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10 CFR PART 53 ROADMAP

Applications

Advanced Safety Classification
Reactor Design

General

Safety-Related S5Cs ..
s Provisions

Non-Safety-Related SSCs L
With Special Treatment ‘

Technology
Inclusive Safety
Requirements

Non-Safety-Related
SSCs Design and
Analysis

Requirements

Siting

FPoliSolutions’ Vision is for RISE to become the .
framework of choice to enable the full benefits [ e

from a risk-informed approach for both HenTiacTne
advanced reactors and the operating fleet as
envisioned by the Licensing Modernization
Project (LMP) and NEI 18-04

Decommissioning

Licenses,
Certifications,
and Approvals

Maintaining and
Revising
Licensing Basis

Administrative
Requirements

]
|
|
|

RISE: Risk-Informed System Engineering



Purpose

RISE

Cutting edge solution to help
NPP operators and advanced
reactor developers to
orchestrate the complexities
associated with implementing a
risk-informed design process
while reducing design cycle and
costs like no other generic
productivity tool.

This state-of-the-art software
helps to:

Create a collaborative environment for engineering teams and stakeholders
within their organization as they build the ‘safety case’ for their plant

Digest large and complex data structures needed to characterize the engineered
safety features and relationships with scenarios and events

Optimize design to satisfy safety and economics goals.

Guide analysts through complex workflows of simulations, data processing and
qualification, analyses, and documentation.

Maximize the value of enterprise technical data with enhanced security and
process automation.

Automate the creation of documentation and smart procedures for quality,
transparency and expedited regulatory review.

Provide a platform for maintaining the safety case throughout the life of the plant.

Fit seamlessly within established processes of the organization.

RISE: A Smart Safety Case Builder for The Design and Licensing

of Nuclear Reactors.




Development Status

* SBIR Phase |

« Content of this presentation

* SBIR Phase I

« Current development

* SBIR Topic Is assessment of Risk Informed Methods for
application to LWRs

@FPO'l“;wf_u-’fw#,



act LBEs Evaluations /

Plant Safe
Functions and

RISE 516.1: Collect results
from PRA

RISE 516.2 (LBE Task 7a):

Evaluate each LBE (Event

Sequence Family) against
F-C targets

* RISE project was motivated by the LMP and NEI
18-04 which was directed to facilitate licensing

RISE: Risk-Informed Analysis - 0OGMA: Data Management
-

RISE 516.3 (LBE Task 7b): - i =
g Orchestrator p - and 5||1|Lr|‘:|.'~latr\|zr;::!orkﬂow Of Ad Va n C e d R e a CtO rS.

Risk against Quantitative A

Health Objectives (QHOS) / aal f; )
== (=) (== - FPoli extended the LMP methodology to the
Evaluator

7 current operating LWRs fleet

/
7
s

RISE $16.4 (LBE Task 7c):
Evaluate Risk Significance
of LBEs and S5Cs Including
Barriers

FFPol
By PPl

* RIPB paradigm can uncover safety margin still
embedded in the NPP operating fleet safety
case

SOwing | t0 80l & entrias

F-C Chart for Simplified PWR LEEs
RISE 516.5 (LBE Task 7d):
Perform Deterministic
Safety Analyses Against 10
CFR 50.34

A parallel can be drawn with the introduction
of Best-Estimate Plus Uncertainty (BEPU)
methodologies starting from the 1990’s to
replace the conservative Appendix-K methods:

iancy (Per Plant Yoar)

1
=

ol

a l

-4

usnce Fragu

RISE 516.6 (LBE Task 7e):
Risk-Informed,

Performance-Based
Evaluation of Defense-in-
Depth

0o

30-Day Total Effactive Dose Equivalent at Exclusion Area Boundary (rem)

RISE Dashboard

RISE 5.17.1: Finalize 55C RISE 5.17.2: Finalize S5C RISE 5.17.3: Finalize Siting RISE 5.17.4: Finalize
Soart Safety Classification Design Requirements Criteria Emergency Planning

RISE 5.17.5 (Section 5):
Finalize DID Analysis




RISE Plant Entry

00 5 OO FPoliAAP Global Search Dashboard Account
By FPoliSolutions, LLC

0GMA-Calcs Nuclear Power Plants

RISE
Plant Name Consequence Metric Event Classification | Plant Type | Operating Licensee | Operation Start| Rated Po

