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— Fouling factor of the condenser for DHRS
. HISEMAA 2
— No high-point venting capability in DHRS

— A limiting amount of gas above the level sensors + conservative
high amount of dissolved gas in the loop fluid

- Ll3AS 35838

— Use of experimental a facility to demonstrate as-built DHRS
performance
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— DHRS inventory shall be filled as assumed in the safety analysis
(Surveillance Requirement)
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Report No.

Title

Date

SECY-93-083

"Policy and Technical Issues Associated with the
Regulatory Treatment of Safety Systems in Passive
Plant Designs"

N/A

SECY-93-087

"Policy, Technical ,and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor
(LWR) Designs,"

02-Apr-93

SECY-94-084

"Policy and Technical Issues Associated with the
Regulatory Treatment of Non-Safety Systems in
Passive Plant Designs,"

28-Mar-94

SECY-94-302

“Source Term - Related Technical and Licensing
[ssues Relating to Evolutionary and Passive
Light-Water-Reactor Designs,”

19-Dec-94

SECY-95-132

"Policy and Technical Issues Associated with the
Regulatory Treatment of Non-Safety Systems (RTINSS)
in Passive Plant Designs (SECY-94-084),"

22-May-95

SECY-95-172

"Key Technical Issues Pertaining to the Westinghouse
AP600 Standardized Passive Reactor Design,"

30-Jun-95

SECY-96-128

Policy And Key Technical Issues Pertaining to the
Westinghouse Ap600 Standardized Passive Reactor
Design

12-Jun-96

SECY-97-044

“Policy and Key Technical Issues Pertaining to the
Westinghouse AP600 Standardized Passive Reactor
Design,”

18-Feb-97
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ML15355A339 - NuScale Design-Specific Review Standard Section 14.2, Initial Plant Test Program - Design Certification and New License Applicants. (20
page(s), 7/11/2016)

ML15355A340 - NuScale Design-Specific Review Standard Section 14.3.5, Instrumentation and Controls - Inspections, Tests, Analyses and Acceptance
Criteria. (10 page(s), 7/11/2016)

ML15355A302 - NuScale Design-Specific Review Standard Section 15,0, Introduction - Transient and Accident Analyses. (15 page(s), 7/7/2016)
ML15355A341 - NuScale Design-Specific Review Standard Section 15.0.3, Design Basis Accident Radiological Consequence Analyses. (19 page(s),

slatory Commission

Protecting People and the Environment

7/7/2016)
* ML15355A303 - NuScale Design-Specific Review Standard Section 15.1.1-15.1.4, Decrease In e, Increase In Flow,
N Increase In Steam Flow, And Inadvertent Opening Of The Turbine B 5s System Or Inadvertent Operation Of The Decay Heat Removal. (11 s),
Home > Site Help > Search Results bk W, Vi pening ypa: ys Vi pe y val. (11 page(s)
. e . - o ML15355A304 - NuScale Design-Specific Review Standard Section 15.1.5, Steam System Piping Failures Inside and Outside of Containment. (13 page(s),
Design-Specific Review Standard for NuScale Small Modular Reactor Design. 7/7/2016)

ML15355A305 - NuScale Design-Specific Review Standard Section 15.1.6, Loss of Containment Vacuum. (11 page(s), 7/7/2016)

ML15355A306 - NuScale Design-Specific Review Standard Section 15.2.1-15.2.5 Loss Of External Load; Turbine Trip; Loss Of Condenser Vacuum;
Closure Of Main Steam Isolation Valve; And Steam Pressure Regulator Failure (Closed). (14 page(s), 7/7/2016)

ML15363A348 - NuScale Design-Specific Review Standard Section 15.2.6 Loss Of NonEmergency AC Power To The Station Auxiliaries. (11 page(s),
7/7/2016)

ML15355A307 - NuScale Design-Specific Review Standard Section 15.2.7, Loss of Normal Feedwater Flow. (13 page(s), 7/7/2016)

ML15355A308 - NuScale Design-Specific Review Standard Section 15.2.8, Feedwater System Pipe Break Inside and Outside Containment. (13 page(s),

