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1.0 Introduction

This report summarizes a meeting held on February 19,1997, in Washington, D.C. The meeting was
held primarily to exchange information among the contractors involved in the U.S. Department of
Energy's efforts to improve the safety of Soviet-designed nuclear power plants. Previous meetings have
been held on December 5-6,1995, and May 22, 1996. The meetings are sponsored by the U.S. Depart-
ment of Energy and coordinated by the Pacific Northwest National Laboratory .(a)

The U.S. Department of Energy works with countries to increase the level of safety at 63 Soviet-
designed nuclear reactors operating in Armenia, Bulgaria, the Czech Republic, Hungary, Lithuania,
Russia, Slovakia, and Ukraine. The work is implemented largely by commercial companies and
individuals who provide technologies and services to the countries with Soviet-designed nuclear power
plants.

Attending the meeting were 71 representatives of commercial contractors, the U.S. Department of
Energy, the U.S. Department of State, national laboratories, and other federal agencies (see Appendix B).

The presentations and discussions that occurred during the exchange are summarized in this report.
While this report captures the general presentation and discussion points covered at the meeting, it is not a
verbatim, inclusive record. To make the report useful, information presented at the meeting has been
expanded to clarify issues, respond to attendees' requests, or place discussion points in a broader program-
matic context. Appendixes A through F contain the meeting agenda, list of attendees, copies of presenta-
tion visuals and handouts, the Strategy Document discussed at the meeting, and a summary of attendees'
post-meeting evaluation comments.

As with past information exchanges, the participants found this meeting valuable and useful. In
response to the participant's requests, a fourth information exchange will be held later in 1997.

(a) The Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of
Energy under Contract DE-AC06-76RLO 1830.
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2.0 Improving the Safety of Soviet-Designed Nuclear
Power Plants: Direction and Updates

Speaker: Kristen Suokko; Associate Director for International Programs; Office of Nuclear Energy,
Science and Technology; U.S. Department of Energy

Since the last Contractor Information Exchange in May 1996, significant progress has been made in
several areas. Three additional nuclear power plants have joined U.S. partners in cooperative work to
improve safety. The Armenia Nuclear Power Station has projects under way in fire safety. Two plants in
Russia—Bilibino and Beloyarsk—are receiving support in training methods and a simulator.

Several new projects have begun since May. Technology transfer is under way for plants in Russia
and Lithuania for key safety equipment, including an emergency power supply, instrument control
modules, circuit breakers, and valves. Safety parameter display systems are being developed for 13 reac-
tors in Russia and Ukraine. These systems enable operators to view quickly the status of reactor conditions
for controlling plants in the event of an accident. Configuration management systems are being developed
for the Novovoronezh and Balakovo plants in Russia and the Zaporizhzhya plant in Ukraine. Such sys-
tems provide important information for identifying safe operating boundaries within the plant's current
configuration. Plant-specific, in-depth safety assessments are under way for reactors at Ukraine's
Zaporizhzhya, South Ukraine, and Khmelnytskyy plants and at Russia's Kursk plant. Such safety assess-
ments are necessary for identifying the most significant risks so that limited resources can be applied
effectively.

The United States is supporting Russia in eliminating plutonium production at its three remaining
production reactors. The U.S. policy goal is to stop Russian plutonium production by 2000. The United
States and Russia have determined that it is feasible to convert the cores of the existing reactors to an
alternative fuel design that would not produce weapons-grade plutonium. In January 1996, Vice President
Gore and Prime Minister Chernomyrdin agreed to support recommendations of the feasibility study and
proceed with design and analyses. Core design, analysis, and testing are scheduled to be completed by
September 1997.

An in-country presence is critical to coordinating the cooperative safety work. The U.S. Department of
Energy saw so much value in the Moscow Adjunct Office that it opened a similar office in Kiev, Ukraine,
in February 1997. Alex Sich of the Pacific Northwest National Laboratory staffs that office. His role is to
coordinate and help implement U.S. nuclear safety activities in Ukraine, integrate cross-cutting technolo-
gies, and communicate U.S. nuclear safety goals and work status with officials and industry representatives
in Ukraine. Alex's E-mail address is <alexsich@carrier.kiev.ua>. When available, Alex's address, phone,
and fax numbers will be placed on the Internet web site for the U.S. Department of Energy's international
nuclear safety work (http://insp.pnl.gov:2080).
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The Chomobyl Center for Nuclear Safety, Radioactive Waste and Radioecology is moving forward
with technical projects. This center was established in 1996 in Slavutych, Ukraine, near the Chornobyl
nuclear power plant. The United States is supporting the infrastructure development of this scientific and
technical center as a focal point for addressing nuclear safety and environmental issues. Last October, a
satellite-based telecommunications system was installed to facilitate cooperative work and sharing of data.

The United States is working with Ukraine and other nations in support of activities to resolve safety
issues associated with the shelter surrounding the damaged Chornobyl reactor Unit 4. Short-term activities
focus on reducing risks inside the shelter caused by high radiation fields and deteriorating conditions.
Longer-term activities focus on stabilizing the shelter structure.

An initiative is under way with Ukraine to demonstrate ways to stabilize that country's energy sector.
Energy Secretary O'Leary began working more than a year ago to identify opportunities for private sector
investment. Such investments support U.S. interests by increasing Ukraine's energy independence,
enabling the United States to reduce its economic support over time, and increasing the likelihood of the
shutdown of the Chornobyl nuclear power plant by 2000. To date, two pilot energy projects have been
identified: a chemical plant and an iron and steel plant. Plans for seeking private investment in these
plants are going forward.

In FY 1996, the Government Accounting Office audited the U.S. Department of Energy's work to
improve the safety of Soviet-designed nuclear power plants. The U.S. Department of Energy gave its
response to the audit report in February 1997. Many of the issues the Government Accounting Office
identified arose because of the relatively early timing of the audit and since have been corrected. A key
issue was the lack of a definitive strategy for the effort—in other words, how do we see the activities
ending, and how do we know the work has accomplished its objectives? A strategy and vision since have
been developed, indicating that the work ends in 2003. Funding is dependent on time-phased needs in
those years.

Incoming Energy Secretary Federico Pena has been briefed on the U.S. Department of Energy's
nuclear safety work. Indications are that international nuclear safety will remain a strong priority.
Recently, he has taken a personal interest in meeting with high-ranking nuclear safety officials from Russia
and Ukraine who were visiting the United States.

The Gore/Chernomyrdin Commission recently finished its eighth session. Led by U.S. Vice President
Gore and Russian Prime Minister Chernomyrdin, the Commission meets regularly to discuss issues of
mutual importance. Part of the discussion pertained to the Russian energy sector and nuclear safety. A top
priority in the coming years will be the disposition of nuclear materials. The U.S. dual-track approach was
discussed, which comprises burning plutonium in reactors and immobilizing it. Another issue for the
future is the transition of the Russian nuclear complex. In the area of nuclear safety, the most significant
issue was the potential restart of the Kursk reactor Unit 1.

Similar to the Gore/Chernomyrdin Commission, a comparable bilateral commission recently was
established with Ukraine. The Energy Working Group of this Commission focuses on strengthening
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Ukraine's energy sector. A new nuclear utility in Ukraine, Energoatom (officially known as
UkrAtomEnergo), has been formed. This utility potentially could obtain loans from the European Bank for
Reconstruction and Development and other international lenders for such projects as the completion of two
unfinished reactors at Rivne and Zaporizhzhya. It is unclear at this point what role the utility will have in
terms of the Ukraine's nuclear power plants.

2.3



2.4



3.0 Budget Summaries

Speaker: Dan Giessing; Deputy Associate Director for International Nuclear Safety; Office of Nuclear
Energy, Science and Technology; U.S. Department of Energy

3.1 FY 1997 (Current) Budget for Improving the Safety of Soviet-
Designed Nuclear Power Plants3

At the time of the last Contractor Information Exchange in May 1996, the U.S. Department of Energy
had requested $66 million for the FY 1997 budget for this work. The amount Congress appropriated was
$45 million.

Several projects continue from FY 1996. For example, the training programs in Russia and Ukraine
have established pilot plant sites; however, participants now are transferring training methods from the
pilot plants to the other sites. Other continuing projects of note are safety parameter display systems,
in-plant safety analyses, and U.SVRussia nuclear safety centers.

Key new projects under way in FY 1997 include training simulators, equipment reliability database
work in Russia and Ukraine, event analysis and reporting, and nondestructive evaluation. In FY 1997,
there also is a strong emphasis on plant safety assessments at Ukraine's Zaporizhzhya, Khmelnytskyy, and
South Ukraine plants and Russia's Kursk, Kola, and Novovoronezh plants. In addition, two new projects
with Armenia are planned for FY 1997: an alternate decay heat removal system and an emergency feed-
water system. FY 1996 work with Armenia involved fire safety.

The funding needed for these new and continuing projects in FY 1997 totals $81 million. The
U.S. Department of Energy expects to make up the shortfall between the appropriated $45 million and the
needed $81 million by receiving additional funding from other sources later this year. One source is the
U.S. Agency for International Development. Through the Foreign Operations budget, $35 million was
designated specifically for work with Ukraine for safety parameter display systems, safety analysis, training
simulators, and plant safety assessments. Another $6 million was designated through the Foreign Opera-
tions budget for work with Armenia.

(a) The U.S. Department of Energy report, Improving the Safety of Soviet-Designed Nuclear Power
Plants, Status Report, dated November 1,1996, contains detailed information about the scope and
progress of projects. The reader may wish to refer to this report for more details about projects for
which budget and funding information is summarized here. For a copy of the report, contact Nancy
Jackson, Pacific Northwest National Laboratory, at P.O. Box 999, K7-74, Richland, Washington
99352. Phone is (509) 372-4679. Fax is (509) 372-4411. E-mail is <najackson@pnl.gov>.
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In FY 1994 and 1995, much of the work focused on projects in Russia. This is balanced somewhat by
the FY 1997 budget allocation, which contains a substantial portion for Ukraine because of the designated
$35 million from the U.S. Agency for International Development. The other country receiving more
funding emphasis this year is Armenia. Armenia restarted one of its reactors in 1995 after it was shut
down in early 1989 following an earthquake in December 1988. Government and plant officials have
made commitments to work with the United States and other countries to improve safety there.

The U.S. Department of Energy has received an additional $27 million from the U.S. Agency for Inter-
national Development for work at Chornobyl. This work is in cooperation with Ukraine and the European
Commission to develop a plan for short- and long-term measures to stabilize the deteriorating shelter
surrounding the damaged Unit 4 Chornobyl reactor. In addition, several bilateral projects are under way to
improve the safety of conditions inside the shelter. These shelter upgrade projects are budgeted at about
$ 10 million for this fiscal year.

As part of the $27 million, the State Department has designated $6 million for replacement or upgrade
of the heat plant supporting the Chornobyl reactors. $1 million is designated for developing deactivation
plans for Chomobyl reactor Units 1 and 2. The budget also includes projects at the Chornobyl Center for
Nuclear Safety, Radioactive Waste and Radioecology, which continues into FY 1998.

3.2 Proposed FY 1998 Budget

The U.S. Department of Energy has requested $50 million from Congress for FY 1998 for improving
the safety of Soviet-designed nuclear power plants. This work does not include funding specifically desig-
nated for Chornobyl projects; potential funding sources for Chornobyl work are under discussion.

The $50 million represents essentially a continuing level of funding from FY 1997. Most of the fund-
ing is for projects that are continuing from previous years. This is partly because the U.S. Department of
Energy does not budget the complete funding for continuing projects in the year in which the projects
begin. Instead, the amount of money planned to be spent on a continuing project is allotted for each year.
This approach optimizes budget management by minimizing the amount of funding carried over to the
following year.

Several pilot startup projects are being undertaken in FY 1997. These include projects in configura-
tion management, quality assurance, and instrumentation and control. If Congress approves the requested
funding, these projects will be ready for full implementation in FY 1998. Additional work in FY 1998 is
planned with countries in Central and Eastern Europe and Armenia.

After the President's budget is submitted, the U.S. Department of Energy can begin discussing the
details of its proposed budget with Congress. Two of the most significant questions Congress repeatedly
asks are 1) how do we know whether we are meeting our objectives, and 2) how do we know when the
program is going to end. This year, the U.S. Department of Energy is in a better position to address those
questions because we have developed a robust strategy and vision for the nuclear safety work, including a
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phased budget and specific end points for the technical work. As always, it is important to present the
work each year in such a way that people understand that the objectives are being achieved and that U.S.
interests are being served. In addition, Ambassador Morningstar from the U.S. State Department, the
overall coordinator for assistance to the New Independent States, has been very supportive in working with
the U.S. Department of Energy to present the work to Congress.

Doug Todd, Battelle's Manager of Government Relations in Washington, D.C., holds meetings with
contractors involved with the U.S. Department of Energy's international nuclear safety work every two to
four weeks during the legislative season. During these discussions, participants can learn about the status
of legislation impacting the work, as well as keep abreast of the budget process. Contractors wishing to
participate in these meetings should contact Doug Todd by phone at (202) 646-7860, by fax at
(202) 646-5271, or by e-mail at <toddmd@battelle.org>.
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4.0 State Department Perspectives on International
Nuclear Safety

Speaker: Carol Kessler; Senior Coordinator; Nuclear Reactor Safety; U.S. Department of State

The U.S. government assistance program for improving the safety of Soviet-designed reactors is
5 years old. We have not been able to accomplish as much as we had hoped when the work began in 1992.
A primary reason has been the delay in economic and energy sector reform. U.S. assistance is directed at
several fronts, including supporting economic and energy sector reforms. Energy sector reform is aimed at
building a more attractive energy sector for domestic and international investment. Nuclear safety must be
viewed in the broader context of these overall reform programs as these reforms will enable revenue
streams needed to pay for safety.

U.S. support is integrated with other multilateral assistance to ensure efficient and effective safety
assistance with the limited resources available. The State Department's Ambassador Morningstar, the
overall coordinator for assistance to the New Independent States, has been instrumental in securing
congressional support for U.S. safety assistance.

It is important to recognize that U.S.-funded safety work is not supporting the continued operation of
unsafe reactors. Certain Soviet-designed reactor types have distinct safety problems. The RBMK reactor
is susceptible to power instabilities and lacks a modern containment system to prevent release of radiation
to the environment. The WER-440/230 reactor has no containment system and no emergency core-
cooling system. A safety analysis report recently was completed for Lithuania's RBMK reactors. This
report brings to light additional, cross-cutting problems inherent in the RBMK reactor. In contrast, the
WER-440/213 and WER-1000 models have the potential for safer long-term operation.

Making the distinction between the two groups of older and newer reactors is important because the
focus of safety work for each is different. For the RBMK and WER-440/230 reactor types, the work is
aimed primarily at upgrading inadequate safety systems to reduce urgent risks until the reactors can be shut
down. For the WER-440/312 and WER-1000 models, work focuses more on providing modern safety
technologies that can be sustained over time by the host countries as these reactors continue to operate.

The United States is interested in seeing strong safety cultures established in the countries where
Soviet-designed reactors operate. In addition, U.S. involvement is based on the premise that the support
eventually will transition from federal assistance to the commercial sector. Good examples of successes
are in Hungary and the Czech Republic, where nuclear safety cultures are being established that have the
potential for becoming commercially viable.

4.1



4.1 G-7 Nuclear Safety Working Group

The group of industrialized nations called G-7 established the G-7 Nuclear Safety Working Group in
1992. The nations that make up the G-7 are Canada, France, Germany, Great Britain, Italy, Japan, and the
United States. The G-7 also includes the European Commission. G-7 work is coordinated with and com-
plemented by that of the International Atomic Energy Agency, the Organization for Economic Cooperation
and Development, the Nuclear Energy Agency, the European Bank for Reconstruction and Development,
and the World Bank. The goal of the G-7 Nuclear Safety Working Group is for the recipient countries to
establish self-sustaining safety practices that meet international standards. Meeting this goal requires
transferring technologies, strengthening the regulatory organizations, improving operational safety, and
establishing a sustainable safety culture. The United States is a leader among the G-7 nations in providing
assistance to upgrade the safety of Soviet-designed reactors. The United States is the largest single G-7
Nuclear Safety Working Group.

The G-7 activities currently focus strongly on Russia and Ukraine. Lithuania is also of concern
because of its large RBMK reactors for which an in-depth safety analysis was just completed. Bulgaria has
a new government in place that is expected to encourage the growth of democracy, which should
strengthen our nuclear safety work with them. Armenia has been a cooperative partner with the G-7
nations and the rest of the international community. Armenia's two nuclear power reactors were shut
down after a major earthquake in December 1988. In 1995, the country restarted reactor Unit 2, which
provides 40% of the nation's electricity. However, the Armenian government recognizes that the reactor
does not meet international safety standards and has agreed to close it by 2004. The World Bank and
European Bank for Reconstruction and Development are working with Armenia on projects for replace-
ment power for that country.

G-7 activities with Russia have been building on the momentum achieved by the Moscow Nuclear
Safety and Security Summit, a presidential-level event in April 1996. At that summit, world leaders held
discussions on the importance of working together to improve the safety of Soviet-designed reactors. A
key area of focus evolving from the summit was that nuclear safety be given the highest priority rather than
the production of electricity as was the case in much of the Soviet Union.

4.2 Russia

The United States is supporting an important agreement between the European Bank for Reconstruc-
tion and Development and the Russian Federation through a Nuclear Safety Account. This grant agree-
ment provides $90 million in assistance to Russia's Leningrad, Kola, and Novovoronezh plants to support
nuclear safety improvement. In return, Russia has committed to three activities in support of a sustainable
nuclear safety strategy. One is conducting in-depth safety assessments that can provide the basis for a new
licensing regime. The second activity is to use the results of the safety assessments to determine whether
nuclear power plants would qualify for a long-term operating license or must prepare for shutdown. The
third commitment by Russia is to develop strategies for strengthening its energy sector to make it more
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commercially viable and able to provide revenues needed to secure safer reactor operations. A stronger
energy sector provides a foundation for future shutdown of existing high-risk nuclear power plants by
creating additional, stable sources of electricity as replacement power.

The European Bank for Reconstruction and Development has proposed to work with Russia to develop
two investment strategies corresponding to two areas of Russia. One is the Northwest region, covering the
Kola and Leningrad reactors. The other would be for the Central region, covering Kursk and
Novovoronezh.

Russia is interested in restarting Kursk Unit 1, an early-generation RBMK reactor. The United States
does not support its restart. The United States is asking Russia to conduct a safety assessment before
restarting the reactor.

Russia is moving forward, but has not yet passed domestic nuclear liability legislation. This legislation
will offer the commercial provider of safety upgrades protection from liability for nuclear-related malfunc-
tions or accidents. Such laws will facilitate provision of advanced safety technology to Russia. The
Russian government must now take the step of ratifying the Vienna convention on liability. Ratification is
expected in the next 6 months.

Adherence to international nuclear liability conventions is needed to help ensure the effective commer-
cial trade in nuclear equipment and technology for nuclear programs. A new liability convention is being
negotiated to allow the United States to enter into treaty relations on nuclear liability with Russia and other
countries. International experts have nearly reached agreement on a text for this convention. In the next 3
to 6 months, we hope the text will be completed. At that time, the International Atomic Energy Agency
will open a diplomatic conference to formally negotiate this treaty. The timing of this depends on the
timely approval of the governments of the countries involved.

Strengthening the energy sector in the New Independent States is a primary goal of the G-7 Nuclear
Safety Working Group. The United States is interested in stimulating reforms in banking and taxation to
encourage private investment. Russia and the United States conducted a study last year to look at proposed
energy sector initiatives, including those for the nuclear sector for domestic and international investment.
Implementation of proposed initiatives will not be possible without reforms that allow Russia to pay back
loans from lenders. The Northwest region of Russia is of particular interest for potential energy sector
investment. Because of its connections and proximity to Europe, the power plants in Russia's Northwest
region will likely have a greater ability to pay back loans in hard currency sooner than other regions in
Russia.

Another issue for the G-7 is safe management of nuclear waste. The International Atomic Energy
Agency is negotiating an international convention on safe management of waste and spent nuclear fuel.
Rather than being prescriptive, the convention sets broad goals for safe management of nuclear waste. Key
issues under negotiation are whether spent fuel is defined as waste and how to handle military waste.
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Russia lacks resources to store and treat liquid radioactive waste on a broad scale. The United States is
encouraging Russia to adhere to the London Dumping Convention, the protocol that prohibits ocean dispo-
sal of nuclear waste. In support of this goal, the United States and Norway are helping Russia build a
liquid-waste treatment facility in Murmansk. The Japanese are doing the same thing for Far Eastern
Russia.

4.3 Ukraine

The G-7 group's work with Ukraine has focused on the implementation of a Memorandum of Under-
standing signed with Ukraine in 1995. In this memorandum, Ukraine agreed to shut down the Chornobyl
nuclear power plant by 2000 in exchange for international grant and loan support to help with safety and
other problems at Chornobyl and to strengthen Ukraine's power sector. A key aspect of this support is
restructuring of the Ukrainian power sector, which involves developing an electricity market and a finan-
cially viable power utility in Ukraine. Efforts directed toward these goals have been somewhat successful.
Ukraine has established a fledgling electricity market. Thermal power plants are bidding to provide power.
The goal is for all electricity to be offered on a competitive basis, through the electricity market. A key to
making this approach successful is that customers, especially industry, must pay for their electricity on time
and in hard currency. Currently, because of Ukraine's fragile economic situation, this is rare. The
Ukrainian government subsidizes much of the electricity provided.

Another part of the Memorandum of Understanding for Chornobyl shutdown concerns energy sector
investment. For Ukraine, the completion of Rivne Unit 4 and Khmelnytskyy Unit 2 reactors is a top pri-
ority. The reactors are partially completed. Ukraine's Minister Kostenko told the G-7 that the Chornobyl
nuclear power plant will not close unless Ukraine receives funding to complete the Rivne Unit 4 and
Khmelnytskyy Unit 2 reactors for replacement power. The G-7 position is that any consideration of
investment in the plants must be proven as part of a least-cost strategy and must be financially and
environmentally viable.

The European Bank for Reconstruction and Development contracted an independent least-cost study
of the two unfinished reactors and established a panel of international experts to study the issue. The panel
concluded that completion of the two plants was not part of the lowest-cost investment alternative for
Ukraine's power sector. This conclusion was based on two key factors. First, Ukraine has excess gener-
ating capacity from other sources, especially thermal plants, that is not being used because the country
cannot afford to pay for the necessary fuel in the current economic climate. Second, a $1 billion loan
would be necessary for Ukraine to complete construction of both reactors. The nuclear utility of Ukraine
must be able to pay back that loan, which is unlikely in Ukraine's currently unstable economic and politi-
cal environment. Instead, the panel recommended that the European Bank for Reconstruction and Devel-
opment might consider smaller, less risky, more diverse investments that would have a broader impact on
strengthening Ukraine's overall energy sector.
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The European Union is funding a feasibility study on the costs of completing the unfinished reactors at
Rivne and Khmelnytskyy. It is difficult to identify the degree of completion at the two reactors; more
information from Ukraine, as well as on-site inspections, are needed.

Other potential energy sector projects are being considered or are under way in energy transmission
and in thermal and hydroelectric plant improvements and energy efficiency.

Over the last 9 months in Ukraine, the energy sector has undergone significant reform. Ukraine is
planning to consolidate its electricity sector into seven utilities. The nuclear utility structure still is
evolving. It will cover the nuclear plants in Ukraine except Chornobyl.

The United States' support for the Chornobyl Memorandum of Understanding focuses on several
efforts:

• supporting the construction of decommissioning facilities needed to shut down Chornobyl by 2000
through a grant to the Nuclear Safety Account of the European Bank for Reconstruction and
Development

• finding a viable solution for repairing the deteriorating shelter surrounding Chornobyl Unit 4 and
managing the waste and monitoring activities inside

• providing near-term safety upgrades for the operating Chornobyl Unit 3. In addition, the European
Bank for Reconstruction and Development, through the Nuclear Safety Account, plans to fund addi-
tional safety improvement projects.

• addressing the social impacts of Chornobyl shutdown.

The issue of social impacts is an important one for Ukraine. The community of Slavutych is econom-
ically dependent on Chornobyl. Without replacement jobs, closing Chornobyl would leave the highly spe-
cialized work force idle and shut down an entire community. Chornobyl personnel are highly skilled and
well-trained; many have academic backgrounds at the master's or doctoral levels. Their skills and experi-
ence make them ideal candidates for future work associated with shelter repair and reactor decommission-
ing. The Ukrainians recently developed a worker profile, showing the numbers and types of workers
expected at various time periods through Chornobyl closure. This profile will be a valuable tool in helping
the employees find other business opportunities.

The recently established Chornobyl Center for Nuclear Safety, Radioactive Waste and Radio-
ecology is designed in part to address these socioeconomic needs while providing Ukraine with a
unique technical resource. Ukraine established the Center in Slavutych in 1996 with the support of the
United States. U.S. specialists are working with Chornobyl Center and plant representatives to transi-
tion existing Chornobyl workers to the Center. Once appropriately trained, the workers will conduct
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nuclear safety, decommissioning, and environmental activities for Chornobyl and other nuclear power
plants in Ukraine. The United States and other countries are providing support for specific technical
projects.

Another way to help the Slavutych community become more economically self-sustaining is to
develop business opportunities there. There will be a conference in Washington, D.C., later in 1997 to
promote such opportunities. One plan being considered is to employ workers at a factory that would
manufacture equipment for energy efficiency.

The United States is holding the G-7 summit the third week in June in Denver, Colorado. One
focus is nuclear safety. If we succeed to define a Ukraine/G-7 approved project for stabilizing the
Chornobyl Unit 4 shelter, we hope to use the summit to announce G-7 financial support for the project.
At issue is how to deal with the large masses of highly radioactive fuel that melted and hardened during
the 1986 accident. Chornobyl and Ukrainian nuclear officials originally wanted to move these fuel-
containing masses, as they are called, out of the shelter to a temporary disposal site, to reduce the risk
to workers who monitor conditions inside the shelter and to demonstrate progress in cleanup. G-7
nations, including the United States, were concerned about the potential radiological hazards associated
with an activity of such magnitude. In a recent workshop, the G-7 and Ukraine agreed to develop a
phased shelter implementation plan. This plan will contain decision points regarding timing and extent
of shelter stabilization and new shelter development, and development of a strategy for eventual long-
term removal of the fuel-containing masses. The plan will identify studies and engineering designs
needed to provide the basis for the decisions.
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5.0 Labor Rates for Former Soviet Union Countries

Speaker: Jeff Ace; Pacific Northwest National Laboratory

Note: Pacific Northwest National Laboratory manages all the contracting for the U.S. Department of
Energy's work to improve the safety of Soviet-designed nuclear power plants.

