has been leaking for
nearly 20 years. The only reason the liner was installed is to prevent leakage
during an earthquake. That means the chances that the liner could fulfill its
only safety function are nil. The NRC tolerates this longstanding safety vio-
lation. However, if an earthquake caused a near-miss at Indian Point, the
NRC would sanction the company for having violated safety regulations for
so long—even though the agency is essentially a co-conspirator in this crime.

By boosting its commendable performance and shrinking its poor per-
formance, the NRC would strengthen safety levels at nuclear plants across
the country, reducing the risks of near-misses—and full-blown accidents.
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Ms. EDWARDS. Thank you very much, Mr. Chairman. I have a
question, actually, for Mr. Lochbaum. I know that the Union of
Concerned Scientists in that report that we just entered into the
record concluded that “Nuclear subsidies effectively separate risk
from reward, shifting the burden of possible losses onto the public
and encouraging speculative investment by masking the true cost
of nuclear power, and that subsidies also allow the industry to ex-
aggerate its economic competitiveness. Consequently, they diminish
or delay support for more economical and less risky alternatives,
like energy efficiency and renewable energy.” That is a direct quote
from your report. Do you believe that the nuclear power companies
would be economically viable without substantial federal subsidies
they receive from taxpayers?

Mr. LocHBAUM. Based on the work we have done and the indus-
try’s own request for loan guarantees and other subsidies, the an-
swer seems pretty clear that they would not be.

Ms. EDWARDS. I wonder if you could elaborate on how public sub-
sidies, and especially at the levels at which we subsidize the indus-
try to nuclear power distort risk in the nuclear power industry?

Mr. LocHBAUM. I think the best example of that would be the
Price-Anderson Federal Liability Protection. Plant owners have to
get approximately $375 million of private liability insurance, and
the Price-Anderson Act protects against liability costs above that.
That is a big savings for the plant owners, but more importantly,
it discourages the reactor vendors from developing designs that are
less risky and much safer, because there is no incentive—while the
higher cost of those safety features may be borne out, because they
don’t get a break on the insurance protection, the liability insur-
ance that they get, it is hard to sell that into a marketplace when
you are competing with cheaper, less safe reactors. So the federal
subsidies are actually discouraging reactor designers from coming
up with safer reactors that better protect Americans.

Ms. EDWARDS. So this leads me to a question about identifying
and fixing safety risks. Do you think the NRC does what it needs
to in both identifying safety risks and forcing fixes to these known
safety problems at our power plants in a timely way?

Mr. LoCHBAUM. During my ten years experience with UCS and
during my predecessor’s 20 years, we find that the NRC does a
very good job at setting the safety bar at the right height. They es-
tablish regulations that provide adequate protection of public
health. They don’t do a very good job of enforcing those regulations.
Too many plant owners are limboing beneath the safety bar for too
long, putting Americans at higher risk, and additionally driving the
costs of nuclear power upwards inexplicably.

Ms. EDWARDS. So in my colleague Mr. Harris’s opening state-
ment, he indicated that Fukushima is a type of accident that really
is not possible here, given our nuclear regulatory environment, and
so Mr. Lochbaum, I wonder if you could respond to that question
as to whether there is a major nuclear—whether a major nuclear
accident is actually possible here in the United States, given the
NRC’s oversight of our reactors?

Mr. LocHBAUM. I think, again, the best proof that it is possible
is the fact that the nuclear industry cannot operate nuclear power
plants without federal liability protection. If there wasn’t a chance
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of such a catastrophic accident, they could go down to State Farm
and get private liability insurance. The fact that they can’t means
that they themselves recognize that these plants are unusual haz-
ards of unprecedented nature.

Ms. EDWARDS. So let us go to something as simple as battery
backup. At Fukushima, you indicated that the battery—I think it
was in Mr. Barrett’s testimony—I apologize, I probably got it all
wrong. Whoever had the slides up there—that the battery backup
at Fukushima was eight hours of battery backup, and compared to
U.S. plants, what is the backup like at U.S. plants in the event of
some catastrophic disaster?

Mr. LocHBAUM. The battery backup is basically the same for
U.S. reactors. Some reactors only have four hours of battery
backup, so they would be even more vulnerable to that situation.
Studies done by the Nuclear Regulatory Commission show that
many of our reactors, the station blackout where you are relying
on battery, the De Salle plant in Illinois, for example, that is 80
percent of the overall risk of core meltdown. It is equal to four
times the risk of all other things leading to meltdown combined, so
it is station blackout and battery dependence at our U.S. reactor.

Ms. EDWARDS. Yes, so let us take away the fact that we might
have a hurricane or tornado, or some other thing, simple blackout
that could be caused by any number of factors actually poses a
strong vulnerability for risk, isn’t that right?

Mr. LocHBAUM. That is absolutely right. I mean, when you get
down to station blackouts, you only have one safety system work-
ing. If something causes that to go away, you played beat the clock
and lost, like they did in Japan.

Ms. EDWARDS. Thank you very much, and thank you, Mr. Chair-
man.

Chairman BROUN. Thank you, Ms. Edwards.

Now I recognize Mr. Rohrabacher for five minutes.

Mr. ROHRABACHER. Thank you very much, Mr. Chairman, and
thank you for your leadership in holding this hearing.

Let me first ask, you just made a statement about the subsidies,
and without the subsidies nuclear power would not be able to com-
pete. Is that not also true of solar and most of the other renew-
ables? By the way, we subsidize them to the tune of billions every
day, so here we are—are those subsidies not necessary? Is this a
new revenue source for us to defund those subsidies for the renew-
ables?

Mr. LocHBAUM. There is no such thing as a free lunch. Every-
body gets a shot at the apple. I think the point we were trying to
make was that nuclear power has been subsidized so heavily over
so many years and has built in subsidies that it is not a level play-
ing field.

Mr. ROHRABACHER. I got you, but you reach a certain plateau
and subsidies are still necessary for the nuclear energy, but let me
just note, as we stand today, we are subsidizing perhaps even
heavier these new supposed renewable sources of energy.

How many people—I am just asking the panel—how many peo-
ple have died in nuclear power accidents over the last 50 years
here in the United States? Anybody?
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Mr. LocHBAUM. There is the one that is buried in Arlington from
the January 3, 1961 accident, so——

Mr. ROHRABACHER. So since 1961 has there been anybody? I
mean, there is one guy back in 1961. Anybody else?

Mr. LocHBAUM. He had two colleagues.

Mr. ROHRABACHER. Okay. How many people have died in the
production of coal during that time period? I think we are talking
about hundreds of people, are we not, maybe thousands.

Mr. LoCHBAUM. Probably in the thousands.

Mr. ROHRABACHER. Probably in the thousands, because we are
also talking about lung disease that people get from coal, et cetera.
So there is a place for that, too, although coal isn’t subsidized, or
is it subsidized? Yes. Perhaps we are taking care through the black
lung whatever fund that we have and that we fund federally, so
there are subsidies for coal even as well.

So what strikes me today is, of course, we have seen the crisis
over in Japan, this horrible accident which we now seem to say
that there are not large numbers of people dying, but this puts peo-
ple at risk. Have people lost their lives in Japan already? Has any-
body been—and I mean, I know in Chernobyl they certainly did. Is
the Japanese accident resulted in loss of life?

Mr. SHERON. We are not aware of any nuclear related deaths
from the Fukushima.

Mr. ROHRABACHER. Well the tsunami, of course. Right.

. Mr. SHERON. Yeah, the tsunami, obviously people died there, but
if not——

Mr. ROHRABACHER. Any nuclear-related deaths? All right. Now
let me just say that this is—all of this is happening while we are
utilizing 50-year-old technology. All the complaints that we hear
and the risk that is being taken, if there is a risk, is happening
because we are utilizing 50-year-old nuclear technology. Light
water reactors were put in place in the ’60s, were they not?

Mr. SHERON. Even sooner than that.

Mr. ROHRABACHER. Right, even sooner than that. There is a new
generation of nuclear power plants that come to grips with many
of the challenges that exist that require subsidies, et cetera, for the
nuclear industry, and that new technology is actually focused on
small modular reactors and high temperature gas cool reactors.
Should we not then start focusing our efforts on these new tech-
nologies rather than making the light water reactors a bit safer?
Shouldn’t we be focusing our research and energy on putting in
place high temperature gas cool reactors which cannot melt down
and maybe these small modular reactors, which would be dramati-
cally safer?

Mr. SHERON. I will take a shot at that. At the NRC, we don’t
really pass judgment on what kind of reactors should be built. We
leave that up to the industry and the Department of Energy to de-
termine that. Our job is to determine if what is put in front of us
meets our regulations and is safe.

Mr. ROHRABACHER. Let me just—for the record, Mr. Chairman,
state that in various studies that I have made and hearings that
I have been at, it is very clear that we have now the capability of
overcoming many of the challenges that nuclear energy 50 years
ago posed to us. For example, the elimination of waste, you actu-
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ally have some of these new reactors that will bring the level of
waste being stored in Yucca Mountain down, rather than bundle it
up,lmeaning that it actually burns used fuel as part of its own fuel
cycle.

So as we look at the safety and the challenges of nuclear energy,
I would hope that we keep in mind that a lot of the challenges and
a lot of the criticisms are the old technology, and we have a great
new opportunity to move forward with new technology and solve
these problems.

Thank you very much, Mr. Chairman.

Chairman BROUN. Thank you, Mr. Rohrabacher.

Chair now recognized Mr. Miller for five minutes.

Mr. MILLER. Thank you. Dr. Lochbaum mentioned the Price-An-
derson Act as a substantial subsidy for the industry, and in tradi-
tional economic theory, the market mechanism for safety is liabil-
ity, that if you cause harm to others, then you are responsible for
it. You make them whole, you compensate them for their losses.
Does anyone dispute that a cap on liability is a subsidy to an in-
dustry?

Okay, so you all agree with that. I understand that Price-Ander-
son limits the liability to $375 million. What relationship does that
have to the actual risk? Dr. Lochbaum?

Mr. LocHBAUM. It is pretty much decoupled from that. That was
set as a number that has been upped over the years. The way
Price-Anderson works, if there is offsite damages that exceed that
number, whatever it is, then the rest of the surviving reactors are
invoiced to make up the difference. In the old days when they regu-
lated utility companies, that secondary pool was pretty much guar-
anteed. Today, many of the reactors are limited liability corpora-
tions that may shut down and not be available to pay into that sec-
ondary pool.

Mr. MILLER. I guess my question is will the actual lawsuits of
Fukushima or a similar accident be anywhere in the neighborhood
of $375 million, or whatever the liability is under Price-Anderson,
or it could be substantially more?

Mr. LocHBAUM. If Fukushima is any indication, they drive by
that almost the first day, very quickly. Much higher.

Mr. MILLER. And the subsidy is perhaps not borne by taxpayers,
but it is borne by random depending on which way the wind blows.

Mr. Rohrabacher mentioned the experience since 1961, and usu-
ally lawsuits go into actuarial considerations and underwriting and
insurance is pretty good at that. That is their business. Even with
no deaths since 1961, do any of you think that industry could get
insurance—liability insurance without a cap, given the 50 years of
no deaths? No one thinks that? I mean, so the industry continues
to say that the risk is acceptable, so long as someone else bears it?
If the risk is on them, it is unacceptable.

Dr. Lochbaum, there sometimes is a tradeoff between safety and
profits. In your work in the industry, have you identified any short-
cuts that might be—might make operations more profitable but
less safe?

Mr. LocHBAUM. There are those opportunities. For example, we
are aware of right now that the industry knows of about half the
plants operating in the United States don’t need fire protection reg-
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ulations who were adopted after the 1975 fire at Brown’s Ferry.
The plant owners who have consciously spent the money to come
into compliance are actually at a cost disadvantage to their neigh-
bors who are outlaws, nuclear outlaws. The Nuclear Regulatory
Commission is basically enabling bad behavior that drives cheaper
plants to be less safe plants. If the industry were to enforce its reg-
ulations, those fire protection regulations, people would be pro-
tected, but more importantly, the people wouldn’t benefit from vio-
lating the law as they have in the past.

Mr. MiLLER. All right. Mr. Rohrabacher also mentioned new
technologies. Do you think the new technology will dramatically
change the potential risk of nuclear accidents? Could a nuclear
power company—a company operating a nuclear power plant go to
insurance companies and say look, we have got this new tech-
nology, now will you write us some coverage?

Mr. LocHBAUM. At a House hearing back in I think it was 2006,
there was a vendor, reactor vendor at the table who was asked that
question, and he said his company was so—could stand behind
their reactor design and opt out of Price-Anderson. No other reac-
tor vendors I have heard have said that, and reactor operators
haven’t said that either.

Mr. MiLLER. Okay. Do you—Dr. Lochbaum, how safe do you
think these plants will be if—compared to the old technology? Will
there be a dramatic difference in safety?

