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Presentation Purpose 

To describe the risk-informed process for selection of safety 
related equipment and the development of regulatory design 
criteria 

"• To illustrate the method with examples from the application of 
the similar process utilized for the MHTGR in the mid-80's 

"* To compare the process with current regulatory practice 

"• To obtain NRC feedback and identify next steps
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Presentation Outline 
* Background 

- Top Level Regulatory Criteria (TLRC) 
- Selection of Licensing Basis Events (LBE) 

* Derivation of Required Functions 
* Selection of Safety-Related Equipment 
• Development of Regulatory Design Criteria 
* Comparison with Current Regulatory Practice 

- Advanced Reactor Policy 
- Risk-Informed Guidance (RG 1.174) 

"° Defense-in-depth 
"* Balance between prevention and mitigation 
"* Safety Margins 
" Monitoring 

- Special Treatment Guidance 

* Outcome Objectives
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Relation of Risk-Informed Licensing Bases 

* Top Level Regulatory Criteria (TLRC) provide what 
must be achieved 

"° Licensing Basis Events (LBE) provide when the 
TLRC must be met 

"* Regulatory design criteria (RDC) and equipment 
safety-related classification provide how it will be 
assured that the TLRC are met 

* Requirements (special treatment) for the safety
related Systems, Structures, and Components (SSC) 
provide how well the TLRC are assured
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Limiting Top Level Regulatory Criteria 
for the PBMR 

10CFR50 Appendix I annualized offsite dose guidelines 
- 5 mrem/yr whole body 

° 10CFR100/50.34 accident offsite doses 
- 25 rem total effective dose equivalent 

* EPA-400-R-92-00
1 protective action guideline doses 

- 1 rem total effective dose equivalent 

* 51 FR1i30 individual acute and latent fatality risks 
- 5 xl0-7/yr and 2xl0-6/yr, respectively 
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PBMR Risk Criteria Chart with 
Top Level Regulatory Criteria
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Licensing Basis Events 
* Off-normal or accident events used for demonstrating design 

compliance with the Top Level Regulatory Criteria

* Collectively, analyzed in PRA for demonstrating 
the safety goal

compliance with

Encompass following event categories 
- Anticipated Operational Occurrences 
- Design Basis Events 
- Emergency Planning Basis Events 

* Example of selection process provided for MHTGR 

preapplication submittals 

8/15/01
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MHTGR Licensing Basis Events 
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Design Basis Events 

° Events of lower frequency than AOOs, not expected to occur in the lifetime of the plant 
- for a plant lifetime of 40 years, less than 1 % chance 
- lower frequency of 10-4/plant year 

* Identified as families of events in (or close to) DBE region that could exceed 1OCFR50.34 if certain equipment or design features had not 
been selected 

* Mean values and uncertainty range of consequences are evaluated to provide high confidence of compliance with and safety margin to 
1 OCFR50.34 
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MHTGR Example for Selection of DBE 
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DBE Examples from MHTGR 
on Design Basis Events 

Loss of main loop and shutdown forced cooling 

Main loop transient w/o control rod trip 
Control rod withdrawal w/o main loop cooling 

Control rod withdrawal w/o forced cooling Earthquake with reactor trip and shutdown cooling 

:,: " ..• " ::-: Mois~ture inleakage 

Moisture inleakage without forced cooling 
Misture inleakage with moisture monitor failure 

Moistureinleakage WIsteam generator dump failure 
Moderate primary coolant leak w/o forced cooling 

Small primary coolant leak w/o forced cooling 

Shaded LBE not expected for PBMR



Use of PRA Insights for Regulatory 
Document Review 

NRC Missions and Safety Goals 

4 4 PBMR 

I n Design &: u n : PRA 
Current 

Regy .... .....  Regegulatory 
ReultinsFunction .,,Design Proposed 

SLevel orCmarEU n .ctions Licensing Current LWR Intent of ':i&. Approach GDCs Rglations Criteria 