Accession Number: ML153554295

Date Released: Friday, August 5, 2016

Package Contents

The following links on this page are to Adobe Portable Document Format (PDF) files. To obtain a free viewer for displaying this format, see our Plugins, Viewers,

and Other Tools. 7/7/2016)
* ML15363A397 - NuScale Design-Specific Review Standard Section 15.5.1 - 15.5.2 Chemical And Volume Control System Malfunction that Increases
» ML153554364 - NuScale Design-Specific Review Standard Section 3.5.1.3, Turbine Missiles. (13 page(s), 7/22/2016) Reactor Coolant Inventory. (9 page(s), 7/7/2016)
» ML153554384 - NuScale Design-Specific Review Standard Section 3.7.1, Seismic Design Parameters. (24 page(s), 7/22/2016) * ML15355A309 - NuScale Design-Specific Review Standard Section 15.6.5, Loss Of Coolant Accidents Resulting From Spectrum Of Postulated Piping
» ML153554389 - NuScale Design-Specific Review Standard Section 3.7.2, Seismic System Analysis. (40 page(s), 7/22/2016) Breaks Within The Reactor Coolant Pressure Boundary. (16 page(s), 7/7/2016)
» ML153554402 - NuScale Design-Specific Review Standard Section 3.7.3, Seismic Subsystem Analysis. (16 page(s), 7/22/2016) * ML15355A310 - NuScale Design-Specific Review Standard Section 15.6.6, Inadvertant Operation of the Emergency Core Cooling System (ECCS). (12
» ML153554411 - NuScale Design-Specific Review Standard Section 3.8.2, Steel Containment. (30 page(s), 7/25/2016) page(s), 7/7/2016)
» ML153554444 - NuScale Design-Specific Review Standard Section 3.8.4, Other Seismic Category I Structures. (42 page(s), 7/22/2016) ® ML15355A311 - NuScale Design-Specific Review Standard Section 15.9.A, Thermal Hydraulic Stability Review (8 page(s), 7/7/2016)
» ML153554451 - NuScale Design-Specific Review Standard Section 3.8.5, Foundations. (24 page(s), 7/22/2016) * ML15355A312 - NuScale Design-Specific Review Standard Section 16.0, Technical Specifications. (24 page(s), 6/17/2016)
» ML153554455 - NuScale Design-Specific Review Standard Section 3.11, Environmental Qualification Of Mechanical And Electrical Equipment {22 page(s),

7/27/2016) Privacy Policy | Site Disclaimer

ML153554468 - NuScale Design-Specific Review Standard Section 4.4, Thermal and Hydraulic Design. (14 page(s), 6/17/2016)

ML153554479 - NuScale Design-Specific Review Standard Section 5.2.4, Reactor Coolant Pressure Boundary Inservice Inspection And Testing. (15
page(s), 7/20/2016)

M[LlS/aSSA?DS - NuScale Design-Specific Review Standard Section 5.2.5, Reactor Coolant Pressure Boundary Leakage Detection. (11 page(s),
7/20/2016

ML153554513 - NuScale Design-Specific Review Standard Section 5.3.1, Reactor Vessel Materials. (23 page(s), 7/20/2016)

ML153554526 - NuScale Design-Specific Review Standard Section 5.3.2, Pressure Temperature Limits, Upper-Shelf Energy, and Pressurized Thermal

