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DECISION-MAKING PROCESS TO SHUT DOWN, REFURBISH/MODIFY,
OR DECOMMISSION RESEARCH REACTORS

SUMMARY

The United States Department of Energy (DOE) has more than 30 installations across the country
that have supported nuclear research for energy development and defense materials production.
These installations include numerous nuclear research reactors, some as many as 40 years old, that
have fulfilled their original mission and are faced with the options of refurbishment and continued
operations or shutdown and decommissioning. This paper describes the factors considered by DOE
in the decision process and illustrates the process with examples from several DOE research reactors.

The factors in the decision process are in four categories: (1) safety, (2) environmental compliance,
(3) programmatic need, and (4) costs. Safety is a primary consideration for DOE. Many of DOE's
reactors were constructed and operated with design criteria and operating procedures that were less
stringent than those that exist today. Frequently numerous safety upgrades are needed to continue
reactor operations.

Second, compliance with current and potential future environmental requirements is also a critical
consideration, one that must be addressed for continued operations or shutdown and
decommissioning. In the United States, decommissioning conducted now would be accomplished with
little regulatory oversight from agencies other than DOE, but in the future more stringent technical
and procedural standards may be required. For all decisions involving potentially significant
environmental impacts, DOE employs a formal process required by the National Environmental Policy
Act (NEPA) to evaluate the environmental impacts of alternative decisions.

The third factor, programmatic need, is the criterion against which the costs of the various options
must be compared. Although DOE reactors were built with specific programmatic needs in mind,
many of the reactors have fulfilled that need and are now simply useful facilities that are available
for use by other programs. DOE is increasingly looking to commercial and international sources for
programmatic needs and funding.

Costs and the availability of funding to cover those costs are ultimately the deciding factor for making
the decision. The costs of safety upgrades that may be required, the increasing maintenance costs
that come with age, and the increasing costs of environmental compliance can be very large. At the
same time, the cost of decommissioning is only likely to increase with time. Near-term and long-term
costs must be weighed against programmatic benefits and availability of funding.

In evaluating the decommissioning option, the mode of decommissioning is an important
consideration. Reactors may be shut down and kept in "safe storage" for an extended period of time
before decontamination. In some cases, the reactor may be "entombed" indefinitely.
Decommissioning may involve decontamination, removal of the reactor vessel and related equipment,
and subsequent reuse of the facilities. Alternatively, the facilities may be demolished and the site left
in a "green field" condition.



DOE has a number of research reactors located at the Oak Ridge National Laboratory (ORNL) near
Knoxville, Tennessee, that were originally developed to perform research in the areas of health
physics, material and shielding studies, criticality experiments, and others. The decision process
applied to these reactors is described in the paper to illustrate the application of the above factors.

INTRODUCTION

Most U. S. research reactors were built more than 20 years ago and some more than 40 years ago.
Many have undergone refurbishments and modifications to update their safety systems and
experimental capabilities. But changing safety bases, social concerns, and budget constraints have
required research reactor operators to continually make decisions to shut down or refurbish/modify
their facilities. These decisions involve potential replacement of reactor equipment that has reached
its lifetime limits. Changes in philosophy and operation of the reactors are also factors to be
considered.

The need for change resulted from dramatic changes in the state of knowledge on what constitutes
excellence in operation. These dramatic changes resulted from the highly publicized accidents at
Three Mile Island (TMI) and Chernobyl. These events have provided the driving force behind the
changing reactors operations environment. The commercial nuclear industry began to feel pressure
from regulatory agencies to enhance performance in the 1970s, especially after the accident at Three
Mile Island. The Chernobyl accident further intensified scrutiny of the commercial nuclear industry.
Similarly, since Chernobyl, the operators of government-owned nuclear facilities have also felt the
pressure of a rapidly changing regulatory environment. To maintain their historical credibility as
excellent performers, all nuclear operators have had to adjust to a new regulatory environment.
These events were also the driving force behind the change in culture instituted by DOE Secretary
Watkins. Corrective action programs resulting from this new environment of outside audits and self-
assessments are a major contributor to the costs of refurbishing and modifying a research reactor in
the United States.

In this paper, each of the four factors involved in the decision-making process are discussed in detail.
Then, several examples from DOE research reactors in the United States are discussed. Finally, some
general conclusions are given to aid in the decision-making process.

