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1. ABSTRACT 

The MHTGR is an advanced reactor concept being developed under a 

cooperative program involving the U.S. Government, the nuclear industry, and the 

utilities. The design utilizes the basic HTGR features of ceramic fuel, helium 

coolant, and a graphite moderator. However, the specific size and configuration 

are selected to utilize the inherent characteristics of these materials to 

develop passive safety features that provide a significantly higher margin of 

safety than current generation reactors. The design meets the U.S. 

Environmental Protection Agency's Protective Action Guidelines at the site 

boundary, hence precluding the need for sheltering or evacuation of the public 

during any licensing basis event. This safe behavior is not dependent upon 

operator action and is insensitive to operator error. 

The MHTGR Licensing Plan agreed to with the U.S. Nuclear Regulatory 

Coimtission (NRC) is discussed with particular attention to the framework of the 

preapplication review. The objective and scope of each key document prepared 

for the NRC review is presented. A summary is provided of the safety response 

to events challenging the functions relied on to retain radionuclides within the 

coated fuel particles. The regulatory interaction process and results are 

discussed through the NRC staff, NRC contractor, and ACRS reviews. 

2. INTRODUCTION 

In 1985 the U.S. DOE MHTGR program submitted a Licensing Plan (Reference 1) 

to the Nuclear Regulatory Conmission that proposed an aggressive schedule of 

licensing activities prior to submittal of an application. Similarly, in 1986 

the NRC issued the Advanced Reactor Policy (Reference 2) which encouraged the 
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earliest possible interaction between the advanced reactor developers and the 

NRC and its staff. Both groups sought preapplication interactions to provide 

this early communication in the design and licensing process. This process, 

wherein the regulator worked with the designer to develop regulatory criteria 

and the designer worked with the regulator to set the conceptual design 

configuration, is in stark contrast to the previous procedure in which a 

complete preliminary design was presented to the regulator for approval. This 

paper describes the process that was proposed, the scope and objectives of the 

submittals, the manner in which they were reviewed, and the results to date of 

the NRC review. 

3. LICENSING PLAN 

The MHTGR licensing plan was developed in a manner that allows its 

framework to be applied to any advanced reactor. However, within this framework, 

which begins with the specification of generic Top Level Regulatory Criteria, 

there are areas of emphasis that are specific to the safety design of the MHTGR. 

While this design utilizes basic features and inherent characteristics 

common to all HTGRs, the fundamental difference of the modular HTGR's safety 

design is that its size and configuration have been specifically selected to 

passively remove core heat thereby retaining radionuclides within the ceramic 

coated fuel particles. This is best illustrated in Figure 1 which shows 

chronologically the core sizes and geometries of the U.S. HTGRs and the 

corresponding maximum accident core temperature under conditions of loss of 

helium pressure and flow. Up until the development of the MHTGR, all previous 

designs sustained damage to a fraction of the silicon carbide (SiC) coated fuel. 

Only with the slender, annular core of 350 MW thermal rating does the geometry 

and size assure that sufficient heat could be removed passively by conduction 

and radiation to maintain fuel integrity. 

Since the MHTGR's passive approach to radionuclide control is fundamentally 

different from existing reactors in the U.S., elements of the licensing plan 

cover the development of regulatory criteria. While the manner in which the 

criteria are derived is generic, the actual criteria are specific to the MHTGR. 
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The MHTGR Licensing Plan identifies the licensing-related activities, 

administrative process, organizational responsibilities, and schedule necessary 

to support a U.S. Nuclear Regulatory Commission (NRC) review and approval of the 

Standard MHTGR. The objective of the Plan is to assure that necessary licensing 

activities are identified, planned and executed to a degree sufficient for the 

NRC to formally issue a Final Design Approval and certification for rulemaking 

for the Standard MHTGR. 

For planning purposes, all licensing activities within the scope of the 

Plan are scheduled within one of two periods, namely the Preapplication and 

Application periods. Preapplication period licensing activities started in 

1985, and have as an objective the issuance of an NRC Licensability Statement on 

the Standard MHTGR. Application period activities will begin with the 

preparation of a Standard Safety Analysis Report (SSAR) and have as an objective 

the issuance by the NRC of a Final Design Approval and certification rulemaking 

for the Standard MHTGR Design. 