Completely Partially Not Applicable PBMR 
Applicable Applicable (LWR Specific) Specific 

Pre-Application Initial High Level Policy Review 

8/15/01 Application
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Required Safety Functions 

• Required safety functions developed from review of 
LBE versus TLRC 

* PBMR required safety functions will be similar to 
those for the MHTGR 

- for compliance with 1OCFR100/50.34: 
• radionuclide retention within fuel particles 

- control of heat generation 
- core heat removal 
- control of chemical attack
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MHTGR Example of Radionuclide Retention Functions 

Maintain Control.of ] 
Radionuciide Release,.  

ýý,:,Control- Control Personnel • - . .- ion'Access 

Control Radiation Control Radiation Control Radiation 
from Processes from Storage 

Control Direct [ Contro! Radiation, 

Radiation Transport" , 

ControlTransport' Control Transport Control Transport Control Transport .jfromCore. in Primary Circuit in Reactor Building from Site 

ControlR•adionuclides Retain Radionuclides in Fuel Particles in Graphite Core 
Denotes Minimum 

8/15/01 
Functions Needed 8/5/1to 

Meet IOCFR100 .



MHTGR Example of Design Criteria 

Conduct Heat from Core to Vessel Wall: 
The reactor core design and configuration shall ensure 
sufficient heat transfer by conduction, radiation, and convection to the reactor vessel wall to maintain fuel temperatures within acceptable limits following a loss of forced cooling. The materials which transfer the heat shall be chosen to withstand the elevated temperatures experienced during this passive mode of heat removal. This criterion shall be met with the primary coolant system both pressurized and 
depressurized.  

8/15/01
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PBMR Regulatory Design Criteria 

* RDC to be developed with risk insights for each 
required safety function 

* Risk-informed RDC to be compared to guidance in 
LWR GDC to supplement areas where PBMR 
specific criteria are needed 

* Many of the RDC will be similar to those developed 
for MHTGR; others will differ due to 
- Adjustments in TLRC 
- Differences in design 
- Different LBE 
- Different required safety functions 

8/15/01
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Risk-Informed Selection of Safety-Related SSC 

Equipment relied on to perform the required safety 
functions 

- Consequence mitigation: for DBE, SSC that are available and 
sufficient to perform the required safety functions to assure th at 
the DBE dose criteria are met 

- High consequence prevention: for EPBE with doses greater 
than DBE dose criteria, SSC that are available and sufficient to perform the required safety functions to assure that the 
frequency of the event is below the DBE frequency criteria 

* Method illustrated with MHTGR examples 
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MHTGR Selection of Safety-Related Equipment 
for Removal of Core Heat

8/15/01



MHTGR Equipment Safety Classification for 
Core Heat Removal 

* Two options are available and sufficient for core heat removal for all DBEs: RCCS and conduction to 
reactor cavity structures and surroundings 

* Both rely on core geometry and properties and vessel properties to transfer heat from the reactor 

* RCCS selected as safety-related based on ability to specify, analyze, monitor and demonstrate adequacy 

8/15/01
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MHTGR Selection of Safety-Related Equipment 
for Control of Heat Generation 

SSC Available & Sufficient to Control Heat Generation i)uring DBEi? 

S S C D B F . I) E3I', IDI3 1, )I I D 131", I)BI 1 , s al',.  
2 3 457 Related? 