DISCUSSION

SAFETY FACTORS

Many of the DOE research reactors were built over 40 years ago when design criteria, operating
procedures, and safety analyses were based on industrial practices at that time. Although some safety
upgrades occurred on an ad hoc basis in the past, it took the TMI and Chernobyl events to focus
worldwide attention on some of the original shortcomings. These events led to significant upgrades
in operator training and conduct of operations. In spite of these improvements, higher standards of
operation require consideration of additional safety-related subjects.

The beginning step in the safety-related part of the decision process is performance of a Technical
Safety Appraisal (TSA)—Reference 1. This is a set of operationally focused evaluations that deals



with how safely a facility is being operated and the condition of its equipment. An example set of
evaluations is given in Table 1, which contains 21 elements.

The review is conducted by specialists in each field using criteria prescribed by current industrial
standards, DOE, or national regulations. Typical criteria in the United States are the ANSI/IEEE
Standards, the Code of Federal Regulations (CFR), and DOE orders. The results of this review
produce recommendations for which costs are developed to use in the decision process.

DOE's experience at one of its ORNL reactors is that 6 of the 21 elements result in over 75% of the
cost required to refurbish a research reactor. These safety-related elements are maintenance, training
and certification, facility safety, radiation protection, configuration management, and quality assurance.
As seen, many of these elements consist of personnel resources only, except for facility safety, which
also includes plant hardware.

Typical findings from a review of existing maintenance groups are the presence of informal
organization, work procedures, and maintenance schedules. Formal organization details the chain of
responsibility so that workers feel challenged and are accountable for specific areas of plant
equipment. Of equal importance is the necessity for the maintenance manager to report directly to
the plant manager. Formal work procedures ensure that equipment meets safety analysis criteria, that
repairs do not degrade reliability, and that work is performed safely and efficiently.

Training and certification findings frequently reveal the need for formal, documented lesson plans;
full-time instructors; and documented technical bases. Formal lesson plans ensure that training is
comprehensive and repeatable for future recertification. Full-time instructors are required to provide
the in-depth training and technical bases.

From the facility safety review, the major findings are usually the need for upgraded plant
components and Safety Analysis Report (SAR). Typically, plant component upgrades consist of
earthquake resistant hardware and improved safety systems. SAR upgrades result from new design
bases which reflect the current regulatory philosophy. These new design bases are found in
documents such as DOE 6430.1, "General Design Criteria"; Title 10 CFR 50, "Licensing of
Production and Utilization Facilities"; and DOE 5480.6, "Safety of DOE-Owned Nuclear Reactors."
Since it is usually impossible to perform all of the identified upgrades, a Probabilistic Risk Assessment
(PRA) or other risk based matrix can be used to rank facility upgrades in order of safety significance.
This will identify upgrades to be performed immediately, some which can be postponed, and some
which can be exempted.

Findings from radiation-protection reviews may include concerns with organizational responsibilities,
radiation work permits and posted regulations, calibration and maintenance of personal dosimetry,
air monitoring, contamination control, and the "as low as reasonable achievable" (ALARA) program.

Configuration control ensures that plant equipment and procedures are documented and that changes
are identified, controlled, and approved by authorized persons. A review typically finds some out-of-
date blueprints, nonstandard parts in reactor machinery, or plant scrams caused by improper plant
procedures. Most often, all of these are caused by lack of configuration control.



And lastly, quality assurance Gndings usually are related to departures from the requirements of
ANSI/ASME NQA-1-1986. NQA-1 requirements closely follow the codes and standards committed
to by the commercial nuclear power industry. It describes a formal method of operating and
administrative control that enhances the safety, reliability, and operating effectiveness of the facility.

ENVIRONMENTAL COMPLIANCE

The environment is another very important factor in the decision-making process to shut down or
refurbish research reactors. In the United States, each government agency is required to determine
if significant environmental impacts could occur as a result of their actions or decisions.
Documentation of major actions that could affect the environment are prepared to show how
environmental considerations are included into the decision-making process. These requirements are
detailed in the NEPA, Reference 2. Currently, it is very difficult to get exemptions from
environmental compliance in the U.S., even for very old reactors.