In the implementation of cooperative nuclear safety projects, the U.S. Department of Energy funds
technical services provided by staff in the former Soviet countries. Often, these services are in the form of
a subcontract with Pacific Northwest National Laboratory or a U.S. commercial contractor. Thus, it is
important to determine a fair price for labor in former Soviet countries. This discussion focuses on deter-
mining fair prices for labor in Russia and Ukraine, where most of the contracting occurs.

Under direction by the U.S. Department of Energy, Pacific Northwest National Laboratory began
initiating contracting activities for the Soviet-designed reactor safety work a little over 2 years ago. At that
time, the Laboratory based the contract labor rates on guidelines issued by the Departments of State and
Energy, associated with other programs, concerning the price of labor in the former Soviet Union. At that
time, the benchmark was between $400.00 and $600.00 per person-month, fully burdened.

It quickly became apparent that it was going to be difficult to implement that range for the U.S. Depart-
ment of Energy's nuclear safety work because of our different objectives and because of the different host
country organizations and institutions with whom we do business. Therefore, the Laboratory undertook
two activities to determine a fair price for labor in Russia and Ukraine. One was to commission a salary
survey by Price-Waterhouse in Moscow. The other was to begin subscribing to an Ernst & Young salary
survey, the results of which are used by many Western companies doing business in Russia and Ukraine.
The Ernst & Young survey addresses various industries and contains specific labor categories, with salary
ranges for each. In addition, the Laboratory has continued to gather information from those who partici-
pate in the U.S. Department of Energy's international nuclear safety work, capturing new data as much as
possible.

Pacific Northwest National Laboratory receives a wide range of proposed labor rates submitted by
contractors. For accountability, the labor rates negotiated must be based on salary surveys and other
objective data.

One trend in contracting with former Soviet countries is the increasing use of commercial or quasi-
commercial companies as opposed to nuclear power plants or research and technical institutes. Thus, the
proposed labor rates are beginning to include overhead rates and profit factors. Some of these overhead
rates have been several times higher than the actual labor costs, yet they are virtually impossible to quantify
and verify to anything close to Western standards.
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Pacific Northwest National Laboratory received the latest Ernst & Young salary survey in early
February. At the time of the February 19 meeting, the salary survey was still being analyzed by staff in
Richland, Washington. However, informal correspondence with Ernst & Young about the survey indi-
cated that very little had changed in labor rates in Russia and Ukraine from previous reports. These
salaries range from $600 to $800 per person-month for a non-bilingual secretary to about $2474 per
person-month for what is called the General Director. These labor categories are not precise to our work
but they can be translated generally to our labor categories.

Those are salaries paid to the individual. In Russia and Ukraine, it is difficult to determine how to
define the term "fully burdened." At the host country nuclear power plants, the Laboratory has taken the
approach that the United States will pay the labor rates previously mentioned, without any additional
burdening. In doing so, the Laboratory assumes that any additional overheads or infrastructure rates are
contributed by the host country as part of the cooperative nuclear safety work.

The Laboratory is ordering specific, independent information from a Russian organization that is a
spin-off of the Ernst & Young company for salaries targeted toward Kiev and St. Petersburg. In addition,
the same company will provide a report on inflation and the cost-of-living index for Moscow.

In the meantime, the Laboratory continues to negotiate specific elements of cost proposals, conveying
expectations of what the companies must provide to justify overheads and other labor rate factors. In this
way, the Laboratory negotiates the fixed price or bottom line for each job to be done. The negotiated labor
rates are consistent with the information collected from the salary surveys to date.

Having a unified team contributes to successful contract negotiations. The unified team consists of
program office support, project manager support, and any U.S. laboratories or contractors involved. It is
important to ensure that no U.S. individual or organization become advocates for specific Russian or
Ukrainian contractors.

The salary surveys are copyrighted. Contractors working frequently in Russia and Ukraine may wish
to consider subscribing to the salary surveys as a business tool. For information about subscribing, contact
Jeff Ace, Pacific Northwest National Laboratory, at telephone (509) 375-2640, fax (509) 372-4411, or
e-mail: <jk_ace@pnl.gov>.
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6.0 Technology Transfer

Speaker: Rich Denning; Pacific Northwest National Laboratory

The term technology transfer refers not just to the delivery of equipment but to the passing on of
knowledge, processes, and methods. In work to improve the safety of Soviet-designed nuclear power
plants, the goals of technology transfer are to

• Facilitate the incorporation of pilot-plant upgrades at all plants.

• Sustain system upgrades.

• Help reestablish host-country infrastructure for the supply or manufacture of nuclear safety system
components.

• Strengthen the regulatory organizations in the host countries. An effective regulatory organization is a
powerful tool in ensuring that the improvements at the pilot plants are extended to other plants in the
same country. The regulator can enforce nuclear safety standards and ensure that all the plants are
upgraded to meet those standards.

The Strategy Document in Appendix E identifies the vision, goals, and end points for the U.S. Depart-
ment of Energy's cooperative nuclear safety work. Technology transfer has a major role in the rationale
underlying this vision in terms of bringing this work to a conclusion. It is clear that U.S. financial resources,
even when augmented by those of other countries, are insufficient to improve safety at all Soviet-designed
nuclear power plants to a level consistent with international standards. Therefore, in many areas we have
taken a pilot plant approach, in which the United States provides hardware to a few of the plants in con-
junction with complementary technology transfer. In this way, the pilot plants receive the most urgently
needed equipment and tools to reduce immediate risks. At the same time, plant personnel, government
organizations, and private companies in the host countries acquire the skills and capabilities to sustain
these system upgrades at the pilot plants and extend these upgrades to other plants.

At the May 1996 Contractor Information Exchange meeting, an ad hoc working group was established
to look at ways to improve technology transfer. That group developed a "white paper" on technology
transfer mechanisms, from least to most structured approaches:

• information exchange
• joint project
• personnel exchange
• capability transfer
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• licensing
• joint venture.

At the quarterly program meeting in July 1996, the technology integrators were asked to evaluate
technology transfer in their specific areas, using the white paper as a stimulus for that review. The tech-
nology integrators then identified specific areas requiring enhancement to optimize technology transfer.

The result of that review is summarized in a revised draft white paper, Enhancing Technology Trans-
fer in DOE's International Reactor Safety Projects. The paper, included in Appendix D of this report,
should be viewed as a status of, rather than a program plan for, technology transfer.

Most of the other technology areas, such as training, embody technology transfer as a fundamental
aspect of the approach to the work. Nevertheless, the area of systems upgrades is worthy of particular
scrutiny. Work in this area is aimed at providing improved equipment and capabilities for fire protection,
radiation confinement, emergency power and water, and other key safety systems. However, it is particu-
larly important to provide not just hardware, but the capabilities and technology to enable the host country
representatives to design, manufacture, and maintain safety systems over the long term.

6.1 Technology Transfer Initiatives

Technology transfer initiatives are highlighted here for four specific areas: direct-current (dc) power
supplies, instrumentation and control modules, circuit breakers, and valves.

Direct-current power supply systems provide reliable power for emergency shutdown at nuclear power
plants. Burns & Roe has provided upgrades to dc power supplies for two Russian nuclear power plants:
Kola Units 1 and 2 and Kursk Unit 2. Burns & Roe also will be supplying an improved dc power supply
at Lithuania's Ignalina nuclear power plant. This work involves providing support to the plants in separa-
ting safety and nonsafety electrical loads and in sizing and designing dc power supply systems. A paper
presented at the 1996 Nuclear Science Symposium and Medical Imaging Conference of the IEEE, "Safety
System Augmentation at Russian Nuclear Power Plants" describes this work (Appendix D).

The plants at Ignalina fit into the first step of technology transfer. If the appropriate arrangements can
be made with the American battery manufacturer, a Russian manufacturer will be brought to the United
States while the Ignalina batteries are being produced, to observe the manufacturing process.

In June 1997, U.S. participants will host a dc power supply workshop in Moscow. Personnel from
Russian nuclear power plants will be invited. The purposes of the meeting are to 1) share information
about the value and process of upgrading dc power supplies and 2) determine the status of dc power supply
systems at nuclear power plants to better understand the support required. Burns & Roe specialists will
lead the workshop, using the work done at Kola and Kursk as a foundation.
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To continue upgrading and maintaining dc power supplies after U.S. support ends, the host countries
must have the capabilities to design, manufacture, and maintain associated equipment. Burns & Roe
specialists are working with dc power supply manufacturers in Russia and the United States to determine
the best methods for transferring this technology to Russia.

Aging instruments for process control at the Ignalina plant are failing at increasing rates and cannot be
relied on to perform their safety functions. At Ignalina, new instrument modules were not available for
replacement; operators were forced to scavenge parts from previously failed instrument systems. The U.S.-
based company Scientech will provide the first set of 100 replacement modules, which will meet modern
technical requirements and have the same form, fit, and function as those currently in place. To develop
Lithuania's capabilities, Scientech will transfer the technology to a manufacturing company in Lithuania.
That company, EMC, will manufacture 200 more modules for Ignalina. With that manufacturing capabil-
ity in place, the Lithuanian company can serve as a future resource for Ignalina and perhaps for other
nuclear power plants as well. In March 1997, U.S. specialists will train EMC staff in quality assurance so
that they can ensure that the modules provided by EMC meet operational requirements.

The Russian nuclear utility organization Rosenergoatom surveyed Russian nuclear plant personnel in
1996 to identify key safety problems. Several plants identified a serious problem with 6-kV and 400-V cir-
cuit breakers. Not only did they not operate as designed, but they also caused fires on occasion. In Janu-
ary 1997, U.S. specialists from Bechtel met with companies in the Moscow area to discuss ways to develop
an in-country capability for circuit breaker manufacturing for Russian plants. In the next phase of this
activity, Rosenergoatom will develop performance specifications for 6-kV and 400-V breakers. Bechtel
will then hold discussions with Western circuit breaker manufacturers to determine their interest in partici-
pating in a transfer of technology.

Valves perform a variety of safety functions in nuclear plants including pressure relief, actuation of
emergency core cooling flow, and confinement isolation. Burns & Roe has the lead on a technology trans-
fer activity aimed at improved valve monitoring and performance at host country nuclear power plants. To
begin, Rosenergoatom is collecting data on valve performance to determine those areas in which technolo-
gy transfer might be effective in improving plant safety.
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7.0 Strategy for the U.S. Department of Energy's
Cooperative Nuclear Safety Work

Speaker: Richard Reister; Office of International Nuclear Safety; Office of Nuclear Energy, Science and
Technology; U.S. Department of Energy

7.1 Establishing a Mission, Vision, and End Points

The Strategy Document00 was developed for the U.S. Department of Energy's international nuclear
safety work to define where we are going, when the work will be completed, and what we will have
achieved when we are finished.

The mission is two-fold:

• Reduce the risks at Soviet-designed nuclear power plants, without discouraging the continued
operation of the older plants (RBMKs and WER-440/230s).

• Implement self-sustaining nuclear safety improvements. Our job is not to bring all the plants up to
international safety standards, but to put the host countries on a path where they can continue to do that
themselves.

The vision, within a decade, is that

• Soviet-designed plants are operated and regulated using internationally accepted practices.

• Safety is appropriately placed at the highest level of importance in design, operation, and regulation.

• The infrastructures, expertise, and resources exist in the host countries to enable active participation in
international nuclear safety work.

(a) The Strategy Document discussed here is included as Appendix E of this report. The report reflects
comments from reviews by the U.S. Department of Energy, U.S. Department of State, U.S. Agency
for International Development, U.S. Nuclear Regulatory Commission, U.S. General Accounting
Office, and the integrators for each of the key technology areas.
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7.2 Relationship to Other Key Documents

To put the Strategy Document in context, it helps to think of its relationship to other key documents.
The Strategy Document is at the highest level, giving a broad view with an eye toward the future, espe-
cially completion of the work. One level beneath the Strategy Document is the Program Plan, which gives
details about objectives, projects, schedules, and estimated funding required. Status reports, the most
recent of which was issued early this year, describe progress and achievements over time. The Perform-
ance Measurement report, which the U.S. Department of Energy will issue annually, measures the effec-
tiveness of the work. That report looks at how well we are achieving what we planned and how much
impact the work is having.(a)

Ideally, the results of the Performance Measurement report feed back into the Program Plan. The
intent is to step back and take an objective view of the work, to determine whether mid-course corrections
are needed. It is important to be willing to make changes based on the results of performance measurement.

7.3 Selecting Projects

Projects must meet three main criteria to achieve the mission and vision: impact on safety, cost-
effectiveness, and host country commitment and sustainability.

Impact on safety is the most important criterion. To measure impact on safety, the U.S. Department of
Energy relies heavily on independent reviews. Such reviews include those conducted by the International
Atomic Energy Agency to establish a prioritized list of key safety deficiencies at Soviet-designed reactors.
More recently, the U.S. Department of Energy also has measured safety impact using safety analyses and
risk assessments such as one done recently for Lithuania's Ignalina nuclear power plant. Such assessments
reveal which safety improvements have the greatest impact on safety. Another measurement of impacts is
how many plants are affected by the improvement, how far-reaching it is. Technology transfer activities
are necessary for achieving this broader effect.

Cost-effectiveness is a determination of the amount of benefit for cost incurred. This kind of evalua-
tion must be done with a broad view of all the projects and how they leverage off one another. For exam-
ple, a relatively high-cost project may nevertheless have a high cost-benefit ratio because it affects safety at
many other plants.

(a) To obtain copies of these documents, contact Nancy Jackson, Pacific Northwest National Laboratory,
at: P.O. Box 999, K7-74, Richland, Washington 99352. Phone is (509) 372-4679. Fax is
(509) 372-4411. E-mail is <najackson@pnl.gov>.
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Host country commitment comprises two factors: 1) the amount of money and resources the host
country is willing to commit to a particular project, and 2) its interest in the project, specifically, whether
the extent to which the host country feels the project meets an important need at the country's nuclear
power plants.

Sustainability must be addressed in each project by specifying how knowledge, methods, and capa-
bilities will be transferred to the host countries to build a lasting safety culture and infrastructure.

The technologies transferred usually are those that are in broad use in the international nuclear com-
munity, rather than specialized, proprietary technologies that companies are marketing for profit. Some-
times a joint venture or other cooperative business arrangement is the best approach, where the host
countries manufacture the product. In this way, the U.S. company does not incur costs of shipping a U.S.-
manufactured product to the host countries.

7.4 Strategy for Implementing Projects

Most of the projects rely on a pilot plant approach, where the technology first is demonstrated at a
particular plant and then extended to additional plants. Another key part of project implementation is
involvement by the regulatory organizations in the host countries. For projects to be successful and
sustainable, host country regulators must take a strong, ongoing oversight role.

7.5 Technical Areas and End Points

The work is grouped under six key technical areas, which are described below. Specific end points, or
desired conditions at the completion of U.S. work, are identified for each area.

• Operational safety focuses on improving management methods and procedures. One end point is that
the basic elements of operational safety are implemented at pilot plants by providing training, technol-
ogy, methodology, and equipment. Another end point is that the utility organizations and regulators
are provided the capability to develop guidelines and criteria to enable them to transfer the basic opera-
tional safety practices to the other plants in each host country.

• Training includes operator training on simulators as well as the use of the Systematic Approach to
Training. One end point is the development of pilot training centers and training courses with the sub-
sequent transfer of training methods to other plants. Another end point is that training simulators are
available for use at all the plant sites and staff are knowledgeable in using them.

• Maintenance involves maintaining safety-related equipment to ensure its proper operation. One end
point is that pilot plants have the training, technology, and equipment to implement an effective
maintenance program. Another end point is that utility and regulatory organizations have developed
guidelines and criteria to ensure the transfer of effective maintenance practices to the other plants.
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• Safety systems focus on alleviating major deficiencies through system upgrades. The end points are
for all plants to have corrected vital safety system deficiencies, for pilot plants to have performed a
detailed safe shutdown analysis for fire hazards, and for technology to be transferred to sustain appro-
priate system upgrades at all plants.

• Safety evaluations provide a safety basis for making sound decisions about reactor operations. The
end points are for selected plants to complete in-depth safety evaluations and for host country organi-
zations to have a sustainable infrastructure to perform internally accepted in-depth safety evaluations.

• Legal and regulatory capabilities encourage strong, independent legal and regulatory organizations
in countries where Soviet-designed reactors operate. The end points are for regulators to have the
necessary tools and information to perform regulatory oversight of U.S.-sponsored nuclear safety
projects, for key policy personnel to have been advised of the benefits of subscribing to nuclear safety
treaties and laws, and for host country organizations to have received training on safety and regulatory
requirements to operate large research reactors and fuel-cycle facilities.

The end points were developed with an eye toward balancing the need to reduce significant risks with-
out encouraging the extension of reactor lifetimes. Thus, the older reactors, which have safety deficiencies
inherent in their design, receive more safety upgrades to prevent accidents. Other technology areas, such
as training and safety parameter display systems, are applicable across all reactor designs. However, none
of the safety projects extends the plants' life-limiting components, such as the pressure tube interface with
graphite material in the RBMK reactor core. In addition, the U.S. contribution to the safety work is a
fraction of the resources the host country governments themselves apply to continue operating the reactors.
Thus, the comparatively small U.S. contribution of safety support is not the basis for the decision by the
host country governments to continue operating the plants. The host country representatives often have
stated that the plants must continue to operate to provide urgently needed heat and electricity, as well as
jobs, for surrounding communities.

7.6 Measuring Performance

Performance is measured in two ways. One is the traditional project management approach of setting
and achieving milestones for accomplishing key tasks. In this way, progress is measured by identifying the
milestones completed. However, progress is only a partial measurement because it does not indicate the
effect of the work. Therefore, a second measurement is necessary, which involves measuring the effective-
ness of the work. For each of the six major technical areas, one or more end points have been set, as des-
cribed in the previous section, "Technical Areas and End Points." The Strategy Document in Appendix E
of this report provides more detail about the goals, end points, and corresponding rationale for each tech-
nical area.

Effectiveness is measured by determining proximity to the goal in each technical area. These measure-
ments will be determined at least once per year and documented in an annual Performance Measurement
Report.
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8.0 Addressing Safety Issues at Chornobyl: An Overview

Speaker: Laurin Dodd; Manager; International Nuclear Safety Program Office; Pacific Northwest
National Laboratory

U.S. involvement at Chomobyl began formally with the December 1995 signing of a memorandum of
understanding between Ukraine and the G-7 countries. In that memorandum, Ukraine agreed to shut down
all its Chornobyl reactors by 2000. The G-7 agreed to provide $2.3 billion for efforts to

• help remediate current risks at Chornobyl nuclear power plant
• support Ukraine's move toward energy efficiency
• help alleviate socioeconomic impacts of ChornobyFs closure.

U.S. Department of Energy's activities under way at Chornobyl are helping to fulfill the U.S. commitments
based on that signing.

However, U.S. efforts there actually began months before the agreement with Ukraine was signed. In
1992, the G-7 had met and agreed to collaborate with Newly Independent States of the former Soviet
Union to reduce risks at certain Soviet-designed reactors. The U.S. Department of Energy subsequently
began working with various host countries to improve the safety of their Soviet-designed reactors. As part
of that endeavor, representatives of the U.S. Department of Energy met in June 1995 with Chornobyl plant
management to discuss ways in which they might work together to enhance safety at Chornobyl.

At first, the American delegation was met with cynicism tinged with suspicion. After all, nine years
already had passed since the 1986 Chornobyl disaster—and no one in the international community yet had
even offered, much less actually done anything, to help. The United States, represented by the U.S. Depart-
ment of Energy, the U.S. Department of State, and the U.S. Agency for International Development,
ultimately convinced the Ukrainians that the Americans were serious. Initial talks soon led to formal
agreements, and several safety-enhancing efforts were started at the Chornobyl plant itself.

Now, a year and a half later, much progress has been made in both safety-related enhancements and
relationships with the people of Chomobyl. U.S. Department of Energy's efforts there now are under way
in four primary areas:

• remediating safety risks at Chornobyl Unit 3 while it continues to operate

• cooperating with other nations to address and resolve safety issues at Chornobyl Unit 4 (the Shelter or
Ukrytie)
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• planning with Chornobyl staff for plant decontamination and decommissioning

• working with Ukraine to develop the Chornobyl Center for Nuclear Safety, Radioactive Waste and
Radioecology.

This work at Chornobyl is full of challenges. Perhaps one of the most overarching is the socioecono-
mic impacts of total plant closure.

Slavutych, about 65 kilometers (40 miles) east of the plant, was completed in 1988 to provide housing
and services for plant operating personnel. It replaces the town of Prypiyat, abandoned immediately after
the Unit 4 accident because of radioactive contamination. Slavutych and the 27,000 people who live there
depend entirely upon the Chornobyl plant for their economic well-being; the town has no other major busi-
ness. Furthermore, despite their overall high level of education, Slavutych residents remain relatively
immobile and isolated from the rest of the nation and the world. In the absence of alternative employment
opportunities, ultimate closure of ChornobyFs reactors guarantees adverse impacts on the local economy.

8.1 Fire Safety Upgrades at Chornobyl Nuclear Power Plant

Speaker: Mike Archdeacon; Bechtel National, Inc.

Bechtel has been providing fire protection upgrades for the host countries as part of the U.S. Depart-
ment of Energy's cooperative nuclear safety work since 1995. This discussion focuses on fire protection
upgrades under way at the Chornobyl plant. The Chornobyl plant has four reactor units, but only Unit 3 is
currently producing power. Unit 1 was shut down in November 1996. Unit 2 was closed after a turbine
hall fire in 1991. Unit 4 was the site of the tragic accident in 1986.

To determine what fire protection components the plant requires, Bechtel met with plant staff and
management. Then, in conjunction with the U.S. Department of Energy and Pacific Northwest National
Laboratory, the participants reached agreement on specific projects that meet the selection criteria. Fire
protection measures for Chornobyl Unit 3 include the following:

• fire doors
• fire detection systems
• penetration sealant materials
• fire-retardant cable coating materials
• floor coating materials to replace the existing plastic floor sheeting material
• fire protective coating materials for structural steel in the turbine hall
• fire brigade support.

Each of these items is discussed in more detail here.
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Chornobyl, like many older Soviet-designed nuclear power plants, has fire doors made of wood.
Bechtel and Pacific Northwest National Laboratory are working with a company in Kiev to manufacture
fire doors that are qualified to the International Standards Organization (ISO) standards. The contract for
this work also includes the design and installation of the doors. Two-hundred-fifty fire doors are sched-
uled to be delivered and installed later this year.

Existing smoke and heat detectors at Chornobyl often give spurious signals and are unreliable. There-
fore, modern fire detection systems were given a high priority. Bechtel has identified two U.S. companies
that are certified to supply fire detection components to the Ukrainian nuclear industry. Specifically, the
certification meets new regulations imposed by Ukraine on all materials since April 1996. Sample equip-
ment was sent to the Chornobyl plant for review. The plant is working with its design agency to begin the
design process.

Many penetrations at the Chornobyl plant either need replacement or were never properly sealed
during the construction phase. The plant has defined the quantities of material required to seal these pene-
trations and the schedule for the deliveries. Plant personnel have asked that material be delivered approx-
imately every six months, which gives them time to apply it incrementally before the shelf life expires on
any one batch. Bechtel has selected a U.S. supplier that will provide materials and will train staff to apply
them to seal penetration openings. The first shipment has arrived; subsequent deliveries will occur every
six months through September 1998.

Chornobyl was the first plant to ask about fire protective coating materials for structural steel roof
trusses. Chomobyl staff want to avoid an accident at Unit 3 such as the one that occurred in Unit 2 in
1991, in which the roof caved in after 15 minutes when the turbine caught fire. Because no U.S. supplier
could be found that was qualified to the Ukrainian standards to produce this material, Bechtel sought a
certified German manufacturer whose coating already has been applied to structural steel at some Russian
nuclear power plants. Negotiations are under way with a Kiev contractor to supply and install the material.

The operating deck levels of the turbine halls in many of the Soviet-designed nuclear power plants are
covered with a very thick plastic sheet material to allow simplicity of decontamination. Bechtel now is
working with a U.S. supplier to certify its product for use in Russian nuclear power plants. Ukrainian
representatives are witnessing the testing program for this material in Russia. Eventually, Bechtel hopes to
have the Ukrainian authorities evaluate the results of the Russian tests to allow use of the material in
Ukrainian nuclear power plants.

To upgrade the plant fire brigade, Bechtel is supplying modern fire suits and adjustable hose stream
nozzles. Germany already has supplied new breathing apparatus equipment, and Ukraine has supplied new
radio equipment for communications during fire emergencies.

In addition to the equipment and materials described here, it is important for the Ukrainians to acquire
the capability to identify and evaluate systematically potential fire hazards at their plants. Bechtel and
Burns & Roe, working with the U.S. Department of Energy, Pacific Northwest National Laboratory,
Brookhaven National laboratory, and other U.S. industry experts, have developed a fire hazards
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methodology document. This document, Reactor Core Protection Evaluation Methodology for Fires at
Soviet-Desisted Nuclear Power Plants®, is designed to enable plant personnel to assess fire hazards and
identify the most important and cost-effective changes in procedures and equipment. Brookhaven National
Laboratory is providing training for plant representatives, including Chornobyl, to use this methodology to
identify and rank fire hazards. Later this year, follow-up training will be provided at the pilot plant in
Russia (Smolensk) and the pilot plant in Ukraine (Zaporizhzhya).

8.2 Emergency Operating Instructions

Speaker: Mike Dans; Ciel Consultants, Inc.

Emergency operating instructions (EOIs) define actions that nuclear power plant operators must take in
an emergency to stabilize the reactor and mitigate consequences of an accident or other abnormal event.
Two types of EOIs are used in today's nuclear power plants: event-based and symptom-based.

Before the 1979 accident at Three Mile Island, event-based instructions were used at U.S. plants. The
EOIs for many Soviet-designed nuclear power plants still are of this type. Event-based instructions require
operators to first identify the cause of a problem, such as loss of power, before responding.

By comparison, symptom-based instructions enable faster and more effective decision making. These
instructions specify responses to changes in plant parameters, such as reactor pressure, water level, or
temperature. By responding to those changes, operators can stabilize a reactor without first having to
determine the underlying cause of the change. The time saved can prevent a disaster. Symptom-based
EOIs now are used at most U.S. plants and in plants of many other countries around the world.