Control Rods No Yes Yes Yes Yes Yes Yes 
Reserve Sutes 1 Yes Yes No No Yes 

RCeserVC ShUtdown V`quipm-cnt Yes Ye

8/15/01



MHTGR Equipment Safety Classification for 
Control of Core Heat Generation 

Two components are available and together sufficient 
for control of core heat generation for all DBEs: 
Control rods and reserve shutdown equipment 

• Both rely on core/fuel geometry and neutronic 
properties 

8/15/01
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SSCs Selected as Safety-Related 
with EPBE 

Above MHTGR examples examined DBEs required to assure 
consequences are acceptable 

* Safety classification method also requires that frequencies of EPBE with consequences greater than 1OCFR50.34 are 
acceptable 

* MHTGR had no EPBE with high consequences

8/15/01



Hypothetical Example of High Consequence EPBE 
Leading to Safety-Related SSC
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Relation of Safety-Related Equipment 
to MHTGR Safety Functions

Control Heat Generation 
- Reliahle Shut(ldowl, Capability- i

Control wi/Movable Poisons-1 
- Outer Reflector Control Rods 
Reserve Shutdown Control Malls.  

SSCs to Sense & Trip 

Maintain Geometry 7 
- Graphite Core & Reflectors 

- Core Slupport Structulre 
-Reactor Vessel & Support.

Control 
- Nega 

-Fuel

Retain Radionuclides Within Fuel] 
- Chemically Iner lHelniun n 

- High Quality Ceramic Coated Palticles 

_£ZT~L__ -- •--•-T-_-.-_T .  

Remove Core Heat 
Passive Heat Removal.

"IW/Inerm - I.. . . ..... _ ...  

wl Feedback Transfer Heat-fromCore ransfer Heat to Hoa ative Temp Coefficient - - Low Core Power Density - Natural Cirrigit, J Am 

Heavy Metal Loadjiugs - - High Core Heat Capacity.  

t ..... ... .  

Conduct Heat to Vessel Radiate Heat from Vessel I MamntaintGeometry " Anniular Core. i -- Unisuilafed Reactor Vessel-i Graphite Core &P Riflectors - High Tenup Materials -. J t| - Cie�) Sujpport .'imiirtili -' 
Reactor Vessel & Suppol)t

I 
Control Chemical Attack 

- intlmId Water / AirInqites s.

I Sink 
W(C, S -

Limitt Fml Hydrolysis 
"Str .on1 &FI mimJwMtri Is"•tit...  

SS( s to Close Isolai,,, Va/s

Limit Fuel Oxidationi 

"litse.•;u.t Vissirls , t.1 ,•i ''), I -Uip ri) Pleoioii Sit,, t 

Pies sum /'s Iolr

* Similar functional tree for PBMR to be developed 
showing SSC classified as safety-related

8/15/01
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Safety-Related Design Conditions (SRDC) 

* Deterministic conditions derived from the selected 
DBEs that non-mechanistically rely solely on the 
safety-related equipment to meet 10CFR50.34 

* SAR accident analyses provide 
- best estimate and upper bound doses for DBE to show 

margin 
- best estimate and upper bound doses for SRDC to show 

margin if only selected equipment is relied on 

° SRDC are examined to set the quantitative 
requirements for the safety-related equipment in terms 
of temperatures, pressures, stresses, heat loads, etc.  

8/15/01



Consistency of PBMR Risk-Informed 
Licensing Bases with Regulatory Practice

............ %=.  

PBMR 
"Design & 

PRA

I

8/15/01
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Comparison to NRC Advanced Reactor Policy 
' Early Interactions 

Policy encourages " the earliest possible interactions of applicant, vendor 
and government agencies with the NRC." 

' Safety Criteria 
Policy states that "the Commission expects, as a minimum, at least the same degree of protection of the public and the environment that is 

required of current generation LWRs." 

' Licensing Approach 
"Advanced reactor designers are encouraged as part of their design submittals to propose specific review criteria of novel regulatory 

approaches which NRC might apply to their designs." 
Design Features 
Policy states that "the Commission expects that advanced reactors will provide enhanced margins of safety and/or utilize simplified, inherent, passive, or other innovative means to accomplish their safety functions." 