The environmental considerations detailed in the NEPA consist of three general review areas: (1)
material inventory, (2) environmental consequences, and (3) regulatory control. The material
inventory is a listing of radioactive, hazardous, and toxic materials; PCBs and oils, asbestos, organic
materials, and heavy metals that are used or disposed of during shutdown or operation of the reactor.

The second action is to determine how use and disposal of the materials in the inventory affect the
environment. For instance, it is of interest to know if all liquid waste streams are contained or
whether they might leak out to the environment because of degraded piping or mishandling.

And last, it is necessary to determine what plant modifications will be required to meet applicable
environmental regulations considering the material inventory and environmental consequences above.
In the United States, these regulations include the Resource Conservation and Recovery Act
(RCRA); the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA);
the Clean Water Act (CWA); the National Pollutant Discharge Elimination System (NPDES); the
Safe Drinking Water Act (SDWA); the Clean Air Act (CAA); and the Toxic Substances Control Act
(TSCA). For most operating and shutdown reactors, the important regulations are RCRA, which
deals with solid waste use and disposal, and NPDES, which regulates discharge of pollutants into
United States water. Once required plant modifications are determined, the potential impact due to
environmental compliance can be assessed for either shutdown or continued operation of the reactor.

NEPA requires that the environmental cost for each possible decision be factored into the final
decision. That is, the total environmental cost to shut down an old reactor and build a new one must
be compared to the total cost of refurbishing and operating the old reactor.

PROGRAMMATIC NEED

There are perhaps three broad categories of need for a research reactor: (1) basic research, (2)
nuclear engineering training, and (3) radioisotope production. Due to the changes in national
priorities and missions, the programmatic needs for a particular research reactor may no longer exist.
Some of these reasons follow.



Basic research consists of neutron-material interactions, material lifetime studies such as advanced
nuclear fuel irradiation, shielding studies, and dosimetry. In the U. S., an extensive irradiation
program over the past twenty years has provided much shielding data so that the need for further
shielding studies has decreased dramatically. Dosimetry design has also matured and advanced
nuclear fuel designs have been postponed which further decrease the need for research reactors.

Training for nuclear engineering students studying nuclear power should include practical experience
at an operating reactor. Some research reactors may not be needed, however, if training can be
consolidated at one central reactor.

Radioisotope production, such as ^Co at a research reactor, has significant industrial applications.
But the need for research reactors to produce some of these radioisotopes has also diminished since
there are private companies which have taken over this production.

If programmatic need exists, support must be obtained from the research and educational users in
the form of well thought out programs that have received peer review. The requirements for the
users' program, such as flux, fluence, and spectrum, can then be matched against the reactor's
capabilities. This match will determine whether the reactor should continue operation, a new reactor
should be built, or the users' program be performed elsewhere at another existing reactor.
Experience in the United States has shown that much advanced planning and close communications
are required among potential users to support the programmatic need for reactor operations.

COSTS

The cost to decommission the reactor will consist of the required safety reviews, environmental
compliance, and shutdown costs. The cost to continue reactor operation consists of safety and
environmental upgrades plus the cost of reactor operation. Safety upgrade costs are frequently
accomplished by combining the PRA results with the upgrade costs and performing a cost vs benefit
analysis.

Facility shutdown costs may consist of fuel and waste disposal, facility demolition, and land
reclamation. Another possibility is the cost of long-term surveillance of the reactor virtually intact
with no immediate plans to demolish the reactor. If the nuclear fuel can be removed from the
reactor and the facility, the surveillance and maintenance costs are less because instrumentation and
cooling system requirements are greatly reduced.

Facility operation costs will most likely increase if the decision is made to refurbish/modify and
continue reactor operation. Experience in the Unites States has shown that the operating cost may
increase by a factor of three because of additional operators, safety analysis, and quality assurance
groups (see Table 2).

The near-term and long-term costs estimated for the various decisions to either shut down or
refurbish and operate the reactor must then be weighed against programmatic benefits and availability
of funding. Frequently, cash flow problems dictate that the best choice is to put a reactor facility in
standby rather than shutdown or operate, even though the total cost over many years will be greater.



DOE RESEARCH REACTORS EXAMPLES

Two research reactors located at the ORNL illustrate the decision process to shut down or
refurbish/operate. The Oak Ridge Research Reactor (ORR) and the High Flux Isotope Reactor
(HFIR) were both temporarily shut down in 1987 because of deficiencies in quality assurance and
management practices. The decision process was undertaken by the DOE and Martin Marietta
Energy systems and eventually resulted in permanent shutdown of the ORR and refurbishment and
continued operation of the HFIR.