Shock. (17 page(s), 7/ . £ . x 7 3 2
D posmeen-weed o ML153558364 - NuScale Design-Specific Review Standard Sectiog 3.5.1.3 JTurbine Missiles, (13 page(s), 7/22/2016)
*» ML15355A535 - NuScalg . .o . . . . .
- s weed @0 ML1535568384 - NuScale Design-Specific Review Standard Sectio SEismic Design Parameters. (24 page(s), 7/22/2016)
- nemeostwead ® ML153554389 - NuScale Design-Specific Review Standard Sectio SEismic System Analysis, (40 page(s), 7/22/2016)
- sy v g ML1535548402 - NuScale Design-Specific Review Standard Sectiol SEismic Subsystem analysis. (16 page(s), 7/22/2016)
e (onecd ® ML153558411 - NuScale Design-Specific Review Standard Sectio Speel Containment. (30 page(s), 7/25/2016)
Dwssaieucad » ML153554444 - NuScale Design-Specific Review Standard Sectio Cfher Seismic Category I Structures. (42 page(s), 7/22/2016)
- mussssess ] @ ML153558451 - NuScale Design-Specific Review Standard Sectiol undations. (24 page(s), 7/22/2016)
s wead @ ML153558455 - NuScale Design-Specific Review Standard Sectiog 3.11, Efvironmental Qualification Of Mechanical And Electrical Equipm
. ga/téagauséﬂ;zga - NuScalg 7 ;07 .(an {.‘.\'
» ML153634347 - NuScale Design-Specific Review Standard Section 7.2, Instrumentation &nd Controls - System Characteristics. (67 page(s), 7/8/2016)
» ML153554316 - NuScale Design-Specific Review Standard Section 7.0 Appendix 4, Instrumentation and Controls - Hazard analysis. (6 page(s),
. ;/filggﬁlgala - NuScale Design-Specific Review Standard Section 7.0 &ppendix B, Instrumentation and Controls - System Architecture. (3 page(s),
. ;ijilggﬁlggalg - NuScale Design-Specific Review Standard Section 7.0 Appendix C, Instrumentation and Controls - Simplicity. (S page(s), 7/8/2016)
L D B o ol et (4 ocn, T EX) DSRS 3.5.1.3 (S RP 3.5.1. 3)
» ML153564516 - NuScale Design-Specific Review Standard Section 8.2 Offsite Power System. (30 page(s), 6/17/2016)
e e e b e T e s
» ML1S3564570 - NuScale Design-Specific Review Standard Section 8.4 Station Blackot. (15 page(s), 6/17/2016) ¢
» ML153568584 - Design Specific Review Standard for NuScale SMR Design - Section 9.1.2 New and Spent Fuel Storage. (18 page(s), 6/27/2016)
» ML153568595 - Design-Specific Review Standard for NuScale SMR Design, Section 9.1.3 Spent Fuel Pool Cooling And Cleanup System. (18 page(s),

6/27/2016)
» ML153564622 - NuScale Design-Specific Review Standard Section 9.3.4 Chemical And Volume Control System. {18 page(s), 6/27/2016)
» ML153568637 - Design-Specific Review Standard for NuScale SMR Design - Section 9.3.6 Containment Evacuation And Flooding Systems. {12 page(s),
6/27/2016)
ML153634400 - Design-Specific Review Standard for NuScale SMR Design - Section 9.5.2 Communications Systems. (13 page(s), 6/27/2016)
ML153564700 - NuScale Design - Specific Review Standard Section 10.2.3 Turbine Rotor Integrity. (12 page(s), 6/27/2016)
ML153554322 - NuScale Design-Specific Review Standard Section 10.3, Main Steam Supply System. (13 page(s), 6/27/2016)
ML153554331 - NuScale Design-Specific Review Standard Section 10.4.7, Condensate and Feedwater System. (14 page(s), 6/27/2016)
ML153554333 - NuScale Design-Specific Review Standard Section 11.1, Coolant Source Terms. (17 page(s), 7/19/2016)
ML153554334 - NuScale Design-Specific Review Standard Section 11.2, Liquid Waste Management System. (36 page(s), 7/19/2016)
ML153554335 - NuScale Design-Specific Review Standard Section 11.3, Gaseous Waste Management System. (34 page(s), 7/19/2016)
ML153554336 - NuScale Design-Specific Review Standard Section 11.4, Solid Waste Management System. (52 page(s), 7/19/2016)
ML153554337 - NuScale Design-Specific Review Standard Section 11.5, Process And Effluent Radiological Monitoring Instrumentation and Sampling
Systems. (54 page(s), 7/19/2016)
ML153554338 - NuScale Design-Specific Review Standard Section 11.6, Guidance On Instrumentation And Control Design Features For Process And
Effluent Radiological Monitoring, And Area Radiation And Airborne Radioactivity Monitoring. (39 page(s), 7/19/2016)
ML153504320 - NuScale Design-Specific Review Standard Section 12.2 Radiation Sources. (17 page(s), 6/17/2016)
ML153504339 - NuScale Design-Specific Review Standard Section 12.3-12.4 Radiation Protection Design Features. (S0 page(s), 6/17/2016)
ML153504341 - NuScale Design-Specific Review Standard Section 12.5 Operational Radiation Protection Program. (30 page(s), 6/17/2016)
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US NRC SECY

EPRI URD (Utility Requirement Documents)

EUR (European Utilities Requirements)

OECD/NEA report

WENRA report

IRSN report

IAEA CRPs & SMR Regulatory Forum

US NRC DSRS-NuScale (including SERS)
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OPR1000 with Active AFWS
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e SEHE AE[E (Reliability)=1-(HFR+FFR)
1 =1-HFR
2 J.