8/15/01



PBMR Preliminary Design Features and 
Advanced Reactor Policy (1 of 4) 

NRC's Definition of Advanced Reactor Corresponding MINIR Prcliminary Design Features 
Characteristics

Hig ihy reliacl and ess complex shutdown and 
decay heat removal systems; The use of inherent or 
passive means to accomplish this 
objective.... (negative temperature coefficient, 
natural circulation) 

Loger tme costaits an suýlfucIent 
instrumentation to allow for more diagnosis and 
management prior to reaching satety systems 
challenge and/or exposure of vital equipment to 
adverse conditions.

"* Low excess reactivity and negative tCmperatl u ......e .  coefficient provide passive shutdown capability 
"* Two diverse active systems provided to insert 

negative reactivity to assLire long tcrmI subcritical itvl 
"• Redundant, diverse and ildepelldclit active forced 

cooling systems to remove core decay heat 
"* (Conduclion/radiationl cooIldowvn •apahi ly \ Wit hout 

forced or natural convectlion ofthe primary cool(a l 
"* No requirement or mIain6aiintg an i nventory of 

primary coolant inside the reactlor vessel.  
* Low power denity and large heat caaciity-ofcoie.  

fuel and graphite provides long, t[ileC Consltlantf o.r 
)ower/temperaturc transiCnlts over fill] range of 
accident conditions 

• Low stored energy and single phase of primary 
coolant prevents rapid thermal and mechanical energy 
transfer to primary boundary and to colfillcfii ent 
st rucIures; elim inutes f iel coolant inlteractions tIat 
could challenge barrier intcorilt.  

• Capability to monitor circulating plrinlary system 
radioactivity to confirm integri tv oft'he fuel is withill 
design limits
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PBMR Preliminary Design Features and 
Advanced Reactor Policy (2 of 4)

NRC's Definition of Advanced Reactor 
Characteristics 

Simplified safety systems which, Where possileC' 
reduce required operator actions, equipment 

subj xcted to severe environmental conditions, and 
components needed for maintaining safe shutdown 
conditions.  
Designs that minimize the potential for severe 
accidents and their consequences by providing 
sufficient inherent safety, reliability, redundancy, 
diversity and independence in safety systems

Corresponding PBMR Preliminary Design iFeatures 

Capability to limit consequcncc s of alce identsII
independent of'any prompt operator actions, and 
reliant on passive safety featurcs.  
Safety systems are fexv, simple, and have 16v 
Components needed to operate 

"*The inherent capabilities of the fuel particles to reta in 
their structuli-al integrity over the range (if normial and 
accident coidilions vWithl margMjSIis lilit thC SOuIrice 
terms to very small levels; operation oftactivc systems 
not requ i-ed to supLpoi-t this capability 
I.,ong time clstanils ol'any releases and absence of 
any adverse physical and chemical processes 
Any sequence with the p)riar-y system boundary 
intact results in no release of madioactivity 
D Design features that l111it1 the potential f0r air or water 
ingress.
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PBMR Preliminary Design Features and 
Advanced Reactor Policy (3 of 4)

NRC's Definition of Advanced Reactor 
Characteristics 

Designs tn a provide reliable equipment i t.ie 
balance of plant, (or safety system independence 
firom balance of plant) to reduce the number of 
challenges to safiety systems 

-- tIns t rov( e easi••na - e equipment 
and components 

lDesigns ttýt re uce I ic potentia radiation 
exposures to plant personnel

Correspollding PB I il i1rcliminiary Design lFeatures 

The entire plant is very simple with•a SimalIi-ilnlici-r of, 
coMponel is and support Systems; 

* lBudc elements r col tiiuot)isly l IItorel va on-line 

refueling and monitoring of ci rcuL tiIg activity; 
broken and spent tirel elements replaced on-I line 

* Power conversion c(itlilen I ( ttihrbo-gCenerator, tuIibo
ullits, etC.) CaInI bC maintained \ itliOUL coiniprolisiiu 
ability to support key sal'cty liinclions 

"* Perf'orn-i1ceol' the fuel greatly ic(l-uce-l•, evel o-" 
circulating prii iiPay-v coolant activity 