Mr. LocHBAUM. What we have in the new reactors is that the
chances of an accident are less with the new reactors, but any time
a safety gain is made in that regard, the containment is made less
robust and there are savings done, so that the cost remains the
same. As a result, the number of accidents would be fewer, but the
number of dead bodies will be greater.

Mr. MILLER. My time is almost expired. I will yield back the lit-
tle bit that I have got.

Chairman BROUN. Thank you, Mr. Miller.

Chair now recognizes Dr. Harris for five minutes.

Dr. HARRiS. Thank you very much, Mr. Chairman. I want to
thank the panel for your patience as we went and voted.

Mr. Lochbaum, from what I understand, you are making the
availability to get liability insurance kind of a guide as to how safe
something is. I know a lot of obstetricians and neurosurgeons in
some States who just can’t get liability insurance from commercial
companies. They literally couldn’t get it, so the State had to form
insurance companies. How is that different from what is going on?
I mean, I assume that there are people who still think it is safe
to go to an obstetrician, safe to go to a neurosurgeon, but in fact,
there are instances where you can’t conduct normal business, be-
cause look, there is tort in this world. What can I say? Isn’t that
true? I mean, aren’t there other circumstances where the govern-
ment has to step in to insure things that people consider pretty
safe, I mean, going to an obstetrician, going to a neurosurgeon?

Mr. LocHBAUM. There is, but if you look in the energy technology
sectc(l)r, nuclear power is the only one that is so hazardous that it
needs——

Dr. HARRIS. Oh, I understand that, but in the medical sector it
is only OB/GYNs and neurosurgery. That doesn’t mean that it is
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dangerous to go to a neurosurgeon, that is my only point. I mean,
to use that as—you know, because you do represent the Union of
Concerned Scientists, I mean, I don’t think that is a very scientific
way to look at it, to be honest with you, because we know from
other areas where tort law is an issue that that just doesn’t work.
The world just doesn’t work that way. It is not that simple.

Dr. Boice, there has been—you know, part of the discussion and
I think Mr. Lochbaum’s testimony actually brings it up, part of the
problem is with spent fuel and the risks with spent fuel. You know,
an issue that I think is probably going to come before us at some
point is the getting spent fuel out of these plants and eventually
getting to a central location. Have you looked into at all the risks
associated on populations with using a central repository like
Yucca Mountain? Do you have any writings that you can provide
me or provide the Committee?

Dr. BoICE. No, not specifically with regard to spent fuel and en-
hanced levels of radiation in the background. We have done a num-
ber of studies of people that lived in areas of enhanced background
radiation in China and other countries where they have been ex-
posed to increased levels that might, in some sense, be relevant.
We have also done studies that evaluated cancer risks around all
the nuclear power facilities, including those with proximal spent
fuel storage in the United States and all the DoE facilities. So
there actually are a number of studies in counties and areas close
by that we could provide for you that might be somewhat relevant,
but not specific to spent fuels and the levels of radiation from those
exposures.

Dr. HARRIS. And is it because—I mean, is the reason because
that is a—is probably a much, much lower risk than the risks asso-
ciated with the plant, which is already low enough, than the stor-
age of spent fuels in a facility like Yucca Mountain?

Dr. BoICE. I just have not had an opportunity to look at that
issue, except indirectly since many nuclear power plants have their
spent fuel stored in areas close to the operating reactor.

Dr. HarrIs. Okay, thank you very much.

Mr. Barrett, as you are aware, the Department of Energy does
and has been moving forward with their next generation nuclear
plant project for some time. My understanding is that the high
temperature gas cooled reactors may have some very specific safety
advantages, some of which—mitigating some of the risks we have
been talking about today. Could you speak to the safety character-
istics of that kind of reactor?

Mr. BARRETT. I am not an expert on gas cooled reactors, but I
know a little bit about them. They have very excellent physics.
They have a lot of very valuable safety aspects. They have develop-
mental challenges ahead of them, economics and other things as
well. But gas cooled reactors are a very good, safe technology. It
is very passive, it doesn’t heat up as quickly as some of the others
do.

Dr. HARRIS. In your opinion, would that be a reason perhaps for
the Department of Energy to more aggressively pursue research
into that, because it does address some of those problems with
things like passive cooling?
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Mr. BARRETT. The Department of Energy has many worthy
projects that they are working in their R&D program, that cer-
tainly is a worthy project and it is there. Relative to other R&D
projects, I am afraid I can’t really judge from where I am today.

Dr. HarrIis. Okay, thank you very much. I am going to yield back
my time, Mr. Chairman.

Chairman BROUN. Thank you, Dr. Harris.

Now the Chair recognizes Mr. McNerney for five minutes.

Mr. McNERNEY. Thank you, Mr. Chairman. One of the advan-
tages of being the last Member to ask questions, I may have a little
extra leeway in terms of my time, so I don’t feel quite as pressured.

We are a little lucky here in Congress to have so many physi-
cians that can expand their experience to the rest of life, so I really
appreciate the wisdom that we get very frequently from the other
side of the aisle in that regard.

Let us talk about the backlog at the NRC. Would—Dr. Sheron,
can you describe how long it would take for someone or an organi-
zation that submits a design to get the decision on that design?

Mg SHERON. I presume you are talking about a new plant de-
sign?

Mr. MCNERNEY. Yes.

Mr. SHERON. I believe that the Agency has identified a schedule.
I can’t remember exactly what the time is. I believe it is on the
order of maybe several years.

Mr. MCNERNEY. Five years?

Mr. SHERON. I think it is less than that. A lot of it is dependent
upon the quality of the submittal, however, whether the licensee—
the applicant has adequately addressed all of the safety issues and
is providing a strong technical basis to support them.

Mr. McCNERNEY. So is the new design evaluation in competition
for resources, for NRC resources with safety evaluations of existing
plants or new issues that come up in that regard?

Mr. SHERON. No. When there was an indication that there would
be new designs coming in, the Agency purposely split the Office of
Nuclear Reactor Regulation into two separate offices. One is the
Office of New Reactors, and the other is the Office of Nuclear Reac-
tor Regulation. The Office of Nuclear Reactor Regulation focuses
solely on the safety of the current 104 operating plants. The Office
of New Reactors focuses solely on the licensing of the new applica-
tions.

Mr. McNERNEY. So would you say that your modeling—and I am
not trying to throw arrows here or anything—that your modeling
capabilities are state of the art, you have the best computers, the
best numerical techniques and so on in doing modeling, both of the
design and of the nuclear fuel rod modeling, safety modeling?

Mr. SHERON. Yes, I would probably say that the NRC has the
best—some of the best models in the world, which is evidenced by
the fact that most of the other nuclear countries—developed nu-
clear countries request our models, and we have a numerous coop-
erative programs where we provide our models to others to use.

Mr. McNERNEY. Okay, good. Now with regard to failsafe, in my
mind, failsafe means fail safe. It doesn’t mean fail badly. We have
had a couple of cases lately, one in Fukushima, one in the Gulf
Coast last year where failsafe really didn’t mean fail safe. Is your
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modeling able to predict any of these failures that were supposed
to be failsafe that actually weren’t failsafe?

Mr. SHERON. We don’t—I don’t think there are any designs right
now that are totally failsafe. Obviously one can postulate failures
that are going to, you know, lead to an accident. Our computer
codes are able to model those failures and to predict the con-
sequences. If we see that the consequences are too high or that
there are other mitigative things that could be done, then we cer-
tainly pursue them with the industry or through regulation.

Mr. McNERNEY. So I mean, you basically have said—I think you
just said that the current design is not really failsafe. That is basi-
cally the situation, isn’t it?

Mr. SHERON. Well, what I am saying is that there are low prob-
ability events that one could postulate, okay? In other words, if one
pgsltulates enough failures, which again, become very low prob-
ability—

Mr. McCNERNEY. Well they sound like they are low probability
until they happen, and then they say geez, that wasn’t as unlikely
as we thought it was. Obviously, no one predicted a 14-meter tsu-
nami in Japan. That was completely unforeseen.

Mr. SHERON. It was not unforeseen. I have heard reports that
there was some prediction that the design basis at Fukushima was
not adequate, but I am not at liberty or I am not really going to
speculate on whether that is appropriate, you know, in other words
whether or not the TEPCO organization designed the plant prop-
erly. What I will say is that we have looked at the design of U.S.
plants against tsunamis and earthquakes, and we have concluded
that we believe that our plants, you know, are adequately designed
for those. In other words, we can predict fairly well, for example,
the wave height of any tsunami that might occur and we make
sure that the plants are adequately designed.

Mr. MCNERNEY. But we have heard this morning that a simple
blackout, which could last, depending on what the cause is, for a
week or a month if there is a significant transformer that goes
down at a substation, which puts these plants at significant risk.

Mr. SHERON. You have got to be careful when you say it is a sim-
ple blackout. It is not a simple blackout. What the—what you are
concerned about is first that you lose the offsite power source,
which is the preferred source of power to the plant. The plant has
two independent diesel generators that are designed to start and
provide electricity to power the safety systems. You now have to
postulate that both of those diesels don’t start, not just one, but
both don’t start. Then there are additional backup systems that
will run for some period of time. We do

Mr. McNERNEY. That sounds good, but we just saw at
Fukushima that that wasn’t necessarily the case.

I just want to make a little plug here. You know, you talk about
the current generation of nuclear being safer—the current tech-
nology being safer than 50-year-old technology, and maybe that is
the case, you know. I don’t really know, I am not a nuclear engi-
neer. But there is fast neutron technology that would be inherently
failsafe, is that correct, Dr. Lochbaum?

Mr. LoCHBAUM. I am not aware of that, I would have to look. I
don’t know offhand if that is true or false.
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Mr. McNERNEY. Well, I find myself in agreement with Mr. Rohr-
abacher, and I am going to take just a few more moments here. We
need to be aware of the new technology and make sure that if there
is a fourth generation or fast neutron technology that it gets proper
attention, and meanwhile, be very skeptical of claims of failsafe or
highly improbable incidents.

Thank you, Mr. Chairman, for your indulgence.

Chairman BROUN. You are quite welcome.

We will now undertake a second round of questions, and I yield
myself five minutes.

Mr. Barrett, Chairman Jaczko made a recommendation or made
a judgment of a 50-mile evacuation to U.S. citizens at Fukushima.
Were you involved in evacuation actions during the Three Mile Is-
land accident?

Mr. BARRETT. Yes, I was at Three Mile Island, not at
Fukushima.

Chairman BROUN. I should just ask you about Three Mile Island.
Were there any NRC lessons learned from that experience?

Mr. BARRETT. Yes, the NRC and everybody learned a lot from
that experience. One of the lessons learned from that is it is not
just the nuclear computer codes and the “what if” calculations that
are made at that time, but it is also what are the conditions on the
ground, what is the situation with the people? Because you are try-
ing to make a judgment call, whoever is making these evacuation
recommendation decisions, to do the best thing for the people at
that time under those conditions.

Chairman BROUN. Do you think this was done properly at Three
Mile Island?

Mr. BARRETT. At Three Mile Island, at the time we made the de-
cisions, and I was part of that, I thought it was the right thing to
do at that time. However, I went and lived there for four years and
I saw what the impact of that was and what the practicality of
what an evacuation does to the people. After I learned from that
experience, I felt it was inappropriate that we did that evacuation
at Three Mile Island in the early days.

Chairman BROUN. After your experiences at Three Mile Island,
do you believe that the 50-mile judgment by NRC Chairman Jaczko
made for U.S. citizens at Fukushima was appropriate, and if you
would please explain?

Mr. BARRETT. No, I don’t think that really was Chairman
Jaczko’s judgement in the net sense. I believe that decision was a
poor judgment decision, insofar as it was counterproductive and
detrimental to all the people in Japan, the Japanese people as well
as the Americans, because I don’t think it appropriately considered
the horrendous conditions that the people of Japan were under at
that point with the tsunami and the earthquake. I mean, people
were freezing in the north. A 50-mile evacuation radius hinders the
ability of the people in the unaffected south to bring lifesaving sup-
plies and things to people in the north. So I think it did not appro-
priately consider the situation on the ground. It was my under-
standing it was more of a worst case computer analysis “what if”
type of projection. So my sense is there was not a sufficient evalua-
tion of the conditions in Japan. I think it put a lot of confusion and
uncertainty in the minds of people between the 12-mile official Jap-
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anese radius and the 50-mile U.S. one. People would ask each
other “Why is yours different from mine?” In my view, I think one
country should not second guess another country from 10,000 miles
away as to what is the best thing for the citizens at that point.

Chairman BROUN. Thank you, Mr. Barrett.