Standard Modular HTGR 30-Day Total Effective Dose Equivalent at Exclusion Area Boundary NEI-18-04 HTGR 1986

Search Consequence Metric Search Event Classific Search Operating Lic Search Operatio

Showing 1to10of 1 entries (filtered from 15 total entries) Previous - Mext

SSCs
C'Refresh Table

Initiating Events

Nuclear Power Plants

Plant Parameters Search Rat

Safety Functions

Event Sequences

Event Sequence Families

Defense in Depth
Adequacy

Fault Trees

Basic Events

Distributions

RISE Administration

RISE User Manual

@ FPoliSolutions



Defining Safety

Functions

Legend

Main Safety
Function

Function

Safety Functions Metad:

View Mode

%m0 FPOliAAP

— By FPoliSolutions, LLC.
o 6 -0 y

0OGMA-Calcs

HTGR

Nuclear Power

OGMA User Manual & import csv

RISE

Plant Name

Nuclear Power Plants Standard Modu

Plant Parameters Standard Modu Main

Safety Functions SHERELTE PR
Standard Modu
SSCs

Standard Modu

Initiating Events Standard Modu

Event Sequences Standard Modu

Standard Modu

Event Sequence Families

Standard Modu

Defense in Depth
Adequacy

Standard Modu

Standard Modu
Fault Trees
Standard Modu

Basic Events Standard Modular HTGR

Distributions Standard Modular HTGR

Standard Modular HTGR
RISE Administration

Standard Modular HTGR
RISE User Manual

Plant Name @ :

Standard Modular HTGR

Plant Class:

Safety Function [+
Control of reactivity

Main or Derivative?: @

Supported Function: @

Derivative Safety

Standard Modular HTGR

Control of reactivity

Confinement of radioactive
material

v

!

' [

Y

Removal of heat from the
reactor and from the fuel
store

!

!

Description:

This is 1st main safety function according to IAEA SSG-30.

Reactor trip
Removal of heat from the reactor and from the fuel store
Shutdown core cooling

Steam generator isolation

Search Plant Name

@ FPoliSolutions

Search Name

- P . A Detect elevated pressure in Limit radioactive material Limit Pressure in Steam Confrol pressure of primary
Reactor trip Detect moisture in coolant Limit moisture in coolant primary coolant system iTea okl Conersiny Shutdown core cooling coolant system
Automatic reactor trip on Manual reactor trip by Automatic reactor trip on N Delayed steam generator
high pressure operator high moisture Steam generator isolation isolatio
~
v
Expand Left Panel Close

Derivative PRE 66 2

Main PRE 82 6

Derivative PRE 68 7

Derivative PRE 81 1

Search Fundamental or Derivative JJll Search Safety Layer statu il 1D |




Plant SSC Entry and Visualization

o

of FPoliAAP

(e} o _T By FPoliSolutions, LLC.

0GMA-Calos Nuclear Power Plants  Sa

Jb‘

System Name

OGMA User Manual

RISE

Nuclear Power Plants

Control rods

Plant Parameters Heat transport system

Safety Functio Helium Purification System

Moisture Monitor
SSCs
Neutron Control Sub-system

Initiating Events Plant Protection Instrumentati

Event Sequences Primary Circuit Relief valve

-~ Primary Coolant Pressure Trans}
Event Sequence Families

Primary Coolant System

Defense in Depth
Adequacy

Reactor Cavity cooling system

Reactor Core

Fault Trees
Reactor Vessel

Systems and Components Metadat
View Mode

System Name f@i -

Primary Coolant System

Description:

See Figure C-3 of DOE-HTGR-86-011. In the event of an earth

System Acronym:€@

PCS
Tag ID:@
SCC-1239
Sub—Systerns:ﬂ

Name:

Primary Circuit Relief Valve

Reactor Vessel

Reactor Core

Steam Generator

Steam Generator Tubes

Steam Generator Isolation Equipment

Steam Generator Feedwater Valves

Steam Generator Steam Valves

Steam Generator Dump Tank

Steam Generator Relief Valve

Neutron Control Sub-system Primary Coolant System

Control rods Primary Circuit Relief Valve

Reserve shutdown control equipment

Plant Protection Instrumentation System

Moisture Monitor
Vessel Heat Removal Systems

Shutdown cooling system Primary Coolant Pressure Transducer

Heat transport system
Helium Purification System

Reactor Cavity cooling system

Basic Events

Distributions

RISE Administration

RISE User Manual

Administration

Reserve shutdown control equi
Shutdown cooling system
Steam Generator

Steam Generator Dump Tank
Steam Generator Feedwater Valves

Steam Generator Isolation Equipment

SCC-1235

S$SC-1241

8SC-1245

SSC-1243

§8C-1244

Undetermined

Undetermined
Undetermined
Undetermined

Undetermined

Shutdown core cooling

Removal of heat from the reactor and from the fuel st..
Limit moisture in coolant

Limit moisture in coolant

Removal of heat from the reactor and from the fuel st..