607

HFR: Hardware Failure Rate
FFR: Functional Failure Rate

Table 15.6.6-1: Initial Conditions and Input Parameters for the Inadvertent Operation of

ECCS Event

Model Parameter

Applicant’'s Assumption

Basis

Maximize core power to

Initial power level Biased high minimize MCHFR
Initial RCS average Biased high Sensitivity analysis
temperature
RCS flow Biased low Sensitivity analysis
PZR pressure Biased low Sensitivity analysis
PZR level Biased high Sensitivity analysis
Reactivity feedback coefficients Minimal TR-0516-49422

Kinetics parameters

Beginning of cycle + additional
biasing

TR-0516-49422

Scram characteristics

Maximum time delay, bounding
scram worth with most reactive rod
stuck, bounding control rod drop rate

Minimize reactivity
insertion for limiting
HFR

HFRActive > HFRPassive ~ 0
0 = FFR¢tive K FFRpgssive

i
[
k>

Axial power distribution

Bounding middle peaked shape

Sensitivity analysis

Radial power distribution

Changed as part of LOCA EM
changes to analyze this event

TR-0516-49422

Limiting ECCS valve

RW

Sensitivity analysis

h
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APR+ with Passive AFWS

S

e e s s L

\\‘

(PAFS)

RELAPS
Nodalization

for PAFS

Table 15.6.6-1: Initial Conditions and Input Parameters for the Inadvertent Operation of

" HFR: Hardware Failure Rate

biasing

porind I
ECCS Event
o Foeenins I I Model pp s Basis
T I
I I Initial power level Biased high Ma:im:f:i::ﬁg:g;r to
e L. I
' I Initial RCS average Biased high Sensitivity analysis
, ' temperature
/ ’ RCS flow Biased low Sensitivity analysis
S
v
R N NN N BN N BN N SN S BN S BN S BN B S S e
C4% A% Joe*a PZR pressure Biased low Sensitivity analysis
|17} E# = /‘/E E R /' b '/' 7 % FFR PZR level Biased high Sensitivity analysis
SA& ¢ (Reliability)=1-@ +FFR)
- 1 - F F R Reactivity feedback coefficients Minimal TR-0516-49422
g
Beginning of cycle + additional TR0516.49422

FFR: Functional Failure Rate
HFRyctive » HFRpggsipe = 0

Scram characteristics

Maximum time delay, bounding
scram worth with most reactive rod
stuck, bounding control rod drop rate

Minimize reactivity
insertion for limiting
MCHI

L Axial power distribution

Bounding middle peaked shape

Sensitivity analysis

- 0 = FFR4ctive K FFRpgssive

Radial power distribution

Changed as part of LOCA EM
changes to analyze this event

TR-0516-49422

RW

Sensitivity analysis

2022-07-08 EI%?_I-EHI% 7|§'5_I:|+_| _%Ia% \ Limiting ECCS valve
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« REPAS (Reliability Evaluation of Passive Safety Systems)
- L SUA™ASPSS)2 7| s DY E(FFR)Z &S| flo 7HEE o 27kX| 2
et al. 2002)

— PSS dsX|&® 478 0) =8 EXAHZ [0, T]
- PSS =4 (Mission, Phenomenolog¥, Link with Main System) % PSS 8
Parameters+Critical Parameters) 417
v Expert Judgment

H = 9| StL} (Ricotti

O 7 4 (Design

— PSS & 7|E (Failure Criteria) 478: 0) B @X|H&0| S& EXAH=2| 80% 0|5t

- XN oM FE 2EE (BE Code Modeling)

—  7|&= At (Nominal Cases)dl CH$t BE Code ol A

- 8 Oj7f H==0f Clot =E22x 478

- Oj7f B+ ==2 ot L0 Of7 Ha E X T (Probabilistic Sets) T3
T EE 0|83t Probabilistic Sets Sl A1

— PSS IE7|E0| 2 Z+2EO| Probabilistic Sets?| &, AI|E THH

— PSS AZ|E (=1-FFR)2 H&3t
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- T8 Ojf7f =
— Design Parameters: Those Parameters coming from the connection between the
Passive System and the Complete System
v Example: Pressures, Levels etc.