Next question is for Dr. Boice. In the days following the Japanese
disaster, U.S. Surgeon General Regina Benjamin responded to
questioning about citizens stocking up on potassium iodide—ac-
tions were “definitely appropriate” cautions to take. What is your
reaction to this suggestion, and is there any scientific basis for
such recommendation, given the radiation levels that were de-
tected?

Dr. Boick. I believe—when the surgeon general mentioned that,
it was shortly after the accident and all the evidence wasn’t in
about the radiation releases. When we found that the levels were
so tiny, it certainly is an inappropriate action to make the state-
ment that we should be distributing potassium iodide pills. I con-
cur with the public health department from California and also the
director of our own CDC that potassium iodide should not be given.
There are adverse health effects, and particularly dangerous for
people who have sensitivities to iodine, people who have thyroid
disease and also people who are allergic to shellfish. Then if it is
taken inappropriately, there can be serious effects such as heart
abnormalities, nausea, and diarrhea. So the benefit, which is al-
most nonexistent because the levels of radiation are so incredibly
small, is not sufficient with regard to these potential adverse
health effects.

Chairman BROUN. Dr. Boice, I appreciate your efforts to put radi-
ation risk in perspective. I was struck that you note that the U.S.
Capitol building is frequently cited as having some of the highest
radiation levels in the United States at 85 millirem per year. Could
you put that level, which Members and employees of Congress are
exposed to every day, in perspective with amount of elevated radi-
ation that Americans on the West Coast might have been exposed
to as the result of Fukushima?

Dr. Boick. Certainly. The Capitol building for long term expo-
sures of over a year might be on the order of 85 millirem from the
gamma rays from the granite that was used in the building. From
the Fukushima radiation, the potential exposure even to California
is much, much less than one unit, 1 millirem. So it is a very tiny,
inconsequential exposure. It is much less than just what we get
every day from normal radiation exposures from natural back-
ground.

Chairman BROUN. Thank you, Dr. Boice. I now recognize Ms. Ed-
wards for five minutes.

Ms. EDWARDS. Thank you, Mr. Chairman, and thank you very
much for this second round of testimony.

You know, we heard from Mr. Rohrabacher that since we haven’t
had scores of dead bodies from past nuclear accidents, we shouldn’t
be worried about the future safety of nuclear plants, and I think
the jury is still out, frankly, on what the long-term consequences
are of even Fukushima, and I would note that as yet, nobody has
done one of those longitudinal studies because we haven’t actually
had sufficient time pass. And yet, I keep seeing claims also that ac-
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cidents like Fukushima couldn’t happen here and that health ef-
fects of the disaster in Japan were inconsequential. Again, I think
the jury is still out, but it does seem to be a bit of a mixed message
that suggests that we are safe and nothing bad has happened any-
way, and so, you know, let us just wait. And then here I see the
cover of this week’s New York Times on the Wednesday edition,
and here you have got people—a couple in Japan in radiation pro-
tection gear, clearing out their precious possessions from a home
that they may never be able to return to because of an accident.
So I don’t think we should have to wait until the accident happens
before we figure out the safety of our plants.

Mr. Lochbaum, I wonder if you could tell us whether we under-
stand the full impacts of Fukushima on health and safety in the
communities around the plant, and if you could, elaborate on the
14 near-misses that occurred at U.S. power plants last year alone,
and your key findings about what your biggest concerns are regard-
ing nuclear safety here in this country?

Mr. LocHBAUM. To address the first part of that question, I don’t
think we know what the human fallout from Fukushima will be.
For example, because of the contamination they have had to in-
crease the dose at schools in the area. Essentially, they have draft-
ed all the school children into the nuclear workforce and the school
children are now applied to the same radiation limits as nuclear
plant workers. They had to do that, they really had no choice. The
radiation levels are so high. The radiation elevation could cause
problems for those children down the road, and we won’t know
that, unfortunately, for a while.

The study we did, we looked at the 14 near-misses, and the near-
misses were times—events that occurred at nuclear power plants
where the NRC had to send out a special team to look. What we
found was that most of those 14, there were warning signs that
were missed by the plant’s owner and by the Nuclear Regulatory
Commission that had they been heeded, the near-miss would have
been avoided.

What concerns us about that is if you continue to miss—overlook
the near-misses, the warning signs, you are setting the stage for
preexisting conditions to cause that very bad day, should they be
challenged. So the fact that we got lucky on those near-misses is
great, but we need to remove luck from the equation to the extent
we can.

Ms. EDWARDS. Thank you very much.

Lastly, I think we have heard a lot about—and Mr. Rohrabacher
alluded to this—that we haven’t built a new plant in this country
for 30 years. New plants are being built overseas. I understand
that they are being build in Finland and France and those have
been pointed to as examples of where we need to go in terms of the
technology, but I wonder if you can tell us, particularly Mr.
Lochbaum, how the construction of those reactors is going? Are
they on schedule, are they on budget, are we going to see them
come online at any time, because it underscores, I think, the ques-
tion about whether it makes sense to invest in these kind of long-
term huge costs for a new plant without having the most aggres-
sive regulatory scheme in place to make sure that they are safe.
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Mr. LocHuBAUM. Well, both the nuclear plant under construction
in Finland and in France are over budget and behind schedule. It
is more than 25 percent over budget in Finland and several years
behind schedule. They had trouble pouring concrete. They got bad
concrete as a result. They had trouble with pipes, basic stuff that
is nuclear 101 we didn’t learn from the first go around and they
are paying the price, not us.

Ms. EDWARDS. So what was—the cost of the French plant was
what, initially?

Mr. LocHBAUM. I don’t—$6 billion.

Ms. EDWARDS. And it is 25 percent over budget?

Mr. LoCHBAUM. So far, they are not done yet.

Ms. EDWARDS. Okay, and they are not done yet, so in the end we
could be talking about a $10 billion plant, and we still can’t assure
all of the safety considerations will be made.

Mr. LocHBAUM. Going back to an earlier question, one of the
things that France is doing—France is the vendor of that reactor
that is being built. In order to try to market it elsewhere, they are
t:iking some of the safety features out to reduce the price tag of the
plant.

Ms. EDWARDS. Thank you, and with that, I yield back.

Chairman BROUN. Thank you, Ms. Edwards.

I now recognize Dr. Harris for five minutes.

Dr. HARRIS. Thank you very much, Mr. Chairman. Thank you for
a second round so we can clear up some of these questions.

Dr. Sheron, very briefly in a minute or less, can you outline the
evidence that our plants are not safe?

Mr. SHERON. Our plants are not safe?

Dr. HARRIS. Yeah, because there has been discussion that our
plants aren’t safe. Is there any evidence, scientific evidence, any
evidence, injuries in the United States in the, you know, use of nu-
clear power for civilian use, anything like that. Is there any evi-
dence that our plants are not safe?

Mr. SHERON. I am not aware of any.

Dr. HARRIS. Okay, thank you. Now, your office is considering up-
dating spent fuel safety studies to estimate the relative con-
sequence of removing older fuel from the spent fuel pool and plac-
ing it in dry storage. Have you specifically studied the additional
risk associated with storing spent fuel onsite at operating reactors,
as well as not operating and decommissioned reactors versus stor-
ing the spent fuel in a centralized geologic repository?

Mr. SHERON. No, that we haven’t.

Dr. HARRIS. And is that something you think deserves closer ex-
amination, to answer that question about spent fuel? Where is it
safer to store?

Mr. SHERON. I am probably not qualified to answer that. I think,
you know, what we look at is if there is not a repository, is it safe
to store the fuel in an interim, you know, location such as onsite
in dry casks?

Dr. HARRIS. But not a question of whether—because you, I guess,
make the practical assumption there may not be another reposi-
tory, so that is probably why you haven’t looked at it, I imagine,
because it is simply a theoretical possibility?

Mr. SHERON. Well, I just don’t know.
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Dr. HarrIs. Okay, thank you.

Mr. Lochbaum, thank you for coming and testifying. You stated
up front, you know, in your testimony that your organization’s goal
was to minimize the inherent risk of nuclear energy, and I take it
that if you could make it safe that it would be something that
would kind of satisfy your organization’s search for something to
minimize climate change, for instance.

But with that in mind that your organization wants to minimize
the inherent risks, what is the organization’s position or your posi-
tion on how to manage our stockpile of nuclear waste? Do you
think it is safer to leave it onsite at the 100-plus individual sites
we have, or put it at a single location that is geographically iso-
lated, away from population centers, underground, miles under-
ground?

Mr. LocHBAUM. We talked to that subject to the president of the
Blue Ribbon Commission on the American Nuclear Future last au-
gust, and what we recommended was centralized interim storage
for the permanently shut down plants where the only hazard left
is spent fuel. Transfer that to some centralized location. We didn’t
specify it was above ground or below ground, but——

Dr. HARRIS. So you do think that is a good idea?

Mr. LOCHBAUM. Yes.

Dr. HARRIS. Mr. Barrett, given your experience at the Depart-
ment’s Office of Civilian Radioactive Waste Management, what do
you think about that?

Mr. BARRETT. I fully agree. I believe we also need a geological
repository for the permanent disposal of the waste that our genera-
tions have been making now for 40, 50 years and not just give this
problem to our great grandchildren. So I think this country needs
to move forward with Yucca Mountain, or if it has a better facility,
let us have the better facility, but let us move forward while we
are alive.

Dr. HARRIS. And I take it you feel—that is not only for decom-
missioned plants, but that is even for the spent fuel when it cools
down enough even to be shipped from operating plants.

Mr. BARRETT. The decommissioned plants should be the first to
go, and we have the two plants up in the northwest where there
is a tsunami risk, even though it is in dry storage, that risk should
not be there at all. There are almost a dozen of these old facilities.
These should be the first to move but then we also need to start
removing spent fuel from the operating plants, too, and reduce that
risk as well.

Dr. HARRIS. Sure.

And finally, Dr. Sheron, would you please describe where the
NRC currently is in its licensing efforts for the next generation nu-
clear plant project? How long do you think it might be or would
take the Commission to issue a combined license?

Mr. SHERON. For the NGNP, we have already started doing re-
search at the NRC to support our licensing reviews of that design
when it is submitted by the Department of Energy. The last sched-
ule I saw was that of the application, again, is complete and tech-
nically defensible. We had a three year review schedule, in which
case—I'm sorry, at the end of three years we would issue the com-
bined operating license.
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Dr. HarrIS. Okay, thank you very much. I will yield back the
balance of my time.

Chairman BROUN. Thank you, Dr. Harris.

The chairman will recognize Mr. Miller for five minutes.

Mr. MILLER. Thank you.

Quickly on the fact that there have been no new nuclear power
plants in 30 years, in North Carolina 30 years ago, almost all of
the cities and municipalities that had municipal power systems in-
vested in a piece of one of Duke Power’s nuclear facilities, and al-
most all of those cities came very close to bankruptcy as a result.
It was hideously more expensive, even with all the subsidies that
we have discussed. So it probably is not a regulatory burden, it
probably was truly just much more expensive, even with the dra-
matic—very substantial subsidies that we have gotten.

We have had some discussions of storage of spent fuel, about
Yucca Mountain, about what to do with the closed down facilities,
but you know—and we haven’t even discussed the transportation
of that fuel. There is not a star Trek transporter technology. It will
not be beamed from the plant to a permanent facility. There are
risks and transportation and on and on.

Part of the story coming out of Fukushima has been the spent
fuel pools. Dr. Lochbaum, what have we learned—should we have
learned form the Fukushima experience with spent fuel.

Mr. LocHBAUM. When the event occurred at Fukushima, there
were seven spent fuel pools that contained the radiated fuel. There
were also radiated fuel in dry casks. That doesn’t make the news
very much because it survived without a problem. There was—the
spent fuel in dry casks is safe, secure, not leaking radioactivity, so
the dry cask endured that challenge that the spent fuel pools did
not. I think it was a reminder—it wasn’t so much a lesson—that
dry cask storage is less vulnerable both from a security standpoint
and a safety standpoint, and we should act upon that lesson rather
than just continue to document it.

Mr. MILLER. Okay, and you think that that should be required
by regulation, by the NRC?

Mr. LocHBAUM. It should happen. It would be nice if the plant
owners did it for safety reasons; if not, then the NRC should do it
for — to protect the American public safety, and if not then the
Congress should make it happen. However it happens, we need to
make that happen.

Mr. MILLER. All right. Dr. Lochbaum, again, you are very famil-
iar with this industry. How would you characterize the level of can-
dor of the industry with respect to safety issues that have arisen.

Mr. LocHBAUM. Well, the industry does release a lot of informa-
tion. There is very little dirty laundry that is withheld from the
American public, that is why we know about the tornado that hit
Surry plant at Brown’s Ferry. With the exception of security infor-
mation, there is very little withheld from the public, so I think the
industry deserves credit for that candor.