@ FPoliSolutions




Initiating Events, Event Sequences, and Event Sequence
Families

0 FPol

OGMA-Calcs

OGMA User Manual

FPoliAAP S

By FPoliSolutions, LLC.

] 0o
o®o
660

OGMA-Calcs

Nuclear Power Plants

OGMA User Manual
RISE 5SCs

Nuclear Power Plants

[} 0

0 FPoliAAP

By FPoliSolutions, LLC.

0,5 0

0GMA-Calcs

0OGMA User Manual
RISE

Nuclear Power Plants
Plant Parameters

Safety Functions

SSCs

Initiating Events

Event Sequences

Event Sequence Families

Defense in Depth
Adequacy

Fault Trees

Basic Events

Distributions

Standard Modular HTGR

Standard Modular HTGR

Plant Parameters

Safety Functions

S$SCs Defense in Depth

Initiating Events

Event Sequences

By FPoliSolutions, LLC.

iAAP

Nuclear Power Plants

Global Search

X import CSV & Export CSV X impi ON X import RISE Hierarchy

Event Sequence Families for Standard Modular HTGR =

Dashboard

Account

Search in Table: _ Show m entries

Event Sequences Family Bounding Event Sequence -

Status |DBID |DBRV
PRE 103 188

Event Sequence Families

Defense in Depth
Adequacy

Fault Trees
Basic Events
Distributions

RISE Administration

Standard Modular HTGR atws_ESFI ATWS_01
Plant Parameters Standard Modular HTGR atws_ESF2 ATWS_02 PRE 104 186
q Standard Modular HTGR atws_ESF3 ATWS_03 PRE 105 189
Safety Functions
Standard Modular HTGR atws_ESF4 ATWS_08 PRE 106 186
Standard Modular HTGR atws_ESFS ATWS_09 PRE 107 191
lltiatingiExonts Standard Modular HTGR atws_ESFG ATWS_10 PRE 108 186
Event Sequences standard Modular HTGR atws_ESF7 ATWS_05 PRE 171 164
- Standard Modular HTGR atws_ESFRR ATWS_13 PRE 109 187
Event Sequence Families
Standard Modular HTGR atws_ESFRR_no_heatup ATWS_04 PRE 172 163
Standard Modular HTGR crgw_ESFI CRGW_1 PRE 1o 186
Adequacy
Standard Modular HTGR crgw_ESF2 CRGW_2 PRE m 191
Fault Trees
Standard Modular HTGR crgw_ESF3 CRGW_3 PRE nz2 186
Basic Events Standard Madular HTAD crow ESEA CRGEW S DRE 13 122
Standard Modular HTGR Anticipated Transient Without Scram ATWS_09 PRE 218 12
Standard Modular HTGR Anticipated Transient Without Scram ATWS_10 PRE 219 12
Standard Modular HTGR Anticipated Transient Without Scram ATWS_11 PRE 220 12
Standard Modular HTGR Anticipated Transient Without Scram ATWS_12 PRE 221 12
Standard Modular HTGR Anticipated Transient Without Scram ATWS_13 PRE 222 13
Standard Modular HTGR Control Rod Group Withdrawal CRGW_1 PRE 202 n
Standard Modular HTGR Control Rod Group Withdrawal CRGW_2 PRE 203 12
(1 dard Madilar UITCD LConteal Dod Crogin \alithAraual LR\ DL 204 10
Small Primary Coolant Leak PRE 35 3

Small Steam Generator Leak

l Search Plant

I Search Initiating Event

Showing 1to 11 of 11 entries

C'Refresh Table

@ FPoliSolutions
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Event Sequence Families