Ciel Consultants, Inc., is a key member of the U.S. team working to transfer the technology for devel-
oping symptom-based EOIs to host countries with Soviet-designed reactors. In close cooperation with
managers of the Chornobyl nuclear power plant, Ciel is teaching procedures writers at that plant how to
produce symptom-based EOIs for the still-operating Unit 3 reactor.

Chornobyl staff interest in developing symptom-based EOIs for their plant began in late 1995, when
plant personnel toured an American nuclear power plant to observe how such instructions are implemented
in the United States. Chornobyl subsequently asked the United States for technical assistance with EOI
development.

(a) To obtain a copy of the report, Reactor Core Protection Evaluation Methodology for Fires at Soviet-
Designed Nuclear Power Plants, contact Rich Denning at telephone (614) 424-7412, fax
(614) 424-5601, or e-mail: <denning@battelle.org>.
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In March 1996, the U.S. team delivered state-of-the-art computer equipment and software to Chorno-
byl to support the EOI development process. Ciel began its collaboration with Chornobyl procedures
writers in June 1996 by traveling to Ukraine to introduce formally the concept and philosophy of symptom-
based EOIs. Ciel described the underlying concepts, provided a history of EOI development in the United
States, and outlined the elements of a symptom-based EOI program for Chornobyl personnel. Plant man-
agement subsequently created a development team to draft symptom-based EOIs for Unit 3.

The Chornobyl team, working closely with Ciel, has progressed quickly through most of the major
steps involved in the instruction development process. By mid-February 1997, the Chomobyl procedures
writers had

• Developed final drafts of flowcharts and underlying technical documentation for five EOIs.
• Created a writer's guide and obtained approval for its use.
• Developed the EOI program document and received approval.
• Designed the programs for verifying and validating the newly developed EOIs.

The Chornobyl procedures writers have drafted their plan for training plant operators to use the EOIs.
In addition, they have completed the support instructions in flowchart format for the Chornobyl EOIs.

In mid-February 1997, Ciel staff were onsite in Ukraine participating in an analytical workshop session
with the Chornobyl writers. During that session, they

• Reviewed the most current drafts of the EOI flowcharts, writer's guide, and associated technical
documentation.

• Reviewed and finalized the draft EOI support instructions.

• Finalized the plans and procedures for verification and validation.

• Trained the writers on techniques for validation scenarios.

• Reviewed the operator training program.

Ciel credits the rapid progress on this effort to the high level of commitment demonstrated by its
Chornobyl partners. Chornobyl management's contributions to the effort also have been a key factor. For
example, throughout this association, the Chornobyl procedures writers have shared the travel responsi-
bility associated with this collaboration by alternating trips to each others' countries with the Ciel consult-
ants. Based on past experience with this effort, Ciel representatives estimate that the EOI program for
Chornobyl will be implemented fully by the end of September 1997.
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8.3 An Overview of Projects at the Chornobyl Shelter

Speakers: Dennis Kreid; Pacific Northwest National Laboratory; and Jack Woods; Stone & Webster
Engineering Company

The Chornobyl accident in April 1986 destroyed the Unit 4 reactor, leaving 190 metric tons of highly
radioactive fuel in a twisted mass. To contain the contamination, plant personnel worked steadily for the
next seven months, constructing a massive steel and concrete structure over the devastated reactor.

The 20-story shelter (or Ukrytie, as the Ukrainians call it) is deteriorating. Moisture from rain, cleanup
work, and condensation has found its way inside and is slowly dissolving the fuel-containing masses into
radioactive dust, contributing to a potential criticality state. In addition, the shelter itself, erected partially
upon the damaged remains of the Unit 4 building, is unstable structurally; it also is sighted in an earth-
quake zone rated 4 to 5 on the Richter scale. These factors pose risks to workers assigned to shelter
cleanup activities.

Recognizing those risks, Ukraine and members of the international community have launched efforts
to improve the safety of shelter operations and to convert the shelter and damaged reactor into an ecologi-
cally safe system. The United States is supporting those efforts in two key ways:

• working with Ukraine to supply Chornobyl shelter workers with basic equipment to meet immediate
safety needs

• working with the international group to develop final solutions to the structural and other problems
with the shelter.

8.3.1 Chornobyl Shelter Safety Equipment Needs

The work to supply Chornobyl shelter workers with basic safety equipment began with an initial
assessment of shelter needs in May 1996. The U.S. team compiled a lengthy list.

It became readily apparent that workers involved in Chornobyl cleanup activities had some major basic
needs for certain kinds of safety improvements. Further, it also was obvious that neither the Chornobyl
plant nor shelter organization had the financial resources with which to obtain those improvements (equip-
ment or training).
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The U.S. team set out to make that needed equipment and training available to shelter workers. The
overriding criterion guiding the team's choices was that the equipment and training must yield immediate
or near-term, direct improvements in worker safety. After applying this criterion, the team chose four
emphasis areas:

• dose reduction
• nuclear (criticality) safety monitoring
• dust suppression
• industrial safety enhancements.

The dose reduction effort will provide equipment, training, and mentoring to improve worker radio-
logical protection and infrastructure. As part of this task area, the United States is providing shelter
workers with electronic dosimetry, dose-tracking software, and portable survey instruments. The radiation
protection technicians will receive standards-based training. Engineered controls and dose modeling
software will be provided. The U.S. team also located American supplies of excess calibration sources,
radiation-protection clothing, and respirators for the shelter workers. As of mid-February, deliveries of
approved equipment items had started and will extend through September 1997.

Under the nuclear criticality monitoring task, U.S. experts will install neutron monitoring equipment
inside the shelter. Eight detector pods will be provided for monitoring six key fuel-containing locations in
the shelter. The monitoring will help assess causes of observed changes in neutron activity levels, define
any measures that might be required to mitigate those changes, and help ensure worker safety. System
delivery is expected by July 1997. The data collected with the system will provide a basis for assessing
longer-term needs for criticality monitoring in the shelter.

The dust suppression equipment is intended to improve radiological conditions inside the shelter. The
United States will provide three airless sprayer units; those units already have been purchased. Shelter
cleanup workers will use the portable self-contained sprayers to apply decontamination solution and fixa-
tives in shelter periphery access ways and support areas. Efforts funded by the Chornobyl shelter are
directed at developing a system for dust suppression in the event of a major shelter structural failure.
Workers plan a demonstration test of a Russian-developed foam product, EKOR, for application in severe
dust conditions.

Equipment for industrial safety also is being purchased. Basic items such as hard hats, fall-protection
devices, and lightweight tools are expected to yield immediate improvements in worker safety. Much of
the equipment on order, such as jackhammers, compressors, drills, and saws, is to provide improved access
ways and support areas in the shelter peripheries and to provide access to areas inside the shelter not yet
entered since the 1986 accident.

The U.S. Department of Energy has approved the purchase of all safety equipment mentioned above.
Most of that equipment is on order already; delivery of all will be complete by the end of September 1997.
In addition, Chornobyl shelter staff have expressed needs for thermoluminescent dosimetry systems,
respirator cleaning and testing, and additional training in dose reduction techniques. A steam-water
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vapor-vacuum surface cleaner for dust suppression also is on Chornobyl's list. Shelter staff have requested
communications equipment (e.g., two-way radios) for use inside the shelter. The U.S. team has sought
approval to purchase those items for delivery to the shelter as well. Availability of these items will further
develop the shelter infrastructure capabilities for support of the larger forthcoming tasks.

U.S. efforts to make available these types of safety equipment to Chornobyl shelter workers have
provided a head start to the European Commission's proposed implementation of short-term measures for
the shelter.

8.3.2 International/European Commission Shelter Project Task Descriptions

In May 1996, the United States became involved in an international effort to develop design solutions
to structural problems at the Chornobyl shelter enclosing Chornobyl's destroyed Unit 4 reactor. At that
time, U.S. technical staff were primarily observers to the work being done by the European Commission.
However, between May and August, the U.S. role expanded significantly to that of leader in the effort.
The United States arranged to provide the commission with technical help from industry experts in engi-
neering, project management, and costing and scheduling. U.S. industry participants include Stone &
Webster Engineering Company, Bechtel National, Parsons Power Group, Science Applications Interna-
tional Corporation, and Scientech.

The commission's long- and short-term measures project ended in October 1996. The group's recom-
mendations were presented in a draft report delivered at the same time. In all, 23 measures were proposed,
representing a composite of the best ideas from all alternatives or scenarios considered for the shelter.

In December 1996, the European Commission presented its recommendations to the G-7 and Ukrainian
officials at meetings in Slavutych. Those recommendations met with only partial acceptance. Immediately
following those meetings, the U.S. International Shelter Project working group was formed. Participants
include the industry representatives mentioned above plus technical experts from two U.S. Department of
Energy national laboratories. The working group's charge is to complete detailed cost and schedule esti-
mates for the European Commission's recommended measures and to identify those that can be started
promptly. The outcome of these activities will help determine the proportion of support to be pledged by
each G-7 country on behalf of the Chornobyl shelter work.

In addition to the European Commission, G-7 countries, and the U.S. working group, many host
country organizations in Ukraine and Russia play active roles in the efforts to resolve outstanding safety
issues at the Chornobyl shelter. From Ukraine, these organizations include the shelter operations depart-
ment of Chornobyl nuclear power plant, NIISK (the Ukrainian Academy of Engineering Sciences, i.e., the
Ukrainian construction institute), the Ukrainian Academy of Sciences Interdisciplinary Scientific and
Technical Center - Shelter, and the technical center of the Nuclear Regulatory Agency, Ukrainian Ministry
of Environmental Protection and Nuclear Safety. Russian organizations involved in Chornobyl efforts are
the Khlopin Radium Institute and VNIPIET (All-Russian Planning and Design, Research and Technolog-
ical Association) in St. Petersburg and the Kurchatov Institute in Moscow.
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8.3.3 European Commission Project Results and Short-Term Measures

The European Commission began its Chornobyl Shelter Project in 1992 with an international com-
petition aimed at eliciting design solutions for the disintegrating Chornobyl shelter. From a field of
400 design submissions, the commission selected eight for further investigation. In July 1995, that effort
resulted in a design known as the Alliance Shelter 2. However, because of the high costs and massive size
of the Alliance design, it was rejected. In May 1996, the European Commission began another interna-
tional effort, this time to determine alternatives to the Alliance design and to recommend one that would
resolve the safety issues at the Chornobyl shelter.

As part of the U.S. Department of Energy's efforts to improve the safety of Soviet-designed reactors,
several U.S. staff became involved with the European Commission work, primarily as observers. By early
August 1996, however, those specialists were asked to organize a team of U.S. industry experts to support
the commission's efforts to develop a reasonable alternative for the Chornobyl shelter. The newly formed
U.S. working group comprised specialists from Stone & Webster Engineering Company, Bechtel National,
Inc., Parsons Power Group, Inc., Science Applications International Corporation, and Scientech.

The U.S. working group directive was to help the European Commission develop a technically sound
solution to the issues at the Chornobyl shelter and to assist in generating cost estimates from which to
develop a financially feasible budget for implementing the solution. The approach taken by the team was
to evaluate five scenarios or courses of action and to arrive at a recommended course of action for the
commission.

The U.S. working group studied five alternatives:

1. Do nothing; continue current situation.

2. Define and implement short-term measures; continue active risk management as a long-term measure.

3a. Build a small shelter around the existing shelter; proceed to early removal of fuel-containing debris.

3b. Build a long-lived shelter to contain and confine the existing shelter in case it collapses; proceed to
removal of fuel-containing masses when appropriate.

4. Contain and confine the entire shelter with a long-lived earth shelter; proceed to remove fuel with
heavy equipment if required.

5a. Shield, stabilize, and contain the shelter with cementitious material and confine the fuel-containing
masses with a long-lived shelter. Proceed to fuel removal when appropriate.

5b. Shield, stabilize, and contain the shelter with cementitious material. Keep the fuel-containing masses
in place. Proceed to removal if required.
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Based on the evaluation, the U.S. working group is recommending both short- and long-term meas-
ures. That recommendation incorporates the best features of each of the five scenarios the team examined.
The recommendation comprises four primary activities:

• Reduce the potential for accidental collapse of the existing shelter.

• Reduce the consequences of accidental release of contamination.

• Manage the fuel-containing material inside the shelter; manage the radioactive material in and around
the shelter.

• Increase the safety of current shelter operating conditions.

Of those four activities, the team's primary emphasis was on stabilizing the structure of the existing shelter
to reduce the potential for accidental collapse.

Each of the four activities involves both short- and long-term measures. The short-term measures will
reduce the current hazards and risks, making the existing shelter safer than it is now. The longer-term
measures will make the shelter safe by lowering the risks and hazards to levels considered to be reasonable,
achievable, and tolerable and by ultimately removing the fuel-containing material now inside.

The course of action recommended by the U.S. working group involves a multi-year effort to be done
in three phases. The proposed timeline for implementing the recommended action shows Phase 1 begin-
ning in 1997 with the implementation of 17 short-term measures in four categories:

• structural stabilization
• monitoring
• nuclear safety
• industrial and environmental safety.

Phase 2 entails preparing the shelter for long-term conversion. The U.S. working group has agreed
that those preparations include shielding and controlled access, which should proceed in parallel with the
short-term measures of Phase I. Also being discussed are construction of a new confinement structure,
deconstruction/removal of unstable pieces, and possibly partial removal of fuel-containing material. No
decisions have been made on these last three items, however. The schedule projected for Phase 2 extends
through 2025.

In Phase 3, the shelter would be converted into an ecologically safe site, some time after the year 2025.
Specific tasks in this phase would include replacing the existing structure with one that meets all criteria
for ecological safety. Phase 3 also encompasses removal of all remaining fuel-containing material when
Ukraine is ready to do so.
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The U.S. working group calculated the costs for each of the five scenarios (and subsets) evaluated
during this study. The estimated costs range from a low of (U.S.) $180 million for implementing only the
short-term measures to $424 million for a new structure consisting of cementitious fill coupled with bridge
confinement. On the basis of estimated costs alone, no single long-term structural solution is the clear
winner.

In retrospect, the U.S. working group's participation in the European Commission study helped steer
the commission away from choosing a single alternative with which to resolve the shelter issues. Instead,
the working group guided the commission toward the emplacement of short-term measures as a way to
"jump-start" the work while preserving design options for the later phases of the work. The four projects
already under way at the shelter as part of the U.S. effort to improve worker safety—dose reduction,
nuclear criticality monitoring, dust suppression, and industrial safety equipment enhancements—are
congruent with short-term measures recommended by the European Commission's original study.

8.3.4 In Summary

U.S. involvement in the International Shelter Study has facilitated great progress in meeting the safety
challenges posed by the Chornobyl shelter. However, much work remains to be done to fully meet those
challenges. For that reason, the effort is now best described as "a work in progress."

8.4 Chornobyl Reactor Deactivation, Decontamination,
and Decommissioning Project - Concept, Status,
and Path Forward

Speaker: Tom Wood; Pacific Northwest National Laboratory

The objective of the work is to support the orderly deactivation, decontamination, and decommission-
ing (D,D, &D) of reactor Units 1,2, and 3 at Chornobyl, consistent with timely reactor shutdown, regional
economic stability, and operating safety. The work is aimed at developing a sound technical and regula-
tory basis for D,D, &D activities for RBMK reactors on an international basis. (RBMK reactors operate in
Russia, Ukraine, and Lithuania.) In addition, the project is intended to foster development of the capability
for D,D, &D planning and implementation within the Chornobyl nuclear power plant and the Chornobyl
Center for Nuclear Safety, Radioactive Waste and Radioecology. The D,D, &D project was initiated early
this fiscal year based on Ukraine's decision to close Chornobyl Unit 1 earlier than planned because of
problems with pressure tube integrity.

The U.S. Department of Energy previously was involved with a study for D&D planning for reactor
Unit 1 at the Leningrad nuclear power plant. From that work, it became apparent that the Russian regu-
latory basis for decommissioning RBMK reactors was insufficient and that the situation likely would be
similar in Ukraine. This fact, in addition to the difficulties with operating the Chornobyl site and the
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overall safety infrastructure in the Ukrainian nuclear industry, pointed to the need for U.S. technical
support for Chornobyl D,D, &D. The work demonstrates the willingness of the United States to support
Ukraine in solving a challenging problem that is critical to shutting down the reactors by 2000. In addi-
tion, early involvement of the United States was determined to be critical to building Ukrainian capabilities
in D,D, &D as soon as possible.

Initial work in FY 1997 focused on three tasks:

• Transfer awareness of U.S. D,D, &D technologies and processes to senior Chornobyl and Ukraine
regulatory management.

• Conduct a survey of Unit 1 readiness and resources for deactivation. This survey was conducted in
February 1997 by engineers from Bechtel Hanford Company and Pacific Northwest National
Laboratory.

• Clarify risk reduction benefits of deactivation steps. Closing and achieving adequate cleanup of
nuclear sites is part of an overall responsible nuclear safety culture that the United States is working
with Ukraine to create.

The project concept is to transfer U.S. technology in a three-step process:

• Familiarize personnel with D,D, &D technology used at U.S. Department of Energy sites and
commercial reactor sites.

• Select promising technologies for Chornobyl.

• Conduct testing and demonstrations of technologies, as well as associated training, at Chornobyl.

In support of building a sustainable safety culture and capabilities in Ukraine, the guiding principle of
the work is to maximize the work done by Ukrainians. The intent is to build a D,D, &D technical capa-
bility within the Chornobyl plant organization that can be applied at Chornobyl as well as at other nuclear
power plants in Ukraine. This goal is accomplished by defining regional D,D, &D skills early to enable
Chornobyl officials to plan the necessary labor force and by providing U.S. technology and supplies as
training resources.

Proceeding soon with D,D, &D has economic and safety incentives. Some 6,500 staff continue to
work at Chornobyl, though Unit 3 is the only reactor now operating. The longer the shut-down reactors
remain in their current status—without proceeding with deactivation—the greater the risk that highly
qualified nuclear experts could leave to apply their skills elsewhere. However, the skills of some of those
staff could be put to productive use in D,D, &D as soon as training can proceed. The safety incentives
stem from the same situation. Though reactor Units 1 and 2 are not operating, they share electrical and fire
protection systems with operating Unit 3. Therefore, it is important that qualified staff are retained to
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maintain systems at all the reactors until deactivation proceeds. The longer the fate of the reactors is
undecided, the greater the risk that those staff will leave, thus potentially increasing safety risks.

Despite the benefits of moving ahead with D,D, &D, several challenges are associated with the work.
The activities can be complex and costly. Significant nuclear safety issues associated with the shutdown of
RBMK reactors will need to be resolved. The key issues have to do with the extent of decontamination
necessary to minimize worker radiation doses, minimize the amount of resulting liquid waste, and control
future environmental contamination. The regulatory framework for D,D, &D is just emerging in Ukraine;
the nation's regulatory organization currently consists of only 70 people.

Though Ukraine has agreed in principle to shut down the Chornobyl reactors by 2000, no implemen-
tation plan yet exists to do so. In 1995, the British-based company AEA Technologies prepared a report
commissioned by the European Union called Preparation of Decommissioning Operations for the RBMK
Reactors No's 1, 2, and 3 at Chernobyl. However, the report represents a vision of the decommissioning
outcome rather than a plan to implement it.

Chornobyl plant officials have expressed interest in moving ahead with D,D, &D work and proposed
the following deliverables for a joint project:

• a comprehensive radiological and structural engineering survey of Unit 1

• a safety assessment report and detailed decommissioning work plan for Chornobyl to support the
Chornobyl license application for the D,D, &D phase

• background research on issues relevant to these documents, including a study of alternative techniques
for cooling pond decommissioning.

With limited resources by both countries, the work must be prioritized. It is expected that in FY 1997,
work can be completed on developing the requirements for the engineering survey and for the safety
assessment report, and for defining options for the cooling pond. Also this year, U.S. participants will
transfer software and data to the Chornobyl Center for Nuclear Safety, Radioactive Waste and Radio-
ecology, in preparation for the D,D, &D work. The software, developed by Pacific Northwest National
Laboratory, will enable Chornobyl staff to estimate costs for reactor decommissioning activities and assess
the radiological and chemical risks associated with various decommissioning options. If the proposed
work moves ahead as planned, the remaining work in the joint project is expected to be completed in
FY 1998 and 1999. The results of that work will determine the scope of future U.S. involvement.

A particular area of importance related to Chornobyl D,D, &D and plant safety is its heat plant. An
existing 70-MWt heat plant is operating at Chornobyl. The heat plant provides heat to help keep the
reactor in a safe standby mode when it is not operating. Thus, a reliable heat plant is needed to support
deactivation activities. In addition, the heat plant provides a safety benefit for the operating Choraobyl
Unit 3 reactor if it should need to be shut down in an emergency, by keeping the reactor coolant from
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freezing and breaking the pipes. Pipe leaks would cause release of radioactive materials. In addition, a
frozen cooling loop could prevent heat surrounding the reactor core from escaping, which could lead to a
core meltdown.

The existing heat plant cannot meet the total site demand, and the thermal energy requirements of
D,D, &D efforts will be even higher. In addition, the reliability and remaining life of the existing heat
plant are limited. To alleviate the situation, it may be possible to increase the capacity of the existing heat
plant by adding new boilers. Another option is to complete a partially constructed replacement plant at
Chornobyl that was put on hold because of lack of Ukrainian resources to complete it. In the short term,
the United States has committed to providing Ukraine with technical assistance in identifying options for
providing adequate heat at the site. U.S. officials are discussing potential further U.S. involvement with
plant management. A decision about work scope is expected to be reached in mid-1997.

8.5 Chornobyl Center for Nuclear Safety, Radioactive Waste and
Radloecology: U.S. Perspective

Speaker: Roger Anderson; Pacific Northwest National Laboratory

The driving force behind establishment of the Chornobyl Center for Nuclear Safety, Radioactive
Waste and Radioecology was a need to develop the institutional capacity, indigenous to Ukraine, to
provide scientific support to the Ukrainian nuclear industry.

The center's move from concept to reality was accomplished in a little more than one year. In May
1995, Ukraine's President Kuchma and U.S. President Clinton stated their shared intent to establish an
international center to address the issues at Chornobyl. From June through August 1995, representatives
of Ukraine's nuclear regulatory agency Ministry for Environmental Protection and Nuclear Safety, the
Chornobyl nuclear power plant, and the United States cooperated in preparing a preliminary development
plan. In December 1995, the Chornobyl Center was included in the G-7 Action Plan addressing Chorno-
byl closure. Then, in April 1996, President Kuchma signed a decree to establish the center and named
Dr. Valery Glygalo as the center's coordinating director. At the same time, Ukraine and the United States
signed a Memorandum of Understanding outlining support for the creation of the center. The most recent
milestone in the center's development history occurred in January 1997, when the Chornobyl nuclear
power plant signed a protocol to establish a Chornobyl Center subsidiary, the Slavutych Laboratory for
International Research and Technology. That protocol also contained commitments for initial facilities and
staffing. Most significant was the plant's agreement to transfer Mr. Anatoly Nossovsky from Chornobyl to
the center to serve as center deputy to Dr. Glygalo. This agreement reflects the outstanding support of
Chornobyl nuclear power plant for the center concept.
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That original concept was underlain by five key objectives:

1. to develop sustainable operational safety programs that support Ukrainian nuclear power plants

2. to help develop and maintain in-country expertise in nuclear sciences

3. to address decontamination and decommissioning, spent fuel, and waste management issues at
Chornobyl and elsewhere in Ukraine

4. to provide a means for international collaboration in addressing environmental, ecological, and health
issues for those areas affected by the 1996 accident

5. to help mitigate the socioeconomic impacts associated with the ultimate shutdown of the Chornobyl
nuclear power plant.

The main emphasis throughout these objectives is the concept of "sustainability." The Ukrainian and
U.S. partners working to bring the center concept to reality intended to create an institution eventually able
to sustain itself without outside assistance.

The intent is that the center will develop relationships with other sources of technical expertise from
around the world as well as from within Ukraine, thus becoming a truly international partnership. Such
collaborations will create the potential for research and development spinoffs, as well as encourage
contracts with other service providers. These activities, in turn, will enhance the center's position as a
source of direct employment for Ukrainian scientists.

Although still new, the center already is attracting participants and attention from the international
community. Dr. Glygalo serves as an advisor on two projects that Canada has initiated in Ukraine. France
and Germany, through the RiskAudit firm in Kiev, have begun joint projects also involving Russia and
Belarus. Italy has announced its commitment to provide $3 million in financial support to the center.
Potential collaborative efforts with the United Kingdom and Japan are being explored. Many other
countries around the world have extended formal expressions of interest in doing work with the center.

The United States is playing a key role in establishing the Chornobyl Center as a viable, sustainable
entity. As part of the U.S. Department of Energy's effort to improve international nuclear safety, U.S.
specialists are involved with the center on three main fronts: management support, infrastructure
development, and joint projects.

The U.S.-provided management support ranges from helping to plan for center development to assist-
ing with center outreach and integration activities. U.S. scientist Bryan Gore has been on assignment in
Slavutych since May 1996, working closely with key representatives of Ukrainian agencies and the
Chornobyl nuclear power plant on plans for center development. Other U.S. experts will provide training
in research and development management techniques to staff of the new center in the coming months.
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The United States also is supporting the center's efforts to develop its infrastructure. A key piece of
that infrastructure is the state-of-the-art telecommunications system installed recently in Slavutych. The
system offers satellite-based voice, fax, and high-speed data transmission between the center's offices and
U.S. Department of Energy sites and other sources of interaction and assistance in the United States. The
addition of videoconferencing capability is being planned now. Another important constituent of the
center's developing infrastructure is a facility for acquiring and processing nuclear data for use in safety
and radiological assessments. U.S. experts have provided sophisticated computer programs and equipment
to enable the center to access specific data sets and information available electronically outside Ukraine.
Help with office space and basic equipment also is being provided.

In line with the objective to establish the center as a sustainable entity, the United States already has
initiated several technical projects with center staff in Ukraine. Among those is an analysis of hazards
posed to Chornobyl Unit 3 by the shelter surrounding the destroyed Unit 4.(a) The analysis results are
undergoing technical peer review. In another joint effort, U.S. and Ukrainian researchers will develop a
plan for managing Ukraine's spent nuclear fuel. U.S. specialists are providing training and technology
transfer as part of the planning for ultimate D,D & D of the Chornobyl nuclear power plant. Center and
U.S. researchers also are working on an assessment of needs at the Chornobyl plant and shelter for three-
dimensional modeling. An assessment of robotics technologies for potential use in shelter activities also is
planned.