I think the candor issue is really internally. There is a failure
within the plants themselves sometimes to recognize problems,
that is why Calvert Cliffs had roof leaking for years that they toler-
ated but didn’t fix, because there was this complacency or lack of
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candor about realizing what that could do that led them to—not to
solve the problem they kept seeing happen over and over again.

Mr. MILLER. I yield back the balance of my time.

Chairman BrROUN. Thank you, Mr. Miller.

I thank the witnesses for you all’s valuable testimony. If you are
not from the South, you all means all of you all. And the Members
for all of you all’s questions. Members of either Subcommittee may
have additional questions of you all, and we ask that you respond
to those in writing. The record will remain open for the two addi-
tional weeks for additional comments or questions from Members.
Witnesses are excused, and the hearing is now adjourned.

[Whereupon, at 12:15 p.m., the Subcommittees were adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses from Dr. Brian Sheron, Director, Office of Nuclear Regulatory Research,
Nuclear Regulatory Commission

Hearing on “Nuclear Energy Risk Management”
Friday, May 13, 2011

Questions for the Record Submitted to Dr. Brian Sheron,
Director, Office of Nuclear Regulatory Research, U.S. Nuclear Regulatory Commission

Questions submitted by Dr. Paul Broupn, Chairman
Subcommittee on Investigations and Oversight

QUESTION 1. In the days foliowing the Japanese tsunami, the NRC recommended

evacuation of all U.S. citizens in a 50 mile radius surrounding the

Fukushima Daiichi plant. Information released since the

recommendation was made indicates the NRC recommendation

originated from a computer model known as “RASCAL.”

a) What inputs were used in the RASCAL model to generate such a
recommendation? To your knowledge, was the source of those
inputs based on actual event-specific information or were the

inputs simply “worst-case scenario” numbers?

ANSWER.

The 50-mile evacuation recommendation that the U.S. Nuclear Regulatory Commission (NRC)
made to the U.S. Ambassador in Japan was made in the interest of protecting the heaith and
safety of U.S. citizens in Japan. The assessment was based on the conditions as understood at
the time. Since communications with knowledgeable Japanese officials were limited and there

was a large degree of uncertainty about plant conditions at the time, it was difficult to accurately

assess the potential radiological hazard.

in order to determine the proper evacuation distance, the NRC staff performed a series of

calculations using NRC’s Radiological Assessment Code for Consequence Analysis (RASCAL)
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computer code to assess possible offsite consequences. The computer models used
meteorological mode! data appropriate for the Fukushima Daiichi vicinity. Source terms were
based on hypothetical, but not unreasonable, estimates of fuel damage, containment integrity,
and other release conditions. Certain calculations showed the potential for the Environmentai
Protection AgencY’s (EPA’s) Protective Action Guidelines to be exceeded at a distance of up to
50 miles from the Fukushima site, if a large-scale release occurred from the reactors and/or

spent fuel pools (SFPs).

The NRC's decision to recommend an evacuation area around the Fukushima Daiichi reactor
site out to 50-miles was informed in part by computer calculations that were conservative, rough
estimates that would not necessarily characterize an actual release. The “Calculation 1”
assessment assumed an ex-vessel, unfiltered release from a totally failed containment and
actual meteorological conditions during early morning hours. The assumed total release to the
atmosphere for this assessment was 1.7E+08 Curies (Ci). The “Calculation 2" assessment
represented multiple unit failures using an increased inventory of radionuclides in Unit 2 as a
surrogate for 30 percent core damage at Units 2 and 3 and a 100 percent damaged Unit 4 SFP.

The assumed total release to the atmosphere for this assessment was 2.1E+08 Ci.

The simulated computer calcuiations and subsequent recommended protective action decisions
were based on conservative estimates of fuei damage, containment integrity, and other reiease
and meteorological conditions. Conservative “durations of release” were also assumed for each

of the computer calculations and assessments.

Since communications were limited, there was a large degree of uncertainty about plant
conditions and associated meteorologica! data at the time of the decision-making process. The
computer models did, however, use “Actual Observations” as meteorological model data

appropriate for the Fukushima Daiichi vicinity.
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“Calculation 1" assumed meteorological data during early morning hours, when there
were lower wind speeds, relatively stable air, and light precipitation -- conditions that
would degrade dispersion and increase downwind doses.

“Calculation 2" assumed meteorological data during a period of higher wind speeds, less
stable atmospheric conditions, and no precipitation - conditions that would enhance

atmospheric dispersion and decrease downwind doses.



219

QUESTION 2. Mr. Lochbaum’s testimony implies the risk associated with station
blackout at U.S. nuclear reactors as too high and suggests further
regulations are needed. Please discuss NRC’s previous evaluations
of risk assessment associated with station-blackout. In the NRC’s
opinion are current station blackout probabilistic risk assessments

inadequate?
ANSWER.

NRC probabilistic risk analysis (PRA) studies since WASH-1400, “Reactor Safety Study” (1975),
have analyzed station blackout (SBO) accident sequences, and have found these sequences to

be relatively important contributors to the overall risk of nuclear power plants.

In 1988, recognizing the relative importance of SBO as a risk contributor, the NRC issued the
SBO ruile (10 CFR 50.63), which requires nuclear power plants to be abie to cope and recover
from an SBQ of Speciﬁed duration. The reactor core and associated coolant, control, and
proteétion systems, including station batteries and any other necessary support systems, must
provide sufficient capacity and capability to ensure that the core is cooled and appropriate
containment integrity is maintained in the event of a station blackout for the specified duration.
The required duration is based on redundancy/reliabiiity of onsite emergency aiternating current
(AC) power sources (e.g., emergency diesel generators - EDGs), frequency of ioss-of-offsite-

power {LOOP), and probable time needed to restore AC power.

In 1990, the PRA study contained in NUREG-1150, “Severe Accident Risks: An Assessment for
Five U.S. Nuclear Power Plants,” provided a snapshot-in-time assessment of the severe
accident risks associated with five commercial nuclear power plants of different reactor and

containment designs. The scope of the NUREG-1150 study included a variety of initiating event
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hazard groups and plant operational conditions. This study dealt extensively with SBO
sequences initiated by various hazards such as grid failure, earthquake, fire, and equipment

failure.

As a landmark study that advanced the state-of-the-art in PRA, the NUREG-1150 modeis,
results, and risk perspectives were subsequently used to help inform a variety of regulatory

applications, including but not limited to:

* Development and implementation of the Commission’s PRA Policy Statement in 1995.

* Validation of regulatory analysis guidelines (for rulemaking and backfit bases).

« Validation of subsidiary numerical acceptance criteria (for risk-informed license
amendments).

+ Prioritization of generic safety issues and nuclear safety research programs.

« Individual Plant Examination of External Events (IPEEE) for Severe Accident

Vuinerabilities.

In 1997, after reviewing licensee PRA submittais in response to NRC Generic Letter 88-20, the
staff published NUREG-1560, “Individual Ptant Examination Program: Perspectives on Reactor
Safety and Plant Performance” (1997), noting that the average SBO contribution to overall core
damage frequency reported by licensees was about 20%, aithough wide variation was reported
among the plants. However, the overall estimated risk of core damage for the fieet of U.S.
commercial nuclear power plants was sufficiently small to be considered consistent with the
Commission’s Safety Goal Policy Statement. In addition, some licensees reported estimated

reductions in SBO contributions to core damage frequency due to implementing the SBO Rule.

In 2005, the staff published NUREG/CR-6890, “Reevaluation of Station Blackout Risk at

Nuclear Power Plants,” which was a statistical and engineering study of approximately 75 of
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LOOP events at US commercial nuclear reactors. !t analyzed data from 1986 through 2004,
building upon the information contained in NUREG-1032, "Evaluation of Station Blackout
Accidents at Nuclear Power Plants,” which analyzed LOOPs from 1968 through 1986. In
NUREG/CR-6890 the LOOP characteristics (frequency, duration, etc.) were input into PRA
models for all plants to estimate the risks. in both NUREG-1032 and NUREG/CR-6890, LOOPs
from all causes were analyzed. NUREG/CR-6890 compared the current SBO core damage
frequency estimates with historical estimates from approximately 1980 to the present. This
study indicated a downward trend in SBO core damage frequency, from an average of about 2 x
10°® per reactor critical year to the current average of about 3 x 10°® per reactor critical year, or
about 18% of the total core damage frequency. NUREG/CR-6890 states that this trend is the
result of many changes — plant modifications made in response to the SBO rule, improvements
in plant risk modeling and improved component performance. The major contributor for this

historical drop appears to be improved emergency diesel generator (EDG) performance.

it should be noted that licensee strategies such as severe accident mitigation guidelines
{SAMGs) established in the 1990s and extreme damage mitigation guidelines (EDMGs)
developed in the early 2000s provide pre-determined strategies to mitigate iong-term SBO.
These equipment enhancements arid procedures are not generally includ d in PRA models, but

if they were, they wouid tend to reduce the risk estimates from SBO events.

Although regulatory and licensee operational improvements over the years have led to a
decrease in SBO risk, it remains a relatively important contributor to core damage frequency,
and, therefore, the NRC coritinues to study SBO using state of the art tools, inciuding risk and

consequence models (e.g., State of the Art Reactor Consequence Analysis).

In response to the Fukushima event, the Commission directed the NRC staff to establish a

senior-level task force to conduct a methodical and systematic review of our processes and
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regulations to determine whether the agency should make improvements to our regulatory

system. The task force plans to provide a report to the Commission in July 2011.
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QUESTION 3. Your testimony notes NRC’s research office is considering updating
spent fuel pool safety studies to “estimate the relative
consequences of removing older fuel from the spent fuel pool and
placing it into dry storage.” Has the NRC specifically studied the
additional risk associated with storing spent fuel onsite at operating
reactors, as well as non-operating and decommissioned reactors,
versus storing the spent fuel in a centralized geological repository?
a. (If yes) What were the results of the study?

b. (If no) Please conduct the study and make available to the

Committee upon completion.

ANSWER.

The NRC has studied the risks associated with storing fuel onsite in spent fuel storage casks.
NUREG-1864, “A Pilot Probabilistic Risk Assessment of a Dry Cask Storage System at a
Nuclear Power Plant,” summarizes this pilot study that was done for one specific reactor site
and cask design. The results of this analysis indicated that the risk is solely from latent cancer
fatalities, and no prompt fatalities are expec;ted. The risk is dominated by accident sequences
occurring when the spent fuel is being loaded into the dry casks. Once spent fuel has been
joaded into the dry casks, the risk from earthquakes is extremely small (about 10 billion times
Jower than the Commission’s Safety Goal Policy Statement’) because the dry casks are

seismically rugged (i.e., designed to withstand earthquakes).

The NRC also completed a study in February 2001 (NUREG-1738, “Technical Study of Spent

Fuel Pool Accident Risk at Decommissioning Nuclear Power Piants”) that indicated that the risk

' See Safety Goals for the Operation of Nuclear Power Plants (51 FR 28044; August 4, 1986, as
corrected and republished at 51 FR 30028; August 21, 1986.
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from spent fuel pool accidents is well below the Commission’s Safety Goal Policy Statement for

both the individual risk of early fatality and the individual risk of latent cancer fatality.

The NRC has not performed a comparison between storing spent fuel onsite versus storing
spent fuel in a centratized geologic repository, although the Department of Energy did perform
such an analysis as part of the environmental impact statement for the Yucca Mountain site,
which the NRC reviewed and adopted. As a result of the recent events in Japan, an updated
spent fuel pool (SFP) safety study to estimate the relative consequences of removing older fuel

from the SFP and placing it into dry storage versus leaving it in the SFP is being considered.

The senior-level task force is conducting a methodical and systematic review of our processes
and regulations to determine whether the agency should make improvements to our regulatory
system. The longer-term review will include an examination of spent fuel storage practices in
light of recent events to determine whether changes to our regulations are necessary to ensure

continuing protection of public health and safety.



225

QUESTION 4. The NRC has seismic and tsunami research programs that attempt
to quantify the risks to each plant here in the U.S. Please describe
those risks and place in context compared to the Fukushima Daiichi

reactors.
ANSWER.

All U.S. nuclear power plants are built to withstand external hazards, induding earthquakes,
flooding, and tsunamis, as appropriate for the specific site and plant design. Even those piants
that are located in areas with iow and moderate seismic activity are designed for safety in the
event of such a natural disaster. Each plant is designed to protect against ’a ground motion level
that is conservatively determined for its location, given the possible earthquake sources that
may affect the site and its tectonic environment. Ground motion is a function of both the
magnitude of the earthquake and the distance from the fault plane to the specific site. The
seismic responses of the structures, sysfems, and components associated with these facilities
are site specific. The plants are analyzed for any identified faults and tectonic capabilities in the

area in addition to any active seismic zones.