Event Sequence Families Metadata

View Mode
- A Y
Plant Name (a1 : 1e+5
e MNEI-18-04
= le+d i k-Siani
Standard Modular HTGR v @ 1e+3 = [EI-18-04 Risk-Significant
g e+ crgw_ESF3
) = 100
~es Fami : @
Event Sequences Family [ Z 10
crgw_ESF3 é 1
. ‘g\ 0.1
< 0.01
Description: E le-3
o
= = le-4
£ e le-5| ==
Event S List: @ E le-6
vent Sequences List: g le-7
b 1e-8
n 5 le-9
>
“J le-10
Event Sequemce:'e le-1
o o » ®» ®»m ©o ©o ©o 2 2 T 5 o o
iR ] 1 ] ] 1 1 1 o - o +
CRGW_3 v 3 © ® N o n b o® w
30-Day Total Effective Dose Equivalent at Exclusion Area Boundary (rem)
Add item
Bounding Event Sequence: @ | Bounding Event Sequence: CRGW_3 .

Evaluate Expand Left Panel

@ FPoliSolutions
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HTS Cooling
S5C: Heat fransport system
SF: Shutdown core cooling

Failure of HTS in at lzast one Module

Event and = -

Service Water Failure
8.6335e-1 ECS FAILURE TO REMOVE HEAT = 1| M(

HTS Cooling

ECS Train 1 Fails
4.8559e-1
HTS Cooling

ECS Train 2 Fails

) o .
0 'jr 0 FPoliAAP Global Sea
0 6 o

By FPoliSolutions, LLC

—=wiSualizations: Event Tree Diagram
%" 0GMA-Projects Plant & Initiating Event: Standard Modular HTGR; Control Rod Group Withdrawal

1

HTS Coaling

Spurious PPIS an.[

|

HTS Cooling

PPIS Trip Module 1
6.8701e-1

HTS Cooling

PPIS Trip Module 2

L 9.6391e-1 2.2904e-1
B 0GMA-Docs
HTS Coocling
-
= OGMA-Tests
PPIS Trip Module 3
" Safety Function: React: Salety Function: Salety Fi on: Salety Fi ien:
colod oy | SO Resctor | SRRt | g e g | st o oming 31501
. - E
nﬁ OG MA-SI m SSControl 1ods SSC:Reserve shutdewn SSC:Heal tr SSC:Shutdewn cooling SSC:Reactor Cavity = HTS Cooling
8 cantrol egquipment system system cooling system
L
." 0OGMA-Calcs PPIS Trip Module 4
o 87377e-1
E OGMA User Manual
CRGW_2 None crgw_ESF2
-
== RISE
‘ Administration CRGW_3 None crgw_ESF3
E GlOSS&I’y of Terms e CRGW_4 Mane cigw_ESFRR
{5l Report an Issue
CRGW_5 None ergw_ESF4
Q). HDF5 Viewer
CRGW_E None cgw_ESFRR_no_heatup
< Hide Sidebar
CRGW_7 None crgw_ESFRR
CRGW_8 None ergw_ESFS

FPoliSolutions
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PRA Model: Event Trees and Event Frequencies

Frequency Distributions

« Manual Input of PRA Artifacts o

Initiating Event
IF,8,84

(of frequency 1) : S,

» Automated Importation of e T

PRA data CAFTA — e A
* API for import

Event Frequency Distributions Metadata
View Mode

@ FPO":UIU rHons N



Consequence Distributions

Severe Accident Progression and
Radiological Consequence Dose Assessment
* Manual Input of Dose Values RELAPS-30 + @ RADTRAD
» Calculation of Dose Values ~ il
through OGMA Simulation MELCOR + MACCS
I\/Ianager RAVEN Custom Python Scripts for Dose Assessment

« External Couplings
« Uncertainty Propagation

onsequence Distributions Metadata

3333333333333333333

00000000000000000

@ FPoliSolutions 14



Risk Informed Decision Making

PRA Model: Event Trees and Event Frequencies

15,5,

IS,S,F,

Initiating Event

(of frequency I)

Success state (probability S)

Failure state (probability F)

Sy

a

1.E+01

Frequency — Consequence (FC) Chart

16400 }

=
m
&
=
-

-
m
=
@
-

Severe Accident Progression and
Radiological Consequence Dose Assessment

RELAPS-30 + 48 RADTRAD

)