Figure 2 displays the overall licensing logic for the Plan and identifies 

interfaces to the MHTGR Program schedule. The top two bars in the figure 

display the major elements of this Plan. The third bar displays critical 

program milestones. 

Preapplication activities have implemented early interaction with the NRC 

and laid the groundwork for the Application activities. The objective of the 

Preapplication activity was to develop a Preliminary Safety Information Document 

(PSID) and other submittals to the NRC that led to an affirmative licensability 

statement for the Standard MHTGR. 

Conditioned on the conceptual stage of the Standard MHTGR Design, the 

overall licensability statement should reach conclusions on the following 

questions: 
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1. Is the Standard MHTGR Design reactor concept licensable? 

2. Are the interfaces between the Standard MHTGR Nuclear Island and the 

Energy Conversion Area and the site appropriately identified and 

characterized? 

3. Are the top-level regulatory criteria acceptable and can they remain 

valid through Final Design Approval? 

4. Is the methodology for proceeding from top-level regulatory criteria 

through risk assessments and other safety analysis to the 

deterministic licensing bases acceptable and can it remain valid 

through Final Design Approval? 

5. Is the approach for emergency planning acceptable? 

6. Is the proposed Regulatory Technology Development Plan adequate for 

the Standard MHTGR Final Design Approval? 

7. Is the proposed Application procedure acceptable? 

The conclusions drawn on these questions will provide a clear path and 

methodology for licensing an advanced Standard MHTGR Design, and will provide 

the NRC staff with reasonable assurance that the proposed design and its method 

of development and implementation will be successful. 

4. PREAPPLICATION SUBMITTALS 

During the Preapplication period, 15 licensing submittals have been made to 

the NRC for their review, including the Licensing Plan (Ref. 1), Top-Level 

Regulatory Criteria (Ref. 3), a Regulatory Technology Development Plan (Ref. 4), 

a 2-Volume Probabilistic Risk Assessment (Ref. 5), a 5-Volume PSID (Ref. 6), and 

an Emergency Planning Bases Report (Ref. 7). The objectives, scope, and results 

of the latter four submittals are described below. 
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Regulatory Technology Development Plan (RTDP) 

The purpose of the RTDP is to describe research and development programs, 

both planned or in progress, that generate technical information directly 

related to radionuclide control and retention for the Standard MHTGR. 

The RTDP describes the requirements for data and the experimental tests 

that are needed to validate or confirm assumptions concerning the performance of 

equipment that limits radionuclide releases to acceptable limits. The RTDP 

describes the technology development required for radionuclide control in the 

following topical areas: 

1. Fuel/fission products. 

2. Graphite 

3. Metals 

4. Control materials 

5. System/component tests 

The RTDP will be expanded to include commitments made by DOE during the 

review process, such as a physics validation plan. 

In each topical area, a summary (status) of the existing data base is 

provided. Since the RTDP presents only the additional experimental programs 

intended to complete the data base, only brief summaries of the existing 

information are given. Consequently, while the RTDP focuses on identifying 

technology plans yet to be completed, it should be recognized that most of the 

plans are backed by an existing comprehensive data base assembled from many 

years of international testing and operating experience with gas-cooled 

reactors. The additional data required for the MHTGR are for conditions 

specific to the MHTGR, to reduce uncertainties or to confirm expected results. 
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The experimental programs described are those judged to be needed to 

complete the data base that assures that functions performed by design 

selections for the Standard MHTGR will be accomplished to ensure that radio­

nuclide releases comply with the applicable regulatory criteria. In addition, in 

response to a user-specified requirement, the RTDP includes development 

activities that are judged to be needed to assure that the Protective Action 

Guides (Ref. 8) for exposure to airborne radioactive materials will not be 

exceeded at the plant's 425-m (0.26-mile) Exclusion Area Boundary. This 

requirement is imposed both to ensure a large margin in protection of the public 

from accidental releases and to avoid the need to involve civilian entities 

offsite with planning and training for public sheltering and evacuation. 

The RTDP supports MHTGR development leading directly to a commercial plant. 

No prototype plant project is required for full scale safety tests. All 

experimental programs described can be performed in existing test facilities; no 

major new facilities are required. However, as shown in Figure 2, a private 

sector initiative leading to the first plant will be available to provide 

demonstration and experience prior to rulemaking for design certification. 

Startup and other tests supporting certification will be developed and submitted 

by DOE to NRC for approval. 