— Critical Parameters: Passive System Parameters which identify the Passive System
behavior, taken as indicators for the system failure causes or joint causes

v Example: Non-condensable gas

« AXTK| HHE SOl Bl M FAE (E-HIAE of 4 A E)2
REPAS 9| Critical Parameters2 ZtF2 &= S
_ HISEMTA, AESM £T| IS Al QHAE Su 7| AR AS| BEHERE, A,
BArs k) dEEst oot SHE A4 B AL JA[EE o2&, of A & K|
A2 olsh Gigh AESARE nd SRR 5
« Critical ParametersS 2%t REPAS W2 0| SATAHE 45 L AME
E gL gere = xiEy

El
ofn
re
rA
ol
Ofm
N
I}
Jot
r=
d°
L
115
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Fig. 1 - REPAS methodology roadmap.
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— 1834%=: J7|EM7| &= 1 MPa EF
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- EH OiH| ~12812 H52 EHE. SRS S S S S
Z7|247] Y Q) 345 M) s
aes et g8 HA 27 (Qpp): 37.6 MJ e
[Qecri / (Qsg+Qor) = 1:20003] RO O v S
» Failure Criterion (FC, PRHRS & Ij 7| &) folil gnslas
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i Characterization
A -
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v A 8= (Design Parameters): SG £7|¥H, & XJ|2% |
N o ii.
v 45 (Critical Parameters): €4, fs8d, GHHERE =24 Define Failure Criteria
A o|] Ol KU 1T. :
- B e 8 X Aol Ay : ]
2 Tl 71= 7|E & Ha ™ Detailed Code Modsling
=7|wAd 7| MPa P 4.78 5.78 6.78 ]
—*—7| oEII-E'LI1 té"@jé}% 085 01 005 iv. Deterministic Evaluation
. (“nominal cases™)
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ol

* Probabilistic Set 2 (1/2)

— I8 Gk HIt (Bt M, deterministic configuration): 77 Case + 7|& Case

A7) %8 | 27| 25 | AN | SSUN | BUESME | .00
(MPa) (*C) (W/m2K) (%) (%) s
47.8 25 2 100 0

Run_00 2.142.E-01 =l

Run_01 67.8 25 2 100 0 1.260.E-02 SG 2y gk
Run_02 47.8 40 2 100 0 1.071.E-01 PCCT 2% ek
Run_03 47.8 25 20 100 0 3.060.E-02 &4 x[0)
Run_04 47.8 25 2 90 0 7.140.E-03 *sHA A
Run_05 47.8 25 2 100 -20 1.874E-02 GMEY 2 M XY
Run_06 67.8 40 20 90 -20 2.625.E-06 BExH =H
Run_07 47.8 15 2 100 0 1.071.E-01 oy SEE =4

2022-07-08 I SOHHAIE 7|2 93
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* Probabilistic Set 2 (2/2)

- =3 oY W

2022-07-08

Run_11
Run_12
Run_13
Run_14
Run_15
Run_16
Run_17
Run_18
Run_19
Run_20
Run_21
Run_22
Run_23
Run_24
Run_25
Run_26

= o
2xto

x7| ¥
(MPa)
47.8
57.8
47.8
47.8
67.8
57.8
67.8
57.8
57.8
47.8
57.8
57.8
57.8
67.8
67.8
47.8

15
40
40
15
25
40
25
25
40
25
40
25
25
40
15

El

ol

: REPAS H S 0| 8¢t n| &
T 7} giot 7H2 - PRHRS (6/10)

20
20
10
20
20
2

= N
o b S5 N

—
ON

r_(')_ NN
rad
n.
Ofm
N
)

EEEE

(%)