ORR

The ORR was built in 1957 and is a 30-MW, light-water reactor that operated at 129° F and 40 psia.
The reactor core resided in a 29-ft-deep pool, which was inside a large, four-story metal building.
The building had a confinement, high-efficiency filters, and was located in the center of the main
laboratory area. The ORR had many beam ports and was used for neutron scattering experiments,
material irradiation and radioisotope production (^Co).

The first consideration was safety. Although the ORR had safety analysis documents, no updated
SAR corresponding to current Nuclear Regulatory Commission (NRC) and DOE standards existed.
A source term and dispersion dose had been calculated for the limiting accident but lacked current,
state-of-the-art models to calculate both on-site and off-site doses. The building and reactor pool had
been constructed to 1960 seismic criteria, but finite element models of the reactor with current
seismic spectra input had never been performed. A qualitative judgment was made that, at a
minimum, new safety analyses would be required to include a limiting accident dose rate to on-site
and off-site personnel and a new seismic analysis.

From an environmental standpoint, the problems were fewer. The main solid waste generated was
nuclear fuel, which could be shipped to Savannah River Laboratory (SRL), South Carolina, for
disposal. There was minimum air pollution as a result of the use of a 150-ft-stack and high- efficiency
paniculate air (HEPA) and charcoal filters. The low-level liquid waste (slightly radioactive) was
piped underground to a central building for treatment. The primary and secondary coolant piping
also ran underground to exterior heat exchangers. Both systems had leaked in the past and would
possibly have had to be upgraded. Finally, there were numerous tanks above and below ground
containing chemicals, oil, etc., that would have to be diked and monitored for leaks to the ground.
This was not thought to be a significant cost factor in the decision, however.

The remaining factor considered in the decision process was programmatic need. At the time of
shutdown in 1987, the support of the main users, fusion energy and isotopes, had decreased to less
than 25% of the previous years. Much of the neutron scattering work had switched to the HFIR,
as had neutron beam experiments and ^Co production. The fusion materials program also had
funding problems at that time. And finally, only limited support was available from the scientists and
users themselves to continue operating the reactor.

Costs for operating, standby, and shutdown of the ORR are given in Table 3. As can be seen, the
total cost in 1988, the year after shutdown, is about the same as the operating cost in 1987 as a result
of the increased cost of fuel disposal. The cost to prepare the reactor for permanent shutdown,



normally a 3-year period, is a total of $6.9 million, including surveillance and maintenance. This is
a ratio of about 3:1 to the operating cost at shutdown. A detailed cost estimate for decommissioning
of the facility was not calculated for the ORR, but using Reference 3 as a guide, the cost would be
about $6 million for a 30-MW reactor, assuming a cost of $0.19/watt.

Even though the ORR was over 30 years old, the costs for safety and environmental upgrades were
not too unreasonable. But the programmatic need for the ORR had almost completely evaporated.
Therefore, the final decision was to permanently shut down the ORR.

HFIR

The HFIR started operations in 1966 as a 100-MW light-water reactor with beryllium reflector. It
now operates at 85-MW, 157° F, and 483 psia. The reactor core is in a steel pressure vessel located
inside a 38-ft-deep pool within a concrete confinement building. The facility is located 2 miles from
the main laboratory. The original purpose of the reactor was to produce transuranium isotopes, but
an extensive neutron-scattering program and materials-irradiation experiments were also conducted.

The safety status of the HFIR was similar to the ORR. No SAR or updated limiting accident
consequences and seismic analyses existed. In 1986, test data indicated an uncertainty about the
pressure vessel lifetime. This resulted in the reactor being shut down until 1989. Based upon
irradiated coupons and brittle fracture analyses, several independent safety reviews finally concluded
that this issue would not prevent restart as long as vessel pressure tests were performed periodically
and the power was reduced to 85-MW.

A modified TSA was then conducted for the HFIR to review other safety issues. Out of this
comprehensive safety review came the need for upgraded operations support programs and technical
analyses. Increased staffing for maintenance, compliance, training, quality assurance, and management
systems were also defined. Technical analyses required were seismic upgrades to the primary cooling
system and reactor control changes to protect the pressure vessel. The safety documentation
upgrades included an SAR, thermal/hydraulic analyses, accident consequence analyses, and a level 1
PRA.

