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Introduction

* PBMR Project Team

* Purpose of Pre-Application Activities
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Gas Reactor Regulatory Framework
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Pre-application Review Framework Goals

* Input into Exelon's RSA Demo Plant Decision
* Establish Staff Bases for Commission Policy

Statement by December 2001
* Establish Appropriate HTGR Framework for

Future PBMR License Applications and Staff
Reviews

* Input into Exelon's USA Application Decisions

4/30/01 
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Contemporary HTGR Framework

The DOE MHTGR program in the mid-80's utilized a
"clean sheet of paper," integrated approach to their
conceptual design
- Utilized participant experience in PRA's of HTGRs
- Approach underwent a pre-application review by the NRC/ACRS
- Effort focused on the preliminary phases of the licensing process

* Build Upon MHTGR Approach
* Opportunity to Establish a Structured Approach

- Benefiting from Recent Risk-informed Successes
- Retaining Defense-in-Depth Philosophy

* MHTGR Approach Included:
- Establishing Dose and Risk Criteria Framework
- Selection Process for Licensing Bases Events

4/30101 - Selection of Systems, Structures, and Components (SSCs)
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MHTGR Regulatory Mission Linkages

Objectives

Means of Meeting
Objectives

Are the regulatory mission linkages appropriate and acceptable for a HTGR design?
* 4/30/01
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MHTGR Consequence and Risk Criteria

Top Level Regulatory Criteria
- Direct statements of acceptable

consequences or risks to the public or the
environment

- Quantifiable
- Independent of plant design

* Applicable Frequency Range
- Anticipate Operating Occurrences (AOO)
- Design Basis Event (DBE)
- Emergency Planning Bases Event (EPBE)

4/30/01 7
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MHTGR Top Level Regulatory Criteria

Logic Diagram
for Regulatory

Framework
(Part b)

NRC Regulatory Mission:
Regulate to ensure adequate protection of the public health
and safety, to promote the common defense and secunty,

and protect the environment

IOCFR50 57,10 CFR 50, Appendix A Introduction to Principal DesignCrttena-Provide reasonable assurance that the facility can operate
without undue risk to the health and safety of the public:

And NRC Safety Goals

I
Objectives

Means of Meeting
Objectives

Established
Qantitative Measures
to Ensure Objectives

are Met

Limit Epsres :
For both plant workers and
the public during routine

operations

|Control Access to| | oblNna |
| Source | | uet l

Reactor Safety:
Avoid accidents and reduce

the consequences of
accidents

Limit Release EmergencyPreparedness

PrtSafeguards : l
Prtction of the plant

against sabotage or other
security threats.

Secure Physical
I Plant and Sources

{ IOCFR50Appendix I
Dose Guidelines
10 CFR 20 Dose Levels J {10 CFR 1O Dose Guidelines

EPA 52ft1-75-001 PAG Doses
NUREG 08801 FR QHO Safety
Goals {

10 CFR 73
Physical
Cnteria }

Are the top level regulatory criteria acceptable and
can they remain valid through final design approval?

4/30/01
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MHTGR Licensing Basis Events

- Off-normal or accident events used for
demonstrating design compliance with the Top
Level Regulatory Criteria
Collectively, analyzed in PRAs for
demonstrating compliance with the 51 FR28044
safety goals
Encompass following event categories
- Anticipated Operational Occurrences (AOO)
- Design Basis Events (DBE)
- Emergency Planning Basis Events (EPBE)
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MHTGR Frequency Ranges
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MHTGR Licensing Basis Event
Selection Method

* Define region boundaries
* Compare risk assessment results to region

dose limits
* Identify as AOOs families of events in AOO

region that could exceed Appendix I of
1 OCFR50 if certain equipment or design
features had not been selected
Identify as DBEs families of events in DBE
region that could exceed. 1 OCFR1 00 if
certain equipment or design features had
not been selected

4/30101 I I
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MHTGR Licensing Basis Event
Selection Method (continued)