MELCOR + fACCS

Accident Consequence Model

Custom Python Scripts for Dose Assessment

EVENT SEQUENCE FREQUENCY

1605 |

1E-06 }

(PER PLANT YEAR)
"
=
-

1E-04 |-

b

10 CFR 20
|lso-Risk Line

F-C Target
Anchors 10CFR50.34 |
________________ S Dose Limit :
~ \,L |
ESF Risk
Space With I
Uncertainty . :
A
“k
_______________________ I \\
[
Individual Risk

(Prompt
EPA PAG

T

@ Fpo,i Solutions

1E07 = = = = s e
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1E+02 1.E+03
30-DAY TOTAL EFFECTIVE DOSE EQUIVALENT (REM)

1.E+04

AT EXCLUSION AREA BOUNDARY (EAB)
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RISE Analysis Dashboard

FPoliAAP Global Search Dashboard Account

By FPoliSolutions, LLC.

OGMA-Projects

OGMA-Docs RISE Dashboard

OGMA-Tests Standard Modular HTGR

OGMA-Sim

OGMA-Calcs

OGMA User Manual RISE Analysis Configuration
Select components of the RISE Analysis to execute, and click Run Selected RISE Analyses to begin processing.

RISE

AT RISE Analysis Components

Glossary of Terms LBEs Analysis

Report an Issue Integrated Risk Analysis
HDFS5 Viewer Risk Margin Analysis

PRA Safety Functions Analysis Setup
Hide Sidebar Preventative and Mitigating Safety Functions Analysis
Safety Function Studies

SSCs Performing RSF Analysis

SSC Classification Analysis

LS VR N N S A U N

Select All

@ FPoliSolutions



RISE Dashboard - LBE Classi

fication

157 Event Sequences 82 ESFs 60 LBEs

LBEs Classification for Standard Modular HTGR

2. Import CSV & Export CSV & Export JSON

atws_ESFI
atws_ESF2
atws_ESF3
atws_ESF4
atws_ESFS
atws_ESF6
atws_ESFRR_no_heatup
crgw _ESF1
crgw_ESF2
crgw_ESF3
crgw_ESF4
crgw_ESF5
leq_ESFI
lormle _ESFI
lomle_ESF2
lomle_ESF3
lomlc_ESF4
lomlc_ESFRR_no_heatup
losp_ESF1
losp_ESF2
Ipcl—_ESF1

lpcl_ESF2

true false
true false
true false
false true
false true
false false
false false
true false
false true
false false
false false
false false
false false
true false
true false
false false
false false
false false
false true
false false
false true
false true

false

false

false

false

true

true

true

false

false

true

true

true

true

false

false

true

true

true

false

true

false

false

Search in Table: _ Show entries
PRE a3 184

PRE as 184
PRE 96 184
PRE 28 184
PRE 100 184
PRE M 184
PRE 151 162
PRE 105 184
PRE 107 184
PRE 109 184
PRE m 184
PRE 155 134
PRE 165 nz2
PRE e 184
PRE na 184
PRE 120 183
PRE 122 184
PRE 152 163
PRE 126 184
PRE 128 184
PRE 131 184
PRE 133 184

urions

7% FPoliso
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RISE Dashboard - FC Chart

Event Sequence Frequency (Per Plant Year)

10

F-C Chart for Standard Modular HTGR LBEs

0.1

0.01 I

1le-3

—
(]
1
[

le-7

le-3

0.01 0.1

10 100

30-Day Total Effective Dose Equivalent at Exclusion Area Boundary (rem)

le+3

le+4

m— EI-18-04

mmmmm [EI-18-04 Risk-Significant
atws_ESF1

atws_ESF2

atws_ESF3

atws_ESF4

atws_ESF5

atws_ESF6
atws_ESFRR_no_heatup
crgw_ESF1

crgw_ESF2

crgw_ESF3

crgw_ESF4

crgw_ESF5

leq_ESF1

lomlc_ESF1

lomlc_ESF2

lomlc_ESF3

lomlc_ESF4
lomlc_ESFRR_no_heatup
losp_ESF1

losp_ESF2

Ipcl_ESF1

Ipcl_ESF2

Ipcl_ESF3

mpcl_ESF1

mpcl_ESF2

— mpcl_ESF3
—— mpcl_ESF4
—— mpcl_ESF5
—— mpcl_ESFo

@ FPO"SQM tions

18



RISE Dashboard - Integrated Risk Metrics

Integrated Risk Against Cumulative Metrics for Standard Modular HTGR

Metric Definition Regulatory Guidance | RISE Estimated Value |Acceptable?