Several environmental problems were discovered from the TSA. One was the question of more
nuclear fuel waste. All of the old reactor fuel was stored in the pool awaiting shipment to SRL.
However, there was no approved spent fuel cask in which to ship it. So the costs of expanding the
pool spent-fuel capacity and of a new spent-fuel cask had to be considered. Another problem was
the on-site liquid waste pond that had to be contained. And finally, the single-wall pipes that carried
the low-level waste off site from such activities as demineralizer regeneration had to be upgraded to
ensure containment of the waste (per NPDES).

Programmatic support for continued operation of the HFIR came from neutron scattering users in
the fields of solid-state physics, chemistry, polymer science, and metallurgy, and users of radioisotopes.
At the time of shutdown in 1987, over 150 scientists were participating in experiments each year.
Scientists and users documented their research program requirements in over 100 letters to the HFIR
program management at DOE and to members of the U.S. Congress. In addition, most of the world's



supply of 252Cf was being produced at the HFIR for use in cancer treatment. Cancer patients, who
were recipients of the ^Cf treatments, also wrote letters of support. In contrast to the ORR, a clear
need was documented for continued operation of the HFIR.

Costs for safety upgrades and continued operation of the HFIR are given in Table 2. In 1987, when
these estimates were performed, the cost and number of operating and support personnel were
expected to double. On the basis of the cost information provided in 1987, the decision was made
to refurbish the HFIR in 1988, and in 1989 it was restarted. However, in 1989 it was also recognized
that the costs and people would have to be about three times the 1987 levels. As seen in Table 2,
this prediction was very close to the actual cost in 1991. The corresponding number of people
required is given in Table 4.

A detailed cost estimate for decommissioning was not performed. But based on Reference 3 for a
100-MW reactor, the cost to decommission HFIR would be about $20 million.

CONCLUSIONS

Four factors must be assessed in the decision-making process to shut down, refurbish/modify, or
decommission research reactors. These factors are, (1) safety (2) environmental compliance, (3)
programmatic need, and (4) costs. The safety factor review must account for modifications required
to meet stricter regulations which arose from events in the 1980s. The safety modifications include
plant equipment upgrades, expanded safety documentation, and additional support personnel.
Environmental compliance at a research reactor centers mostly on solid waste disposal and discharge
of pollutants into the groundwater.

Programmatic need is a very important factor in the decision process. It requires planning and
documented program need to be sent from the reactor users to the government program manager
and funding sources.

Based upon some selected experience in the United States, the cost to refurbish and restart a
research reactor is about three times the original operating cost per year. The largest part of this cost
is expanded safety documentation and additional support personnel.
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Table 1. Technical Safety Appraisal Elements

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Organization and administration
Operations
Maintenance
Training and certification
Auxiliary systems
Emergency preparedness
Technical support
Experimental activities
Facility safety review
Nuclear criticality safety
Radiation protection
Personnel protection
Fire protection
Configuration management
Design adequacy
Environmental protection
Materials management
Plant material condition
Quality assurance
Startup test program
Emergency operating procedures

Table 2. High Flux Isotope Reactor Operating Costs

Activity

Operations

Technical analyses

Equipment modifications

Quality assurance

Management

TOTAL

1987

7,900

2,600

500

200

200

11,400

f W88W

13,700

4,500

400

500

500

19,600

Year. $ x 1000

1989

12,540

3,990

1,730

1,090

2,240

21,590

1990

11,860

5,170

2,610

1,580

1,680

22,900

1991

15,280

8,290

540

1,590

1,650

27,350

(a> The decision to continue operating was made in 1988.



Table 3. Oak Ridge Research Reactor Costs

Activity

Operation

Standby
(Surveillance &

Maintenance)

Shutdown Preparation

TOTALW

1987

2682

-

-

2682

1988

-

528

1712

2240

Year. $ x 1000

1989

-

554

1266

1820

1990

-

610

164

774

1991

-

843

198

1,041

1992

-

742

245

987

The total 5-year cost for surveillance, maintenance, and shutdown preparation
is $6,862,000.