The immediate next steps in center establishment are facilities renovations (to provide permanent
office space), staffing, management training, and international coordination and integration. Center
research staff will comprise personnel transferred from Ukrainian government agencies and from the
Chornobyl nuclear power plant. On March 1, the plant transferred 10 to 15 highly qualified personnel to
the center. The United States will provide various types of training to those staff—management of research
and development organizations and projects, administrative functions, and English language skills. U.S.
experts also will assist the center's efforts to coordinate and integrate with the international nuclear
community through informal information-sharing.

Looking ahead a little farther, we envision that the Chornobyl Center will collaborate with others in
several major project areas:

• operational safety and radiological protection training (at both Chornobyl nuclear power plant and
other sites in Ukraine)

• shelter monitoring, stabilization, and cleanup

• Chornobyl nuclear power plant closure and decommissioning

(a) A summary report on this effort is available on the Internet at http://insp.pnl.gov:2080. Look under
the category "Reports," then "Technical Reports."
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• development, demonstration, and use of new technologies - In this area, the center could develop a test
bed facility in which purveyors of waste management and remediation technologies could test their
products under monitored and controlled conditions.

U.S. commercial firms and contractors involved in U.S. Department of Energy's international nuclear
safety activities are urged to consider how they can use the Chornobyl Center. The center's long-term
success as an indigenous, sustainable research institute is dependent upon such collaborations. The center
offers many possibilities for joint work; some suggestions include the following:

• Identify and establish scientific support roles for the Chornobyl Center in implementing the short-term
measures at the Chornobyl shelter.

• Engage the center in data acquisition and characterization tasks to build information management
resources and credibility.

• Create opportunities for center participation in commercial tenders and technology development
ventures, to further the sustainability objective.

• Establish twinning relationships with center staff members to enhance business management and joint
technical development capabilities.

• Participate in funding facility renovations and equipping of offices and laboratories for the center.

• Consider participating in developing a multipurpose facility for technology testing and demonstration.

To discuss ideas for future collaborations with the Chornobyl Center, contact Roger Anderson, Pacific
Northwest National Laboratory, telephone (206) 528-3300, facsimile (206) 528-3552, or e-mail
<andersrg@battelle.org>.
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9.0 Status of Action Items from the May 1996
Contractor Information Exchange

Action Item

Develop methods for stronger regulatory
involvement in training and other projects.

Create a platform for sharing information about
deliverables and data. Such information will be
compiled and made available to participants via
the Internet site and other avenues.

Status

To help provide host-country regulatory organizations with
the tools and information necessary to perform regulatory
oversight of U.S.-sponsored nuclear safety projects,
ongoing and new projects have included

- working with host-country regulators to develop guid-
ance for reviewing and approving symptom-based
emergency operating instructions. This work also will
provide a foundation for more focused and effective
regulation of other operational safety activities such as
training and simulator development.

- working with Russian regulators to develop guidelines
for developing probabilistic risk assessments

- providing training to Ukrainian regulators in prepara-
tion for licensing the dry cask storage system for spent
nuclear fuel at the Zaporizhzhya nuclear power plant.
U.S. specialists have provided Ukrainian regulators
with training in computer codes for safety analysis and
have transferred the actual computer codes. In addi-
tion, training was provided in the regulation of spent
fuel transportation.

- providing training to Russian regulators in areas such
as emergency preparedness, quality assurance, safety
analysis, and event reporting and analysis

- working with Ukrainian regulators, in support of the
State Department and in collaboration the U.S. Nuclear
Regulatory Commission, to establish a supplemental
funding convention for nuclear liability.

Hard copies of deliverables are available through the
Resource Center Assistant, Nancy Jackson, at
(509) 372-4679, or E-mail: najackson@pnl.gov

Abstracts of deliverables are being prepared for placement
on the Internet home page. Participants will be notified
when the abstracts are available electronically.
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Action Item

Develop better methods for scoping and selecting
projects, to obtain the most useful results that can
be leveraged for maximum impact.

Prepare a plan for more effective technology
transfer. This includes convening a working
group to focus on technology transfer and
publishing technology transfer successes.

Document successes on a regular basis.

Status

Project selection criteria now are formalized. A summary
of the criteria and process for project selection appears as
Appendix H in the report, "Improving the Safety of Soviet-
Designed Nuclear Power Plants," November 1, 1996, Status
Report, published by the U.S. Department of Energy's
Office of Nuclear Energy, Science and Technology. For a
copy, contact Nancy Jackson at the phone or fax number
given on the previous page.

In summary At the May 1996 Contractor Information
Exchange meeting, an ad hoc working group was
established to identify ways to improve technology transfer.
That group developed a "white paper" on tech transfer
mechanisms. At the quarterly program meeting in July
1996, the technology integrators were asked to evaluate
technology transfer in their specific areas, using the white
paper as a stimulus for that review. The technology inte-
grators then identified specific areas requiring enhancement
to optimize technology transfer. The result of that review is
summarized in a revised draft white paper, Enhancing
Technology Transfer in DOE's International Reactor Safety
Projects. The paper, which appears in Appendix D of this
report, should be viewed as a status of, rather than a
program plan for, technology transfer. See Section 6.0 of
this report for more details on technology transfer projects
underway.

PNNL has excerpted "success letters" from contractors and
other participants in the revised Status Report. Other
successes are being documented in technology fliers and
under the "news" category of the Internet site.
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REVISED AGENDA
Contractor Information Exchange

Improving the Safety of Soviet-Designed Nuclear Power Plants
DoubleTree Park Terrace Hotel

1515 Rhode Island Avenue, N.W.
Washington, D.C. 20005

TUESDAY, FEBRUARY 18, 1997

5:30 p.m. Reception, State Room

WEDNESDAY, FEBRUARY 19,1997

8:00 a.m. Continental breakfast and registration, Terrace Ballroom

8:30 a.m. Terrace Ballroom (Facilitator: Doug Brookman)

Welcome, meeting preview, and
follow-up from prior information
exchanges

Direction of U.S. activities, recent
developments and accomplishments

The future of U.S./Ukraine and
U.S./Russia Vice-Presidential
Commissions

FY1997 budget

Department of State perspectives on
international nuclear safety

Laurin Dodd, Pacific Northwest
National Laboratory (PNNL)

Kristen Suokko, U.S. Department of
Energy (DOE)

Kristen Suokko, U.S. DOE

Dan Giessing, U.S. DOE

Carol Kessler, U.S. Department of
State

11:00 a.m.

11:15 a.m.

Break

Terrace Ballroom

Contracting/labor rates/payments

Technology transfer

Jeff Ace, PNNL

Rich Denning, PNNL
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11:45 a.m. Session Topic - Objectives and Strategies, Rich Reister, U.S. DOE

Description: Review of objectives and strategy for completion

• Objectives, work to be done to achieve them, and end points - conditions at nuclear
power plants and nuclear agencies in former Soviet Union countries when work is
completed

• Where we need help
• Funding needs for work completion
• Measurement of progress and performance

12:30 -1:45 p.m. Lunch, Terrace Ballroom

1:45 p.m. Panel Discussion: Chornobyl Initiatives (Facilitator: Caroline Chamblin)

Description: DOE's activities to address safety problems at Chornobyl

Chornobyl overview

Fire safety upgrades

Emergency operating instructions

Shelter overview
Safety needs/projects
European Commission
project results
Short-term measures
Shelter working group
activities

Decontamination and
decommissioning

The Chornobyl Center for Nuclear
Safety, Radioactive Waste and
Radioecology

Mike Archdeacon, Bechtel National,
Inc.

Mike Daus, Ciel Consultants, Inc.

Dennis Kreid, PNNL
Dennis Kreid
John Woods, Stone & Webster
Engineering Corporation
John Woods
Dennis Kreid

Tom Wood, PNNL

Roger Anderson, PNNL

4:30 p.m. Meeting Wrap-up

4:45 p.m. Meeting adjourned
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Contractor Information
Exchange - Attendees

February 19,1997

Sten Caspersson
ABB-Combustion Engineering
2000 Day Hill Road, MS: 9354-0406
Windsor, CT 06095-0500
Phone: (860)285-9367
Fax: (860)285-3564

Ken Fenn
American Technologies, Inc.
142 Fairbanks Road
Oak Ridge, TN 37830
Phone: (423)481-4844
Fax: (423)481-4850

Erika Nobel/Kevin Hendzel/Randy Morgan
ASET International
2009 N 14th Str., Suite 214
Arlington, VA 22201
Phone: (703)516-9266
Fax: (703)516-9269

Paul Childress
Babcock & Wilcox Environmental Services,
Inc.
2220 Langhorne Road, P.O. Box 10548
Lynchburg, VA 24501-0548
Phone: (804)948-4845
Fax: (804)948-4635

Mark Morton
Bechtel Hanford, Inc.
3350 George Washington Way
Richland, WA 99352
Phone: (509)373-5900
Fax: (509)373-4509

Mike Archdeacon
Bechtel National Inc.
8400 Westpark Drive, Suite 501
McLean, VA 22102-3522
Phone: (703)448-3940
Fax: (703)448-2084

James Sundergiil
Bechtel National Inc.
8400 Westpark Drive, Suite 501
McLean, VA 22102-3522
Phone: (703)448-3940
Fax: (703)448-2084

Doug Brookman
Brookman-King
611 Frederick Rd., Suite 202
Catonsville, MD 21228
Phone: (410)719-0580
Fax: (410)719-0581

Joseph Sudol Jr.
Burns & Roe, Co.
800 Kinder Kamack Rd.
Ordel, NJ 07649
Phone: (201)986^260
Fax: (201)986-4210

Caroline Chamblin
Chamblin & Associates
15 Bentridge Court
Potomac, MD 20854
Phone: (301)294-0439
Fax: (301)294-8161
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Michael C. Daus
CIEL Consultants, Inc.
955 DolanRoad, P.O. Box 1110
Rathdrum, ID 83858
Phone: (208)687-1601
Fax: (208)687-0604

James G. Burritt
Consultant, PNNL
1821 Upper James Court
Virginia Beach, VA 23454
Phone: (757)481-1365
Fax: same as phone

Rick Bonsall
Duke Engineering & Services
400 S. Tryon St., P.O. Box 1004
Charlotte, NC 28201
Phone: (704)382-3296
Fax: (704)382-8770

Carl Newcomb
EFCO USA, Inc.
1611 Telegraph Ave., Suite 1600
Oakland, CA 94612
Phone: (800)332-6872
Fax: (888)332-6872

Omer Brown
Gallo Brown and Ross, LLP
1250 Eye St., N.W. #302
Washington, DC 20005
Phone: (202)842-4711
Fax: (202)842-0576

Butch Colby
General Physics Corporation
1991 Centennial Ave., Suite 100
Aiken, SC 29803
Phone: (803)649-0515
Fax: (803)649-3017

Dennis Earls
General Physics Corporation
1991 Centennial Ave., Suite 100
Aiken, SC 29803
Phone: (803)649-0515
Fax: (803)649-3017

Gill Grady
GSE Power Systems, Inc.
8930 Stanford Blvd.
Columbia, MD 21784
Phone: (410)312-3604
Fax: (410)312-3511

Nim Evatt
Liberty Technologies, Inc.
555 North Lane
Conshohocken, PA 19428
Phone: (610)834-0330
Fax: (610) 834-0346

Mark Pittman
Liberty Technologies, Inc.
2410 Charles City Road
Richmond, VA 23231
Phone: (804)226-2165
Fax: (804)222-4816

George Sandora
Machine Tech
2988 E. 24th Road
Marseilles, IL 61341
Phone: (815)795-6818
Fax: (815)795-6535

William Rueb
Morrison Knudson Corporation
MK-Fergeson Plaza
1500 West 3rd Street
Cleveland, OH 44113-1406
Phone: (216)523-5911
Fax: (216)523-5271
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William Vitale
ORISE
1019 19th Street, N.W., Suite 700
Washington, DC 20036
Phone: (202)955-3639
Fax: (202)955-1056

Daniel Curry
Parsons Power Group, Inc.
2675 Morgantown Road
Reading, PA 19607
Phone: (610)855-2366
Fax: (610)855-2190

Raymond Pearsall
Parsons Power Group, Inc.
2675 Morgantown Road
Reading, PA 19607
Phone: (610)855-3374
Fax: (610)855-2038

Ralph Block/George Tooley
Promatec, Inc.
15926 Cypress N. Houston, Suite 150
Cypress, TX 77429
Phone: (713)373-4040
Fax: (713)256-2694

Mehdi Sarram
Raytheon Engineers & Constructors, Inc.
3 Bethesda Metro Center
Bethesda, MD 20814
Phone: (301)961-4899
Fax: (301)659-9776

Michele Pedro/Michael Launer
RussTech
320 Williams Str.
Tallahassee, FL 32303
Phone: (904)561-0181
Fax: (904)561-1121

Michael Donovan
SCIENTECH, Inc.
910 Clopper Road
Gaithersburg, MD 20878-1399
Phone: (301)258-2545
Fax: (301)258-2589

Sergey Katsenelenbogen
SCIENTECH, Inc.
910 Clopper Road
Gaithersburg, MD 20878-1399
Phone: (301)258-2515
Fax: (301)258-2589

Doug Knight
SCIENTECH, Inc.
910 Clopper Road
Gaithersburg, MD 20878-1399
Phone: (301)258-2472
Fax: (301)258-2463

Daniel Rees
SCIENTECH, Inc.
1303 S. Central Ave., Suite 202
Kent, WA 98032
Phone: (206)852-9070
Fax: (206)852-3869

Michael Stamatelatos
SCIENTECH, Inc.
191 Calle Magdalena, Suite 290
Encinitas, CA 92924
Phone: (619)436-1131
Fax: (619)436-1151

Jack Woods
Stone & Webster Engineering Corporation
245 Summer St.
Boston, MA 02210
Phone: (617)589-1676
Fax: (617)589-2156
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Arvind Patel
Taurus Telesis Inc.
804 Middle Ground Blvd.
Newport News, VA 23606
Phone: (757)873-2700
Fax: (757)873-2102

Nadine Wormsbacher/Tom Wyckoff
Technology Management Company
7005 Backlick Court, Suite 200
Springfield, VA 22151
Phone: (703)658-7727
Fax: (703)658-7737

Bill Sandford
TRI TOOL Inc.
3806 Security Park Drive
Rancho Cordova, CA 95742
Phone: (800)345-5015
Fax: (916)351-0372

Sam Miranda
Viking Systems International
2070 William Pittway
Pittsburgh, PA 15238
Phone: (412)826-3355
Fax:(412)826-3353

Brian Beley
Westinghouse Electric Corp.
4350 Northern Pike
Monroeville, PA 15146
Phone: (412)374-5970
Fax: (412)374-5253

George Hritz
Westinghouse Electric Corp.
4350 Northern Pike
Monroeville, PA 15146
Phone: (412)374-4562
Fax: (412)374-5965

Jeff Binder
Argonne National Laboratory
9700 South Cass Ave., Bldg. 208
Argonne, IL 60439
Phone: (630)252-7265
Fax: (630)252-6690

Richard Denning
Battelle Memorial Institute
505 King Ave.
Columbus, OH 43201-2693
Phone: (614)424-7412
Fax: (614)424-3404

Roger Anderson
Battelle Seattle Research Center
4000 NE 41st Str.
Seattle, WA 98105
Phone: (206)528-3300
Fax: (206)528-3552

Michael Congdon
Battelle Washington Office
901 D Street, SW Suite 900
Washington, DC 20024-2115
Phone: (202)646-5285
Fax: (202)646-7848

Pierce Ostrander
Battelle Washington Office
901 D Street, SW Suite 900
Washington, DC 20024-2115
Phone: (202)646-5219
Fax: (202)646-7848

Jim Guppy
Brookhaven National Laboratory
12 S. Upton Rd., Bldg. 475B
Upton, NY 11973-5000
Phone: (516)344-2698
Fax: (516)344-1430
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John Dobrin
Department of State
Washington, DC 20520
Phone: (202)647-6957
Fax: (202)647-0937

Carol Kessler/Lawrence Mire
Department of State
Washington, DC 20520
Phone: (202)647-6409
Fax: (202)647-0937

Jacob Wechselberger
Nuclear Regulatory Commission
International Programs
Washington, DC 20555
Phone: (301)415-1730
Fax: (301)415-2162

Jeff Ace
Pacific Northwest National Laboratory
3320 Q. Avenue
Richland, WA 99352
Phone: (509)375-2640
Fax: (509)375-6634

Steve Cassidy
Pacific Northwest National Laboratory
3320 Q. Avenue
Richland, WA 99352
Phone: (509)375-6544
Fax: (509)372-4411

Andrea Currie
Pacific Northwest National Laboratory
3320 Q Avenue
Richland, WA 99352
Phone: (509)375-3939
Fax: (509)372-4411

LaurinDodd
Pacific Northwest National Laboratory
3320 Q. Avenue
Richland, WA 99352
Phone: (509)372-4423
Fax: (509)372-4411

Andrei Glufchov
Pacific Northwest National Laboratory
3320 Q. Avenue
Richland, WA 99352
Phone: (509)375-3961
Fax: (509)372-4411

Dennis Kreid
Pacific Northwest National Laboratory
3200 Q Avenue
Richland, WA 99352
Phone: (509)375-2170
Fax: (509)375-2203

Andrea McMakin
Pacific Northwest National Laboratory
3320 Q Avenue
Richland, WA 99352
Phone: (509)372-6013
Fax: (509)372-4411

Robert Moffitt
Pacific Northwest National Laboratory
3320 Q Avenue
Richland, WA 99352
Phone: (509)372-4108
Fax: (509)372-4411

Doug Timmins
Pacific Northwest National Laboratory
3320 Q Avenue
Richland, WA 99352
Phone: (509)372-6415
Fax: (509)372-4411
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George Vargo
Pacific Northwest National Laboratory
2400 Stevens Bldg
Richland.WA 99352
Phone: (509)375-6836
Fax: (509)375-2019

Tom Wood
Pacific Northwest National Laboratory
3320 Q Avenue
Richland, WA 99352
Phone: (509)372-4162
Fax: (509)375-6417

Riaz Awan
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-2687
Fax: (301)903-8409

Eugene Bisconti
US Department of Energy
1000 Independence Ave., SW
Washington, DC 20585
Phone: (202)586-5903
Fax: (202)586-0823

Norman Fletcher
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-3275
Fax: (301)903-4211

Dan Giessing
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-2852
Fax: (301)903-4211

Nick Grossman
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-3299
Fax: (301)903-7063

Brian Kremer
US Department of Energy
1000 Independence Ave., SW
Washington, DC 20585
Phone: (202)586-9096
Fax: (202)586-8353

Dennis Meyers
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-1418
Fax: (301)903-4211

Charles Ramsey
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-5999
Fax: (301)903-6172

Rich Reister
US Department of Energy
19901 Germantown Road
Germantown, MD 20874-1290
Phone: (301)903-0234
Fax: (301)903-4211

Kristen Suokko
US Department of Energy
1000 Independence Ave., SW
Washington, DC 20585
Phone: (202)586-5559
Fax: (202)586-8353
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Improving the Safety of Soviet-Designed Nuclear
Power Plants:

Direction and Updates

Kristen Suokko

U.S. Department of Energy

Office of Nuclear Energy, Science and Technology

February 19,1997

• Armenia Nuclear Power
Station

• Bilibino Nuclear Power
Plant

• Beloyarsk Nuclear
Power Plant



CONTRACTOR INFORMATION EXCHANGE

Key New Projects Since May 1996

• Technology transfer
• Safety parameter display

systems
• Configuration

management systems
• Safety assessments

CONTRACTOR INFORMATION EXCHANGE

Core Conversion to Stop Plutonium
Production in Russia

.f . .« • !

1!

• U.S. policy goal: Stop
Russian plutonium
production by 2000

• Core conversion
determined feasible

• Core design, analyses,
and testing are
proceeding
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CONTRACTOR INFORMATION EXCHANGE

New Adjunct Office in Kiev

Alex Sich:
• Supports U.S. DOE

nuclear safety activities
in Ukraine

• Integrates cross-cutting
technologies

• Communicates status
with Ukraine
organizations

CONTRACTOR INFORMATION EXCHANGE

Activities at the Damaged Unit 4 Reactor

• - ->7
- ;< •>• ' ' - ' •

• G " 7 Nuclear Safety
Working Group

*>•»-' • Current projects:
• Personnel dose reduction

• Neutron criticality safety

• Dust suppression

• Industrial safety
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CONTRACTOR INFORMATION EXCHANGE

Chornobyl Center for Nuclear Safety,
Radioactive Waste and Radioecology

• Commitment by the
Chornobyl plant and
other countries

• Projects under way and
planned

CONTRACTOR INFORMATION EXCHANGE

Private Sector Initiative

• Goal: Stimulate private
sector investment in
Ukraine's energy sector

• Identified a number of
pilot energy projects

• Completed pilot project
business plan and action
plan for obtaining
private investment
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CONTRACTOR INFORMATION EXCHANGE

Response to GAO

• GAO audit in FY 1996
• DOE responded in February

1997
• Key issues:

• reactor shutdown
• reactor life extension
• strategic plan
• project schedules
• cost-sharing
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C O N T R A C T O R I N F O R M A T I O

Subcontract Rates in Former Soviet Union
Countries

February 19, 1997

Jeff Ace
Pacific Northwest National Laboratory

CONTRACTOR INFORMATION EXCHANGE

Subcontract Rates

• Background
• Recent Developments
• Current Status
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CONTRACTOR 1NFORMA

Technology Transfer

February 19, 1997
Rich Denning

Pacific Northwest National Laboratory

CONTRACTOR INFORMATION EXCHANGE

Outline
• Status of enhancing technology transfer
• Technology transfer vision

• New technology transfer initiatives
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CONTRACTOR INFORMATION EXCHANGE

Technology Transfer in Nuclear Safety
Projects ""

• May 1996 contractor meeting: working group to improve
technology transfer

• White paper on technology mechanisms transfer

CONTRACTOR INFORMATION EXCHANGE

Technology Transfer Mechanisms
• Information exchange

• Joint project
• Personnel exchange
• Capability transfer
• Licensing
• Joint venture
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CONTRACTOR INFORMATION EXCHANGE

Charge to Technology Integrators
• Evaluate technology transfer in each area
• Identify areas requiring enhancement
• Revised white paper available for review; a status of

technology transfer

CONTRACTOR INFORMATION EXCHANGE

Technology Transfer Vision
• Vision, goals, end points define future of nuclear safety

work

• Technology transfer has a major role in the rationale
underlying this vision

• Potential funding by United States and other countries is
insufficient to achieve goals

• Pilot plant approach with complementary technology
transfer activities
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CONTRACTOR INFORMATION EXCHANGE

Technology Transfer Objectives
• Facilitate the incorporation of pilot-plant upgrades at all

plants

• Sustain system upgrades
• Assist in re-establishing host-country infrastructure for

the supply or manufacture of nuclear safety system
components

• Strengthen regulator

CONTRACTOR INFORMATION EXCHANGE

New Technology Transfer Initiatives
• DC power supply

• Assistance provided by Burns & Roe in the separation of safety
and non-safety loads, sizing, and design of DC power supply
systems

• Kola 1 and 2
• Kursk 2

• Ignalina 2 (expected)
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CONTRACTOR INFORMATION EXCHANGE

New Technology Transfer Initiatives (cont)
' DC power supply system workshop - Moscow

• Invite participation from all nuclear power plants

• Paper on Kola experience basis for information exchange (see
handout)

• Determine status of DC power supply systems at NPPs

• Evaluate potential for in-country capability development

• Discussions held with battery manufacturer in Russia

• Technology transfer in Ignalina project - training and observation
• Degree of infrastructure development will depend on size and

nature of market

CONTRACTOR INFORMATION EXCHANGE

New Technology Transfer Initiatives (cont)
• Ignalina control modules

••• Replacement control modules with same form, fit, and function
to be provided by Scientech

• Second set of modules will be produced by local manufacturer
following technology transfer

• Circuit breaker technology transfer
• Safety problems with 6kV and 400V breakers identified by

Rosenergoatom in survey of plants
••• Preliminary discussions held with Russian manufacturers
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CONTRACTOR INFORMATION EXCHANGE

New Technology Transfer Initiatives (cont) \
• Valve technology transfer

• First phase involves Rosenergoatom data-collection task
••• Scope includes valve monitoring and improved valve

performance
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Strategy for the
U.S. Department of Energy's

Cooperative Nuclear Safety Work

Rich Reister
U.S. Department of Energy

Office of Nuclear Energy, Science and Technology
February 19,1997

MISSION

Reduce the risks at Soviet-designed nuclear power
plants

Implement self-sustaining nuclear safety
improvements
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VISION

Within a decade:

• Operation and regulation of Soviet-designed plants
will meet internationally accepted practices

• Importance of nuclear safety recognized by designers,
operators, and regulators

• Infrastructure, expertise, and resources exist in host
countries to allow active participation in international
nuclear safety work

PROJECT SELECTION

Impact on Safety

Cost Effectiveness

Host Country Commitment and Sustainability
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TECHNICAL AREAS

Operational Safety - management and procedures

• Training - operator training with simulators, SAT

Maintenance - safety related equipment functions

Safety Systems - alleviate major deficiencies

TECHNICAL AREAS (contd)

Safety Evaluations - safety basis for decisions

Legal and Regulatory Capabilities - strong,
independent
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STRATEGY

Pilot plant approach

Technology Transfer

Regulator Involvement

PERFORMANCE MEASURES

Program Progress - milestones

Program Effectiveness - impact on safety
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Measuring Safety Improvements
Soviet-Designed Reactor Safety

t
Sa

fe
ty

Goal

25%

ill IB
93 96

Operational Safety

Goal _

40%

93 96

Safety Systems Upgrades

Goal

50% -

93 96
Training

i I _Goal_ _

15%

93 96

Plant Safety Assessment

p United States Department of Ehagy
Office of Nuclear Energy. Science and Technology

Goal

25% -

93 96
Maintenance

Goal

I 33%

93 96
Strong & Independant

Regulator

December 30.1996
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Addressing Safety Issues at Chornobyl:
An Overview

Laurin Dodd
Pacific Northwest National Laboratory

February 19,1997

CONTRACTOR INFORMATION EXCHANGE

Basis for DOE involvement at Chornobyl

• December 1995
memorandum of
understanding signed by
Ukraine and G-7 countries

• U.S. commitments based on
that signing
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C O N T R A C T O R I N F O R M A T I O N E X C H A N G E

Challenges at Chornobyl
• Socioeconomic impacts of plant closure

•Slavutych economy depends upon Chornobyl
nuclear power plant

• 1,200 workers affected by closure of Unit 1
• high stress levels could affect safety

• Decommissioning reactors
• Converting Chornobyl Unit 4 into an ecologically

safe condition
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Fire Safety Upgrades at Chernobyl
Nuclear Power Plant

February 19,1997
Mike Archdeacon

Bechtel National, Inc.