* Identify as DBEs families of events with upper orlower bound frequency in DBE region
* Identify as EPBEs the dose-dominant families ofevents in EPBE region
* Compare overall risk assessment to 51 FR28044

safety goals
* Assure that residual risk is negligible

4/30101
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Example: MHTGR Specific LBEs
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MHTGR 10CFRIOO Design Criteria
PRA insights lead to determination of required
functions to meet 1 OCFR1 00 doses for DBEs
- Functional design criteria written as equivalent

to GDCs for HTGRs
- Other design criteria also developed for the other

Top Level Regulatory Criteria, e.g.,
* for normal operation and AOOs: "Appendix I" design

criteria
* for accidents beyond the design basis: "PAG" design

criteria

4/30/01 
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MHTGR Identified Safety Functions

Logic Diagram
for Regulatory

Framework
(Part c)

NRC Regulatory Mission:
Regulate to ensure adequate protection of the public health
and safety, to promote the common defense and secunty.

and protect the environment

Is the methodology for
proceeding from the
top level regulatory criteria
through risk assessment
to the deterministic licensing
bases acceptable and can it
remain valid through
final design approval?

10CFR50 57;10 CFR 50. Appendix A Introduction to Principal Design
Criterla-Provide reason able assurance th at the facility can operate

. without undue risk lo the health and safety of the public.
And NRC Safety Goals

I
1I

s , W
r .

Objectives

Means of Meeting
Objectives

Limit Exposures:
For both plant workers and

the public during routine
operations

Reactor Safety:
Avoid accidents and reduce

the consequences of
accidents

T
Safeguards:

Protection of the plant
against sabotage or other

security threats.

_ _

Coto cesto Control Normal 7 Re asF1
SourceL | LimilRelease PrEmergencys

I -orc | |i Elunts I I I I Preparedness
* Secure Physical

IPlant and Sources

Established
Qantitative Measures
to Ensure Objectives

are Met

4130/01 1 5
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Example: MHTGR Equipment Safety
Classification

As an example: Safety related systems,
structures, and components (SSC) are thoseselected to perform required functions tomeet 1 OCFR1 00 doses for DBEs
- providing extra attention for equipment that wouldbe required to operate for accidents in order toprotect offsite public
- correspond to "10CFR100" design criteria
- do not correspond to other design criteria

* do not need special attention for normal operation, or forvery rare accidents

4/30101 
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Example: MHTGR Method for Equipment
Safety Classification

* Identify radionuclide retention functions
required for DBEs to meet 1 OCFR1 00 doses

* For each required function, select from
candidate SSCs a set as safety related that
over the spectrum of DBEs assures
consequences are in compliance with
1 OCFR1 O

4130101 17
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Example 1: Selection of Safety Related
Equipment

for Removal of MHGTR Core Heat

SSC Available & Solely Sufficient to Remove Core Heat During DBE? J
SSC |DBEI DBE4 |DBE5 |DBE7 |DBEIO| Safety-Rlated

M ain Loop Cooling |No |No |No |No No|l
Shutdown Cooling System No No Yes No No
Reactor Cavity Cooling System Yes Yes Yes Yes Ye Yes]
Reactor Cavity & Surroundings Yes Yes Yes Yes Yes

4/30/01
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Example 1: Selection of MHTGR Safety
Related Equipment

for Control of Heat Generation

SSC Available-& Solely Sufficient to Control Heat Generation - DBE?
SSC . DBE 2 DBE 3 DBE 4 DBE 5 DBE 6 DBE 7 Safety Related?

Control Rods No Yes Yes Yes Yes Yes Yes
[Reserve Shutdown Equipment Yes Yes Yes Yes No No Yes

4/30/01 19
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Example Summary:
Relation of Safety Related Equipment

to MHTGR Safety Functions

Control wI Movable Poisons Control wl inharlnt Feedback [- Outer Refctor Control Rods . Negt1ve Temp Coaf tmcinefReserve Shutdown Control Matts - -FuOl Heavy Metal Loadings.- SSCs to Sense & trip.

Control Chemical Attack
Limted WaterI-Air ingress.

drolyal1 Limit Fuel OxidatIon
,r isoltieon . Pressure Vessels a Support.

4lon Valves u Upper Plenum Structure -
Pressura Vessel Relef.-

I
Maintain Geometry

- Graphite Core S Reflectors .
* Core Support strcturu .