Many nuclear plants are located in coastal areas that could potentially be affected by a tsunami.
Two nuclear plants, Diablo Canyon and San Onofre, are on the Pacific Coast, which is known to
be susceptible to tsunamis. Two nuclear plants on the Gulf Coast, South Texas and Crystai
River, could also be affected by tsunami. There are many nuclear plants on the Atlantic Coast or
on rivers that may be affected by rising water levels resulting from a tsunami. These include St.
Lucie, Turkey Point, Brunswick, Oyster Creek, Millstone, Pilgrim, Seabrook, Calvert Cliffs,
Salem/Hope Creek, and Surry. Tsunami on the Guif and Atlantic Coasts occur, but are very

rare. Generally the flooding anticipated from hurricane storm surges exceeds the flooding

10
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expected from a tsunami for nuclear plants on the Atlantic and Guif Coast, and the hurricane

storm surge actually sets the design basis for these plants.

The NRC has investigated the risk to U.S. commercial nuciear power plants from natural

hazards (inciuding earthquakes) for over 20 years:

« In December 1990, the NRC issued NUREG-1150, “Severe Accident Risks: An
Assessment for Five U.S. Nuclear Power Plants,” which included an assessment of
seismic risks at two of the five nuclear power plants. ‘The results of NUREG-1150
indicated that the most probable core-damage accidents initiated by earthquakes invoive
seismically induced loss of offsite power coupled with onsite equipment failures (e.g.,
emergency diesel generators, and cooling water systems).

« Through the issuance of Supplement 4 to Generic Letter 88-20 (June 28, 1991), the
NRC requested all nuclear power plants to perform an individual plant examination of
external events (IPEEE) for severe accident vulnerabilities. This extensive effort
included ficensee development of analyses for seismic, fire, severe weather, floods, and
site-specific external hazards. The staff reviewed each licensee submittal and issued an
associated staff evaluation report for each. The results of the IPEEE program are
summarized in NUREG-1742, “Perspectives Gained from the Individual Plant
Examination of External Events (IPEEE) Program.” Seismic events were found to be
relatively important contributors to core-damage risk for a majority of plants; in fact, the
core-damage risk contribution from seismic events for some plants is of the same order
of magnitude as that from internal events. As a resuit of the IPEEE program, about 70%
of plants made seismic-related improvements (such as hardware modifications,

improved procedures and training, and enhanced maintenance and housekeeping).

"
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In June 2005, the NRC established Generic Issue 199 {G1-199), “Implications of Updated
Probabilistic Seismic Hazard Estimates in Central and Eastern United States on Existing
Plants.” The Safety/Risk Assessment of Gi-199, which was completed in September
2010, estimated the frequency of seismically induced core-damage accidents at all
nuclear power plants east of the Rocky Mountains by using an approximate method that
combined seismic hazard information developed by the U.S. Geological Survey in 2008
and plant seismic response information deveioped from the {PEEE program. Overall
seismic core damage risk estimates are consistent with the Commission’s Safety Goal
Policy Statement because they are within the subsidiary objective for core damage
frequency. The Gi-199 Safety/Risk Assessment indicates adequate protection exists and
that the current seismic design of operating reactors provides a safety margin to
withstand potential earthquakes that exceed the original design basis, however, the
agency continues to examine whether cost-justified backfits are poésibie that would
further lower seismic risk.

The NRC compieted a study in February 2001 (NUREG-1738, “Technical Study of Spent
Fuel Pool Accident Risk at Decommissioning Nuciear Power Plants”) that indicated that
the risk from spent fuel pool accidents is well below the Commission’s Safety Goal
Policy Statement for both the individual risk of early fatality and the individual risk of
latent cancer fataiity.

The NRC has made estimates of the risk from spent fuel stored in dry casks at a boiling
water reactor site (NUREG-1864, “A Pilot Probabilistic Risk Assessment of a Dry Cask
Storage System at a Nuclear Power Plant,” March 2007). The resuits of this analysis
indicated that the risk is solely from fatent cancer fatalities, and no prompt fatalities are
expected. The risk is dominated by accident sequences occurring when the spernit fuel is
being loaded into the dry casks. Once spent fuel has been loaded into the dry casks,

the risk from earthquakes is extremely small (about 10 billion times lower than the

12
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Commission’s Safety Goal Policy Statement) because the dry casks are seismically

rugged (i.e. designed to withstand earthquakes).

The Fukushima-Daiichi reactors are located in a region of much higher seismic and tsunami
potential than any areas of existing US reactors. Any discussion of risk context would be

premature until the sequence of events at Fukushima-Daiichi is fully understood.

Following 9/11, the NRC required additional mitigation capability for events involving large fires
and explosions. The NRC task force on the Fukushima Daiichi accident is evaluating this
additional mitigation capability, which could be useful for mitigating station blackouts (SBOs).
The NRC task force is evaluating whether the current requirements for withstanding and
mitigating seismic and tsunami events and SBOs at U.S. reactors are sufficient or if more needs

to be done.

13
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QUESTION 5. How have the events in Fukushima informed or changed NRC
research priorities with respect to reactor safety, response, public

health, etc.?
ANSWER.

The phenomena associated with the events at Fukushima-Daiichi involve numerous disciplines
in which the Office of Nuclear Reguiatory Research has expertise and where we have aiready'

done substantial analysis, including seismic and tsunami hazards, and severe accidents.

The NRC has previously studied spent fuel pool (SFP) issues and augmented licensee
requirements in various areas such as an aircraft impact assessment, loss of SFP cooling,
modifications to assembly configurations, and additional requirements following the attacks of
September 11, 2001. As a result of the recent events in Japan, an updated SFP safety study to
estimate the relative consequences of removing older fuel from the SFP and placing it into dry

storage versus leaving it in the spent fuel pool is being considered.

The NRC created a senior level agency task force to evaluate technical and policy issues
related to the event to identify additional potential research, generic issues, changes to the
reactor oversight process, rulemakings, and adjustments to the regulatory framework that
should be pursued by the NRC. A report with recommendations will be provided to the
Commission in mid-July. The results of the task force, followed by the Commission’s review of
the report and the longer-term review, will help define which research actions the agency wilt

pursue in the future.

14
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Questions Submitted by Ms. Donna F. Edwards, Ranking Member.

Subcommittee on investigations and Qversight

QUESTION 1. Dr. Sheron, during the hearing you indicated that you believed U.S.
nuclear power piants were safe.

a. How does the NRC measure nuclear power plant safety?
ANSWER.

The performance of US commercial nuclear power plants is assessed under the Reactor

Oversight Process (ROP). ROP inspections are performed by NRC inspectors. Through the
ROP, inspection findings and a variety of performance indicators are assessed continuously.
There is a minimum set of baseline inspections done for all reactor licensees. As conditions

merit, additional inspecﬁohs are performed.

if performance declines, the NRC increases its involvement with the specific licensee to ensure
performance continues to be safe. This is summarized on a publicly available listing known as
the Action Matrix. At present, there are no plants in the unacceptable performance column.

Continued operation is not aliowed for plants in the unacceptable performance column.
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b. What metrics does NRC utilize to determine if a plant is

functioning safely or being operated safely?
ANSWER.

A combination of inspection results and performance indicators are used to access licensee
performance under the Reactor Oversight Process. The performance of individual piants is
assessed continucusly, and information related to these assessments is made publicly available

{with the exception of security related information).

Overall industry performance is also assessed to determine if there are undesirable industry
trends that need to be corrected. This information is summarized annually, and reported .
publicly. There are a variety of processes that can be used to address issues requiring

immediate action(s).

16
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C. Does compliance with NRC regulations factor in to NRC’s

assessment of a plant’s safety performance?
ANSWER.

Yes. All inspection findings are evaluated for non-compliance with NRC regulations and
enforcement action taken as appropriate. However, the Reactor Oversight Process focuses on
safety'and security performance, and is not limited to verifying compliance with regulatory

requirements.
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QUESTION 2. In your testimony to the Committee regarding the potential of Spent
Nuclear Fuel accidents, you said: “My personal opinion is that poois
have a lot of water in them, and regardless of the amount of fuel, it
takes a very long time, if there was an accident, to actually drain the
pool to the point where there would be an uncovering of the fuel,
which gives licensees ampie time to bring in either emergency
equipment or to restore whatever did fail.”

a. How long did it take the Spent Nuclear Fuel pools at the
Fukushima reactor to become drained after the earthquake
and tsunami struck?

ANSWER.

At this time, the NRC does not have information indicating that any of the pools at Fukushima
Daiichi completely drained. Consequently, we have no estimate of time that would be required

to completely drain the pools.
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b. The Fukushima plant had just 8 hours of battery back-up
available on site. How long did it actually take after they lost

power for the site to get electricity restored to the site?

ANSWER.

On March 11, 2011 at 14:46, the earthquake struck the Fukushima Nuclear Power Station and
offsite power was lost. Back-up diesel generators started; however all alternating current (AC)
power supplies were lost when the tsunami struck the site, except for the one diesel generator

that continued to provide power to units 5 and 6 throughout the emergency.

According to The Report of Japanese Government to the IAEA Ministerial Conference on
Nuclear Safety - The Accident at TEPCO's Fukushima Nuclear Power Stations (starting on pg.
IV-51), offsite power was restored to Unit 2 on March 20, with power restored to all other units

(Units 1, 3,and 4) by March 23 at 01:40.

it is our understanding from the Report that it took nine days for the Japanese to begin AC

power restoration and 12 days to complete their efforts.
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c. In the U.S. 83 of the 104 operating nuclear power plants have
only 4 hours of battery back-up power on hand in the event
off-site power is lost. The other 11 reactors have 8 hours of
battery power available. Given the fact that the Fukushima
reactor had 8 hours of battery back-up power but it took days,
not hours, to restore electricity to the site does the NRC plan
to recommend that U.S. nuclear reactors dramatically
increase the amount of battery back-up power they have
available in the event of unpredictable and extended loss of

off-site power?
ANSWER.

Of the 104 operating nuclear power plants in the US, 44 plants adopted the alternate current
(AC) independent method and have battery power for 4 hours; 43 plants use the Independent
Alternate Power source (AAC) methodology and are designed to restore AC (Emergency or
Offsite) power within 4 hours. Hence, they have a coping duration of 4 hours. 14 plants use the
AAC methodology and can restore AC (Emergency or Offsite) power within 8 hours; 3 plants
use AAC and have a 16 hour duration for restoration of AC (Emergency or Offsite) power. The
latter 3 plants, all at one site, had originally assumed a 4 hour duration but emergency diesel
generator reliability and loss of offsite power events affected the calculated duration that these

plants had to consider.

In response to recent events in Japan, the Commission directed the NRC staff to establish a
senior-level task force to conduct a methodical and systematic review of our processes and
regulations to determine whether the agency should make improvements to our regulatory

system. The review will examine SBO requirements in light of recent events to determine
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whether changes to our regulations are necessary fo ensure continuing protection of public

health and safety.
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Question Submitted by Mr. Brad Miller, Ranking Member,
Subcommittee on Energy and Environment

QUESTION 1. | assume that the NRC has safety regulations in place for a reason.
They do not simply write regulations for the sake of writing
regulations.

a. Why is it then that the NRC has provided exemptions from
complying with fire code regulations to nearly haif of the

operating nuclear reactors in the United States?

ANSWER.

Exemptions granted to plants were based on NRC findings that public health and safety would
be protected based on an alternative approach to NRC regulations. The plants that have
received exemptions from 10 CFR Part 50, Appendix R, Sections I1.G, J, and O, were licensed
to operate before January 1, 1979. The rule was published in 1980 and backfit to the plants
already licensed to operate. This prescriptive fire protection rule provided generic requirements
that were not reflective of the already built plants’ features. These plants have wide variations

regarding physical layout of piant equipment and fire hazards.

In 1982, the Connecticut Light and Power Company challenged the legality of the stringent fire
protection rule being backfit on the industry. The court ruled, “Exemptions are td be granted by
the (NRC) Commission upon a showing by the licensee that the required plant modification
wouid not enhance fire protection safety in the facility or that such modifications may be
detrimental to overall facility safety.” Therefore, licensees of plants with certain features that
did not meet the rule were permitted to request specific exemptions under 10 CFR 50.48(c)(6).
(This section of the rule was later removed and replaced with a performance-based fire

protection rule and the exemption request rule now in 10 CFR 50.12, “Specific exemptions.”) As
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a result, many specific exemptions were issued to plants that were licensed prior to the

issuance of Appendix R to 10 CFR Part 50.

The NRC Staff reviews all exemptions to ensure that safety is maintained. Only following NRC
staff review and acceptance is an exemption considered part of a plant’s licensing basis. The

reviews are documented and placed on the public record.

The other half of the nuclear fleet was licensed to operate after January 1, 1979, and was not
required by 10 CFR 50.48 to meet 10 CFR Part 50, Appendix R, Section Il.G, J, and O unless
directed to do so in specific license conditions. The NRC typically reviewed these plants using
the guidelines of NUREG-0800, Standard Review Plan Section 9.5.1, “Fire Protection Program,”

which incorporate the criteria specified in Appendix R.
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b. Doesn’t this increase the potential hazards at these plants

that are not in compliance with these regulations?