Chernobyl Nuclear Power Plant
Operating Status

Four Units at Chernobyl each capable of producing
lOOOmw Electric.

At this time there is only ONE unit operating, Unit No. 3.

Unit No. 1 was supposedly closed down permanently in
November 1996.

Unit No. 2 has not operated since the turbine hall fire in
late 1991.
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Chernobyl Nuclear Power Plant
Operating Status (contd)

Unit No. 3 is the only Unit currently producing power.

Unit No. 4 was the site of the tragic accident in 1986.

Chernobyl Nuclear Power Plant - Fire Protection
Measures discussed with Plant Management

• Fire Doors

• Fire Detection Equipment

• Penetration Sealant Materials

• Fire Retardant Cable Coating Materials

• Floor Coating Materials to Replace the Existing
Plastic Floor Sheeting Material
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Chernobyl Nuclear Power Plant - Fire
Protection Measures discussed with

Plant Management (contd)

Structural Steel Fire Protective Coating Materials

Support to the Plant Fire Brigade

New Fire Suits

Adjustable Hose Stream Nozzles

FIRE HAZARDS ANALYSIS

In addition to the following materials being supplied to the plant,
Bechtel and Burns and Roe, working with the USDOE, PNNL,
Brookhaven National Lab and other US industry experts,
developed a FHA methodology document designed to allow the
FSU nuclear plant personnel to evaluate their own plants.

This program is well under way and a series of training sessions
with representatives from the plants, including Chernobyl, have
already taken place here in Washington, D.C.

The next stage is for follow-on training programs to take place at
two defined pilot plants, one in Russia and one in Ukraine.
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FIRE DOORS

Approximately 200 fire doors are being supplied.

Doors are being supplied by a Ukrainian manufacturer.

The doors were developed by a local manufacturer and
certified to ISO standards.

The contract also allows for the production of the design
documents and installation.

FIRE DOORS (contd)

Design is in process.

The design process is the production of design documents
which define the location of the replacement doors.

This process has been slowed down due to the loss of
some of the original documents in the 1991 fire.

Production of the doors has commenced.

Delivery and installation to commence in the second
quarter of 1997.
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FIRE DETECTION EQUIPMENT

Scope of supply discussed with the plant.

Qualified US suppliers certified to supply components to
the Ukraine nuclear industry were evaluated.

Prices of US equipment evaluated and sample equipment
sent for the plant to review.

The plant is presently working with its design agency
to initiate the design process.

PENETRATION SEALANT MATERIAL

Many penetrations are either hi need of replacement or
the penetration openings are not already sealed.

US suppliers were evaluated for then- ability to provide the
materials to the Ukraine nuclear industry.

New regulations were imposed on the certification of all
materials in April 1996.
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PENETRATION SEALANT MATERIAL (contd)

The plant defined the quantities of material required and
the schedule for the deliveries.

Training programs by the supplier are also included and
scheduled.

Current status:

Initial deliveries are scheduled to arrive at the plant in
March with subsequent deliveries every six months until
September 1998.

FLOOR COATING MATERIALS

The operating deck levels of the turbine halls in many
of the FSU nuclear plants are covered with a very thick
plastic sheet material.

This has already been replaced at the Leningrad NPP.

Presently trying to certify a US supplier to allow the use of
their product in a Russian nuclear power plant.

Ukrainian representatives have, and will continue, to witness
the Russian testing program.
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FLOOR COATING MATERIALS (contd)

The initial tests have been completed at the VNIIPO Nr
Moscow but the US products failed to pass the Russian tests.

Initially decided to also run tests in the Ukraine but as the
US materials failed the Russian tests it was decided to delay
the Ukraine testing program until confidence was restored
in the US materials in Russia.

May be able to have the Ukrainian authorities evaluate the
Russian tests and also allow use in the Ukraine.

Structural Steel Fire Protective
Coating Materials

Following the fire in Unit #2 turbine hall in late 1991,
the Ukrainian authorities have dictated that a fire
protective coating material be added to the structural steel
roof trusses.

No US material is currently qualified to the Ukrainian
standards.
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Structural Steel Fire Protective
Coating Materials (contd)

A material from a German manufacturer has been
certified for use, which has also already been applied
to some Russian nuclear power plant structural steel.

Negotiations are currently under way with a Ukrainian
contractor for the supply, design and supply of the
protective material for Chernobyl Unit #3.

SUPPORT TO THE NUCLEAR POWER
PLANT FIRE BRIGADE

New fire suits.

Adjustable hose stream nozzles.

C.30



Emergency Operating
Instructions

Mike Daus
Ciel Consultants, Inc.

February 19,1997

Emergency Operating Instructions (EOIs)

6/96 Introduction to Symptom-Based EOIs

8/96 Technical Protocol, Writer's Guide
& Training Plan Development

10/96 Preparation of Draft EOI Flowcharts

11/96 EOI Verification & Validation Plan

2/97 EOI Analysis Workshop
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EOI Development Technology Transfer at ChNPP

Prepare guidelines and plans

Prepare templates and outlines

Prepare training handouts
Deliver training on program activities

Translate all deliverables to Russian

Translate ChNPP staff products
to English

Review ChNPP program products
and activities

Written instructions for ChNPP
staff to follow and refer to after
Ciel leaves ChNPP

Models are available for ChNPP
staff to use in developing own
ChNPP EOI product

ChNPP procedure writers provided
direct access to expertise

ChNPP procedure writers can gain
exposure to program activities

Permits review of intermediate
products by Ciel experts

ChNPP procedure writers receive
timely feedback as program
progresses

6/96 - Introduction to Symptom-Based EOIs

Symptom-Based EOI Concepts

History of Symptom-Based EOI Development in US

Elements of a Symptom-Based EOI Program
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8/96 - Technical Protocol, Writer's Guide
& Training Plan

Guidelines for Development of EOI Technical Protocol

Writer's Guide Development Outline

Operator EOI Training Plan Description

10/96 - Preparation of Draft
EOI Flowcharts

Training given on use of Canvas™ flowcharting
software application

Writer's guide concepts updated

Technical protocols reviewed

Five flowcharts drafted and reviewed

EOI verification principles discussed
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10/96 - Preparation of Draft EOI
Flowcharts (contd)

Techniques developed for tracking flowchart
development issues

Identified potential EOI support instruction
needs

Prepared a source list of EOI action levels

Identified need for analytical support

11/96 - EOI Verification & Validation Plan

Delivered presentations on how to conduct V&V
programs

Reviewed and provided comments on latest
flowchart drafts

Reviewed and provided comments on technical
protocols and writer's guide
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2/97 - EOI Analytical Workshop

• Review latest flowchart drafts and associated technical
protocols and writer's guides

Apply engineering judgment to resolve values for EOI
action levels

• Review and finalize draft EOI support instructions

2/97 - EOI Analytical Workshop (contd)

Finalize V&V procedures and plans

Train on EOI validation scenario techniques

Review EOI Operator Training Program
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EOI

1

2

3.1

3.2

ChNPP EOI Status

flowcharts and technical protocols in final draft

Reactor Shutdown, draft 7

Subcriticality, draft 7

Heat Removal Sheet 1, draft 9

Heat Removal Sheet 2, draft 6

ChNPP EOI Status (contd)

4 Reactor Space, draft 7

5 Accident Localization, draft 6

EOI Support Instructions in flowchart format to be
completed this week

Writer's Guide approved
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ChNPP EOI Status (contd)

EOI Program document approved

Verification Program drafted

Validation Program drafted

EOI Operator Training Program being drafted

Conduct EOI verification, validation and operator
training
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CONTRACTOR INFORMATION EXCHANG

Chornobyl Unit 4 Shelter Projects Overview

February 19, 1997
Dennis K. Kreid

Pacific Northwest National Laboratory

CONTRACTOR INFORMATION EXCHANGE

Presentation Summary

• Shelter project overview

• Shelter safety needs/projects

• European Commission project results
(John Woods, Stone & Webster)

• Short-term measures - John Woods

• Shelter working group activities
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CONTRACTOR INFORMATION EXCHANGE

Shelter Project Background and Overview \

• Objectives: Support Ukraine and international
efforts to improve safety of shelter
operations and ultimate conversion to a
safe configuration

• Current shelter activities:
• Shelter equipment, immediate safety needs support
• International project working group

CONTRACTOR INFORMATION EXCHANGE
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CONTRACTOR INFORMATION EXCHA

CONTRACTOR INFORMATION EXCHANG
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CONTRACTOR INFORMATION EXCHANGE

CONTRACTOR INFORMATION EXCHANGE
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CONTRACTOR INFORMATION EXCHA

CONTRACTOR INFORMATION EXCH

Chornobyl Shelter Safety Equipment Needs
• Initial shelter needs assessment - May 1996

• Major basic safety equipment needs readily apparent
and beyond means of Chornobyl plant

• Four tasks subsequently authorized

Task
Dose reduction

Nuclear (criticality) safety monitoring

Dust suppression

Industrial safety enhancements

Auth
Date
9/96

11/96

11/96

12/96

Detailed
Assessment

10/96

11/96

11/96

12/96
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CONTRACTOR INFORMATION EXCHANGE

t
Chornobyl Shelter Safety Equipment Needs v
• Tasks directed at near-term worker safety improvements

• Radiological safety improvements including training, for
ongoing shelter maintenance and work efforts

• Industrial safety improvements including training, for
ongoing shelter maintenance and work efforts

• Establish safety emphasis and build infrastructure for
larger forthcoming tasks

• Establish improved physical conditions in shelter to
safely support larger forthcoming tasks

CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs
Dose Reduction
Objective: - Provide equipment, training and mentoring to

improve worker radiological protection and
infrastructure

Deliverable: - Electronic dosimetry, dose-tracking software,
portable survey instruments

- Radiation protection technician standards-based
training

- Engineered controls and dose modeling software
- Excess calibration sources and rad

clothing/respirators
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CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs

Dose Reduction (continued)

Requested: - TLD systems, respirator cleaning/testing,
additional training

Status: - Equipment deliveries initiated and extending
through 9/97 for approved items

CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs
Nuclear (Criticality) Safety Monitoring

Objective: Install neutron monitoring in key fuel-containing
locations to assess cause of observed
transients, define mitigation required, if any,
and ensure worker safety
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CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs %
Nuclear (Criticality) Safety Monitoring (continued)

Deliverables: - Eight detector pods will be provided for
monitoring of 6 key locations

- Record future event data analysis and
definition of any mitigation measures if
required (n flux, Cd ratio, y, temp,
humidity)

- Provide basis for long-term shelter
neutron monitoring needs

Status - System delivery to shelter, July 1997

CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs ';""'"
Dust Suppression

Objective: Provide portable self-contained airless
sprayers for decon solution and fixative
application in shelter periphery access-ways
and support areas for improved radiological
conditions

Deliverables: 3 airless sprayer units

Requested: Steam-water vapor-vacuum surface cleaner
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CONTRACTOR INFORMATION

Chornobyl Shelter Safety Equipment Needs
Dust Suppression (continued)

Status: Sprayers being purchased

Note: Chornobyi funded efforts directed at
emergency dust suppression; "EKOR" foam
demonstration pending for application to
severe dust conditions

CONTRACTOR INFORMATION EXCHAN

Chornobyl Shelter Safety Equipment Needs
Industrial Safety Enhancements

Objective:

Deliverables:

Provide equipment to supply immediate
improvements to worker industrial safety

- Miscellaneous safety equipment (hard
hats, respirators, ear plugs, low voltage
lighting, ladders, first aid kits, etc.)

- Fall restraint and rescue gear and training
- Lightweight and reliable tooling for hanging

existing cabling, personnel and ventilation
accessways (drills, saws, jackhammers,
compressors, and generators)
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CONTRACTOR INFORMATION EXCHANGE

Chornobyl Shelter Safety Equipment Needs
Industrial Safety Enhancements (continued)

Requested: Shelter communications

Status: Most items being purchased

CONTRACTOR INFORMATION EXCHANGE

International/E.C. Shelter Project Task
Descriptions

• E.C. shelter project objectives: Investigate alternatives
to the Alliance "shelter-2" design and recommend
alternative short-and long-term measures

• International shelter project working group objectives:
Complete E.C. detailed cost and schedule estimates and
identify early starts to support pledging for shelter
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CONTRACTOR INFORMATION EXCHAN

Shelter Project Background \

• International shelter competition, 1992-93

• E.U. funded Alliance shelter study, 9/94-7/95

• G-7/Ukraine Chornobyl closure MOU, 12/20/95

• U.S. safety equipment needs project, 4/96 - present

• E.C. short- and long-term measures project,
5/96-10/96

• International shelter project Working Group 1/27 - 4/97

CONTRACTOR INFORMATION EXCHANGE

U.S. Industry Participants
• Stone & Webster

• Edward Warman, U.S. Team Coordinator

• Bechtel

• Parsons

• SAIC

• Scientech
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CONTRACTOR INFORMATION EXCHANGE

E.G. Shelter Project Status
• Draft report delivered on schedule (10/31/96)

• Recommendation is composite of best ideas from
alternatives (or scenarios) considered

• E.C. recommendations partially accepted by G-7/Ukraine
at 12/17/96, G-7 meeting in Slavutych

• Working Group in progress to support May 1997 G-7
pledging conference

CONTRACTOR INFORMATION EXCHANGE

Accepted E. C. Shelter Study
Recommendations
Step 1: Implement short-term measures at minimum

feasible dose

• Implement short-term measures (0<t<4 yr)
• Stabilize structures to reduce collapse potential
••• Reduce consequences of collapse (dust control)
••• Improve nuclear (criticality) safety
••• Improve industrial safety

• Shield fuel-containing masses coincident with Step 1
measures
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C O N T R A C T O R I N F O R M A T I O N EXCHANGE

\Accepted E. C. Shelter Study
Recommendations (continued)
Step 2: Construct new shelter and partially

deconstruct existing shelter

• Construct new shelter (1 <t<8 yr)
> Design and assemble new confinement shelter

> Disassemble unstable parts of existing shelter

> Maintain access to and monitoring of fuel-containing masses

• Support development of removal technology for fuel-
containing masses

• Ensures safe storage for up to 50 years
• Longer storage possible by periodic upgrades

• Decision to remove fuel-containing masses feasible at any
time

CONTRACTOR INFORMATION EXCHANGE

Other E. C. Shelter Study Recommendations^ :JL_L
(Not Accepted) ^
Step 3: Convert shelter to interim safe structure

• Entomb the shelter and reactor remains
••• Cement or earthen fill and entombment
• Maintain access to fuel-containing masses as long as needed
• Other future options may develop

• Options for long-term disposition of fuel-containing
masses
• Removal (total/partial)
• Permanent in situ disposal
••• Decision/implementation possible any time
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CONTRACTOR INFORMATION EXCHANGE

Ukraine and Russian Participants
Ukraine:
• Chornobyl nuclear power plant - Shelter Operations
• NIISK Construction Institute
• ISTC - Shelter Scientific Institute
• Ukraine Nuclear Regulatory Agency Technical Center

Russia:
• Khlopin Radium Institute
• VNIPIET Institute

• Kurchatov Institute
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Chernobyl Short & Long Term
Measures Project - Background

• Following Kiev Competition - New Shelter

• Alliance Consortium - Feasibility Study

• Alliance Design Both Large & Expensive

• Tacis Project - Alternative Solutions

• Actions 1 & 3 - Safety Objectives

• Actions 2 & 4 - Short & Long Term
Measures

Stone & Webster
Jack Woods
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The praseni report was worked out and reviewed for the EC Directorate IA for the Tacis project
"Chernobyl Unit 4, Short and Long Term Measures, Actons 2 + 4 by an international group of experts
coming from Ukrainian, Russian, European, Amertcan and Japanese.flrms and organizations. -
The review and working team and the project organization are presented on the chart
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Mr. Molitor

Mr. Le Mao
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Project Description

EC Tacis Project joined by US Expert Team
Focus:

•Development of technically sound solution
•Cost Estimate - financially feasible budget

Approach:
•Evaluated Five Scenarios/with subsets
•Developed Recommended Course of Action

Stone & Webster
Jack Woods
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Tacis Chernobyl-Unit 4
Short and Long Term Measures
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Present
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1
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Chernobyl-Unit 4
Short and Long Term Measures

Phase 1 Phase 2.1
1997-2001

Short Term
Measures

-Structural
Stabilization

• Monile

Shielding
&

Access

Phase 2.2
1998-2005

New
Confinement
and Partial

Deconstruction

Phase 2,3
2005-2025

Partial
Removal

of Accessible
FCM

Phase 3

Conversion into an
Ecologically Safe Site
(Deferred Removal)
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Jack Woods
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Tacis Chernobyl-Unit 4
Short and Long Term Measures

Scenarios
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Recommended Course of Action

Phase 1: S/70/t Term Measures (17)

Task 1.1 Reduce Collapse Probability

Task 1.2 Reduce Collapse Consequences

Task 1.3 Increase Nuclear Safety

Task 1.4 Increase Industrial Safety

Stone & Webster
Jack Woods
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Tacis Chernobyl-Unit 4
Short and Long Term Measures
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Recommended Course of Action

Phase 2:

Task 2.1

Task 2.2

Task 2.3

Preparation for Long Term
Conversion

Shielding & Controlled Access

New Confinement &
Removal of Unstable Parts

FCM Removal Strategies

A Stone & Webster
i ^ Jack Woods

14Feb97
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Recommended Course of Action

Phase 3: Conversion to a Safe Site

Task 3.1 Convert the site into a safe
structure

Task 3.2 Control and maintain the safe
structure until removal

Task 3.3 Removal of remaining FCM when
ready

Stone & Webster
Jack Woods

14Feb97
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^ •. \ \ Scenario Cost Estimates

Scenario

1. Baseline (Continue Status quo)
2. Short Term Measures
3.a Light Weight Confinement Structure
3.b Revised Alliance Containment
4. Earth Shelter
5.1 .a Cementitious Fill of Ukritye
5.1 .b Cementitious Fill + Bridge / Roof Truss
5.1.L Cementitious Fill + Bridge Confinement
5.2 Concrete Monolith

Estimate (Million$) Total

No Est. Req'd
$180
$239
Not Calculated
$113
$ 66
$185
$244
$ 63

$180
$419

$293
$246
$365
$424
$243

Note: Scenario 2 ($180) is also part of scenarios 3,4, & 5, so the cost must be
added to determine the Total Estimate

A^ Stone & Webster
/ * ^ ^ Jack Woods

14Feb97
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Chornobyl Reactor Deactivation, Decontamination,
and Decommissioning Project

- Concept, Status, and Path Forward -

February 19, 1997

Thomas W. Wood
Pacific Northwest National Laboratory

C O N T R A C T O R I N F O R M A T I O N EXCHAN

Objective

Support the orderly deactivation, decontamination,
and decommissioning (D, D&D) of Units 1, 2, and 3 at
Chornobyl, consistent with timely reactor shutdown,
regional economic stability, and operating safety.
Support the development of a sound technical and
regulatory basis for RBMK D, D&D activities on an
international basis. Foster development of capability for
D, D&D planning and implementation within the
Chornobyl Center and Chornobyl Nuclear Power Plant
(ChNPP).
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CONTRACTOR INFORMATION EXCHANGE

Project Status %'

• Funded at $1.0 M in FY-97 for three initial tasks
• Transfer awareness of U.S. D, D&D technologies and process to

senior ChNPP and NRA management

• Conduct survey of Unit 1 readiness and resources for
deactivation

• Clarify risk reduction benefits of deactivation steps (DOS)

• Recent request from ChNPP to consider more

substantive and extensive project scope

CONTRACTOR INFORMATION EXCHANGE

Project Concept (Initial)
• Transfer U.S. technology in a three step process

• Familiarization of D, D&D technology in use at Hanford, other
DOE sites, and commercial reactor sites

• Selection of promising technology for ChNPP

• On-site testing/demonstrations and training at ChNPP

• Maximize local content and economic benefit of D, D&D
activity

• Define regional D, D&D skills early to allow ChNPP labor force
planning

• Provide U.S. technology/supplies as training resources
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Background ^

• D, D&D can be a complex and costly process

• There are significant nuclear safety issues for shut down
RBMK reactors

• The regulatory framework for D, D&D is just emerging in
Ukraine

• There are both economic and safety incentives to
proceed soon with D, D&D

• Efforts to date (AEA Technology study) represent a
prescription for the outcome - not a plan to realize it

CONTRACTOR INFORMATION EXCHANGE

ChNPP Proposed Deliverables for Joint
Project

• Requirements for comprehensive engineering
(radiological and structural) survey of Unit 1

• Performance and reporting of the comprehensive
engineering survey

• Development of requirements for a Safety Analysis
Report (SAR) for the D&D phase
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CONTRACTOR INFORMATION EXCHANGE

ChNPP Proposed Deliverables for Joint ^ - -
Project (continued) ^
• Development of the requirements for a detailed

decommissioning plan for ChNPP. These requirements
would be generic and apply to all three units.

• Development of the SAR and detailed decommissioning
work plan described above, in sufficient detail to support
the ChNPP license application for the D, D&D phase.

• Performance of background research on several issues
relevant to these documents, including specifically a
study of alternative techniques for cooling pond
decommissioning.

Proposed Path Forward
• FY-97

• Complete three items from ChNPP proposal under existing
funding

• Requirements for Engineering Survey
• Requirements for SAR
• Options definition for cooling pond

• Transfer key capabilities (software, data) to Center

• Initiate work on other items to extent funding is available

• FY-98/99
• Complete remaining three items in joint project
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CONTRACTOR INFORMATION EXCHANGE

Protocol Agreement
• The existing heat plant cannot meet the total site

demand; new plant is 25% complete.

• The thermal energy requirements of D&D efforts will be
above the current demand.

• PNNL and Chornobyl technical specialists will share
information and analysis results.
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CONTRACTOR INFORMATION EXCHANGE

Chornobyl Center for Nuclear Safety, Radioactive
Waste and Radioecology

- U.S. Perspective -

February 19, 1997

Roger G. Anderson

Pacific Northwest National Laboratory

CONTRACTOR INFORMATION EXCHANGE

Original Concept

• Develop the institutional capacity, indigenous
to Ukraine, to provide scientific support to the
Ukrainian nuclear industry
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CONTRACTOR INFORMATION EXCHANGE

Objectives
Through international cooperation,

• Develop sustainable operational safety programs that
support Ukrainian nuclear power plants

• Help develop and maintain in-country expertise in
nuclear sciences

• Address decontamination and decommissioning,
spent fuel, and waste management issues at
Chornobyl and elsewhere in Ukraine

C O N T R A C T O R I N F O R M A T I O N EXCHANGE

Objectives (contd)
>• • • •<S£V I - '

Through international cooperation,
• Provide a means for international cooperation in

addressing environmental, ecological, and health issues
for those areas affected by the accident

• Help to mitigate the socioeconomic impacts associated
with the shutdown of the Chornobyl nuclear power plant
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CONTRACTOR INFORMATION EXCHANGE

V
Development Milestones

May 1995

June-August 1995

September 1995

April 1996

April 1996

January 1997

Statement of Intentions by President Kuchma and
President Clinton

Preliminary Joint U.S.-Ukraine Development Plan

Chornobyl Center included in G-7 Action Plan

Ukrainian Presidential Decree Establishing Center

— Dr. Valery Glygalo named Coordinating Director

U.S.-Ukraine Memorandum of Understanding

Protocol to Establish Chomobyl Center Subsidiary
(Slavutych Laboratory for International Research and
Technology) and Initial Facilities and Staffing

— Mr. Anatoly Nossovsky named Center Deputy

CONTRACTOR INFORMATION EXCHANGE

International Participation

• Canada
• jo in t projects initiated

• France & Germany
• jo in t projects initiated, involving Russia and Belarus

• Italy
• financial support announced

• United Kingdom
• potential interests being explored

• Japan
• potential interests being explored

• Other countries
• expressions of interest
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U.S. Assistance

Under the direction of the U.S. Department
of Energy, Office of Nuclear Energy,
Science and Technology, the Chornobyl
Center Project includes

• Management Support

• Infrastructure Development

• Joint Projects

CONTRACTOR INFORMATION EXCHANGE

Management Support

• Planning for Center Development

• Slavutych Staff Liaison

• Training

• Outreach / Integration
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CONTRACTOR INFORMAT

Infrastructure Support

• Telecommunications System
• Satellite-based voice, fax, and high-speed data transmission

•••Videoconferencing being planned

• Nuclear Data Facility
• Capability to acquire and process basic nuclear data for use in

safety and radiological assessments
• Access to specific datasets and information at PNNL and

elsewhere

• Office Facilities and Equipment

CONTRACTOR INFORMATION EXCHANGE

Joint Technical Projects
. . . : . . . ; _ * . ; . • ; _

v

• Hazards Analysis of Unit 3/Shelter

• Spent Fuel Management Plan for Ukraine

• Chornobyl D&D Planning

• Modeling Assessments

• Robotics Technologies Assessment
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CONTRACTOR INFORMATION EXCHANGE

Next Steps

• Facilities Renovations
• Feasibility review
• Recommendations

• Staffing
• Transfers from Ukrainian government
• Transfers from the Chornobyl nuclear power plant

CONTRACTOR INFORMATION EXCHANGE

Next Steps (contd) \
• Management Training

• Senior management training-R&D organization management
• Project management
• Administrative internships
• English language training

• International Coordination and Integration
• Informal information-sharing
• Formal participation through bilateral agreements with Ukraine
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CONTRACTOR INFORMAT

Future Activities

• Operational Safety and Radiological Protection
Training

• Shelter Monitoring, Stabilization, and Cleanup

• Chomobyl Closure and Decommissioning

• Development, Demonstration, and Use of New
Technologies

CONTRACTOR INFORMATION EXCHANGE

P
Suggestions for Complementary Projects
and Infrastructure: Near-Term Needs

• Identify and implement scientific support roles for the
Chornobyl Center in Shelter/Unit 4 Short-Term
Measures Program

• Engage the Chornobyl Center in data acquisition and
characterization tasks to build information
management resources and credibility

• Create opportunities for Chornobyl Center participation
in commercial tenders and technology development
ventures
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CONTRACTOR INFORMATION EXCHANGE

Suggestions for Complementary Projects and
Infrastructure: Near-Term Needs (contd)

• Establish twinning relationships to enhance business
management and joint technical development
capabilities

• Participate in funding facility renovations and equipping
of offices and laboratories

• Consider participation in development of a multi-purpose
technology testing and demonstration facility
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Enhancing Technology Transfer
in DOE's International Reactor Safety Projects

Background

The DOE has a unique opportunity to influence the safety of nuclear power plants in Russia, Ukraine
and Eastern Europe. In determining the best use of funding available for upgrading plant safety, it is
vital to recognize that the support activity to these countries has finite duration and that the available
funds are very limited in comparison to the funding needed to make these plants approach western
safety standards. To be effective, the DOE efforts must help the countries help themselves. When
U.S. support ends, the DOE must leave behind a safety culture and a safety infrastructure. The
countries must be capable of sustaining the enhancements in safety that have been made and have the
motivation and capability to extend these enhancements to other plants. This paper discusses the
transfer of technology in these projects.