Probabilistic Risk Assessment (PRA) 

The objectives of the PRA are to: 

1. Provide a means of characterizing the safety of the MHTGR such that 

the conceptual design can be evaluated in a logical fashion. 

2. Provide the basis for the selection of the licensing basis events 

(LBEs) evaluated in the PSID. 

3. Evaluate a wide spectrum of events with off site consequence to show 

compliance with Protective Action Guides (PAGs) at the exclusion area 

boundary in support of the Emergency Planning Bases report. 
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4. Evaluate the risk to the public due to accident releases from the 

standard MHTGR to show compliance with the NRC safety goals. 

The scope includes frequency and consequence assessments for a wide 

spectrum of events with frequencies greater than once in one hundred million 

years. An uncertainty evaluation for both the frequency and the consequence 

assessment is included. 

Relative to the three levels of PRA defined in the NRC Procedures Guide 

(Ref. 9), this study is similar to the most comprehensive (level 3) study. 

However, the conceptual status of the design clearly limits both the breadth and 

depth of this assessment relative to a level 3 PRA for an existing plant. 

The PRA assessment examined a broad event spectrum in order to identify 

events potentially dominant with respect to plant safety. From this 

examination, seven initiating events were selected for detailed evaluation: 

1. Primary coolant leaks. 

2. Loss of main cooling. 

3. Seismic activity. 

4. Loss of offsite power and inadvertent turbine trip. 

5. Anticipated transients requiring reactor scram. 

6. Control rod group withdrawal. 

7. Steam generator leaks. 

From these seven initiating events only primary coolant leaks, seismic 

activity, and steam generator leaks were found to result in potential offsite 

releases. The fission product release scenarios include depressurization of the 

reactor vessel under dry and wet core conditions with or without forced cooling. 

The accidents under dry conditions are initiated by primary coolant leaks and 

earthquakes. The accidents under wet conditions are initiated by the steam 

generator leaks. In these accidents the core cooling can be provided either by 

one of two forced cooling systems or by conduction through the reactor to remove 

heat out to the reactor cavity cooling system. 
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The assessment results confirmed the selection of the Licensing Basis 

Events included within the PSID to be appropriate and consistent with this 

latest study. The PRA results confirmed that even when a broad range of 

accidents that cover both a large cross section of initiating events and an 

extreme frequency spectrum is considered, the assessment of plant risk shows the 

MHTGR to be insensitive to failures in active, engineered systems. The 

frequency of potential radioactivity releases is essentially dictated by the 

failure of passive structures in the MHTGR. By virtue of its high reliance on 

passive features and inherent characteristics in this small MHTGR, the overall 

safety of the concept is shown to display unusually high levels of safety. The 

concept is shown to comply with the risk limits of the NRC Safety Goals and to 

do so with substantial margin. The MHTGR is even shown to satisfy the very 

stringent user-imposed requirement that PAG doses related to public evacuation 

and sheltering are not exceeded at the site Exclusion Area Boundary. PRA 

results demonstrate that releases with frequencies as low as 5 x 10-7 per year 

would produce doses at the site boundary that are below the PAG sheltering 

thresholds of 1 Rem Whole Body and 5 Rem Thyroid. 

Preliminary Safety Information Document 

The objectives of the PSID are to: 

1. Provide a basis for concluding that the Standard MHTGR concept is 

licensable. 

2. Identify interfaces between the Nuclear Island, the Energy Conversion 

Area and a standard site. 

3. Show compliance with dose and risk criteria. 

The scope of the PSID is to document the licensing criteria and bases that 

have been established for the Standard MHTGR, the conceptual design that has 

been developed, and the analytical results which indicate that the criteria can 

be met. 
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The design description provided in the PSID is focused on the Nuclear 

Island portion of the plant, though it does identify the interfaces with the 

remainder of the plant (referred to as the Energy Conversion Area) and a 

standard site. The Nuclear Island is considered to be that portion of the plant 

that has within its boundaries the standard reactor modules and "safety-related" 

buildings, structures, systems and components dedicated to assuring reactor 

shutdown, decay heat removal, fission product retention, and prevention of fuel 

chemical attack. Additionally, the Nuclear Island includes structures, systems 

and components not "safety-related," but which directly support reactor 

operation. 

The safety analyses in the PSID evaluates the Anticipated Operational 

Occurrences and the Design Basis Events against the corresponding Top-Level 

Regulatory Criteria. As shown in Figure 3, each ADO and DBE meets the limiting 

regulatory criteria with orders of magnitude of margin. 