- Reactor Vessel a Support.

4/30/01
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Example: Safety Related Design Summary

The MHTGR Framework provided
deterministic conditions derived from the
probabilistically selected DBEs that rely solely
on the safety related equipment to meet
specific regulatory review criteria
- blends probabilistic with deterministic to

ensure that safety related equipment is a
necessary and sufficient set without adding
unnecessary requirements

4130101 21
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Contemporary HTGR Framework Proposal
Preceding Framework Description
Demonstrates Opportunities Which CanBe Built Upon:
- The ability to provide a top-down approachthat clearly establishes a suitable standardfor assessing safety of Gas Reactors
- The approach incorporates and retains thedefense-in-depth philosophy
- The approach benefits from the advancesin probabilistic tools that highlight designsignificant functions and guides the

application of deterministic requirements.
4/30/0 1 
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Contemporary HTGR Framework Proposal

Establishing a Framework Results in
Efficiencies and Appropriate Focus:
- Provides a Structured Review for other

Elements Necessary for Design Acceptance
* Emergency planning and containment function
* Ensures appropriate application procedure and SAR format
* Guide Inspection, Test, Analysis Acceptance Criteria (ITAAC)

selection and approval

- Ensures and Verifies current regulations are
met and provides a foundation for new
requirements or exemption requests.

4/30/01 23
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Framework Next Steps
Continue In-Depth Discussions and Establish
a Framework for a Contemporary HTGR
- Establish Top-Down Objectives and Criteria
- Establish a Frequency-Consequence Picture
- Establish a Probabilistic/Deterministic Event

Selection Method
- Establish a SSC Probabilistic/Deterministic

Identification Method
- Establish Structured Approaches to Other Topics

4/30/01 
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Framework Next Steps

Develop schedule and forum for discussions
that support:
- Input into Exelon's RSA Demo Plant Decision
- Establish Staff Bases for Commission Policy

Statement by December 2001
- Establish Appropriate HTGR Framework for

Future PBMR License Applications and Staff
Reviews

- Input into Exelon's USA Application Decisions

4/30101 25
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PBMR Part 52 Process Plan

4/30/01
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Early Site Permit Process.

* Established in 1 OCFR52 Part A
* Provides for final determinations on the

--environmental and safety suitability of a site for the
described purposes.

* Results all binding in the final COL proceeding
* Application contains three main parts:

- Site Safety Analysis Report
- Environmental Report
- Emergency Planning Report

Site Selection Process Considerations

4/30101 27
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Steps for ESP Application Review and
Approval

7102

12104

Safety
Issues

Subrmit
Applcation

= Project Management Opportunities
4/30/01
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Combined Construction/Operating
License Process

* Established in 1 OCFR52 Part C
* Provides for final determinations on the overall

suitability of the PBMR specific design for the
previously approved site.
Closes any conditions of the ESP in the final COL
proceeding

* The application includes proposed Inspection, Test,
Analysis Acceptance Criteria (ITAAC). When
approved in the COL, these ITAAC are certified
complete during construction as prerequisites for final
operating authority.

4/30/01 29
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Steps for COL Application Review and
Approval

1 1 1 1 I I I I I I III I I 6/,1 I I : 1 1 I I I I I I I ---- I1103 
I61II03~ 10 1/05 6/05 11105

12/02

.Safetv Ams -

Sna -"'I
Design
Issues RAls

** * * AC
RAI Draft SER ACRS Response to FinalResponse Mtg on Open Items SER

Draft SER

CRS Ltr

Dock~et
kpp~itcation Hearinas

Submit 4
Applicatiu _-

Petitions to
Intervene

.

Prehearing 
End

Activities 
+*

reaings Initial Issuance
Begin Decision of COL

Duration
<27 mor

RAI Draft EIS Comrents FinalResponse on Draf EIS EIS

New
Environmental

Issues (e g, need
for power)

RAls
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Design Certification Process

* Established in 1OCFR52 Part B
* Provides for final determinations on the overall

suitability of a standard design for use on any
suitable site. Each design certification is codified by
rule in 1 OCFR52 for future reference.