Technology Transfer

For the purposes of this white paper, technology transfer is defined as the provision of U.S. technology
that enables the recipient to better perform a safety related function. Technology transfer can take a
number of forms, as indicated in Table 1.

The mechanisms identified range from the informal and least structured, Information Exchange, to the
most formal and structured, Joint Venture. The appropriate mechanisms of technology transfer will
depend on the project. For example, it would not be feasible to develop an in-country capability to
manufacture every type of safety component for the plants in that country. Access to a supply of
components and the knowledge of how to develop specifications and make procurements are essential,
however.

Some types of technology transfer are appropriate for every project. At a minimum, a project must
assure information exchange, often in the form of training.
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Table 1. Technology Transfer Mechanisms

Mechanism

Information Exchange

Joint Project

Personnel Exchange

Capability Transfer

Licensing

Joint Venture

Definition

Transfer of technical know
how through publications or
technical discussions.

Team effort of U.S. and host
country staff

Temporary assignment of
personnel with intent of
transferring or receiving
knowledge

Transfer of a complete
ability to produce an item or
perform a safety related
function.

Transfer of the ability to
produce an item by charging
fees for the use of
intellectual property.

Contractual arrangement to
produce items or perform
services.

Examples

Training courses,
workshops, participation in
technical meetings.

Fully integrated team
performing plant PSA

Assignment of host country
NPP operating staff to U.S.
plant.

Cooperative projects.
Providing training
techniques. Providing
facilities.

Russian company licensed by
Promatec to produce and sell
Promatec products.

WESTEK in Russia.
WESTRON in Ukraine.
GCR in Bulgaria.

Benefits

Educates personnel.
Develops peer relationships
between countries.

Enhanced on-the-job
training, mentoring

Training within a realistic
environment. Transfer of
safety culture

In-country ability to produce
items or perform safety
related functions.

In-country ability to produce
items. Licensor willing to
trade intellectual property for
fee.

In-country ability to produce
goods or services. Potential
for profits.

Incorporating Technology Transfer into Safety Upgrade Projects

Technology transfer is introduced into a project at the planning stage. The extent to which technology
transfer will be included can depend on the mind set of the planners. The planner should not only be
thinking, "How do we provide a safety grade DC power supply system to Kola NPP?" but also, "How
do we provide a Russian capability to improve DC power supply in their NPPs?"

For the selection of new programs, projects are evaluated against four criteria: Impact on Safety, Cost
Effectiveness, Sustainability, and Host Country Commitment. The third criterion, Sustainability, is
explicitly included to assure that project planners are considering technology transfer. "This criterion
is important, not only to help select projects that build infrastructure, but also to assure that each
project considers the best way to transfer technology to the host country." The benefits of technology
transfer also appear implicitly in the other three evaluation criteria. For example, the most cost-
effective projects are ones that provide a capability to the host country to make its own upgrades. In
that manner the U.S. funds that supported an upgrade at one reactor are leveraged into similar safety
improvements at other reactors.
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Technology Transfer in Different Technology Areas

The types of technology transfer that are appropriate vary with the nature of the project. Table 1
provides a generic categorization of modes of technology transfer. In the following sections, brief
comments are provided about the ways in which technology transfer is occurring in each technology
area (the Operational Safety area has been subdivided because of the diversity of project types). Some
general examples are provided regarding how technology transfer could be improved.

Emergency Operating Instructions

The support that the U.S. has provided associated with symptom based EOIs has been in the form of
Information Exchange through use of working group meetings and workshops and Capability Transfer
through the through the transfer of computer hardware. The extent of technology transfer in these
projects is substantial. The host countries have received training that allows them to generate their own
EOIs.

Training

Training is by its nature Information Exchange. Technology transfer has occurred not only in the
transfer of safety knowledge in technical areas to improve plant safety but also in the form of Capa-
bility Transfer by the transfer of training techniques and the establishment of training facilities in the
host countries. Personnel Exchange can also be used to assist in the transfer of training techniques.
This approach assures the capability of the countries to sustain and extend their training programs.

Simulators

The simulator projects directly involve Capability Transfer in that the host country is provided with
nuclear power plant simulation hardware and software that can be used for operator training and vali-
dation of Emergency Operating Instructions (EOIs). Information Exchange is provided in the form of
training in the use and maintenance of the simulator. On one simulator project Personnel Exchange
was a dominant means of technology transfer. On that project Ukrainian engineers spent twelve weeks
at the U.S. simulator vendor to learn how to design and produce simulator computer models. These
engineers will later become the core of the software modeling staff for the development of two full-
scope simulators in the Ukraine. Another important technology transfer mechanism in the simulator
area is associated with Joint Ventures. Most of the simulator projects are joint efforts that include both
U.S. DOE funded and NPP funded contracts. In addition, many of the U.S. DOE funded activities are
with joint U.S./Russian companies.

Maintenance and Operational Practices

Information Exchange, Personnel Exchange, and Capability Transfer are the likely forms of technology
transfer in this area. Centers of excellence, such as maintenance centers, are excellent vehicles to use
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for training personnel and providing a sustaining resource of expertise that can be drawn upon by the
different NPPs. Licensing for the use of proprietary non-destructive examination equipment is a possi-
bility in this area, as well as the establishment of Joint Ventures.

Plant Safety

The mechanisms for technology transfer in this area are Information Exchanges, Joint Projects, Per-
sonnel Exchanges, and Capability Transfer. Information Exchange and Capability Transfer activities
include providing U.S. developed software, computer hardware, analysis methodologies and tech-
niques, and training in the use and implementation of all of these products. In addition the program
will sponsor in conjunction with other national and international organizations, such as the IAEA,
topical meeting and workshops. The program is providing assistance to a number of in-depth safety
assessment Joint Projects at selected NPPs in Russia and Ukraine. Lastly, the program will sponsor a
limited number of Personnel Exchanges involving the short term appointments of host country special-
ists at U.S. Laboratories to work on focused scope safety analysis projects.

Regulatory and Legislative

This area is largely limited to Information Exchange in the forms of training or the exchange of regu-
latory documents. Nuclear regulatory culture has also been positively affected through bilateral
Personnel Exchange.

Fuel Cycle Safety

The modes of technology transfer associated with this area depend on the extent to which the scope is
expanded beyond dry cask storage. Within the scope of dry cask storage of spent fuel, the mode of
transfer has been limited to Capability Transfer in that access has been provided to a U.S. vendor of
casks. The capability could be extended to include an in-country capability to produce dry casks for
other NPPs. In this event, Licensing and Joint Venture could be considered as viable modes of tech-
nology transfer.

Engineering and Technology Safety

Of all of the technology areas, Engineering and Technology Safety is the one that probably has the
greatest potential for enhancing technology transfer. Because the Engineering and Technology Safety
projects typically involve the transfer of a piece of safety equipment that improves the safety of a
specific plant, the benefit may be limited to that one plant unless a mechanism has been developed to
extend that benefit to additional plants in that class. Furthermore, consideration should be given to the
industrial infrastructure required to support hardware upgrades. Components will fail and have to be
replaced. If the upgrade is to be extended to other plants, the most cost effective means could be an
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in-country manufacturing capability. Training in the use and maintenance of hardware is also essential
to obtain the intended safety benefit. Each of the technology transfer mechanisms identified in Table 1
can potentially be used for this purpose.

Some of the keys to the successful transfer of technology in past projects that have been noted are:

• On-site project management
• Majority of technical work performed on-site
• Assignment of management roles to utility staff
• Periodic critical review of all staff work to provide early feedback
• Work performed to written task plans and procedures
• Training of in-country consultants as well as utility staff
• Mentoring staff to allow them to become experts
• Highly qualified partners
• A market/economic situation capable of sustaining the transferred capability.

With the exception of activities performed in the Regulatory and Legislative area, the focus of most
projects is on the regulated industry rather than on the regulatory agency. However, it is important to
recognize that the success of every project depends on acceptance by the regulator. In addition, the
regulator can have a strong effect on the sustainability of the project and the extension of an upgrade at
one plant to other plants. Thus, it is necessary to consider the potential for upgrading the capability of
the regulator through technology transfer as well as the utility, consultant, or supplier.

Process

The following approach was proposed for reviewing and potentially upgrading the treatment of tech-
nology transfer in these projects. At the Contractor Information Meeting on May 21, 1996, an ad hoc
working group was established to develop means to improve the transfer of technology in DOE's safety
upgrade projects. As a first step in this initiative, the ad hoc working group assisted in the develop-
ment of this paper. With this guidance, the program area integrators were requested to review tech-
nology transfer in their programs. The reports of the reviews performed by the technology integrators
have been appended to this paper.
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Appendix A. Review of Technology Transfer Activities
in the International Nuclear Safety Program

A.I Operational Safety

A.1.1 Emergency Operating Instructions

The support that the U.S. has provided associated with symptom based EOIs has been in the form of
Information Exchange through use of working group meetings and workshops and Capability Transfer
through the through the transfer of computer hardware. The extent of technology transfer in these
projects is substantial. The host countries have received training that allows them to generate their own
EOIs.

A.1.2 Training

Training programs are by their nature Information Exchange. The training staff at plants have been
instructed in the Systematic Approach Training and have developed the capability to develop program
modules for use at their plants.

A. 1.3 Simulators

All of the simulator projects involve Capability Transfer and Information Exchange. The NPP obtains
a valuable training aid and training in the use of the equipment. Projects of this type include:
Balakova Simulator Maintenance Course and Tools, Zaporizhzhzya Simulator Maintenance Course and
Tools, Slovakia Plant Simulator Upgrade, Engineering Training Center and Trnava Training Center
Simulator Upgrade.

In a number of projects, the capability to design and manufacture simulators has also been transferred
to an in-country partner in the form of a Joint Venture. Projects of this type have been undertaken as:
Kola WER-440/213 Full-Scope Simulator, Balakova Analytical Simulator, Novovoronezh 440/230
Analytical Simulator, Kalinin W E R 1000/338 Full-Scope Simulator, South Ukraine Unit 3 Simulator,
Rivne Simulator, South Ukraine Unit 1 Simulator, and Chornobyl Analytical Simulator.

Personnel Exchange occurred within the Khmelnytskyy W E R 1000 Full Scope Simulator project
through the extended assignment of personnel to a U.S. simulator design and company.

A.I.4 Maintenance and Operational Practices

Information Exchange and Capability Exchange have been the principal modes of technology transfer
in this area. Ultrasonic test equipment and training in the use of this equipment have been provided to
Kursk.
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A.2 Engineering and Technology Safety

A.2.1 Fire Safety

The primary goal of the Fire Safety Upgrade program is to decrease the risk that a fire at an NPP in
one of the host countries could result in the inability to safely shut down the plant, fuel damage and a
release of radioactive material to the environment. Although the program has ancillary humanitarian
benefit of protecting the lives of fire fighters and the economic benefit of reduced fire loss, the rationale
for the selection of projects to support is based only on the ability to reduce the risk of severe accidents
involving release of radioactive material. There are two approaches being taken to accomplish this
objective.

The first approach involves the provision of basic fire protection materials, such as: fireman suits,
hand-held extinguishers, hose nozzles, self-contained breathing apparatus, fire detectors, penetration
sealant material, and fire doors. A fire protection program must begin with the basics of prevention,
detection and suppression. Until the basic capabilities of fire protection are established, it does not
make sense to look at the details of assuring safe shutdown in a fire.

Fire prevention has not been an area of major emphasis in the tasks undertaken to date. This is an area
where the potential exists to make major improvements but the willingness to undertake these improve-
ments requires changes in safety culture. Typically, host country NPPs do not have effective programs
to control the use of combustible materials, the storage of transient combustible materials, or the availa-
bility of ignition sources. Cigarette smoking is even allowed in the control room of NPPs, an area with
the potential for extreme fire-related consequences. Information Exchange is the principal method for
providing technology transfer in this area. Fire Hazards Analysis Training Courses are being provided
for NPP engineers and for executives in Russia and Ukraine. Although the focus of these courses is
primarily on the methods of fire hazards analysis, the elements of fire protection are also stressed. As
part of these courses, the participants visit U.S. NPPs and have an opportunity to see how fire protec-
tion is implemented in these plants. The first of these courses was provided in 1995. Four additional
courses will be presented in December 1996, January 1997, and February 1997. Training in fire
protection has also been provided by the U.S. Nuclear Regulatory Commission to regulators and plant
staff.

In the area of fire detection, the DOE has primarily provided western equipment to the host country
NPPs. Technology transfer has been limited to Information Exchange in the training of the plant staff
in the use of the equipment.

The third area of fire protection is suppression. Host country NPPs rely more heavily on fire brigades
in response to fires than on automatic suppression devices, as in western NPPs. Much of the equip-
ment provided supports the capability of the fire brigades, such as firemen's suits, self-contained
breathing apparatus, hose nozzles and fire extinguishers. Much of this equipment has been provided by
U.S. suppliers without significant technology transfer or effort to support local industries. There are,
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however, a number of examples of Capability Transfer where technology transfer is occurring. At
Zaporizhzhya, indigenous suppliers of self-contained breathing apparatus, fire extinguishers, and fire
doors are being supported by the program. In the case of the fire doors provided by Asken Company,
significant upgrading of the indigenous product has occurred because of modifications required to
satisfy international standards. These doors are also being provided to Chornobyl NPP. Similarly, in
Russia the Atomremmash Company in the Kursk Region is providing fire doors for Smolensk NPP.
Although U.S. technology is not necessarily transferred in all of these cases, international standards or
their equivalent are being imposed on the acquisition and installation of this equipment.

In addition to the provision of basic fire protection equipment, the DOE is providing Capability Trans-
fer to Russia and Ukraine to analyze plants to assure that they can be shut down safely in a fire. The
Reactor Core Protection Evaluation Methodology for Fire in Soviet-Designed Nuclear Power Plants
documents the experience obtained by U.S. plants over the last twenty years in the performing fire
hazards analyses. It is planned not only to provide the Methodology to the host countries but also to
work with them in Joint Projects to perform safe shutdown analyses for pilot plants. Finally, Informa-
tion Exchange is being used to educate plant staff on the application of fire hazards analysis techniques
and to assist decision-makers in Russia and Ukraine to determine how the Methodology can be adapted
as a standard practice in their countries. This training includes discussions with U.S. NRC staff, U.S.
industry representatives, and visits to U.S. NPPs.

A.2.2 Confinement Isolation Upgrades

Confinement related projects have been performed at the Kola Unit 2 NPP as a pilot plant for
W E R 440/230 upgrades. The sealing of leaks in the confinement structure has involved the applica-
tion of materials developed for other purposes in the U.S. to confinement sealing. The U.S. based
Promatec Company has developed a partnership with a Russian agent for the purpose of marketing
projects and applying Promatec products in other NPPs. Indeed, Promatec has been successful in
obtaining projects with a number of host country NPPs based on the successful application of sealing
and fire protection materials in DOE sponsored projects.

Eleven isolation valves have been provided to Kola Unit 2. Although there was no direct transfer of
U.S. technology in the purchase of these valves, a valve technology project has been initiated in which
Burns and Roe is working with Russian and U.S. valve manufacturers to determine appropriate tech-
nology transfer opportunities.

The confinement radiation monitors project employs U.S. equipment. Technology transfer in this
project is largely limited to training in the use of the equipment.

A.2.3 Safety Parameter Display Systems

Safety parameter display systems are being provided to RBMKs, W E R 440, and W E R 1000 NPPs.
These projects are very closely tied to another major commitment of the program in which the U.S. is
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supporting the development of symptom based Emergency Operating Instructions. The SPDS and EOI
provide the operator with the information needed to determine the state of the plant in an emergency
and the instructions to place the plant in a safe stable state. In each of the SPDS projects, there is
significant host country participation in the design of displays and the software that converts detector
signal output into critical safety parameters. SPDS work stations are also being provided to interface
with simulators. These developmental units are used in the development of software and displays. The
host countries are being provided with the equipment and training required to expand and upgrade the
systems in the future.

A.2.4 DC Power Supply

Safety grade DC power supply systems have been provided to Kola Unit 1, Kola Unit 2, and to Kursk
NPP. At Kursk, non-safety grade batteries were also provided to enable non-safety electric loads to be
separated from safety electric loads. The systems consist of battery cells, seismic resistant stands, and
DC switch boards. In the base programs, technology transfer has been provided in the sizing of
batteries and switch boards but not in the supply of equipment. Although there are a number of plants
in the host countries that need to replace batteries, the long term demand for nuclear grade batteries is
limited. In a review of technology transfer opportunities, discussions have been held with the Russian
battery manufacturer Electroyaga. In a new task, Burns and Roe will be working with U.S. battery
manufacturers and Electroyaga to identified areas in which technology transfer can be effective in
developing and sustaining a host country capability. In addition, the experience gained in the Kola and
Kursk projects is being transferred to the host NPPs through workshops.

A.2.5 Emergency Water Supply

Emergency water supply systems are being provided to both a W E R plant at Novovoronezh and an
RBMK plant at Kursk. Emergency water supply of the type being supplied to these plants is not a
standard system in U.S. plants but is being provided because of the lack of redundant water supply in
the older Soviet-designed plants. The concept is very simple, a versatile water pump and a diesel
generator mounted on a movable skid. This system is not defined as safety class because its use is not
anticipated in the normal, design-basis response of the plant to an accident. The approaches taken in
the two projects are dramatically different. In the RBMK project, which is being led by Burns and
Roe, the U.S. developed the design (the performance criteria were developed by the plant) and manu-
factured the system from U.S. components. The process proceeded very quickly and the system is
currently at the plant. In contrast, the W E R system is primarily being designed by Gidropress and
Atomenergoproect, under an agreement between Parsons Power and MOCT. Unfortunately, this
project is proceeding very slowly at substantially higher cost than the RBMK project. Technology
transfer sometimes will require higher up front costs to achieve.

In either case, the design specifications will be made available to the host countries, in the event
duplicate copies are desired.
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A.2.6 Instrumentation and Control

At this time, there are only two projects of this type and both are in the startup phase. Technology
transfer is a key element of both projects. In the Ignalina component replacement project, Scientech
will manufacture a number of replacement modules using the same form, fit and function as the initial
design but with modern technology. There is an extensive testing program associated with the project
in both the U.S. and Lithuania. Scientech will manufacture 100 modules and then transfer the tech-
nology to a Lithuanian company to manufacture an additional 200 units. Quality assurance training is
being provided to the Lithuanian company in March 1997.

A similar project is being initiated in Russia with the support of Rosenergoatom. In this project, the
first step will be to identify a module that is a particularly difficult replacement problem for the plants
and for which the long term market is high. Rosenergoatom is also in the process of identifying the
most qualified component manufacturing companies in Russia to whom the capability will be
transferred.

A.2.7 Primary System Integrity

In two closely related tasks, BNL has provided hand held ultrasonic equipment to Kursk NPP and
Burns and Roe is providing automated equipment. Because this type of equipment requires consid-
erable skill to use, the training being provided to the plant staff is fairly extensive. Plant staff are
receiving a one-month training course in the U.S. This activity area is being transitioned to the main-
tenance area. Further technology transfer opportunities will be the responsibility of that organization.

A.2.8 Plant Decommissioning

This task is fundamentally an Information Exchange task. BNL and Kurchatov Institute, under the
management of PNNL, are collecting the world-wide experience base on actual decommissioning
activities that have occurred. This is being used to develop prototype decommissioning documentation
for the Leningrad Unit 2 NPP.

A.2.9 Circuit Breaker Technology

A new start that is planned for FY 97 is a project to assist the NPPs in solving problems with circuit
breakers. In a survey of plant needs performed by Rosenergoatom, circuit breakers consistently were
identified as a serious common problem. PNNL and Rosenergoatom are in the process of developing a
work plan in which the focus would be to develop an in-country capability to produce circuit breakers
for the NPPs.
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A.3 Plant Safety Evaluation

Technology transfer in this area is in many respects a natural result of the undertaking and completion
of safety analysis projects. Although the technology transfer that has occurred to date has been largely
successful, it has been focused at small groups of people, from specific institutes, attending training
sessions or workshops and working on projects of limited scope. In contrast, the plant specific,
in-depth safety analysis Joint Projects that are now just starting have the promise of significantly
increasing the possibility to build a sustainable safety infrastructure that can continue to support plant
safety evaluation needs in the future. Details of how Plant Safety Evaluation is addressing specific
technology transfer mechanisms is given below.

An Information Exchange will be sponsored in September 1996 in Obninsk, Russia on Analytical and
Computational Tools for the Safety Assessment of SDRs. In October 1996 a probabilistic risk assess-
ment (PRA) workshop will be cosponsored with the IAEA at the Czech Republic's Nuclear Research
Institute (REZ). The objective is to resolve discrepancies in modeling assumptions and databases
among the different PRA studies of WER-440 reactors. Safety analysis specialists from Russian,
Ukrainian, and Central and Eastern European power plants, and technical organizations will address
modeling assumptions, initiating events, and component reliability data, with the goal of agreeing on
consistent assumptions. Participation of a limited number of Western European and U.S. experts is
also expected. These types of wide audience exchanges/workshops will continue to be sponsored and
promoted. In addition, small workshops and training courses focused in areas such as thermal hydrau-
lic analysis and introduction to probabilistic analysis techniques are delivered to host country safety
analysis specialists who are participating in Joint Projects. These focused exchanges provide the host
country participants introduction and exposure to safety analysis methods and techniques that are
necessary for performing internationally accepted analyses.

A number of in-depth safety assessment Joint Projects are being carried out at selected NPPs in Russia
(Kola, Leningrad, and Novovoronezh NPPs) and Ukraine (South Ukraine and Zaporizhzhya NPPs).
The objective of these projects is to provide a documented safety design basis and a documented plant
risk profile to support safe plant operation and to provide justification for proceeding with appropriate
safety upgrades. These in-depth analysis projects are organized with the plant in a leadership role, sub-
contracting of various technical activities by the plant to host country technical organizations, and a
western expert(s) providing on-site technical mentoring and management assistance. In these projects it
is stressed that the work is directed and carried out by the plant staff together with their supporting
subcontracted technical organizations. The western expert role is restricted to one of technical mentor-
ing and management assistance. This approach ensures that the plant maintains ownership of the
product while at the same time developing the indigenous capability of the host country technical
organizations to continue to provide technical support to in-country NPPs. Plant ownership of the
product is absolutely necessary to guarantee the long term application of high quality safety analysis to
decisions regarding the operation of the plant. At the same time the development of safety analysis
capability at the technical organizations will build infrastructure that can continue to support the safety
analysis needs of the plants we have selected as well as other in-country plants.
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A limited number of Personnel Exchanges will be supported. In these cases, safety analysis specialists
from the host countries will take temporary assignments at the U.S. National Laboratories to participate
in a number of safety analysis activities. An assignment of one safety analyst from the Kola NPP to
build RELAP graphical interfaces, known as a NPA mask, is expected to take place in FY 97.

An extensive amount of Capability Transfer has occurred in the Plant Safety Evaluation area. This
encompasses a number of activities including:

i) The transfer of U.S. developed safety analysis codes such as the thermal hydraulics code
RELAP (through CAMP membership), the beyond design basis accident code MELCOR, and
the PRA code IRRAS;

ii) The acquisition of computer hardware to run the software;

iii) Training in the use of these codes and;

iv) Training in the implementation of various safety analysis techniques and methodologies.

A.4 Fuel Cycle Safety

Through Capability Transfer Ukraine has been provided with an approach for the safe, secure storage
of spent fuel in dry containers. In future work, U.S. experience in the regulation of research reactors
and fuel cycle facilities will be transferred to regulators.

A.5 Legislative and Regulatory

The objectives of the Legislative and Regulatory program element are focused completely on technol-
ogy transfer. The intent is to transfer U.S. experience in nuclear legislation and regulation to the host
countries. This is primarily accomplished in the form of Information Exchange by performing work-
shops for host country personnel in the areas of: safety analysis, event reporting and analysis, trans-
portation, and training techniques. It is expected that these activities will result in a stronger, more
independent nuclear safety regulator.

Computer codes have been transferred to the regulators in the host countries for performing safety
analyses. In this manner, the regulators have obtained the capability to independently verify the
calculations of the design organizations and make more informed regulatory decisions.

The U.S. will not participate in Joint Projects in the regulatory area with the host countries because of
liability considerations. Furthermore, reactor regulation is considered a national prerogative.
However, it is planned to have some GAN inspectors assigned to a DOE facility on a temporary basis.
By means of Personnel Exchange, GAN personnel will be trained in DOE inspection and oversight
techniques.
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Abstract

This paper describes the design and procurement of
a Class IE DC power supply system to upgrade plant
safety at the Kola Nuclear Power Plant (NPP). Kola
NPP is located above the Arctic circle at Polyarnie
Zorie, Murmansk, Russia. Kola NPP consists of four
units. Units 1 and 2 have WER-440/230 type reactors:
Units 3 and 4 have WER-440/213 type reactors. The
WER-440 reactor design is similar to the pressurized
water reactor design used in the U.S. This project
provided redundant, Class IE DC station batteries and
DC switchboards for Kola NPP, Units 1 and 2.

The new DC power supply system was designed
and procured in compliance with current nuclear
design practices and requirements. Technical issues
that needed to be addressed included reconciling the
requirements in both U.S. and Russian codes and
satisfying the requirements of the Russian nuclear
regulatory authority. Close interface with
ATOMENERGOPROEKT (AEP), the Russian design
organization, KOLA NPP plant personnel, and
GOSATOMNADZOR (GAN), the Russian version of
U.S. Nuclear Regulatory Commission, was necessary
to develop a design that would assure compliance with
current Russian design requirements. Hence, this
project was expected to serve as an example for plant
upgrades at other similar WER-440 nuclear plants.