ANSWER.

No. Plant hazards are considered in the review of exemptions, therefore exemptions do not

increase the potential hazards in plants. A point worth noting is with the term “Specific

Exemption.” In many cases, the licensee is actually proposing an “alternative” approach to fire

safety rather than the prescribed method in Appendix R. This was recognized and documented

as an acceptable approach in the 1982 legal decision.
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c. If the NRC does not believe nuclear power plants need to
comply with fire code regulations why does NRC have these

fire codes in the first place?

ANSWER.

The NRC believes nuclear power plants need to comply with fire code requirements. {See 10
CFR 50.48 and Appendix R to 10 CFR Part 50.) The fire codes (10 CFR 50.48) and their
related guidance documents provide a baseline fire protection program. With plants, especially
ones that predate the rules, there are special circumstances to be considered on a case-by-

case basis. The staff has a rigorous process for reviewing exemptions.

It should be noted that 10 CFR 50.48 and 10 CFR Part 50, Appendix R, are deterministic or
prescriptive rules, such that a change from the rule requires an exemption. Through the national
consensus standard process, the NRC worked with stakeholders on the development of
National Fire Protection Association Standard 805 (NFPA 805) that is referenced in the risk-
informed-performance-based, alternative rule in 10 CFR 50.48(c). The new performance-based
rule reduces the need for specific exemptions and increases safety and the CommissioAn has
urged licensees to transition to this voluntary rule. The older fire protection rules were not
performance-based and therefore, many exemptions for alternative fire protection features and

systems were requested and granted by the NRC.
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ANSWER.
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Dr. Sheron, in your testimony you said the NRC has performed
significant severe accident research since the Three Mile isiand
(TMI) accident to improve accident prevention and mitigation.
Nuclear plant operators are supposed to have Severe Accident
Management guidelines (SAMG), for instance, that they can rely on
in the event of an emergency or accident. But according to the
NRC'’s own Inspection Manual a review of these safety critical plans
is not included in the NRC’s “Baseline Inspection Program.” In fact,
NRC staff, according to the NRC Inspection Manual: “concluded that
regular inspection of SAMG was not appropriate because the
guidelines are voluntary and have no regulatory basis.”

a. If these guidelines are deemed important to ensuring that
nuclear power plants operate safely and have appropriate
accident mitigation and response guidelines in place before
an accident occurs why is the SAMG a “voluntary” measure
and why has the NRC intentionally opted not to inspect these

safety guidelines?

In January, 1989, the NRC staff considered requiring severe accident management programs at

all nuclear power plants (NPPs), and issued SECY 89-012, “Staff Plans for Accident

Management Regulatory and Research Programs.” The document included essential elements

of a utility accident management (AM) plan that would include the continual evaluation of severe

accident information, including operating experience and research and inclusion of a training

program for operators, technical support staff, and managers on the AM procedures.
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The industry proposed to put AM programs into place as a voluntary initiative using an industry-
wide set of closure actions and implementation guidance. in 1995, the NRC staff accepted this
industry commitment to complete these actions, follow this guidance, and implement
appropriate improvements identified during the process no later than December 31, 1998. Al

licensees met this commitment.

The industry AM programs are based on a technical basis developed for the industry by the

Electric Power Research Institute (EPRI) for systematically evaluating and enhancing the ability
to deal with potential severe accidents. Vendor-specific AM guidelines were developed from the
technical basis for use by individuat utilities in establishing plant-specific procedures, guidance,

and training.

In response to recent events iﬁ Japan, the Commission directed the NRC staff to establish a
senior-level task force to conduct a methodical and systematic review of our processes and
regulations to determine whether the agency should make improvements to its regulatory
system. The review will examine AM requirements in light of recent events to determine whether
changes to the regulations are necessary to ensure continuing protection of public heaith and

safety.
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b. How can the NRC, the regulatory body charged with
overseeing the U.S. nuciear power industry, be assured that
plant operators have appropriate Severe Accident
Management Guidelines (SAMG) in piace if NRC’s own
inspection manual tells NRC's investigators that it is “not

appropriate” for them to inspect these guidelines?

ANSWER.

In SECY-96-088, the staff outlined plans to perform a iimited number of piiot inspections to
develop confidence in licensee accident management (AM) implementation, and to perform less
detailed evaluations of AM performance for the balance of plants. Long-term evaluation of AM
plan maintenance would be performed on a for-cause basis. As part of this inspection process,

AM demonstrations were conducted at four plants.

Based on the demonstrations, plants appeared to be addressing the key elements of the
industry wide process, i.e., plant-specific severe accident management guidelines (SAMG),
severe accident training, initial training and drills, and administrative programs to maintain
capabilities. The staff concluded that closure had been achieved on a voluntary basis using
industry-developed guidance and methods approved by the staff, and that a formal inspection
program was not necessary. The capabilities are maintained by conducting utility AM drills and

self-assessments, and are periodically updated by the utilities to incorporate new information.

The NRC recently carried out inspections to ensure that SAMGs, training, and drills remain
current. In these inspections, it was determined that, in some cases, the guidelines needed to
be updated, or plant workers require more training on their implementation. These findings are

being considered in the NRC’s review of the Fukushima accident.
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c. How can Congress and the public be confident nuclear power
operators are implementing these guidelines appropriately
and effectively or have them at all if NRC refuses to

investigate these guidelines?
ANSWER.

The NRC carried out Severe Accident Management Guideline (SAMG) inspections at the
reguest of the agency task force examining the lessons to be learned from the March 11
earthquake and tsunami in Japan, and the resulting damage to the Fukushima nuclear power
plant. The NRC directed its resident inspectors at every U.S. nuclear power plant to examine
the plants’ SAMGs, which are meant to contain or reduce the impact of accidents that damage a

reactor core. All plants put these guidelines in place voluntarily in the late 1990s.

The resident inspectors examined where the plants keep the SAMGs, how the guidelines are
updated, and how the plants train their personnel to carry out the guidelines. The inspectors
found that all plants have implemented the guidelines, with 97 percent of the plants keeping the
SAMG dacuments in their Technical Support Center, generally considered the best location for
properly implementing the guidelines. Our inspectors did identify that a number of plants do
have additional work to do in either training their staff on these procedures or ensuring the

guidelines are appropriately updated.
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d. Does the NRC have any plans currently in place to inspect the
Severe Accident Management Guidelines (SAMG) or make

them regulatory and not voluntary guidelines?

ANSWER.

As noted above, the NRC recently carried out SAMG inspections at the request of the agency
task force examining the lessons to be learned from recent events in Japan. The task force will
incorporate the SAMG inspection results into its short-term review to help determine if any
immediate changes to NRC requirements are called for in light of events at Fukushima. The
inspection resulits also will help inform the NRC'’s long-term review of possible revisions to

agency licensing and oversight processes.
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Responses from Mr. Lake Barrett, Principal, L. Barrett Consulting, LLC

Joint Hearing
Subcommittee on Investigations & Oversight -
Subcommittee on Energy & Environment
Committee on Science, Space, and Technology

“Nuclear Energy Risk Management”
Friday, May 13, 2011
10:00 a.m.

Questions for the Record Submitted to Mr. Lake Barrett,
Principal, L. Barrett Consulting, LLC

Questions Submitted by Dr. Paul Broun. Chairman
Subcommittee on Investigations and Oversight

1. The accidents at Three Mile Island and Fukushima produced highly radioactive water. Your
testimony states, “All the accident related water was contained on site and special water
processing systems were built to remove the radioactive fission products, primarily Cesium
and Strontium.”

a. Was contaminated water at the Fukushima plant contained or released into the
environment?

A: The utility, TEPCO, has so far contained most of accident water, but some
has leaked from the plant basement areas through pipe and cable trenches
into the sea. :

b. Are there design mechanisms at nuclear plants to capture and contain
contaminated water or other liquid spills?

A: Yes. Usually accident water can be contained, but at Fukushima Daiichi
Units 1-4, the existing radioactive water treatment system has been
overwhelmed. Suppl ry treatment systems are being developed. °
Three Mile Island was able to contain the accident liquid spills. US plants
have even improved further since that time.

o

. What is the cleanup process for radioactive liquids if released into the soil or
water?

A: Once radioactive water is released into the soil or sea water, it is hard to
recover. It is possible to capture some radioactivity by pumping
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contaminated water through zeolite filters. This is currently being done at
Fukushima.

2. How might private industry leadership incorporate efforts to simultaneously improve public

awareness and rational communication regarding the progress of the integration of safety
measures learned from Fukushima?

A: Communications with the public is a challenge when responding to an emergency
situation at a nuclear facility because most utility resources are dedicated to
addressing the situation at hand to protect the public and environment. Public
awareness and communication can be addressed by having an effective standing
emergency preparedness plan with State and Local govermments and electronic and
printed media organizations. Through advanced planning, improved communication
links can widely disseminate prompt and accurate information concerning the plant
situation if needed. The Fukushima experience indicates that the advent of electronic
social media methods is a new communication avenue that has the potential to possibly
improve traditional emergency communications plans.

Questions Submitted by Ms. Donna F. Edwards, Ranking Member,

Subcommittee on Investigations and Oversight

You testified that you believe the decision to recommend American citizens evacuate from
within 50 miles of the plant at Fukushima did not “appropriately consider the situation on the
ground.” You also said, “I think one country should not second guess another country from
10,000 miles away as to what is the best thing for the citizens at that point.”

a. Ifa government has reason to believe that a nuclear accident in another country has the
potential to expose its own citizens in that foreign country to levels and types of radiation
that will endanger their citizens’ health, do you believe that the government should not
act to protect its citizens?

A: I believe that a country should protect its citizens if there is reason to believe that
they are in a realistically dangerous foreign place. However, in my view, the risk to
US citizens in the area beyond the Japanese exclusion zone was unnecessary,
unwarranted, and a net detrimental impact to all concerned. Although there were
minor health risks from uncontrolled releases and much was not known about plant
conditions at that time, there was no indication of actual or imminent offsite releases
to warrant such a large costly detrimental evacuation. Such a overly cautious action
could have resulted in thousands more people dying in the stricken north because
the 50 mile radius cut the main road and rail supply routes that were transporting
desperately needed life saving supplies from the south. There does not appear to be
any safety rational for such a wide evacuation except assumed scenarios that do not
seem reasonable and never happened. Indeed, Chairman Jaczko stated in a
Congressional hearing that it appeared that the Unit 4 spent fuel pool had boiled
dry. This has been proven to have not happened.
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I Chairman Jaczko had been aware of the Three Mile Island evacuation
experience, as I was, he would have more completely idered the total impact of
his actions and most likely concluded differently. In my view his decision, although
well meaning I am sure, was a reflection of inexperience and poor judgment.
Chairman Jaczko was only eight years old at the time of Three Mile Island and his
professional career has only been inside the Washington beltway.

. At Chernobyl, the Russian government did not reveal either the extent or nature of the
disaster for several days. Your testimony suggests that had the American government
known of the situation, that it should have left American citizens in place, and in harm’s
way, simply because that is what the Russian government desired. 1s that what you
believe?

A: Absolutely not. The Soviet Chernobyl behavior was completely unacceptable
and in that case, if there had been an opportunity for a US precautionary
evacuation of US citizens, I would have supported it. Chernobyl was a completely
different technical situation with an explosion of dry reactor core materials directly
into the air. Such a gross airborne dispersal mechanism was not technically possible
at Fukushima when the US evacuation was issned. In addition, I believe the
Japanese utility and Japanese governments took responsible actions in alerting the
nearby population of the accident at the earliest possible time. Although Fukushima
internal plant information was uncertain, there is no reason to believe that the
Japanese acted like the Soviets. To imply such similarities is.an insult to a trusted
ally and good friend. Adding to their burden in their time of need with an overly
cautious hypothetical event scenario was very inappropriate and damaging to all.
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Responses from Dr. John Boice, Scientific Director, International Epidemiology Insti-
tute

Joint Heéaring
Subcommittee on Investigations & Oversight
Subcommittee on Energy & Environment
Committee on Science, Space, and Technology

“Nuclear Energy Risk Management”

Friday, May 13, 2011
10:00 a.m.

Questions for the Record Submitted to Dr. John Boice,
Scientific Director, International Epidemiology Institute

Questions Submitted by Dr. Paul Broun, Chairman
Subcommittee on Investigations and Oversight

1. Please outline the need for further studies of low-dose long-term exposure to radiation.
Have similar studies been undertaken previously? What specific unknowns deserve closer
examination?