Emergency Planning Bases Report 

The objective of this report is to reach agreement with the NRC on the 

following points: 

1. That the approach used to select emergency planning bases for the 

Standard MHTGR is consistent with and in instances more conservative 

than that used by regulatory agencies for existing reactors. 

2. That emergency planning zones derived using this approach for the 

Standard MHTGR are appropriate. 

3. That, since the plume exposure is encompassed by the plant exclusion 

area boundary, no plans or drills for rapid notification, sheltering, 

or evacuation of the public are required for the Standard MHTGR. 
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The scope of the report includes a description of the approach used to 

determine emergency planning bases for the Standard MHTGR, as well as its 

application in determining emergency planning bases for the plume exposure 

pathway. The licensing basis events that are considered to form the emergency 

planning basis are defined, based on the PRA, and include the design basis 

events discussed in the PSID. The radiological consequences of the selected 

events are assessed for the plume exposure pathway using methods consistent with 

those used in the PRA. The determination of appropriate emergency planning 

bases is made in a manner consistent with, and in some instances more 

conservative than, the approach and rationale in NUREG-0396 (Ref. 10), which 

documents the planning bases for emergency planning for light-water nuclear 

power plants. The implications of the resultant EPZs on emergency planning for 

the Standard MHTGR are briefly discussed. Actual plans for responding to a 

radiological emergency are outside the scope of this report. 

The PRA evaluates the events in the Emergency Planning Basis Region. 

Figure 3 shows that the EPBEs easily meet the NRC safety goal for individual 

latent fatality risk as well as the PAG for sheltering offsite. Even less 

frequent events are also evaluated in the PRA, and as Figure 3 shows, their 

consequences offsite also meet the PAG for sheltering. Several of the bounding 

events and their doses are discussed in Reference 11. 

5. REGULATORY INTERACTION PROCESS AND RESULTS 

Extensive interactions have taken place during the past five years with the 

NRC, its staff, and the Advisory Committee on Reactor Safeguards (ACRS). The 

NRC's Advanced Reactor Group has performed the technical review with input from 

their contractors and consultants, including Oak Ridge and Brookhaven National 

Laboratories. 

Briefings have been held to familiarize NRC staff, the ACRS and various of 

its subcommittees with the MHTGR design and technology. From time to time the 

Commissioners have been collectively and individually briefed on the status of 
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the interactions. The review of the design and technology has been based on 

numerous submittals to the NRC from 1985 to 1987, with working meetings almost 

monthly during 1987. In total, there have been more than 50 meetings over the 

last five years, with over 25 meetings with NRC's Advanced Reactor Group and 

over 10 meetings with the ACRS. 

The formal review of the submittals by NRC and the ACRS has been completed. 

The NRC has drafted the Safety Evaluation Report (SER) on the MHTGR design. In 

this Preapplication period, the SER provides initial guidance to the designers. 

The SER reviews the design with an emphasis on the equipment relied on to meet 

regulatory criteria. Independent contractor evaluations of the response of the 

MHTGR to off-normal events are included. 

In general, the SER concludes that the MHTGR has the potential to have a 

high level of safety, is expected to exceed the safety level of current LWRs, 

and has the potential to meet or exceed the NRC Safety Goals. Particular 

aspects of the MHTGR design and licensing approach that have been found 

technically acceptable by the NRC reviewers include the absence of traditional 

pressure-retaining containment structure, the use of a mechanistic source term 

to determine site suitability, and the absence of the need for an offsite plan 

for evacuation or sheltering of the general public. 

The SER was submitted to the Commissioners in August. It is under review by 

the ACRS, from whom a favorable letter is expected in September. The ACRS is 

expected to comment on the MHTGR containment system and the role of the 

operator, while focusing on generic Advanced Reactor Policy issues. The 

issuance of the SER will significantly influence the continued development of 

the MHTGR design, as well as the private initiative to market the MHTGR. 

The preapplication interactions with the NRC have been very constructive 

and invaluable to the MHTGR program. The feedback has enabled the preliminary 

design to get underway with an understanding of the regulatory requirements for 

advanced reactors and of the specific areas of interest to the regulator. The 

MHTGR program looks forward to receiving a favorable SER and to continued 

productive interactions with the NRC. 
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