* Inert hIIelium piWovides ()[no ipurities for activatiol 
products

8/15/01
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PBMR Preliminary Design Features and 
Advanced Reactor Policy (4 of 4) 

NRC's Deliuit ion of Advanced Reactor Correslonding PBRINll Preliiinauriy i)esign Features Chlaract eristic s

Designis t it( Incorporate detense-in-Jc•iY 
philosophy by maintaining lmultiple barriers against 
radiation ,cleasc and by reducing potential thr 
coilsequliences of sevei-e accidents 

Je•gi etures t 'a cnbc proven by ctaio-o 

existing technology or which can be satisfactorily 
established by coMnnitilntl to suitable technology 
development progranll 

8/15/01

* Fuel particles, fuel spheres, primary pressure 
boundary, citadel structurc, con ll c nl ect cllnvclupc 
serve as coincentric, indepcldenll barriers (See inore 
detailed (discussion in Section 7.2. 1 ) 
D Design tcatures employ balance betwclwi accident 
prevention and mniltigatiOn (See more detailed 
diScussi0u iI Secti' WI7.2.2) SIrlovat(i1on o'carlier designs: CexteiisieC experience 
with gas tColed reactors. I fl'(iRs, and signiticant 
experience withI pebblc bed rcactors Ito provide 
confideince in perfiinanicc of [fIl annd limajur 
coin po ilei t s.  
N N ew and uni el b lR F , I bat U es iil ptl-wt a 1t6l r 0)o\\cr 
product ion but ii o1 ineceded to supojr0It ,kC sa bt dv 
fiinctiuns 

"• expcriinheiital cvidenice to support con lleilce in lthe 
inegriytlty ofti e ldu I ler1norii1al ald adverse 
coniditioins 

"* :1ormul-a fhr proven fuel nIiiul act1ui-Jrig process aild quality assurance testing that ensure manlachtritn Ll 
reliability 

"* Plan to feedback operatinig experience from early 
1l3M Rs to refine tclin ology



Comparison to RG 1.174, Framework for 
Risk-Informed Changes 

Applicable to LWRs 
° Principles for risk-informed changes include the 

following 
- Consistent with defense-in-depth and balance between 

prevention and mitigation 
- Maintain sufficient safety margins 
- Changes small and consistent with Safety Goals 
- Changes monitored 

* Provides useful guidance to evaluating the risk
informed aspects of the PBMFR licensing approach

8/15/01



PBMR Designed With Defense-in-Depth 

* Multiple, concentric, independent radionuclide 
retention barriers 
- fuel (ceramic particles and pebble bed spheres) 
- primary pressure boundary 
- containment (citadel structure and filtered confinement) 

* Reliable design selections to maintain barriers with 
emphasis on 
- high quality 
- passive, intrinsic characteristics 
- appropriate redundancy, diversity and independence 
- design margins 
- continuously monitored 
- structured licensing bases process 

8/15/01



Preliminary PBMR Design Features Supporting 
Defense-mm-Depth of Fuel Barrier (1 of 2)

Sa.fety ii tin 
Sl pp or ing Eri'e I 
Barrier Integriw 

M ainrtaiin I' el iritegi ity 

Contriol h eal genlerat i ol 

C ontirol heat r emov'al

Inherent feafIrrIes anid att ribiutes 

*Multfiple layer ceramic 'I RIS() tCud 
par i cIC lICs aPSULatcclby graphjite sphere 
L OW levels of'circulatirig arlId plateout1 
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reliability and perfbrmfiane ot fLIel 
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"* Slow reactivity responsle
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Preliminary PBMR Design Features Supporting 
Defense- in-Depth of Fuel Barrier (2 of 2)