Much is known about the health effects of high levels of radiation when
received briefly. However, the single most important question in understanding
radiation health effects is determining the level of risk associated with low-dose
long-term exposure to radiation, i.e., when the radiation is delivered at a low rate
over a long period of time. '

There have been attempts to address the issue of risk following gradual
exposures over time, but they have fallen short. These include an international
study of radiation workers in 15 countries (Cardis et al. 2007). Although the study
was very large, the workers were young and received very little radiation exposure.
Also, there were serious biases and methodologic limitations that unfortunately
rendered the results uninterpretable (Boice 2010a). A second important study deals
with the health effects of Russian citizens who lived downstream from the Mayak
nuclear facility on the Techa River. In the late 1940s and early 1950s the former
Soviet Union dumped their radioactive waste into this river and many tens of
thousands of persons living downstream were contaminated unknowingly
(Krestinina et al 2007). Although results from this study are important, the inability
to accurately estimate the amount of radiation dose received, coupled with the
complexities of conducting and tracing subjects in the former Soviet Union, make
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this investigation limited in providing uncertain estimates of radiation risk
(UNSCEAR 2008). A third study involves the evaluation of cancer risk in
populations that live in areas of high natural background radiation, such as areas in
China and in Kerala, India. These studies of lifetime radiation exposure may prove
informative, but to date have not provided useful estimates of risk (Boice et al.
2010b). A final study that has potential for providing information on the risks of
low-dose long-term exposure to radiation are those associated with the Chernobyl
accident that occurred in 1986. The study of childhood exposure to radioactive
iodines and increased thyroid cancer risk has already made an important
contribution, but it appears that the doses associated with other environmental
exposures were too small to result in a detectable radiation health effect. Similarly,
the study of the large number of Chernobyl clean-up workers, so-called liquidators,
has failed to reveal a consistent increased risk in leukemia or other cancers as might
have been expected if the doses had been higher (UNSCEAR 2011).

The specific unknowns in radiation risk assessment that deserve closer
examination are then to learn what happens when radiation dose is experienced
gradually over time and not briefly as was the case for Japanese atomic bomb
survivors and for patients treated with medical radiation. This gradual exposure to
radiation is the type of exposure that most of us experience throughout life, whether
from medical, occupational or environmental circumstances (NCRP 2009).

A tremendous amount has been learned from the study of atomic bomb
survivors and from patients who received medical radiation. But these exposures
are of relatively high dose and over relatively short periods of time. These studies
are not optimal for use in risk assessments for exposure circumstances that are of
current concern in America, such as radiation associated with diagnostic medicine,
occupation, compensation schemes for past exposures, nuclear power, nuclear
waste, and even the small exposures from fallout experienced from the Fukushima
Dai-ichi reactor accident.

There have been studies conducted in the United States in years past that
have the potential to address risks following protracted exposures to radiation. The
problem is that they were conducted some 20-30 years ago, and the opportunity
should not be lost to bring them up to date (Boice 2011). These studies of workers
and veterans in the United States should be then combined because one study by
itself is just too small to provide the statistically powerful answers that are needed.
The One Million Worker and Veterans Study is over ten times as large as the atomic
bomb survivor study, has higher radiation exposures cumulated over many years
and could be extended now. )

2. ‘What is the current understanding of cancer risk among persons living near
nuclear power plants in the United States?

2
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In the late 1980s and early 1990, I initiated a comprehensive survey of
cancer risk among persons living near nuclear facilities in the United States. This
study was conducted by the National Cancer Institute and included all nuclear
power plants and U.S. Department of Energy national laboratories (Jablon et al.
1991). A special focus was on childhood leukemia because of reports of cancer
clusters around nuclear facilities coming from the United Kingdom. Qur study
findings were reassuring in that there was no evidence that persons living in the
United States near nuclear power plants were at increased risk of cancer compared
with other citizens who lived in nearby counties but with limited potential for
exposure from nuclear facilities. These results were not entirely unexpected given
that standards are set so.that population exposures do not exceed 100 mrem per
year for an individual, a level way below were risks have been demonstrated in
epidemiologic studies.

The results of studies around nuclear facilities in the United States have been
confirmed and enhanced in studies conducted in a number of countries over the
years as recently summarized in a comprehensive committee report from the Health
Protection Agency in the United Kingdom (COMARE 2011). It is my
understanding that the Nuclear Regulatory Commission has an interest in extending
the previous survey conducted in the United States and has requested the National
Research Council to conduct preliminary evaluations as to how this might be done
(NAS 2011).

. What are the international guidelines for populations to return to areas that have been
contaminated with radiation? What are the health effects likely to be for the citizens
surrounding the Fukushima Daiichi plant?

The international guidelines for populations to return to areas that have been
contaminated with radiation are taken from the International Commission on
Radiological Protection, of which I am a commissioner. Our recent publication is
entitled, "Application of the Commission's recommendations to the protection of
people living in long-term contaminated areas after a nuclear accident or a
radiation emergency"” (ICRP 2009). These guidelines are being used by the
Japanese authorities in their "provisional idea" for allowing the evacuated
populations and exposed populations to return to contaminated areas from the
Fukushima Daiichi nuclear power plant. Specifically:

""The reference level for the optimization of protection of people living
in contaminated areas should be selected in the Iower part of the 1-20
mSyv per year ban." (ICRP 2009)
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Because the nuclear reactors at Fukushima are not completely under control,
it is unlikely that any populations will be returning to the evacuated areas by the
end of this year. The provisional r dation has raised concern that children
might be allowed to receive the maximum level if they spent eight hours a day in
certain schools and certain school yards. Accordingly, remediation has already
begun by removing topsoil in those areas of radionuclide deposition, primarily
cesium-137, that might result in levels approaching the 20 mSv per year limit.

It is unlikely that any radiation-related health effects will be detectable in the
citizens surrounding the Fukushima Daj-ichi plant. As is often said in health
research, the poison is in the dose (Paracelsus, 15" century physician) and it
appears at this time that the populatibn has not received meaningful exposures.
This is because of the quick action taken by the Japanese authorities in evacuating
citizens who lived close to the nuclear power plants, in monitoring and prohibiting
the distribution of any food sources for which the levels of radioactivity were higher
than standards, in screening the population, and in distributing masks and
potassium iodide pills (or syrup for children) to the population. It was encouraging
that one survey of over 1,000 children did not indicate any detectable levels of
radioactivity that could be attributed to inhaled or ingested radioactive iodine, the
major source of population exposure from the Chernobyl accident (Wakeford 2011).
In large part, the winds blew towards the ocean and away from the populated areas,
but nonetheless, there are areas near the Fukushima Dai-ichi power plant where
radionuclide depositions are high and it will be some time before populations will be

- allowed to return. These evaluations and dose determinations are ongoing, and it
appears that even some areas beyond the evacuation zone have unacceptably high
levels that will have to be dealt with. On the other hand, the workers who have so
effectively handled the radiation accident are experiencing radiation doses that will
put them at increased risk for developing cancer later in life. Over 7,000 workers
have been involved in the emergency and some 30 have received over 100 mSv
external dose and a few over 600 mSv effective dose. The workers' exposures will
continue to be of concern as they deal with the very high levels of radioactivity in the
tens of thousands of gallons of radioactive water that need to be remediated, as well
as the surrounding radioactive debris from reactor emissions and spent fuel JAEA
2011; IRSN 2011). Finally, if the Chernobyl experience is used as a guide, the
lasting effects upon the Japanese population will most likely be psychological with
increased occurrence of stress-related mental disorders and depression associated
not necessarily with the concern about reactor radiation, but with the horrific loss of
life, evacuation from homes, separation from families and disruption caused by the
tsunami and earthquake.
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4. Are there any opportunities in the United States to study the effects of radiation when the
exposure is received gradually and over long periads of time? Would such studies help
in risk assessment and management decisions?

There are untapped opportunities in the United States to study the effects of
radiation when the exposures are received gradually and over long periods of time.
The early U.S. radiation workers and atomic veterans can be studied at relatively
low cost by extending previous investigations that had ended some 20 to 30 years
ago. The study populations include early Manhattan Project workers from the
19405, atomic veterans who participated in lear weap testing in the 1940s and
1950s, early muclear power plant workers from the late 1950s, medical workers and
others involved in the development of radiation technologies as well as nuclear navy
personnel (Boice 2011). Pilot investigations have been initiative by the Low Dose
Radiation Program within the Department of Energy (Hall et al. 2009) and this
comprehensive work should continue. The effort is truly an interagency one with
cooperating agencies including the National Cancer Institute, the Department of
Defense, the Department of Veterans Affairs, and the Nuclear Regulatory
Commission. .

Such an important human radiation research effort would return the United
States to a leadership role worldwide that it once held some Years ago. The One
Million Radiation Workers and Veterans Study would provide the needed answers
to the major question remaining in radiation epidemiology: what is the level of risk
associated with low-dose long-term exposure to radiation? Such a study would
provide critically importance gnidance in the area of risk assessment and
management decisions. Currently, we rely lipon the estimates from a Japanese
population exposed in 1945 to atomic weapons and living in a war-torn country with
associated problems of nutrition, hygiene, and health care. It is questionable
whether these results can be validly generalized to United States populations of
workers and citizens who are healthy, exposed differently and living during a
different time. Yet extrapolation of health effects from the J: apanese experience in
1945 to the United States circumstances in 2011 is what is done (BEIR 2006). The
One Million Radiation Workers and Veterans Study is directly relevant to the
setting of protection standards for workers and the public (ICRP 2009); risk
assessment and decisi t of the possible risk from nuclear
power plants and enhanced medical technologies such as CT and nuclear medicine
i ing; the expansion of nuclear power; the handling of nuclear waste; the
compensation of workers with prior exposure to radiation; and even the possible
consequences of the radiation released from reactor accidents, such as at
Fukushima,
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Statement of Peter B. Lyons
Assistant Secretary for Nuclear Energy
U.S. Department of Energy

Committee on Science, Space and Technology
Energy & Environment and Investigations & Oversight Subcommittees
U.S. House of Representatives

Nuclear Energy Risk Management Hearing
May 13, 2011

Chairman Broun, Chairman Harris, Ranking Member Edwards, Ranking Member Miller,
and Members of the Committee, thank you for the opportunity to submit a statement on
the Department of Energy’s (DOE) Office of Nuclear Energy’s R&D portfolio related to
the safety of nuclear power plants.

The safety of our nuclear fleet is of paramount importance to this Administration, and we
are committed to ensuring that nuclear plants in the United States continue to operate
safely. As a former Commissioner of the Nuclear Regulatory Commission (NRC), I can
attest to the dedication of the NRC staff and their focus on assuring safe operations.
Many parameters tracked by NRC show the excellent safety of our plants and significant
improvements in safety over the years.

The safety of nuclear plants is maintained through a series of barriers to prevent exposing
the public to health-significant doses of radiation from release of radioactive materials.
The principle of Defense-in-Depth is practiced in the industry, wherein multiple barriers
are employed to provide this defense. Barriers in typical Light Water Reactors (LWR)
include the fuel cladding, the reactor pressure vessel, and the containment building.
Improvements in safety may result from increased robustness of existing barriers or from
new barriers. Many programs of the Office of Nuclear Energy are focused on
improvements in safety of operating and future new plants.

Passive Safety

Current generation II plants rely on extensive operator actions to place the plants into safe
configurations in the event of off-normal conditions. In contrast, passive designs require
far fewer operator actions and rely on extensive use of natural phenomena, like large
quantities of stored water, gravity feed of cooling water rather than pumps, and
convective cooling in accident conditions. They do not require operator actions for long
periods after an accident, several days in some cases, and do not depend on offsite or
emergency diesel generator power to maintain safety. Passive safety is one way of
enhancing safety of nuclear plants. Another approach uses increased redundancy of
active equipment. However, plants relying on additional active equipment may present
challenges with the increased maintenance and operator actions required to keep the
additional equipment in optimal condition and to effectively utilize it, and they depend on
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the availability of adequate power supplies. Plants with passive safety, in my opinion,
offer the greatest promise for still safer operations in the future.

The global nuclear industry is currently building a new generation of reactors, most of
which are so-called Generation III or III+ plants. These plants, among other features,
use either passive safety or increased redundancy of active systerms to enhance safety. In
the United States, the Nuclear Power 2010 program, now concluded, was focused on
bringing two Generation III+ plants, the Westinghouse AP1000 and the General Electric
ESBWR, through design certification and issue of Construction and Operating Licenses
(COLs). The Nuclear Regulatory Commission (NRC) is now in the final stages of
evaluations of design certifications for both systems and COLs for the AP1000. Both of
these plants make extensive use of passive safety features. NRC currently expects to be
making final decisions regarding the AP 1000 design certification amendment and two
combined licenses referencing that design certification amendment by the end of the
calendar year. Final decisions regarding the ESBWR design certification are also
expected by the end of the calendar year. .