In addition to technical issues, the project needed to
address language barriers and the logistics of shipping
equipment to a remote section of the Former Soviet
Union (FSU).

This project was executed by Bums and Roe under
the sponsorship of the U.S. Department of Energy
(US-DOE) as part of the International Safety Program
(INSP). The INSP is a comprehensive effort, in
cooperation with partners in other countries, to
improve nuclear safety worldwide.

A major element within the INSP is the
improvement of the safety of Soviet-designed nuclear
reactors.

I. INTRODUCTION

After the Chernobyl accident in 1986 and the
breakup of the Soviet Union, the U.S. made commit-
ments at the 1992 G-7 Conference to provide assis-
tance in reducing the risks associated with the
continued operation of the older Soviet-designed
reactor types i.e., RBMKs and WER-440/230s.

These commitments resulted in cooperative
engineering efforts between the U.S. and host countries
of the Former Soviet Union (FSU). The US-DOE,
under the INSP, manages projects that strengthen the
nuclear safety culture and infrastructure of nuclear
power plants within the FSU. In early 1994, Bums and
Roe became a major contributor to safety upgrade
projects sponsored by the US-DOE.

Kola NPP Units 1 and 2 were built during the
period from 1965-1974. During this time frame,
international regulations governing nuclear power plant
emergency DC power supply systems had not yet been
developed. Consequently, the design of the existing
Unit 1 and Unit 2 emergency DC power supply system
reflected the prevalent engineering and design
practices employed at Russian fossil fueled generating
stations.

VVER-440/230 Nuclear Power Plants typically
have 230-V DC emergency power supply systems that
do not satisfy present day requirements for design basis
accident mitigation. The VVER-440/230 DC power
supply configuration could present a potential hazard
during the remaining design life of these plants.
Availability of a reliable, seismically qualified
Class IE DC power supply source is an essential
requirement of safe-shutdown capability at nuclear
power plants. Therefore the US-DOE agreed to provide
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nuclear qualified Class IE batteries and the associated
DC distribution boards to Kola NPP Units 1 and 2.
This equipment would satisfy design requirements
stipulated by the Russian participants as well as
comply with the Class IE qualification requirements
typically imposed for a nuclear power plant in the
United States.

II. RUSSIAN SIDE RESPONSIBILITIES

This project was a cooperative effort between the
U.S. and Russia. AEP, the Russian design organization,
was responsible for identifying the technical design
requirements for Russian nuclear power plants. Kola
NPP site personnel were responsible for the
installation, operation, and maintenance of the new
equipment. GAN was responsible for providing the
applicable Russian codes and standards and confirming
that the new equipment and design satisfied current
Russian regulatory requirements.

The Russian participants identified, separated, and
re-assigned safety related electrical loads to provide
physical and electrical separation between redundant
safety trains and from non safety related loads. They
also modified the existing battery rooms and DC
switchboard rooms to provide separate rooms for
redundant trains of the DC power supply equipment.
Updated electrical one line diagram information and
seismic floor response spectra were provided by the
Russian side for the preparation of the equipment
specifications for the project. Updated DC load profiles
were provided for sizing the new batteries. The transfer
of technical drawings proved to be an effective means
of communication, in view of language/terminology
differences. The Russian side developed a plant
modification package that provided the detailed design
for rerouting existing cables, routing new cables, as
well as instructions for the installation and testing of
the new equipment.

III. DC SYSTEM CONFIGURATION

A. Existing DC System Configuration

The existing 230V DC system at KOLA NPP con-
sisted of the following major components:

• 1 battery and 1 DC Switchboard for the Unit 1
safety-related DC Loads

• 1 battery and 1 DC Switchboard for the Unit 2
safety-related DC Loads

• 1 battery and 1 DC switchboard for the Unit 1 &
Unit 2. non safety-related DC loads as well as non
safety-related loads common to both units

A 150KW, Invertible Motor Generators (IMG) was
connected to each safety related DC Switchboard and
the common non safety-related DC Switchboard. The
DC system also included an additional IMG, which
served as a backup.

An IMG is a coupled DC machine and AC syn-
chronous machine set. Each IMG has its own voltage
regulator and can be used as either a motor or a gen-
erator. Russian design practice is to normally configure
the IMG so that it receives AC input power on the
synchronous motor portion of the IMG. The AC motor
then drives the DC machine portion to provide a
regulated DC power output, thereby using the IMG as
a battery charger. During loss of AC power, the IMG
works in the opposite direction. The unit battery
provides DC power to the IMG and the IMG is used as
an inverter to provide AC power for safety-related AC
power loads. This practice reflects the design
philosophy at the time the plant was constructed.
Current Russian design practice uses static chargers to
provide a battery charging function and solid state
inverters to supply critical AC loads.

Although the original plant design provided
redundant safety related equipment, it did not provide
redundant electrical distribution systems nor satisfy
current single-failure criteria. A single 230-V DC
power source was provided for the safety related loads
at each unit. DC switchboards were rated to support
their connected loads. The DC battery discharge
capacity was based on the original one-half hour
accident mitigation profile. These equipment could not
support the addition of redundant electrical loads to the
plant DC distribution system. Seismic and environ-
mental qualification for essential components did not
exist.

B. New DC System Configuration

The modification at Kola NPP provided five safety-
related Class IE batteries and DC switchboards. The
new configuration consisted of:

• two redundant Class IE batteries and associated
DC switchboards for Unit 1 safety related loads

• two redundant Class IE batteries and associated
DC switchboards for Unit 2 safety related loads
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• one battery and DC switchboard for the non
safety-related DC loads for Unit 1 and Unit 2, as
well as non safety-related loads common to both
units.

Although normally aligned to non safety-related
loads, the non-safety-related DC distribution system
could be reconfigured to use the non safety-related
battery as a backup safety-grade DC power supply.
Consequently, all equipment was designed procured,
tested, and installed to comply with safety grade
standards.

Batteries and DC switchboards were procured and
tested in accordance with current IEEE standards
applicable to nuclear qualified DC power supply
equipment. The batteries and DC switchboards were
seismically and environmentally qualified in compli-
ance with Regulatory Guide 1.89, 1.100 and IEEE 323,
344, and 535. The batteries were sized in accordance
with IEEE 485 to assure that the batteries had
sufficient capacity to power redundant safety loads
during post accident conditions. The battery manufac-
turer provided maintenance and post installation testing
recommendations which complied with IEEE 450.

IV. BATTERIES AND RACKS

A. Existing Battery and Rack Design

The battery cells were lead acid type with lead
calcium grid plates. However, the battery cells were of
an obsolete cell design consisting of a transparent glass
jar and an open top design that is potentially prone to
degradation or failure under a Safe Shutdown
Earthquake (SSE). In this design, the plates and other
cell components were exposed to the environment.

This open top cell design required a large venti-
lation system to remove the large amount of potentially
explosive hydrogen gas that could be generated during
battery charging.

The batteries were installed on ceramic insulators
on a concrete platform in a single tier configuration.
This battery mounting arrangement did not include any
restraining rails. Battery inter-tier connections utilized
bare solid copper wires. These battery inter tier
connections were suspended from the ceiling. The
battery cells were susceptible to be dislodged during a
seismic event, breaking inter cell connections, spilling
electrolyte, and rendering the battery inoperable.

Further, the batteries were reaching the end of their
expected operational life.

Figure 1. Existing Batteries at Kola NPP

B. New Battery And Rack Design Criteria

The new batteries and racks [1] were based on cur-
rent U.S. nuclear industry standards. Normal and post
accident environmental conditions and SSE floor
response spectra were obtained for Kola NPP. The
batteries were environmentally qualified to the normal
and post accident environments at Kola NPP. The
battery cells were seismically qualified to assure that
the battery would be able to deliver full capacity during
and after an SSE. The batteries were sized and tested in
accordance with applicable IEEE standards to assure
that the delivered battery would have sufficient
capacity to support the emergency duty load profile
provided by the Russian side. Battery sizing included
temperature compensation for battery room ambient
and an aging factor to ensure 100% capacity at the end
of the battery's 20- year qualified life.

The battery racks were seismically qualified to assure
they would remain functional during and after an SSE.
The battery rack design was a two tier rack design
which provided a small "footprint" and allowed
installation in limited available space.

C. Special Battery Design Considerations

The updated VVER accident mitigation load profile
had a 2 hours duration with a very high load demand
during the first minute. To accommodate this
condition, battery sizing per the procedure of IEEE 485
resulted in a substantial battery nominal capacity
(2440 Amp-Hour). This size approached the limit of
readily available qualified Class IE batteries manu-
factured in the U.S. The undesirable consequence of a
very high capacity is a correspondingly high available
short circuit battery contribution to the DC power
supply system. The chosen battery had an 1^ of
-21KA. The IMG has an I s c of ~6KA. This issue had
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to be carefully engineered so that the equipment inter-
rupting rating of the new DC switchboards (30KA) and
existing downstream equipment was not exceeded.

Special consideration was given to the method of
shipping the batteries overseas into the Arctic circle.
The scheduled plant outage required a winter shipment
potentially exposing the battery cells to extreme sub
freezing temperatures. Previous Russian practice was
to ship batteries "dry", i.e., without the cells filled with
electrolyte. The U.S. battery manufacturer's practice
for safety grade batteries required that the batteries be
shipped "wet", i.e., with cells filled with electrolyte.
After the battery cell plates are formed and filled with
electrolyte, they undergo IEEE 450 discharge testing.
This provides positive indication that the delivered
battery can supply rated power and perform its safety
function. If the electrolyte were to then be removed,
special precautions would be necessary to prevent
exposing the plates. Further, existing battery environ-
mental qualification could not easily be applied to
"dry" cells. "Dry" shipment would still require ship-
ment and handling of the electrolyte. Consequently, the
batteries were shipped "wet" This required special
shipping arrangements that are addressed later.

Figure 2. New Batteries at Kola NPP

V. DC SWITCHBOARDS

A. Existing DC Switchboards Design
Each switchboard included exposed uninsulated

copper main buses. The main buses are separated in
two sections by a disconnect switch. Each load is

connected to these two bus sections via separate load
cables but powered from only one of the bus sections.
This scheme allows a power source transfer and isola-
tion of one set of load cables when locating a feeder
ground.

The main buses and load switching devices are
located in an open back metal switchboard structure.
The open back construction is outdated and is not
compatible with the water sprinkler fire suppression
system. The switchboards are equipped with minimal
graphic displays.

Engineering evaluation of the construction features
indicated that:

a) probability of fault occurrence on the uninsulated
main buses located in open back enclosure is high,

b) the enclosure design as well as internal component
are not likely to survive a seismic event,

c) the existing distribution scheme would not support
single-failure criteria,

d) the switchboard design would not comply with
either the current US Class IE equipment quali-
fication requirements or current Russian standards.

B. New DC Switchboard Design Criteria

The new DC switchboards [2] have been designed
and constructed in compliance with the U.S. nuclear
industry standards for Class IE equipment. The design
has also been verified to comply with the current
Russian design requirements. The switchboard enclo-
sures have been structurally designed to meet seismic
qualification. The switchboards have been provided as
NEMA 12 enclosures, thus protecting the equipment
from sprinkler system actuation. Each distribution
system component has been commercial grade dedi-
cated to comply with the Class IE qualification
requirements.

Ratings of the load feeder breakers and fusible
switch units have been carefully selected to reliably
protect feeder cables and loads and to coordinate with
downstream protection devices. The switchboard buses
have been designed to accommodate the Russian
approach for ground fault detection. Display meters for
voltage, load current, battery discharge current, battery
float current, and charging current have been provided.
A graphic display of mimic buses have been included
on the switchboard front panel to aid operation of the
boards.
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C. New DC Switchboard Design
Considerations

The design of the new DC switchboards accom-
modated the following unique Russian design require-
ments:

a) two bus sections within the switchboards to allow
load switchover to accommodate feeder ground
search capacity,

b) use of existing invertible motor generator sets in
lieu of the standard U.S. practice of using static
battery chargers.

After evaluation of the standard Russian design
practice for ground search, a U.S. device for locating
DC system grounds, the DC Scout [3], was proposed to
the Russian side. Because of a lack of familiarity with
this device and because of the prevalent Russian design
practice, this approach was not accepted initially for
Kola NPP. However, DC Scouts were provided to the
Russians for future evaluation. Based on subsequent
successful trials of the device, GAN and AEP were
able to accept the device, thereby eliminating the
second bus section and duplicate motor feeders for
future safety augmentation projects such as KURSK
NPP.

Use of the invertible motor generator sets resulted
in higher available short circuit currents. Circuit inter-
rupting devices with a 3Q,000A DC short circuit rating
were selected to address this special need.

VI. NONTECHNICAL ISSUES

A. Translation

Nontechnical issues also became part of the DC
system upgrade. It was very important that technical
standards and design requirements were properly
translated. Technically knowledgeable interpreters
were necessary to provide accurate translation of
engineering terminology. Phone calls and faxes were
translated on both sides of the ocean. Russian and U.S.
design offices were separated by eight time zones
making routine communication a logistical exercise.
Routine manufacturing exercises, such as designating
equipment nameplates, wire markers, etc., had to be
translated properly. This included the use of the
appropriate Russian terminology.

B. Shipping

Shipping equipment to the Arctic circle was also a
concern. Exposure to severe sub-freezing temperatures
can damage a battery. Temperature-controlled shipping
containers were used to protect battery electrolyte
during sub-freezing temperatures. Temperature and
vibration monitors were included in the battery ship-
ment to monitor safe passage during overseas shipping
and document that the equipment was not exposed to
any conditions that might jeopardize equipment quali-
fication or void equipment warrantees.

C. Customs

In order to arrive at its destination, the equipment
must be processed through Customs. It was critical that
a copy of the proper documentation (in Russian and
English) was provided to the proper authorities prior to
shipment to expedite the process. The official
documentation accompanied the equipment.

D. Communication And Correspondence
With Russia

Proper communication and correspondence was
critical to the success of the project. Initial site visits
gathered site specific information. Field walk-downs
confirmed available space. The project had to coordi-
nate equipment procurement and delivery to support
unit outage schedules. Key Russian participants visited
U.S. equipment manufacturers to acquaint the Russian
side with the U.S. design and manufacturing practices
and to assure conformance with Russian design
requirements. GAN/AEP review and concurrence of
the design was documented in meeting protocols that
included an itemized listing of Russian design require-
ments and the corresponding U.S. design requirements
indicating compliance.

VII. DOE INVOLVEMENT AND GOALS

The initial goal of the US-DOE was to provide
equipment and technical assistance to support coop-
erative nuclear safety projects in the Former Soviet
Union. KOLA NPP was chosen as a pilot program. The
final goal is to provide a means for the FSU to develop
internal manufacturing and design capabilities via a
transfer of technology. This process will afford
opportunities for U.S. manufacturers to establish
technical collaborations and manufacturing arrange-
ments with FSU firms.
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VIII. TECHNOLOGY TRANSFER

Within the Kola Reliable DC Power Supply Project,
initial discussions were held with Electrotyaga, a
Russian battery manufacturer to determine the viability
and extent of technology transfer. Preliminary
observations indicate that the range of battery
technology transfer opportunities could be:

• Full manufacturing capability within Russia

• Partial manufacturing within Russia, with some
procurement outside Russia

• Procurement of sub-components with assembly
inside Russia.

As part of the continuing effort for battery tech-
nology transfer, additional discussions will be held
with U.S. and Russian manufacturers to explore tech-
nology transfer opportunities. The viability of each of
the above strategies will be made including consid-
eration of economics, potential market, interest among
U.S. and Russian participants, types of technology to
be transferred, and the capability of Russian partners to
implement required technologies.

Future plans also include a visit by representatives of a
Russian battery manufacturer to observe the U.S.
battery manufacturing process first hand. The ultimate
goal is to effect technology transfer to an extent that
Russian manufactured batteries will be installed at
future INSP sponsored battery upgrade projects within
the FSU.

IX. CONCLUSIONS

Since the inception of U.S. participation in the
INSP, the DC power supply project at Kola NPP was
one of the early executions of an equipment supply
project in which U.S.-Russian technical cooperation
was demonstrated successfully. The plant upgrade has
been accepted by all appropriate Russian organizations.
The equipment has been successfully installed in Unit
2 and is functioning properly. Installation of the Unit 1
and common DC power supplies are expected to be
installed by December 1996. Strict adherence to
technical, quality assurance, and regulatory
requirements resulted in the successful design of this
project. It is hoped that this project can be used as a
model for future safety-augmentation projects in
Russia and other FSU countries.
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Improving the Suftt> Nui-li-ar Pimi-r Plants

Summary

The 1986 disaster at the Chomobyl nuclear power plant and subsequent investigations
have revealed significant safety concerns and risks associated with continued operation
of Soviet-designed reactors (SDRs). Today, there are 67 nuclear power reactors operat-
ing in the Central and Eastern European Countries, Armenia, Russia and Ukraine. Many
of these reactors have deficiencies in safety equipment, training, safety procedures, and
oversight. Some problems have been exacerbated by the breakup of the Soviet Union
and the slow pace of economic restructuring and reform which leaves these plants with-
out the resources needed to fully fund their safety needs. Equipment shortages are
commonplace, many nuclear professionals suffer from low or erratic pay, and compre-
hensive government infrastructures to regulate these plants are not yet in place. Such
conditions, if not corrected, substantially increase the risk of a nuclear accident in Ukraine,
Russia, Armenia, or in Central or Eastern Europe.

For the past eight years, the United States has participated in efforts to upgrade the
safety of Soviet-designed reactors. These efforts have evolved from an initial, limited
exchange of nuclear power plant operators to the present-day multifaceted, comprehen-
sive program. The program has become more extensive and longer term because the
problems at SDRs are now more fully understood. There are no "quick fixes" that
would result in these plants achieving adequate levels of safety.

The purpose of this document is to define the mission and vision of the U.S. Department
of Energy's program for improving the safety of Soviet-designed nuclear power plants
and to describe the basic strategy for program implementation. A fundamental part of
the strategy is definition of the program's completion, or "end points." In addition, this
document presents summary-level budget projections for completion of the program.
The overall strategy and rationale for the end points, supported by the budget projec-
tions, provide the basis for a sound, viable program implementing the administration's
policy.

Based on the program strategy, it is believed that the program should continue through
the year 2003, with a currently estimated budget at completion near $543 million.

U.S. Department of Energy—Hi
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Impnmng the Safety of St» iet-Designcd Nuclear Power Plants

Background

Statement of Problem

Operating Soviet-designed reactors pose significant radiological risks due to deficien-
cies in safety equipment, training, operating and emergency procedures and regulatory
oversight. These deficiencies vary in type and degree among the different Soviet reac-
tor designs and generations. Currently, there are 65 operating nuclear power reactors.
These reactors are located in nine countries as presented below.

RBMKs

W E R s

^*40/230s

-440/213S

-1000s

BN-600

BN-350

Russia'"'

11

4

2

7

1

Ukraine

1

2

11

Bulgaria

4

2

Czech

4

Hungary

4

Lithuania

2

Slovakia

2

2

Armenia

1

Kazakhstan

1

(a) Other Russian reactors include 4 light-water-cooled, graphite-moderated reactors.
BN = Breeder reactor.
RBMK = Boiling-water, graphite-moderated, pressure-tube reactor.
VVER = Pressurized, light-water cooled and moderated reactor.

Based on evaluations of the Soviet-designed reactors, numerous deficiencies in
safety have been identified. The principal deficiencies for the major reactor
types are listed below.

RBMK

• no massive steel/concrete containment structure
• accident mitigation systems are limited and ineffective
• inadequate fire protection systems
• deficient separation and redundancy of electrical and safety systems
• inadequate operating and emergency procedures.

WER-440/230

• reactor confinement inadequate to accommodate large pipe breaks
• reactor confinement has poor leak-tightness and poor hydrogen mitigation

U.S. Department of Energy—1
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• inadequate emergency core cooling systems
• inadequate fire protection systems
• inadequate operating and emergency procedures.

WER-440/213

• inadequate separation of plant safety systems
• reactor confinement has poor leak-tightness and poor hydrogen mitigation
• inadequate fire protection systems
• inadequate operating and emergency procedures.

WER-1000

• inadequate separation of electrical systems
• inadequate fire protection systems
• inadequate operating and emergency procedures.

Many countries with Soviet-designed reactors suffer from electricity shortages, particu-
larly during the winter. Also, nuclear power plants provide a significant percentage of
the electricity needs in this region, e.g., 87 percent of the electricity in Lithuania, over
30 percent of the electricity in Ukraine, Bulgaria, Armenia, Hungary, and Slovakia, and
12.5 percent of the electricity in Russia. These shortages, however, are caused more by
economic than technical constraints, i.e., the inability to purchase imported fossil fuels
at world market prices and/or the failure to effectively restructure the power sector so
that it is capable of generating the revenues necessary to fund investments in safer power
alternatives. For these reasons, it is difficult for countries with these reactors to shut
them down.

These countries continue to operate high-risk reactors despite the possibility of a cata-
strophic accident which could have enormous political and economic consequences.
Such and accident could:

• undermine the stability of the government, potentially weakening a new democratically-
elected government

• place at risk Western investments in the former Soviet Union countries with poten-
tial repercussions on international economies

• require billions of dollars in U.S. and international assistance to support recovery
efforts

• reduce the continued viability of the nuclear power option throughout the world.

2—Strategy for Improving the Safety of Soviet-Designed Nuclear Power Plants
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In consideration of the safety deficiencies and the continued reliance on these reactors,
the United States and other donor countries have been providing assistance to reduce
the risk at the least safe reactors, to enhance overall operational safety and training and
to promote a strong independent regulator. Adopted at the 1992 Munich G-7 Summit,
this multilateral safety assistance program has been carefully crafted to ensure assis-
tance addresses the greatest safety risks at RBMK and W E R 440/230 reactors without,
however, extending their operating lifetimes.

Underlying Reasons for Safety Deficiencies

Soviet reactors were built with a different design philosophy which emphasized pro-
duction over safety and assumed that timely human intervention would prevent serious
accidents. Western design philosophy stressed safety over production and sought to
develop highly automated safety and shutdown systems with minimal reliance upon
ad hoc operator interventions. As a matter of policy prior to 1986, severe accidents were
assumed impossible in Soviet-designed reactors and Soviet designers showed little inter-
est in developments in Western safety design and technology. Because of these opera-
tional and design priorities, and the technical isolation imposed by the cold war, the
designers, constructors, operators and regulators of Soviet nuclear power plants did not
follow international safety practices.

The slow pace of political and economic reform following the breakup of the Soviet
Union has continued to degrade nuclear safety conditions in several of these countries.

• Working relationships between employees at plants outside Russia and the design
organizations in Russia have deteriorated considerably.

• Replacement parts are often not available, resulting in makeshift arrangements,
including cannibalization of parts from partially-completed plants.

• Payments to nuclear power plants for electricity production are sometimes delayed
and often not sufficient to pay total generation costs, let alone the costs for making
safety improvements.

• Salaries for nuclear power plant operators are often not competitive with other job
opportunities; regulators in most of these countries earn even less. Recently, because
of severe funding shortages, salary/pay to operators at some nuclear power plants in
Russia and Ukraine have been delayed for several months.

U.S. Department of Energy—3
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Program Approach and History

In consideration of the declining safety conditions, the program approach has been to:
1) implement short-term risk reduction through equipment upgrades at the highest-risk
reactors; 2) improve operational practices and training at all nuclear power plants; and
3) provide the necessary technology, training and infrastructure support so that these
safety improvements can become self-sustaining, enabling these countries to move for-
ward on a success path to achieving a level of safety comparable to internationally
accepted practices. This approach is addressed further in the strategy section and under
each discussion of the six program goals in this document. The program is comprehen-
sive, and is conducted in a manner consistent with guidance and policies established by
the U.S. Department of State and the U.S. Agency for International Development. The
program is also performed in collaboration with the U.S. Nuclear Regulatory Commis-
sion. The United States coordinates its safety assistance program with those of the
International Atomic Energy Agency (IAEA), the Nuclear Safety Account at the Euro-
pean Bank for Reconstruction and Development, and those of other donors through the
G-7 Nuclear Safety Working Group and the G-24 Nuclear Safety Assistance Coordina-
tion mechanism.

The program is an expansion of past efforts. Involvement of the United States in the
Soviet civilian nuclear power program began with the Chairman of the U.S. Nuclear
Regulatory Commission and the Chairman of the USSR State Committee for the Utili-
zation of Atomic Energy signing a Memorandum of Cooperation in the Field of Civilian
Nuclear Reactor Safety in April 1988. In 1990, the U.S. Department of Energy (DOE),
through the Joint Coordinating Committee on Civilian Nuclear Reactor Safety, initiated
a modest program to improve operational safety at the Novovoronezh nuclear power
plant. Subsequently, in May 1992, Secretary of State Baker announced that the United
States would work to enhance the operational safety of Soviet-designed reactors, to
provide for risk reduction measures for the least safe plant designs, and to enhance the
capability of the regulatory organizations. These three goals, as well as a commitment
to support efforts to minimize the remaining time of operation for the least safe reactor
types (RBMK and W E R 440/230), were later endorsed by the G-7 at the Munich Sum-
mit and constitute the common approach to improving the safety of Soviet-designed
reactors.

Purpose of Document

This document defines the program's mission and vision and describes the basic strat-
egy for program implementation. Detailed plans for program implementation, includ-
ing more detailed budget information, are contained in the report, Improving the Safety
of Soviet-Designed Nuclear Power Plants, Program Plan. Status and progress in each

4—Strategy for Improving the Safety of Soviet-Designed Nuclear Power Plants
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technical area are periodically documented in two reports: Improving the Safety of
Soviet-Designed Nuclear Power Plants, Status Report and Improving the Safety of Soviet-
Designed Nuclear Power Plants, Performance Measurement Report. The relationship
between these reports is illustrated below. All reports are issued by the Office of Nuclear
Energy, Science and Technology, U.S. Department of Energy. They are accessible on
the Internet at http://insp.pnl.gov:2080.

Key Program Documents

•

V

Strategy Document

Program Plan

Performance
Measurement Reports

1

I Statu:

1
J

1
3 Reports

Mission

Consistent with the policy of the G-7, the mission of the program is to reduce the risks
at Soviet-designed nuclear power plants (without encouraging long-term operation of
RBMKs and W E R 440/230s) and assist these countries to implement a self-sustaining
nuclear safety improvement program capable of reaching internationally accepted safety
practices.