Elements of Defeci 

Inherent features and attrilutes 

0 Ceramic fitel particles and graphite matrix 
* Design limitations on extent of air or 

water ingress 
0 Sell'limiting aspect of 'reactions 
• Inert gas coolant 

0 U Jse of refiactory ceramics for structuraIl 
materials exposed to high temperatures 

* Use of high temperature alloys tbr reactor 
vessel and core barrel componenlts

Lse-ii-I)eph ill StIpportinig Safely Iilict ioils

L 1)ow pressure cooling water soulrces lilmits polclltial f1 X6Ivtll, 
ingress 

* design in terfaces wih high pri essur e pri ary system 
1 f igh quality primary vesscls & piping, \\ith robust seismoi.  
capability 

0 1 ligh quality reactor vesscl and Pil'l l cmponcilehs desiueId to lar geo 
seismic twoargirns 

0 ROlNust citadel structturjC pi o\ ides strcnglh liand plmtccliull ft• ur 
exterinal lissles 

0 Forced convection of tleliun Illaintains \ vessel andl core barrel 
metal components at eClativ\ely low tenlpeil.tLurcs

/ 

1�*�'

-h 

/
I 

I)
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Safety Functions 
Supporting Fuel 
Barrier Integrity 

Control chemical attack

Maintain core geometry

En,1ginleered active and passive Features
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Preliminary PBMR Design Features 
Supporting Defense in Depth of PPB

EIleneents of I)efecise-ii-l)eptih in Supporting Safey f IiFunctions

Inherent features and attributes 

Use of chemically incrt single phaise 
coolant 

Inherently low pressurization potential 
(Ine to low stored energy, large pressure 
gradients during nornal operiation, and 
Ii mi ted pressurization capacity of 11l('S 

Immediate reduction in PPl1 pressure on 
cessation of 3rayton cycle

IEanlgiheered actlive and passive Ieatures

* MaintcIanIcFe If high clIc(.II il puril t y1W operation t h101litIuiI 
purificationi .steln 

"U Use of high qualily Icactor vesscl and I1t1 coniolclitn, 
"* Pf•l~ capability to retalin PT( mmissiles 
S Usc ola Citadedl stIuctLIIc 1o piot clc the , [111 .3 
"F lorced colnvctioln flow potlis inaittilmln I ['11 c)iillmnlClls at1 

relativcly low tcnilpc ratliucs.  
* ('apabil Iy l pltlt'S to pimlnp do.\i inntlry tloi educe h l dim ýlcmld I c,1 

for IrcliCiscs lrol 1'11t3.
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Preliminary PBMR Design Features Supporting 
Defense in Depth of Containment

Safety Funclions 
Supporting 

Containment 
Integrity 

Maintain integrity of 
containment

Inherent features and attributes 

" Low stored energy and inert primary 
coolant 

" Completely envelopes PPBI boundaIry 
"* Events evolve slowly allowing tbr manual 

compensating mcasulres

EnIgineercd active andp iassive teatlI'cs 

" HVa" filtratlion systenI to ecdutce cxpoiStrCS 
" Blowout tmt panels tbr laige (depi-Csstirization e'cents p reveiit rc l C 

loads 
" Rc-closahlc ent br an clcvalcd rIclcas• 
"* Robust colllstuct ioll t0 opiotect quiplillci liioill extel lnal II~i•/ids 
SPartially bhelow grade

8/15/01
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Preliminary.PBMR Design Features Supporting 
Defense in Depth of Emergency Planning

Safety Functions 
Supporting 

Eiecrgency Planning 

Provide ample warning 
time for c'tfectivc 
protcCtivc action1s

Elements of l)efense-il-le)tpth ill Supporting Safely Functions

Inherent features and attributes 

Large thermal capacity provides amiple 
timc for implementing cmnergcncy plans 
LOW [(W soLurc terms' redlucc IE 
con tingencics

Engineered acive and( passie Cfeatures 

" l alutrcs eClietd (poll ill conlScrv\%il IeF strlatcgyN aic IC 
su,'1icieCIt to 1111i1 radlioh)t'ic, ,Idos:s a( ttlc site )olunlday ' cll v 
I1rotcctivc Action ( imdclilncs fcrl• l,1 all l BI . ! s.
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PBMR Equipment Classification Addresses 
Defense-in-Depth 