Fifteen licenses for these two passive reactor designs are currently pending at the NRC.
Four AP1000 reactors are under construction in China. Extensive construction activities,
short of safety-grade work, are in progress for two AP1000 reactors in Georgia and two
in South Carolina.

Small Modular Reactors (SMRs) are another area of strong interest at DOE, and current
designs offer some notable safety advantages. LWR SMR designs incorporate passive
safety features that utilize gravity-driven systems rather than engineered, pump-driven
systems to supply backup cooling in unusual circumstances. Because of their smaller
size, current SMR designs have less water withdrawal requiremnents and some designs
can make use of air cooling options. Some concepts use natural circulation for normal
operations, requiring no primary system pumps and providing a still more robust safety
case. In addition, many SMR designs utilize integral designs for which all major primary
components are located in a single pressure vessel. That feature results in a much lower
susceptibility to certain potential events, such as a loss of coolant accident, because there
is no large external primary piping. Lastly, because of their lower power level, SMRs
have a much lower level of decay heat and therefore require less cooling after reactor. .
shutdown.

DOE has proposed the LWR SMR. Licensing Technical Support program to help improve

the timeline for the commercialization and deployment of light water SMRs and also
proposed a longer-range program to conduct research on advanced SMR designs.

Improved Fuels and Cladding

All LWRs in the United States utilize uranium oxide pellets contained within zirconium
alloy tubes or cladding. The cladding functions as one key barrier to confine the gaseous
and volatile fission products that build up during reactor operation. But zirconium will
react with steam at about 1,200 degrees C, generating hydrogen. If not properly

2
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controlled, hydrogen can ignite with oxygen leading to significant damage, as occurred in
the Fukushima accident. Such damage may impair the cladding, releasing gaseous and
volatile fission products into the reactor pressure vessel. Additionally, at somewhat
lower temperatures, the zirconium cladding can distort and partially rupture, leading to
some leakage of these radioactive materials. Similar scenarios can occur in pool storage
of used fuel. ‘

The Office of Nuclear Energy has been working with industry to develop a new silicon
carbide ceramic cladding technology that could offer improved safety and performance as
well as address additional current issues with zirconium cladding (such as rod fretting or
abrasive damage to the cladding where cladding tubes pass through support structures)
that results in occasional fuel failures in current plants. Ceramic cladding still needs
substantial research and development efforts to determine if it can be successful.
However, if successful, it has the potential to provide nuclear fuel with a higher tolerance
to accidents. For example, silicon carbide cladding would not generate hydrogenin -
steam at high temperatures. :

The sintered ceramic uranium oxide pellets used in current LWRs are very robust, but
they do not retain volatile or gaseous fission products — they have significant porosity,
and thus depend on the claddings for retention. An altemative fuel type was developed
years ago for the original gas-cooled high temperature reactors, like Fort St. Vrain, but
that fuel did not perform up to its original expectations. More recently we have revisited-
this fuel type (so-called TRISO fuel) with impressive results.

TRISO (TRi-ISOtropic) particle fuel has three layers surrounding a kernel of fissionable
material like uranium oxide that act as primary, nearly impervious “containment” barrier
for fission products during normal operations and accidents. This fuel retains its integrity
and confines fission products up to extremely high temperatures. TRISO fuel has been
suggested for utilization in other types of reactors, perhaps even in LWRs, because it
would virtiially eliminate release of fission products from the fuel itself. Significant
issues would be associated with use of TRISO fuel in an LWR, and we plan to explore
these issues in future research efforts.

High Temperature Gas Reactors (HTGRY), as a class of reactors, can offer interesting
safety features. Current concepts incorporate additional inherent physical characteristics
that enhance safety and do not rely on active engineering systems or operator actions
during accident scenarios. In addition to using the TRISO fuel, HTGRs can be cooled
without the use of active systems which rely on electrical power for pumps, valves,
instrumentation and control systems or operator actions. During such an event, it takes
several days (2-4 days) for the TRISO fuel temperature to rise and peak at almost
1600°C, far slower than with LWR loss-of-coolant events. Even if the HTGR’s control
rods fail to insert during an accident, the TRISO fue] stays below its fuel failure
temperature limits (<1800°C). Future HTGRs will be inherently, passively safe-—no
electricity, engineered safety systems or operator actions will be needed to control or cool

the reactor.
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The ongoing research and development (R&D) focuses on: (a) TRISO fuel development
and irradiation performance experiments, post-irradiation evaluations (PIEs), and safety
heat-up tests to demonstrate fission product retention, and (b) irradiation tests to
demonstrate the strength of nuclear structural graphite at high temperatures. All R&D
activities are being coordinated with the NRC to support the simultaneous development
of regulatory requirements. DOE laboratories, universities, industrial collaborators and
international experts are involved in the integrated R&D program activities.

Modeling and Simulation

The Office of Nuclear Energy has extensive programs building and utilizing modeling
and simulation of complex nuclear-related phenomena, many of which have significant
potential to improve safety. The most visible of these programs is the Energy Innovation
Hub for Modeling and Simulation established by the Department through the Consortium
for Advanced Simulation of Light Water Reactors (CASL) centered at Oak Ridge
National Laboratory. The CASL collaboration is applying leading edge computational
capabilities to create a new state-of-the-art in nuclear reactor simulations. The first set of
problems to be tackled is related to fuel performance and safety in pressurized water
reactors, in particular: pellet-clad interactions, CRUD (a term-of-art standing for Chalk
River Unidentified Deposits, which plagued early reactors and occur today to lesser
extents) deposition, and support grid-to-rod fretting. By improving our understanding of
key mechanical, chemical, and nuclear interactions, the Hub may enable enhanced safety,
prolonged life of nuclear fuel, increased power outputs, and enhanced reliability, The
goal of the Hub is to have a highly realistic, virtual reactor capable of such simulations
within its first five years. Less than one year after being established, the Hub has already
released its first version of the virtual reactor code, which will undergo significant
refinement in coming years.

As amulti-lab collaboration with industry and academia, the CASL mission is to create a
useable tool set that is embraced by industry and researchers to advance the performance
and safety of light water reactors. As such, the CASL vision is to embrace the full range
of light water reactors including boiling water reactors and the new light-water-based
small modular reactors that are being designed. These additional capabilities would be
implemented during the first extension of the CASL award. The decision to extend the
award or not will be made in 2015, subject to appropriations.

Seismic Evaluations

DOE-NE is currently involved in two projects related to seismic activity on nuclear
power plants and plans to conduct further research on mitigating the effects of
earthquakes. These two improved computational models will enable nuclear facility
operators to determine the probabilistic seismic hazard at any point at ground level in the
central and eastern United States with better accuracy:

(1) Generic Seismic Hazard Model for Central and Eastern United States (CEUS).
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The objective of the ongoing CEUS Seismic Source Characterization Project, conducted
by the Electric Power Research Institute, is to update the consensus seismic source
hazards model for the CEUS based on new seismic activity data and comprehensive
expert consensus on interpretation of said data. This model will be used to support
nuclear plant site-specific Probabilistic Seismic Hazard Analyses (PSHA) anywhere in
the CEUS. This project is scheduled to conclude by the end of 2011.

(2) Next Generation Attenuation — East (NGA-East) Seismic Project.

The NGA-East project is being conducted by the Pacific Earthquake Engineering
Research Center at the University of California at Berkeley and will develop new ground
motion attenuation relationships for the central and eastern U.S. Ground motion and the
resultant attenuation of seismic motion is a function of soil type and rock structures at a
site or location of interest as well as the location, depth, and magnitude of the seismic
event. Ground motion attenuation as a result of an earthquake is a primary source of
uncertainty in determining specific site seismic hazards. This project is scheduled for
completion in 2014.

In addition to DOE funding, collaboration on these projects involves the Nuclear
Regulatory Commission Office of Research, United States Geological Survey, and the
nuclear industry through the Electric Power Research Institute.

In FY 2011, the Office of Nuclear Energy will solicit additional research and technology
development on seismic isolation systems under its Nuclear Energy Enabling Technology
prograrm.

Dry Cask Storage

The present regulatory basis established by the NRC for dry cask storage is 60 years
beyond the operating life of a reactor. This mode of storage is an integral part of the
nation’s current used fuel management and might be useful as an option for longer terms
than the current regulatory limits. To evaluate such longer utilization, additional
understanding of degradation mechanisms will be essential.

To help resolve issues associated with such extended used fuel storage, DOE is
employing a competitive process to fund in Fiscal Year 2011 an Integrated Research
Project (IRP) consortium consisting of a lead university, one or more partner universities,
and potentially national laboratory and industry partners. Funding will be up to $1.5
million per year for up to 3 years and any potential industry partners would be required to
cost share. This competition is now in progress.

The IRP focus will be on research and development (R&D) of accelerated aging
techniques to better understand long-term degradation mechanisms, especially with high
burnup used nuclear fuel (burnups above 45 gigawatt-days/metric ton). Specific issues to
resolve include: long-term integrity of fuel cladding and canisters; maintaining fuel
assembly configuration and associated components; canister leakage; hydride diffusion
and embrittlement; creep, corrosion and stress corrosion cracking; accelerated
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degradation in a marine environment; and degradation of concrete. Project success will
be measured by demonstration of laboratory-scale accelerated aging techniques that may
eventually inform the technical basis providing technical justification for extended UNF
storage of used nuclear fuel.

Detailed Modeling of the Fukushima Accident

The safety of nuclear power has been improved over the years by, among other
approaches, careful learning from.any accident or incident. Three Mile Island (TMI) led
to major improvements in safety and new requirements for nuclear power plants in the
United States. Modeling of TMI has helped enhance the current generation of severe
accident modeling codes. Modeling and study of other accidents or near accidents, like
-Chernobyl or Davis-Besse, have led to further insights. The Fukushima accident must be
understood in great detail in order to extract lessons that may further enhance safety or
which may inform future regulatory decisions.

The Office of Nuclear Energy is organizing several of the DOE national laboratories for a
joint study of accident progression at Fukushima. Our intent will be to learn from that
analysis and to supplement any current analysis with future data that will become
available once the damaged fuel can be examined. In addition, the implementation plans
supporting the 2010 Nuclear Energy R&D roadmap are being studied by federal and
laboratory staff to see if adjustments in R&D are needed in the aftermath of Fukushima.

Nuclear Energy University Program

The Office of Nuclear Energy devotes up to 20 percent of its R&D budget for research at
universities. Much of this research has a significant nexus with safety issues, frequently
related to further enhancement or understanding of the barriers that make up Defense-in-
Depth. In addition, this research program plays an essential role in training the future
generation of nuclear energy professionals upon whom the safety of future nuclear power
systems will depend.

In Fiscal Years 2009 and 2010, NE funded via its Nuclear Energy University Programs
(NEUP) a number of university-based safety-related research and development projects,
including:

o Improved LWR Cladding Performance,

e Develop Advanced Models of LWR Pressure Vessel Embrittlement for Low Flux-
High Fluence Conditions,

o Development of Diffusion Barrier Coatings and Deposition Technologies
Mitigating Fuel Cladding Chemical Interactions,

o TRISO-Coated Fuel Durability Under Extreme Conditions,

» Evaluation of materials for interim storage of spent fuel for more than 100 years,

6
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Failure Predictions for Very High Temperature Reactor (VHTR) Core
Components using a Probabilistic Continuum Damage Mechanics Model,

Fission Product Transport in TRISO Particle Layers under Operating and Off-
Normal Conditions,

Multi-scale Concrete Modeling for Aging Degradation, and

Investigation of Laser Shock Peening for Enhancing Fatigue and Stress Corrosion
Cracking Resistance of Nuclear Energy Materials

In FY 2011, NE has solicited proposals for additional university-based, safety-related
R&D projects in many areas, including:

VHTR TRISO fuel development and qualification activities focused on producing
robust fuel particles that can retain fission products during normal and accident
conditions and have very low failure rates, as demonstrated by irradiation and
accident safety testing programs,

R&D addressing the Risk-Informed Safety Margin Characterization (RISMC)
methodology,

Development of new reactor concepts using advanced technologies or innovative
engineering to provide improved safety and system performance, and

R&D on sensors and infrastructure technology to address critical technology gaps
to monitor and control new advanced reactors.

Conclusion

I began this statement with the well substantiated statement that the nation’s nuclear
reactors are safe today. But safety of nuclear energy, just as with any mature high
technology endeavor, can always be improved through careful study and investigation.
The Office of Nuclear Energy will maintain a focus on safe operations and on research
and development that will provide still safer systems for future generations.

After the earthquake and tsunami in Japan, Deputy Secretary Poneman stated that: “We
view nuclear energy as a very important component to the overall portfolio we are trying
to build for a clean energy fixture.” I fully concur with his view, and the programs of the
Office of Nuclear Energy are focused on ensuring that the option for safe nuclear power
remains open to the nation.
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