Vision

In defining and implementing this program, the vision is that within a decade:

• Soviet-designed nuclear power programs will be brought up to internationally
accepted practices in both their operation and regulation

• the importance of nuclear safety over all other priorities will be reflected in the
regulation, operation, and professional attitudes of the designers, operators, and regu-
lators of nuclear facilities

• host countries will have the infrastructure, expertise, and resources to participate
actively and responsibly within the international nuclear power community.

U.S. Department of Energy—5
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Strategy

International assistance efforts alone cannot resolve the safety deficiencies inherent in
these nuclear programs. The goal of external assistance efforts is to help host countries
develop their own capability to more safely operate and regulate nuclear power plants.
As their economies improve, they will be able to sustain and extend such improvements
by their own efforts until they can reach internationally accepted standards in the oper-
ation and regulation of their nuclear programs. Therefore, the program strategy is to
work with host country nuclear power plant operators, regulators and support organiza-
tions to provide them the knowledge, technology, equipment and capability needed to
achieve a self-sustaining nuclear safety improvement program. The relationships estab-
lished during this program will enable the United States to monitor these nuclear pro-
grams and to respond to future safety problems. If progress appears unacceptable, the
United States may need to consider further actions to assist the host countries in attain-
ing internationally recognized practices.

The program is divided into five key technical areas. Improvements are required in
each of these areas to improve safety practices in these countries. The five technical
areas are:

• operational safety
• training
• maintenance
• safety systems
• safety evaluations.

To achieve and sustain internationally accepted safety levels, host countries must have
in place domestic legislation consistent with their obligations under the International
Nuclear Safety Convention, in particular laws providing for a strong, independent regu-
lator and legislation providing adequate nuclear liability protection to equipment sup-
pliers. In addition, the power sector should be restructured on a sound, market basis to
ensure that nuclear utilities are capable of securing adequate revenues to support safety.

The key technical areas were selected based upon evaluation of Soviet-designed nuclear
plant safety hazards identified by the IAEA. Although the program sponsors projects in
all of the areas categorized as deficient by IAEA, not every specific IAEA safety issue
is addressed within the program. Through coordination with other international bodies
and the host countries, however, all the IAEA safety issues are under consideration for
resolution.
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The selection criteria for projects in these technical areas address: 1) priority of safety
needs; 2) cost effectiveness; and 3) host country commitment to ensure sustainability
after U.S. support ends. In addition, work is selected in coordination with host country
and other internationally sponsored safety programs to ensure U.S. projects comple-
ment activities undertaken by others.

In the five key technical areas, the mission will largely be achieved by following a pilot
plant approach. One or two "pilot" plants, or in some cases a group of selected plants,
receive training, technology, and physical improvements. A sufficient number of pilot
plant projects will be completed within each key area to serve as a safety improvement
model for all host countries. As an integral part of each project, technology and training
are provided to equip each host country to extend improvements independently. Using
program support, host countries are expected to capitalize on the momentum estab-
lished at the pilot plants to extend improvements to other facilities. In some areas,
where the host country infrastructure is very limited and the economic conditions pre-
clude independent actions on a timely basis, activities will be extended beyond pilot
plants.

Regulatory organizations are provided the tools, training, and technology so that they
can provide proper regulatory oversight for U.S. DOE sponsored nuclear safety projects.
Similar capabilities are also provided to improve regulatory oversight for selected non-
reactor nuclear facilities for which DOE has unique expertise and experience. Informa-
tion related to international practices, nuclear liability legislation, and the importance of
laws providing for a strong regulatory authority is provided to legislators and other
decision makers in order assist them in understanding the importance of these issues
and to facilitate informed decisions.

Establishment of a strong, indigenous nuclear safety culture is essential if the task of
improving nuclear safety in these countries is to continue once the program is com-
pleted. An underlying purpose of the program, therefore, is to show host country nuclear
plant and regulatory personnel examples of effective nuclear safety cultures so they will
incorporate and sustain sound safety practices. Through workshops, seminars, and vis-
its to U.S. nuclear plants, host country personnel learn that a strong nuclear safety cul-
ture not only protects plant workers and the public, but is also important to the efficient
and financially viable operation of the plant.

Goals

The program vision provides broad guidance for accomplishing the mission of reducing
risks at Soviet-designed nuclear power plants and upgrading host country nuclear safety
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infrastructure. Goals for each technical area have been established to elaborate the
program vision and facilitate the development of specific projects.

The technical area goals are summarized below:

• Operational Safety - Implement the basic elements of operational safety consistent
with internationally accepted practices.

• Training - Improve operator training to internationally accepted standards.

• Maintenance - Help establish technically effective maintenance programs which
can ensure the reliability of safety-related equipment.

• Safety Systems - Implement safety system improvements consistent with remain-
ing plant lifetimes.

• Safety Evaluations - Transfer the capability to conduct in-depth plant safety evalu-
ations using internationally accepted methods.

• Legal and Regulatory Capabilities - Facilitate host country implementation of
necessary laws and regulatory policies consistent with their international treaty obli-
gations governing the safe use of nuclear power.

End Points

To ensure that the program is aimed toward a defined and successful completion, end
points for each technical area have been established. An end point defines the point at
which host countries, their nuclear support organizations, and their nuclear power plants
have achieved a functional level that places them on a self-sustainable path to meet
internationally accepted nuclear safety practices. The end points are measurable, achiev-
able targets which provide positive indication that goals have been met and the program
has been successfully completed. The end points in each technical area are based pri-
marily on the relative importance to safety, cost benefit, timeliness of results, and
sustainability of projects by the host country.

The goals for each technical area, their accompanying end points, and the associated
end point rationale and approach are described below.
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Goal 1. Host country nuclear power plants have implemented the basic elements of
operational safety consistent with internationally accepted practices.

End Points:

• The basic elements of operational safety are implemented at pilot plants by provid-
ing training, technology, methodology, and equipment. The basic elements of opera-
tional safety are:

- Operational Control Procedures
- Normal Operating Procedures
- Abnormal Operating Procedures and Emergency Operating Instructions
- Quality Assurance and Control Program including Corrective Action Tracking
- Event Analysis and Reporting including Root Cause Analysis
- Configuration Management Program
- Self-Assessment Program
- Plant Safety Review Board.

• Host country utility organizations and regulators are provided the capability to
develop guidelines and criteria to enable them to transfer the basic operational safety
practices to the other nuclear power plants in each host country.

End Point Rationale: Operating experience and evaluations by international nuclear
organizations have determined that the conduct of operations, or the manner in which
operators carry-out the daily functions of the plant, can often have as great an impact on
nuclear safety as the design and condition of the physical plant. Nuclear experts gener-
ally agree on the basic elements of operational safety, which include procedures for
both normal and emergency situations, a comprehensive quality assurance program,
specific configuration control measures, and an extensive self-assessment and internal
review process. Institution of operational safety elements can help improve the safety
at Soviet-designed reactors independent of design or hardware deficiencies that may
exist. The operational safety elements will foster a stronger safety culture and increase
operator awareness of safety issues.

To reinforce the country-wide dissemination of operational safety practices, the program
assists host country nuclear utility organizations and regulators in developing opera-
tional safety guidelines and criteria. These requirements will facilitate the transfer of
methods and technology needed to ensure a basis for consistent, internationally accepted
safety practices among Soviet-designed nuclear power plants.
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Approach: The approach for improving the operational safety capabilities at Soviet-
designed reactors is to perform operational safety projects at pilot plants, which gener-
ally include one or two plants of each design type in each of the host countries. In
addition to working with the staff at the pilot plants, projects involve the host country
utility and regulator. The objective is to develop the means (training, guidelines, crite-
ria, requirements, etc.) for disseminating the knowledge and capabilities developed at
the pilot plants to other nuclear power plants within the host country. Assistance and
consultation also is provided to support the transfer of capability from the pilot plants to
other plants. Different pilot plants are usually selected for each project in order to allow
more plants to benefit from the program and assure that improvements are made at all
types of Soviet-designed reactors. This approach also facilitates the transfer of technol-
ogy between plants.

Goal 2. Host country plants have implemented internationally accepted training
programs for plant personnel in safe operating practices.

End Points:

• Pilot plants have effective training programs and the equipment necessary to support
these training programs (such as computers, software, view graph machines, mockups,
and demonstration apparatus).

• Training specialists in each plant's training organization are trained in the System-
atic Approach to Training. Host country regulators and utility organizations are
trained to develop criteria for evaluating training programs and qualifying essential
plant positions in order to affect transfer of training technology to all host country
plants.

• Simulators exist at all nuclear power plant sites. Staff are knowledgeable in using
the simulator for training and can operate, maintain, and upgrade simulator software
and hardware.

End Point Rationale: Well-trained operators are essential to the safe operation of
nuclear power plants. Such operators have a significant positive impact on the safety
culture and on the ability to prevent or respond to abnormal events. Operator and plant
staff training at Soviet-designed reactors have historically been weak with "on-the-job-
training" forming the basis for operator qualification. Following the Three Mile Island
accident, a formal, 'Systematic Approach to Training' (SAT) methodology evolved in
the United States which has proven to be very effective. The Systematic Approach to
Training identifies the knowledge and skills required for each staff position at a nuclear
power plant, establishes a training program to provide and maintain the necessary knowl-
edge and skills, and obtains feedback to ensure training remains current with plant
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procedures and practices. Incorporation of the SAT method and provision of adequate
training equipment greatly strengthens plant training departments, thereby improving
operator training and overall plant safety.

Nuclear power utility organizations and regulators are instructed on the development of
guidelines and criteria for contemporary, internationally accepted nuclear power plant
training programs. The development of such requirements will facilitate the establish-
ment of consistent country-wide training programs, reinforce the pilot plant training
enhancements, and assure the dissemination of the training technology.

Additionally, full-scope simulators of reactor control rooms have proven to be one of
the most effective tools available for training plant operators. Simulators provide opera-
tors the opportunity to practice responding to realistic emergency situations, thereby
improving their capability to control and mitigate potential reactor accidents.

Approach: Training program enhancements are underway at two pilot plants, one in
Russia (Balakovo) and one in Ukraine (Khmelnytskyy). Training staff are introduced
to the Systematic Approach to Training methodology and are provided classroom train-
ing materials. They are assisted in developing selected classes, and then independently
adapt the methodology in developing other classes tailored to meet the specific needs of
their plant. After the training programs are developed at these two pilot plants, assis-
tance is provided to transfer the training methodologies to other Soviet-designed nuclear
power plants. In addition, technical assistance is provided to the host country regulators
to help them establish criteria for training program content and personnel qualification.
Simulators are planned for each site and will be provided by the program, by other
international safety efforts, or by the host country itself.

Goal 3. Host country nuclear power plants have implemented an effective
maintenance program to ensure safety related equipment will function as
intended.

End Points:

• Pilot plants have the training, technology, and equipment to implement an effective
maintenance program consisting of:

- improved maintenance practices, procedures, and techniques
- improved non-destructive examination practices and techniques
- preventive maintenance based on component reliability data
- systematic review of equipment failures including root cause analysis
- spare parts and procurement systems in place consistent with Quality Assurance

program requirements.
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• Host country utility and regulatory organizations have developed guidelines and
criteria to ensure the transfer of effective maintenance practices to the other nuclear
power plants.

End Point Rationale: Inadequate maintenance is a major safety deficiency at most
Soviet-designed plants. Based on recent information, 42% of the safety related equip-
ment failures occurring at these plants were attributed to maintenance deficiencies.
Improvement of maintenance practices and use of sophisticated, state-of-the-art main-
tenance equipment, therefore, has great potential for reducing failures of safety related
equipment.

To facilitate the transfer of maintenance program enhancements to other nuclear power
plants, host country nuclear power utility organizations and regulators will be trained to
develop guidelines and criteria for modern, effective maintenance programs. This will
promote consistent and effective maintenance activities at all nuclear power plants.

Approach: The focus of U.S. activities is to transfer proven international maintenance
practices, training methods, and technology to pilot plants to assure that safety equip-
ment will function reliably. Projects will include not only modern maintenance equip-
ment, but also training on proper planning and performance of maintenance and analysis
of equipment failures. Due to their extreme need, all RBMK sites were selected as pilot
plants for maintenance program improvements. After the effectiveness of the RBMK
maintenance upgrades is evaluated, assistance will be provided to transfer applicable
maintenance technology to VVER 440 nuclear power plants.

The newer VVER 1000 plants have improved maintenance equipment and programs
and do not require the same level of assistance. However, specific assistance to improve
the ability to detect and identify defects in critical safety components is also being pro-
vided by improving non-destructive examination capabilities and inspection techniques.

Goal 4. Host country nuclear power plants have implemented safety system
improvements consistent with their remaining lifetime by alleviating major
safety system deficiencies identified by independent reviewers.

End Points:

• All plants, in cooperation with other international and host country programs, have
corrected vital safety system deficiencies which can be corrected in a cost-effective
manner by providing:

- Reliable sources of DC power with separation of safety and non-safety loads
and adequate capacity
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- Backup sources of emergency feedwater

- Basic fire protection upgrades satisfying international practices for:

- Fire detection and alarm instrumentation

- Automatic and manual fire suppression equipment
- Passive fire barriers
- Personnel protection and fire fighting equipment.

• Pilot plants have corrected major safety system deficiencies by improving:

- Timing, capacity and reliability of emergency AC power sources

- Valve performance for safety system actuation, primary and secondary relief,
and system isolation

- Reliability of instrumentation and control systems, including display of safety
information to operators.

• Pilot plants have performed a detailed safe shutdown study for fire hazards. Pilot
plants have corrected principal safe shutdown vulnerabilities.

• Technology is transferred to host country plants and organizations to facilitate the
incorporation of pilot plant upgrades at all plants and to sustain system upgrades,
including assistance in reestablishing host country infrastructures for the supply or
manufacture of nuclear safety system components.

End Point Rationale: The designs of Soviet nuclear power plants evolved and improved
over time. Consequently, the deficiencies identified in independent reviews for the
oldest plants (WER 440/230s and RBMKs) are more severe than for the newer designs
(WER 440/213s and W E R 1000s). However, the remaining lifetime of the older
designs is much less than for the newer plants.

The long-term international safety assistance goal is to encourage host countries to shut
down W E R 440/230 and RBMK reactors. Therefore, one of the program objectives is
to reduce the safety risks associated with continued short-term operation of these plants
by providing equipment that alleviates major safety system deficiencies.

Approach: Projects will correct or assist in the correction of each of the major defi-
ciencies identified in independent reviews of the plants. The total cost of resolving all
safety system deficiencies far exceeds a reasonable funding level that could be provided
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by the United States or other countries. Thus, two different strategies are undertaken to
implement these corrections. The most critical upgrades are performed at all plants
based upon host country priorities and in coordination with other assistance programs.
For the less critical deficiencies, a pilot program is undertaken that demonstrates a means
for resolving the deficiency. One or two pilot plants, which are selected based upon
input from the host country and the evaluated need, receive the safety system upgrades.
Technology transfer is then provided to facilitate the correction of the deficiency in all
plants by the host country, including the reestablishment of a host country infrastructure
for supply or manufacture of safety grade components.

Because the newer plants may operate for a longer period of time, the goal for the safety
level of these plants is higher than the goal for the older plants. These plants should be
upgraded over time to a level that approaches that of international practices. Most of
the improvements at newer plants will be performed through commercial arrangements
with host country vendors, thus helping develop an indigenous nuclear component manu-
facturing capability. In addition to resolving the deficiencies identified by independent
safety reviews, upgrades should be undertaken to resolve deficiencies that are identified
through the performance of safety and risk analyses and in the development of safety
documentation for the plants. In general, program funded activities are limited to rees-
tablishing the host country infrastructure to supply or manufacture safety components
such that the host countries can undertake these safety upgrade activities on their own.

Goal 5. Host country nuclear power plant operators and the technical support
organizations have the capabilities to conduct in-depth plant safety evaluations
using internationally accepted methods.

End Points:

• Selected plants have completed in-depth safety evaluations in coordination with
other international assistance programs.

• Design, regulatory, and operating support organizations have the sustainable infra-
structure required to perform internationally accepted in-depth safety evaluations.

End Point Rationale: The performance of in-depth, plant specific safety evaluations is
required in order to properly design and safely operate and regulate nuclear power plants.
The existence of a comprehensive safety evaluation is also useful for prioritizing safety
upgrades and for making decisions concerning whether to upgrade or replace existing
plants.

Safety analyses for Soviet-designed reactors historically have been conducted by the
design organizations with little or no input from the plant operator. One consequence is
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that operators had limited involvement in establishing their own technical operating
bases and insufficient knowledge concerning the design of their facility. Prior to the
Chomobyl disaster, there existed a fundamental premise that serious accidents were
impossible. Consequently, the safety evaluations that were performed for these reactors
were not complete and the tools and data required for comprehensive analyses were
never created. Comprehensive safety evaluations will verify the safety status of the
plant design and also provide a tool to help plant operators and engineers make informed
decisions concerning operations and design changes which affect safety.

Approach: The program has developed an approach to foster the establishment of a
safety analysis infrastructure in the host countries by providing assistance to selected
plants and their technical support organizations in completing in-depth safety assess-
ments. In order to have the most positive impact on safety, the analyses will be com-
pleted with the leadership and active participation of the nuclear power plant staff.

Selection of the plants that will receive safety analysis assistance is based on the follow-
ing rationale. The program will coordinate with other international assistance projects
to ensure that analyses are not duplicated. All plants in Russia that are targeted for
EBRD hardware upgrade grants and are required to complete an in-depth safety assess-
ment will receive safety analysis assistance. In addition, assistance for the preparation
of a formal Safety Analysis Report, as required by the EBRD grant agreements, will be
provided. Additional plants in Russia will be chosen to ensure that an in-depth safety
analysis is completed for at least one of each reactor design type and generation. Because
Ukraine lacks safety analysis infrastructure, assistance will be provided to all plants in
Ukraine needing safety analyses. This approach was chosen due to the presence of a
large number of newer generation VVER-1000 units in Ukraine which will be operated
for many years, and also because of the importance of safety analyses to overall plant
safety.

No plants were selected for an in-depth safety analysis in the Central and Eastern Euro-
pean countries due to the relatively advanced state of the safety analyses already per-
formed, the level of infrastructure that exists, and the degree of involvement by other
international assistance programs. Some limited safety analysis support is provided in
specific areas to accomplish the completion of technology transfer.

To help ensure that the newly developed safety analysis infrastructure remains intact
and that the capability to perform safety analyses is transferred to nuclear power plants
and technical support organizations, follow-on consultant support will be provided to
the host countries. This support will include transferring and providing training on the
use of state-of-the-art safety analysis tools and methodologies. The program will also
support the development and validation of available safety analysis tools for application
in the host countries as necessary to address regulatory requirements.
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Goal 6. Host countries have adopted necessary laws and regulatory policies
governing the safe use of nuclear power.

End Points:

• Host country regulators have the necessary tools and information (i.e., model regu-
lations, sample codes and standards, training on international practices, computer
hardware and software, etc.) to perform regulatory oversight of U.S. sponsored
nuclear safety projects.

• Key policy personnel in all host countries have been advised of the benefits of sub-
scribing to nuclear safety treaties and laws related to nuclear indemnification and
nuclear safety convention practices and standards.

• Host countries have received comprehensive training on the safety and regulatory
requirements to operate large research reactors and fuel cycle facilities.

End Point Rationale: Regulatory practices in the former Soviet Union countries have
been weak historically, and many of the countries with Soviet-designed reactors have
no nuclear legislative or regulatory infrastructure. Achieving and sustaining interna-
tionally accepted safety levels requires a strong, independent regulator, trained and
equipped with modem regulatory tools. In addition, effective nuclear industry liability
and indemnification laws are necessary to provide nuclear operators ready access to the
services and equipment of commercial suppliers that meet international nuclear safety
practices.

The involvement of the regulator in program sponsored safety projects is essential to
help assure that projects will be approved by the regulator when completed. It is there-
fore important that the regulator has the training and tools required to assess the accept-
ability of cooperative safety projects. Helping to facilitate regulator involvement in
program sponsored projects can also help convey to host country counterparts the impor-
tance which the United States places on the role of the regulator.

Laws that provide for a strong and independent regulator are a prerequisite for achiev-
ing sustainable safety levels consistent with international practices. Subscribing to inter-
national nuclear safety conventions also demonstrates the commitment of the host country
to achieving internationally accepted safety levels. Subscription to international liabil-
ity conventions combined with domestic liability legislation will provide host countries
commercial access to U.S. and other international companies that can provide safety
technologies that meet international nuclear safety practices.
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Projects in this area are conducted in collaboration with the U.S. Nuclear Regulatory
Commission who is responsible for improvement of the overall nuclear regulatory infra-
structure in these countries.

Approach: Information related to international nuclear safety practices, nuclear liabil-
ity legislation, and the importance of laws providing for a strong regulatory authority
will be provided to host country legislators and other decision makers to assist them in
understanding the importance of these issues and to facilitate knowledge-based deci-
sions. Host country regulators will be trained through workshops and visits to the United
States, and will be provided with representative, internationally accepted regulatory
practices. These projects are closely coordinated with the U.S. Nuclear Regulatory
Commission.

The DOE has expertise and experience in regulatory areas related to large research
reactors and fuel cycle facilities. For the same reason that it is in our interest to improve
safety in nuclear power plants, it also is important to share this expertise with host
country regulators for these specialized nuclear facilities. Therefore, regulatory infor-
mation, training, and tools for regulating specialized nuclear facilities are being trans-
ferred, as appropriate, to regulators in Russia and Ukraine.

Selection of Projects

When the program began, an initial set of projects was selected based on requests for
assistance from the operators of Soviet-designed reactors, and on input from interna-
tional nuclear organizations who had evaluated these plants and identified safety defi-
ciencies in numerous reviews that followed the Chornobyl accident. Project selections
were also based on U.S. participation on international steering committees which were
established to identify and prioritize key safety issues associated with Soviet-designed
nuclear power plants. Further, the United States coordinated the selection of its projects
with the members of the G-24 and international financial institutions who are also sup-
porting safety upgrades at Soviet-designed nuclear power plants.

In addition to the above practices, projects are currently chosen by applying specific
selection criteria in two phases. Proposed projects are first screened by program staff to
ensure they will improve the nuclear safety of operating plants, prevent or contain core
damage, and apply established technologies. Candidate projects which meet the screening
criteria are evaluated in more detail by program staff and host country experts who
apply the following evaluation criteria to determine if the project meets the program
mission.
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• Impact on Safety

The project is evaluated against available independent safety reviews and risk assess-
ments to verify it improves safety. Regulatory involvement, technology transfer,
sustainability, and the number of plants affected are also factored into the evalua-
tion.

• Cost Effectiveness

Using a preliminary cost estimate, the project is reviewed in relation to other ongo-
ing projects to determine the comparative investment in safety. Projects that comple-
ment and leverage benefits from other projects, use joint ventures with former Soviet
Union countries, or enhance the host country's capability to undertake its own
upgrades are given priority.

• Host Country Commitment/Sustainability

The host country's desire for the project and willingness to commit funds and per-
sonnel are reviewed to verify their ability to sustain the project for the long term. In
the case of technical shortcomings, the project must transfer the technology and
infrastructure needed for sustainability.

Based upon this evaluation and the availability of resources, priority and schedule are
established for the project. This process ensures that projects are consistent with the
policies and goals under which U.S. financial support is committed, the needs of the
host countries are met, and the required resources are available.

Actual and Projected Budgets

As mentioned in the Summary section, the program, as currently defined, is estimated
to be complete in the year 2003, with a budget currently estimated at completion near
$543 million. Program funding through government fiscal year (FY) 1996 is
$195,450,000; FY 1997 includes $82,630,000 (of which $30,000,000 is pending). The
currently estimated budgets for the out-years for program completion are:

• FY 1998 - $50,000,000
• FY 1999 - $54,354,000
• FY 2000 - $53,450,000
• FY 2001 - $55,545,000
• FY 2002 - $39,935,000
• FY 2003-$11,450,000.
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The basic building block of DOE's program to improve the safety of Soviet-designed
reactors is the project. Each project has a clearly defined objective, a limited scope, a
schedule and a budget.

The above budget projections are the time-phased funding needs of the program based
on a summation of the project-by-project cost and schedule projections. These projec-
tions were prepared using a bottoms-up approach from the project level. To accomplish
each program goal, projects were identified using the previously discussed selection
criteria. The cost and schedule of future projects were estimated by considering accu-
mulated program experience, known costs of ongoing projects of a similar nature, and
expert judgement. Estimates of funding needed to complete existing projects were also
determined, and actual data was used for completed projects.

U.S. Department of Energy—19

E.27



E.28



Appendix F

Evaluation of Information Exchange by Attendees



Contractor Information Exchange
Improving the Safety of Soviet-Designed Nuclear Power Plants

February 19,1997

^ What is your overall evaluation of this session?

4 Excellent 9 Very Good 2 Good Satisfactory Not very useful

Were your priority issues adequately discussed during the session?

10 Yes, as much as I wanted

7 Would like to have heard more about [identify specific topics]:

More technical - less program (maybe personal preference).

Opportunities for U.S. companies.

News on what is currently going on.

Personnel issues in-country.

Jeff Ace's input to newly established "in-country" labor rates.

All ongoing projects - even if it's just a table.

Specific tasks: ISTC issues; relation of USIC Program.

'•'Did you have an opportunity to participate as much as you expected?

15 Yes, as much as I wanted

No, not nearly enough No, not at all

F.I



'•" Based on this meeting, what additional steps are needed?

Dissemination of specific opportunities (research, contracting).

Would like to hear information about opportunities or need for activity work that my company may
perform.

Repeat meeting on specific topics - for example, topical meetings on just safety or safeguards/securitj

<•" How often should these Information Exchanges be held?

9 Every 6 months 2 Every year _3 Other: 9 months = 2

8 months = 1

<•"" How could we have improved this meeting?

More opportunity for participant interaction.

Try to make it more experiential.

More active panel discussions.

I expected more dialog:

How can PNNL get more support from contractor.

- What problems exist between DOE/PNNL/Contractors.

Warmer room.

More information on budget request and status.

Advertise more. Need more US participation by private company, NRC, DOE, etc.

F.2



Additional comments/suggestions:

Well planned overall (timing & type of presentations).

Suggest an introduction overview to current activities throughout the INSP.

Should have had a summary of past meeting action items.

F.3
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