* Prior representative slides are a composite of features available for required safety functions for barrier 
defense-in-depth 

• Features available for specific events vary from one 
DBE to another 

° Once safety-related SSC selected, process defense-in
depth employed with special treatment for 
- quality assurance

- procurement 
- fabrication 

- monitoring 

- maintenance

8/15/01
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Prevention-Mitigation Balance 

* Available guidance assumes an LWR with focus on core 
damage prevention and mitigation 

* NUREG 1150 acknowledges that there is no single 
prevention-mitigation balance 

* To judge PBMR prevention-mitigation, a spectrum of 
accident families must be examined with distinctive 
frequencies and consequence characteristics 

° Examined role of SSC in two MHTGR accident families 
- initiating event 
- response of supporting active SSC 
- response of supporting passive SSC 
- response of radionuclide barriers 
- emergency plan measures 

8115/01 
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Prevention/Mitigation Analysis of MHTGR DBE-10
Elements of Ivent Sc(elucnce 

Initiating event 

Response of active systems supporting 
kcy safety Functions 

Response o!'passive teauttrcs supporting 
key safety functions

Prevention Aspects 

* N'I Moderatc PPBI filure (I in2 to 13 in2 
Icak with fiequency of'about 8x ItI) 
per ycar) 

* No system ifailu-cs t b i -1thi s sequence 

* No additional failures of passive 
features

I~raction of source tern released rI'o 
ulicl into primary rcactoi coolant system 

Fraction of source tcrm ireleased ft orn 
f,1113 into containmelcnt 

Fraction of source term released from 
containment 

Timei available to implemncllt emergency 
plan protective aclions.  

8/15/01

Mitigaltion Aspects 

* SIcC cssf l lI(rcc( coolitg Xi\ it. I llS w'ilh rli ci lih v 
of .83 

" Successtul insertionl olfcontrol rods 
"* um l down olII l IIt Illi Iniml f tctixvc duc to s eI of , 'IT , 

It Ilre 

Slnitially intact fuel particles rcicariint~icl 
" Initial Circulating and llpla eoul prilnar) coolantii cli, it\ 

Is Vc\ v low (, tl o 1t fuel p IIfo u1II.llnlc (h ildringlll' l ill ul 
oper'ation 

-2 Ix ( <of1"I-13 1 i'm cr h xol I av llai lc t, lor I cdlw c" i tl 
cireculating andp piatcoul actli'itv tuile Io• fLtcl pI'Krlorll1llcc duing I, 1O10111•11) opci-alitll 

"* About Ix(It) ofthic 1-13 1 in thc platcout midIII1 of, 
cir culating activit tescapes the PPB i nto thC 
7onllaillillcill 

"* About 1/3 of the l- 131 lclcascdl into the con1ainllienl 
from lthe PIP>I is released Iltoni tile plint 

"* I.css than .i1 ()1 of -1- I is Iclc~isct Fronm the pill 
dui1in gI lC dClprcssuIrizitliol evCelnt
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Prevention/Mitigation Analysis of MHTGR DBE-1 1
PEkziients of Evelt SjIequece 

lInitiatiig evenlt

Response of' active Systejjj 
sa fictvIFunct ions

Supporting ke y

Resp~onse of passive feaIturs supJporting key 
safety flunctiols, 

Fraction of sourIce term re'CCýSCleased 111fro iel 
into PlBl 

F1raCtioii of SourIce term llrelcasedl From 111B 
into Containment 

Fr~action of'source term recleased fiorn 
containment 

'nl'mcavailable for emerigecy pr1)otective 
actionls.