Cumulative Dose Exceedance Frequency Total frequency of exceeding site boundary dose of 10..  1/plant-year 1.0 0.00004927855376619
Cumulative Early Fatality Risk Average individual risk of early fatality within 1 miles .. 1/plant-year 5.0E-7 0.0000006000000000000004 No
Cumulative Latent Fatality Risk Average individual risk of latent cancer fatalities with.. 1/plant-year 2.0E-6 0.0000006100000000000004  Yes

Search Target Search Metric Definition rarch U Search Regulatory Guic Search RISE Estimated ValL

Showing 1to 3 of 3 entries Previous - Next

C' Refresh Table
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RISE Dashboard - Risk Margin Quantification

1.E+01 - -
| / |
| |
| |
| |
= B0 |
E |
g ] [
W N I
2 } [
|
8 - 1E-01 E | |
£z | |
| |
= i _ LBE F-C Target i
ﬁ: 1E02 f——4—————————— = N A—— ‘
=z | Risk Insignificant RS
w< } LBEs Mo
Cn
S 1E03} }
ow I
ag } Doses < 2.5 mrem
HJJ 1 less than 10% of background
- 1E04 f——+— Exposures during 30 day
zZ | EAB dose exposure; excluded
E } from LBE risk significance
|
bl B LBE Lower Risk
| Significance Threshold
|
|
1.E-06 | 1
. g - LA
| N / |
| N ) |,
1.E-07 | N " i " 5 L
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

30-DAY TOTAL EFFECTIVE DOSE EQUIVALENT (REM)
AT EXCLUSION AREA BOUNDARY (EAB)

Risk Margin Quantification

X import csv & Export CSV X import JSON & Export JSON

_ Mean Frequency Margin [-]| Mean Consequence Margin [-]| 95th Percentile Frequency Margin [-] | 95th Percentile Consequence Margin [-] | Risk Significant?

atws_ESF1 2.43e-07 2.43e-07
atws_ESF2 2.58e-08 2.58e-08
atws_ESF3 1.34e-09 1.34e-09
atws_ESF4 7.29e-12 1.60e-10
atws_ESFS 7.66e-13 3.32e-11
atws_ESFE 4.02e-14 4.32e-12
atws_ESFRR_no_heatup 4.36e-15 0.00e+00
crgw_ESF1 9.92e-10 1.00e-09
crgw_ESF2 776e-12 167e-10
crgw_ESF3 2.40e-13 1.48e-11
crgw_ESF4 9.90e-15 161e-12
crgw _ESFS 9.86e-05 570e-03
leq_ESF1 118e-13 9.01e-12
lomlc_ESF1 2.47e-08 2.47e-08
lomlc_ESF2 1.31e-09 1.31e-09
lomlc_ESF3 4.94e-13 2.45e-11
lomlc_ESF4 2.5%e-14 314e-12

2.54e-06

3.64e-07

219e-08

774e-1

1.08e-11

6.66e-13

724e-14

9.92e-09

8.10e-1

3.39e-12

1.41e-13

1.60e-02

119e-12

2.52e-07

1.84e-08

5.17e-12

3.65e-13

2.54e-06

3.63e-07

2.19e-08

1.672-09

4.23e-10

6.07e-11

1.28e-1

1.00e-08

173e-09

1.89e-10

2.06e-1

5.57e-02

9.07e-1

2.52e-07

1.84e-08

2.53e-10

3.98e-1

20



RISE Dashboard -Safety Function Classification

LBEs Associations and Safety Functions for Standard Modular HTGR

PRA Safety Functions Preventative Safety Functions Mitigating Safety Functions Safety Function Studies Required Safety Functions
T T S TN
atws_ESF4 Control pressure of primary coolant system
atws_ESF4 Manual reactor trip by operator Yes PRE 15 37
atws_ESF4 Reactor trip No PRE 14 37
atws_ESF4 Shutdown core cooling Yes PRE 16 37
atws_ESF5 Control pressure of primary coolant system Yes PRE 13 37
atws_ESF5 Manual reactor trip by operator Yes PRE 1 37
atws_ESF5 Reactor trip No PRE 10 37
atws_ESF5 Shutdown core cooling Yes PRE 12 37
crgw_ESF2 Reactor trip Yes PRE 40 37
crgw_ESF2 Shutdown core cooling Yes PRE 41 37
losp_ESF1 Reactor trip Yes PRE 83 37
losp_ESF1 Shutdown core cooling Yes PRE 84 37
Ipcl_ESF1 Control pressure of primary coolant system Yes PRE 66 37