Table 4. High Flux Isotope Reactor Personnel Requirements

Activity

Operations
Operators
Maintenance
Training
Support

Technical Analyses

Equipment

Quality Assurance

Management

Total

1987

14
22
5
5

12

-

1

1

60

1988

18
22
7

20

29

-

3

3

102

Year

1989

18
22
7

20

27

-

6

12

112

1990

18
20
7

20

34

-

10

8

117

1991

18
24
11
20

49

-

10

8

140

10
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Four Factors in Decision Process

Safety

— Impacted by events of Three Mile Island and Chernobyl.
— Affected by aging plant equipment.
— Responsive to society and changing regulatory criteria.

Environmental Compliance

— Laws are more complex and expensive to implement.
— Nuclear reactors are judged to a higher standard by the public.

Programmatic Need

— Reactors with marginal safety should be shut down.
— Some reactors have fulfilled their mission and should be shut down.
— Strong support from users is required to continue operation of research

reactors.

Cost

— Difficult to justify long term benefits of research reactors.
— Maintenance costs increase with age.
— Cost sharing with commercial and international sources a necessity.



Safety Factors in Decision Process

Perform a comprehensive safety review of reactor.

Use outside specialists to obtain a critical opinion.

Review all areas - Technical Safety Appraisal (TSA)

— How safely is the reactor being operated.
— Condition of its equipment.
— Contains 21 elements (Table 1).

From some DOE experience, 6 of the 21 elements result in over 75% of the
refurbishment cost.

— Maintenance
— Training
— Safety
— Radiation Protection
— Configuration Management
— Quality Assurance



Table 1. Technical Safety Appraisal Elements

1 Organization and administration

2 Operations

3 Maintenance

4 Training and certification

5 Auxiliary systems

6 Emergency preparedness

7 Technical support

8 Experimental activities

9 Facility safety review

10 Nuclear criticality safety

11 Radiation protection

12 Personnel protection

13 Fire protection

14 Configuration management

15 Design adequacy

16 Environmental protection

17 Materials management

18 Plant material condition

19 Quality assurance

20 Startup test program

21 Emergency operating procedures



Six Important TSA Elements

Maintenance

— Develop formal work procedures

— Implement maintenance schedule (preventive maintenance)

Training

— Train and retrain operators on a schedule

— Provide full time instructors

Safety

— Upgrade safety systems and operating procedures.

— Revise Safety Analysis Reports (SAR) to current standards.

Radiation Protection

— Provide better equipment
— Plan radiation work.



Six Important TSA Elements (Continued)

• Configuration Management

— Provide technical review of reactor documents.

— Control the changes to all reactor documents.

• Quality Assurance

— Independent checks of following procedures.
— Assure quality of hardware and equipment.



Environmental Compliance Factor

A serious problem in the U.S., - there are usually no exemptions from the
laws, even for old reactors.

The National Environmental Policy Act (NEPA) requires all government
agencies to consider impact on the environment for all major decisions.

NEPA - Inventory

— Make a list of all hazardous material to make sure it is not dumped into
the environment.

NEPA - Environmental Consequences

— Keep hazardous material from the environment, e.g., double wall pipes
and spill dikes around storage tanks.

NEPA - Regulatory Control

— Must obey regulations like the National Pollutant Discharge Elimination
System (NPDES).

— Example: NPDES limits discharge of liquids containing >50 ppm
chlorine into streams. Drinking water contains 125 ppm chlorine!



Programmatic Need Factor

Unsafe reactors should be refurbished or shut down.

Safe reactors will be shut down by government if the mission is complete.

Basic Research

— A lot of data has been obtained on material irradiation and shielding.
These reactors are being shut down in the U.S.

— Determination of properties of new materials (ceramics) by neutron
scattering still strong in U.S.

Nuclear Engineering Training

— Many university reactors have shut down. Students get training at
other universities or government reactors.

— Consolidation will be more common - within countries and between
countries too.



Programmatic Need Factor (Continued)

Radioisotope Production

— Common isotopes can be produced more cheaply by private
companies or other countries, e.g., Co-60.

— Some rare isotopes must be produced in government research
reactors, e.g., Pu-238 and Cf-252.



Cost Factor

The TSA will produce many recommendations. Can they all be
implemented?

— Use of a risk based matrix prioritizes upgrades (see Table 2).

— Results of a level 1 PRA can be used to perform a cost vs benefit
analysis. Frequently, accidents with probabilities smaller than 10"5 or
106 can be ignored.