Prev'cntimi Asp~cck 

* mall IJI faHOIuT (.03 to I InI' lcak w\ith 
treqIi eiicy of ablou 13x I1(1 2 per year ) 

* Reliabilty o te failed I I'IS of .83 
I edLfuceS teicFrquency by filctor of'0. 17.  

* Reliability of tIc iassumed [hu-lied SCS of 
.97 reduILces the fi'equlenlcy by a tactot of' 
0.03 

No '()additionl l1"lhijlni S of paSSixe fbatu~I'CS

i~iitigat ion Aspeccts

* 8 iccesttkil inlscrol onfotcont(I drol dsn 
* SLICCCcS.tI'l I)1II ()lx¶I'I otICIcmllunto ic(Itwkc 

Cliasport poteilt al

* Successtnu opei itin ot' RCCS lo i cinox c hear 
WindlictC&(L adiated It il)111cole i cacior \ c(''Net 

CIex atcdl Core iilipci ilni es 
* litiiatl\ ,iliad 111(1 fpi liictes lenunilailkiad 

lowv 

2x ?10 I ~ of I- III ~Im nixeni vl\elcasedl troillI'mnet \cI 
a pCI iod l ofSe x e ial Lix; el. I c ise filiini c l to p;i t 1( 
t1e1iii\'elItIiiu \of' iniit ia I N failed! 1,11c]pu tide.s midu 
o)1 dii dillit liii idtiI(l! 

* About .2of the1I-13I."Irlcascd fr-om lthefueld 
i-cleised ti 'ni be1CI'IBl 

* Ahow i). 0ofldie II - i3 erle~iscdf into tI Ile 
conlifanuincit 'is i eleased Iioin the plant 

* less thllin1 '1 iof' 1-I13I1is released twin tIl he lit 
m\ ci a1periIod of, 50 to 151) ho urns

8/15/01
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PBMR Provides Prevention/Mitigation 
* SSC serve a preventative role in one accident family 

and a mitigative role in another 
* Must be viewed over spectrum of event sequences 
* SSC classification method explicitly considers 

availability of SSC for each DBE 
* Consequence mitigation emphasized for DBE; frequency prevention emphasized for high 

consequence EPBE (if any) 
* Approach considers events that have both prevention 

and mitigation within the DBE region

8/15/01
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PBMR Approach to Safety Margins 

* Included in the fundamental safety design approach that sets the configuration, geometry, rating, fuel 
quality, etc.  

* Explicitly treated in the safety analyses of the DBE 
and the SRDC 

• Confirmed in plant startup testing and during 
operation
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PBMR Approach to Monitoring

• SSC monitored during normal operation 
- fuel performance 
- RCCS performance 
- reactor neutronics 

° Actuation of equipment requiring power and motive 
forces minimized 

° Scope of monitoring provides an on-line diagnostic of how the plant will respond during off-normal events

-L! ...\ -j•4 - \ 

U) 
%j4 - '--: - JD~

8/15/01

11 
-r 

C'

s--) 

/



PBMR Approach to Special Treatment 

• Once the DBE are selected, the PBMR approach to selection of safety-related equipment follows 
conventional practice 

- accident analyses shown to be acceptable with only safety 
related equipment

- classified equipment receives special treatment design, fabrication, operation and maintenance
* The special treatment requirements will be developed on a case-by-case basis from the DBE
• In this manner, a clear "blueprint"l is available for the> 

ra tio n a le fn r th - ,-,--. , .r.l- _
- -'s.`1%-. "-', Li,,; tuuip•~ruselection and the requirements
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Outcome Objectives from NRC to Exelon 

* Comments and feedback on the process for 
equipment classification and the development of 
regulatory design criteria 

° Agreement on the equipment selection method as a 
key foundation of licensing approach 

° Comments and feedback that PBMR is consistent 
with Advanced Reactor Policy and within RG 1.174 
guidance (e.g., defense-in-depth and 
prevention/mitigation) 

* Comments and feedback on the risk-informed 
approach to special treatment 
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