* Can be coupled with a previously approved ESP site
in a COL application, resulting in a simplified review
of remaining site and applicant-specific attributes.

4130/01 
3 1



Exelfosn.

Steps for Design Certification Review
and Approval

*111 I11111111!111I I
1106 6106 1107 6/07

5/05 

1108

Prototype
Testing
Complete In
South Africa

-

Issuance
of FDA

qI-

Submit
Application

0 * .
RAls RAIs Draf ACRS Response SER

Response SER Mtg. to
Open
Items

ACRS Proposed
Letter Design

Certification
Rule

Final Design
Certificalion

Rule

Duration to FDA
< 23 months

4/30/01
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Legal and Financial Topics

4130/01 33



Exell on

Non-Technical Issues
* Current legal and regulatory requirements are craftedprimarily around the regulated utility market with afocus on LWR technology.
* Deregulated markets that contain merchant plantowners create the need for different requirements.
* Advanced technologies, including small, modularplants create the need for different requirements.
* The regulatory framework should be appropriately

modified to address these issues to allow properconsideration of new, advanced reactors in thenational energy mix.

4/30/01 
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Merchant Plant Topics

* Anti-Trust Review

* Decommissioning Funding Assurance

* Financial Qualifications

4/30/01 35
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Small, Modular, Passive Topics

* Decommissioning Funding Formula

* Secondary Financial Protection

* Emergency Planning

* Annual Fees

* Operator Staffing
4130/01
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Small, Modular, Passive Topics con't)

* Uranium Fuel Cycle for Gas Reactors

* Number of Licenses Needed

4/30101 37
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Future Meeting Plans, Schedule,
Objectives, Project Management

4/30/01
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Organizaton Thu 04t26/01 Fn 05/18t01

_ Forum Thu 04/26/01 Frl 05/O4t01

Resolution Process Thu 04/26/01 Fri 05/18/01

Schedule Thu 04/26/01 Fri 05/ 1/01

_ Technical Onenlatlon I Fundamentals Fn 09107/01 Fri 12t14/01

. Develop Ucensing Framework - t!e- .o.. fY Thu 04t2601 Fri 10/19/01

Mission Lirkages -*'i;7N(. Thu 04/26/01 Fri O6115tt

§ Risk Chart Thu 04/26/01 Fri 06/15/01

Lic Bases Events Method Fri 05/18/01 FrI 07/20/01

_ GDC / Function Melhod Fri 05/18101 Fri 07/20/01

.3 SSCs Method FnO6/15t01 FrlO0817/01

_ Applicable Regulations Cntena Fri 06/1 5Y1 Fri 08/31/01

TS Approach Fri 07/13/01 FrI 09/1/0

_ SAR Format FriOtvt7101 Fri 10/19101

_ Licensing Plan Thu 042601 Fri 06/29/01

ESP Thu 04/26/01 Fri 06/15/01

"' COL Fri 05/04/01 Fri O22/01

. Design Cert. FriO5/18/0t Frl 06/29/01

_2 Schedule/Cost Est. Thu 04/26/01 Fn 06/29/01

Legal I Financial Regulatlons Thu 04/26/01 Fri 05 18/01

Conhirm Reasonable Approach Thu 04/26/01 Fri 05/1801

_ Computer Codes Validation Phlosophy and Process Wed 06/06/01 Fri 08/17/01

_ Bases for Including Codes lor V & V Wed 06/06/01 Fn 07/20/01

_ Process. Planning, and Schedule Fn 07/20/01 Fri 08/17tO1

_ Fuel Licensing Dlscusslons Wed 06/06/01 Fri 05/24/02

I Approach to Fuel Performance Cnlerla/Testlng/Logistics Wed 06/06/01 Fri 08/17/01
Approach to Performance Analysis and Test Schedule Fri 08/17/01 Fri 12/21/011

.Fuel Liensing Plan Fri 01/18/02 FrI 05/24/02

_ ID Applicable Regulations Fri 0U17/01 Fri 12/21/01

J Perform Assessment Fri 08/17101 Fri 12/21/01

_ PBMR Licensing Feasabillty Report Tue 05/08/01 Fri 09/2U01
*2 USDrah TueO 5/l Tue 05/08
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