Cost to refurbish/modify and continue reactor operation will be expensive.
Some U.S. experience indicates annual operating costs increase 3 times
due to higher safety and environmental standards.

Shutdown costs consist of:

— Building and equipment surveillance.

— Preparation for decommissioning which includes fuel and hazardous
waste removal.



IQU1C C

ATTACHMENT

.MARTLN MARIETTA ENERGY SYSTEMS ISSUE / PROJECT EVALUATION MATRIX

LIKELfflOOD OF OCCURRENCE

CONSEQUENCES

PUBLIC HEALTH & SAFETY

1. Immediite or Ereomal Loss of Life / Permaatnt
Disability

2. Excessive Exposure tnd/or Injury

3. Moderate to Low-level Exposure

ENVIRONMENTAL PROTECTION

4. Extreme Damage To the Ecological System

5. Exteosire Damage To the Ecological System

6. Significant Damage To the Ecological System

SITE PERSONNEL SAFETY

7. Immediate or Eventual Loss of Life / Permanent
Disability

8. Significant Injury Requiring Hospitauzation With
Significant Lost-Time, or Exposure > Occupational
Limits

9. Exposure Near Limits (20 to 100%) or Lost-time
Injury Requiring Medical Treatment, or Contaminated
Wound

10. Minor Injury Requiring First Aid, or Exposure
< 20% of Limits, or Reportable, Removable Skin
Contamination

A

/
VERY
HIGH

3000

300

30

1000

50

1500

"'•"' 150

15

1

B

O.I

HIGH

300

30

3

100

20

5

150

15

1.5

0.1

C

o.oi

MEDIUM

30

3

0 J

10

2

0.5

15

1.5

0.15

0.01

D
0.0001

LOW

OJ

0.03

0.003

0.1

0.02

0.005

0.15

0.015

0.0015

0.0001
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Table 2 (Continued)

ATTACHMENT

MARTIN MARIETTA ENERGY SYSTEMS ISSUE / PROJECT EVALUATION MATRIX

LIKELIHOOD OF OCCURRENCE I PER

1
CONSEQUENCES

REGULATORY COMPLIANCE / EXTERNAL
CONFIDENCE

11. Noncompiiance With Federal, Stale, or Local Law
Involving Significant Potential Floes or Penalties

12. Noncompliance With DOE Category "A" Orders

13. Issues That Have or Could Cause Major Public
Proust or Outcry

14. NoocompUaoce With Federal, State, or Local
Laws Not Involving Significant Floes or Penalties

If. Noncompliance With DOE Orders, Exclusive of
Category "A"

16. Significant Deviathw From Recognized Good
Practices or Energy Systems Directives

BUSINESS PERFORMANCE

17. Serious Negative Impact oa Business Unit's
Ability to Accomplish Its Mission

13. Moderate Negative Impact on Business Unit's
Ability to Accomplish Its Mission

19. Loss of Investment or Production or Loss of
Opportunity to Increase Quality or Productivity
or Decrease Cost > $25M, or Annual Cost > $5M

20. Loss of Investment or Production or Loss of
Opportunity . . . S5-25M, or Annual Cost SI-5M

21. Loss of Investment or Production or Loss of
Opportunity . . . St-SM, or Annual Cost MK2-1M

22. Loss of Investment or Production or Loss of
Opportunity . . . < SIM, or Annual Cost < S0.2M

A

N-ERY
HIGH

100

SO

20

10

5

1

220

60

40

15

3

1

B
O.I

HIGH

10

s

2

1

0.5

0.1

22

6

4

1.5

0 J

0.1

c
o.oi

MEDIUM

1

0.5

0.2

0.1

0.05

0.01

2.2

0.6

0.4

0.15

0.03

0.01

D

0.0001

LOW

0.01

0.005

0.002

0.001

0.0005

0.0001

0.022

0.006

1.004

0.0015

0.0003

0.0001

Svmum Mwiz. ut : tl 2. rrr J. 03/21/91)
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Cost Factor (Continued)

• Decommissioning and decontamination costs are highly variable

— In the U.S., after fuel is removed, most facilities are put in long term
standby. This is least expensive.

— There is little experience to determine cost for reactor demolition and
land reclamation.