78 FPoliSolutions



RISE Dashboard -
Safety Functions Studies

Safety Function: Safety Function: Safety Function:
Shutdown core cooling Shutdown core caaling Shutdown core coaling

Evant Sequence End Stata Event Sequence Family 5
55C:Heat transport 55C:Shutdown cooling S5C:Reactor Cavity Stu dy Evaluation
system system coaling system

Control Rod Group.

1e+12 — NEI-18-04

PF = 10 PF = 10 ‘ crew 1 None crgw_ESF1 le+l1 mm—[\E1-18-04 Risk-Significant

le+10 @ F-C Coordinate with Reactor trip removed
crgw_ESF2

CRGW._2 MNone crgw_ESF2

CRGW_3 MNone crgw_ESF3

CRGW._4 MNone crgw_ESFRR

CRCW._5 MNone crgw_ESF4
le-14
1e-15

Event Sequence Frequency (Per Plant Year)
o
;
IS

CRGW_E Mone crgw_ESFRR_no_heatup le-19
s 2 -3
'

4]

e Dos

-9l
QL-9l
8-91
£-91
9-81
-8l

P g-5|
oo

ool

m €+8]

@
©
Total Effecti

O z1-81
L+o1
21401
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RISE Dashboard - SSC Classification

SSCs Classifications

SSC Classification

@ SSC Table Instructions

Event Data

Initiating Is
DBE? | BDBE?

Event

Anticipated
atws_ESF4 Transient Without = true

Scram

Anticipated
Transient Without  true
Scram

atws_ESFS

Small Primary

spcl_ESFRR
P Coolant Leak

false

SSC Performing Safety Function

Is

false

true

true

Risk-Significant SSC Studies

FC
Target
Met?

Yes

Yes

Yes

ES

ATWS_08

ATWS_09

SPCL_15

SPCL_14

SPCL_13

SR SSCs

Required Safety Functions

Control rods

Failure (0.00003
prab.)

Failure (0.00003
prob.)

Failure (2.0E-5
prab.)

Failure (2.0E-5
praob.)

Failure (2.0E-5
prob.)

Reactor trip

Reserve shutdown
control
equipment

Success (0.99996
prob.)

Success (0.99926
prob.)

Failure (4.0E-5
prob.)

Success (0.99996
prob.)

Success (0.99996
prob.)

NSRST SSCs

NST SSCs

FC Met
for SF
Study?

No

No

No

sFull-Screen Table View

Reactor Cavity
cooling system

Pass Through

Pass Through

Pass Through
Failure (1.0E-6
prob.)

Success
(0.999999 prob.)

Shutdown core cooling

Shutdown cooling

system

Pass Through

Success (0.95
prob.)

Pass Through

Failure (0.03
prob.)

Failure (0.03
prob.)

Success
prob.)

Failure (¢

Pass Thri

Failure (¢

Failure (C
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RISE OPPORTUNITIES

ADVANCED REACTOR OPERATIONAL MARGINS AND PROMOTE INNOVATION AND
LICENSING FLEXIBILITY for LWRs PUBLIC ACCEPTANCE

Challenge/remove artificial surrogate safety limits
while maintaining safety-in-depth

Provide transparency, Improve fuel utilization
scrutability, and collaboration

Generate the RIPB safety case

Enable deployment of Highly
Enriched-High burnup and/or

Facilitate management of operational
Provide risk insights for design incidents/issues/non-compliance

changes Commoditize fuel supply (reduce fuel product
transition costs)

Accident Tolerant Fuel products

Siting and Emergency Planning
Zone (EPZ) Management
activities

Maintain safety case through
plant lifetime Streamline safety analysis methods and enhanced
transparency for safety determinations

Guide analysts through complex
workflows

Risk insights (F-C) for SSC safety classification Facilitate disposition Generic

Expand benefits from 10 CFR 50.69 programs Safety Issues (GSl)

Automate documentation
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Questions

Risk-Informed
Systems
Engineering (RISE)

Mike Mankosa, Cesare Frepoli
FPoliSolutions, LLC.
Pittsburgh, PA
info@fpolisolutions.com
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