DOE Examples

The Oak Ridge Research Reactor (ORR) and the High Flux Isotope Reactor
(HFIR) at Oak Ridge National Laboratory (ORNL) were temporarily shut
down in 1987 by DOE.

A decision process was then used that resulted in permanent shutdown of
ORR and refurbishment/operation of HFIR.

ORR: built in 1957; 30 MW; light water operating at low temperature and
pressure.

ORR required safety upgrades

— Calculate a new fission product source term and dispersion.

— Perform seismic analysis with potential seismic fixes.

— Provide a SAR.

— Possible building confinement upgrades as ORR located inside the
ORNL compound.



DOE Examples (Continued)

ORR environmental problems

— All primary and secondary piping routed outside of building and
underground - possible need for double walled piping.

— Many hazardous waste tanks outside of building would require diking.

— Some floor drains emptied directly into the local creek.

— Liquid waste line buried underground outside building.

ORR programmatic need

— Co-60 production and neutron scattering experiments left ORR for
HFIR.

— Funding for fusion materials program stopped.

— Lack of co-ordinated support from scientists and users.

— Lack of programmatic need was the main reason why the reactor was
permanently shut down.



DOE Examples (Continued)

ORR shutdown costs

— The cost to remove fuel and prepare for decommissioning was about
$6.8M (Table 3).

— The surveillance and maintenance cost is about 25% of pre-shutdown
yearly operation costs.

— Based upon a cost of $0.19/watt (Reference 3), the cost for
decommissioning would be about $6M for the ORR. This is close to
the actual cost.

HFIR: Started up in 1966; 85 MW; light water operating at 157°F and 483
psia.

HFIR safety upgrades

— Update limiting accident including source term and dispersion effects.

— Perform a finite element seismic analysis and install seismic bracing on
walls and pipes.



Table 3. Oak Ridge Research Reactor Costs

Activity

Operation

Standby
(Surveillance &

Maintenance)

Shutdown
Preparation

TOTAL(i)

1987

2682

-

2682

1988

-

528

1712

2240

Year, $ x

1989

-

554

1266

1820

1000

1990

-

610

164

774

1991

-

843

198

1,041

1992

-

742

245

987

<a) The total 5-year cost for surveillance, maintenance, and shutdown preparation
is $6,862,000.



DOE Examples (Continued)

— Brittle fracture analysis of pressure vessel and need for vessel pressure
test once every full power year.

— Provide a SAR and level 1 PRA.

HFIR environmental problems

— On-site liquid waste pond.

— Low level waste carried off-site in single wall pipes.

— Discharge of warm water into nearby creek.

— No room in pool to store spent fuel.

— Above ground tanks with no dikes.

HFIR programmatic need

— World's main supply of Cf-252 produced at HFIR.

— Cancer patients wrote letters of support.



Table 4 . High Flux Isotope Reactor Operating Costs

Activity

Operations

Technical analyses

Equipment
modifications

Quality assurance

Management

TOTAL

1987

7,900

2,600

500

200

200

11,400

1988W

13,700

4,500

400

500

500

19,600

Year. $ x

1989

12,540

3,990

1,730

1,090

2,240

21,590

1000

1990

11,860

5,170

2,610

1,580

1,680

22,900

1991

15,280

8,290

540

1,590

1,650

27,350

(a) The decision to continue operating was made in 1988.



DOE Examples (Continued)

— At time of shutdown, over 150 scientists participating in neutron
scattering experiments; they wrote over 100 letters to the U.S. congress
and DOE.

— This strong support encouraged a restart decision.

HFIR refurbish/operate costs

— All refurbishment was not completed before re-start.

— Based upon the PRA and a risk matrix, only upgrades that had a large
impact on risk were performed.

— Lower level upgrades, especially documentation like a new SAR, were
postponed to several years after restart.

— All environmental upgrades were completed within 1 year of restart.

— Operating costs have increased about 3 times since the reactor was
shut down in 1987 (Table 5).



Conclusion

Safety, environment, program and costs are factors in the decision-making
process to shut down or refurbish/operate research reactors.

A risk basis is very useful for prioritizing safety upgrades.

Most environmental upgrades are mandatory in the U.S., whether the
reactor is decommissioned or resumes operation.

Programmatic need requires coordinated input from users and scientists.

Based upon selected experience in the U.S., the yearly cost to refurbish
and restart a research reactor is about 3 times the original yearly operating
cost.