100
90
90
90
90
90
95
100
95
100
100

1ot
rx

i

[

k>

Z&, probabilistic configuration): 167l Case

X7 2 | EMRAS LA
(’C) (W/m?2K) (%)
40 10 -20

-10
0
0
0

-10

-20

-10
0

-10

-10
0
0

-20

-10

-20

Zd=E

8.925.E-05
2.925.E-04
5.100.E-04
1.020.E-03
3.000.E-05
1.950.E-05
1.838.E-05
3.185.E-04
3.600.E-03
1.354.E-03
4.095.E-03
3.600.E-03
8.400.E-04
2.450.E-05
3.413.E-05
7.289.E-04

(I)_l-

o
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Run_19
Run_03
Run_15
Run_13
Run_16
Run_23
Run_01
Run_04
Run_12
Run_00
Run_22
Run_07
Run_14
Run_02
Run_18
Run_21
Run_06
Run_25
Run_20
Run_20
Run_11
Run_05
Run_26
Run_17

FC_1 (sec)
(HLAIZH
1602
1610
1616
1734
1816
1820
1826
1828
1830
1834
1846
1848
1850
1952
2036
2038
2152
2164
2180
2180
2344
2352
2366
2512

=]

Z zZ2zzz22z2 2222 <<<<<<-=<=<=<=<H=z=<=<=<*=<

14

3.60.E-03
3.06.E-02
3.00.E-05
5.10.E-04
1.95.E-05
8.40.E-04
1.26.E-02
7.14.E-03
2.93.E-04
2.14.E-01
3.60.E-03
1.07.E-01
1.02.E-03
1.07.E-01
3.19.E-04
4.10.E-03
2.63.E-06
3.41.E-05
1.35.E-03
1.35.E-03
8.93.E-05
1.87.E-02
7.29.E-04
1.84.E-05

A|ZH

—

)

3.60.E-03
3.42.E-02
3.42.E-02
3.47.E-02
3.48.E-02
3.56.E-02
4.82.E-02
5.53.E-02
5.56.E-02
2.70.E-01
2.73.E-01
3.81.E-01
3.82.E-01
4.89.E-01
4.89.E-01
4.93.E-01
4.93.E-01
4.93.E-01
4.94.E-01
4.96.E-01
4.96.E-01
5.15.E-01
5.15.E-01
5.15.E-01

6.99.E-03
6.64.E-02
6.64.E-02
6.74.E-02
6.74.E-02
6.91.E-02
9.35.E-02
1.07.E-01
1.08.E-01
5.24.E-01
5.31.E-01
7.38.E-01
7.40.E-01
9.48.E-01
9.49.E-01
9.57.E-01
9.57.E-01
9.57.E-01
9.59.E-01
9.62.E-01
9.62.E-01
9.99.E-01
1.00.E+00
1.00.E+00

I

Depressurization time |sec|

7 T T T T T
Run_00 Run_01 Run_02| |
i Run_03 Run_04 Run_05
Ll o \ Run_06 —— Run_07 Run_11[]
Run_12 Run_13 Run_14|4
s L ! Run_15 Run_ 16 Run_17| |
— W\ Run_18 Run_19 Run_20
& \ Run_21 —— Run_22 Run_23|7
= 4 \V“ Run_24 Run_25 Run_26
o N\ O  pressure criterion
z
8 31 7
=™
2 L -
1 ERetis e i e oo B it R e, e S e, e S MR
! —
0 1 1 I 1 1
(o] 500 1000 1500 2000 2500 3000
Time [sec]
1.0 . . ——
™ - e -
0.9
0.8 }— Failed
o < m
b -
£ 07
=
=)
%’ 0.6 | 1
s 0.5 L
[ .
o
]
= 04
=
S 03 -
=
0.2
01 k- | - - l’(%_l ([)cprcsﬂuri;atinn time) _|
] u ] [— = Failurc crilerion
0.0 : L L
1600 1800 2000 2200 2400 2600

L Characterization
Operational Modes
(design & critical params.)

>

Define Failure Criteria

iil.

Detailed Code Modeling
|

#

. L .
Deterministic Evaluation
(“nominal cases")

1. Assign Prob. Distribution
«w Design & Critical Params.
(Define Run Set)

> VL Deterministic Evaluation
(“Probabilistic Set”)

-
: " Quantitative Reliability
SLCREN Evaluation
deterministic results elaboration 4
comparison with ii.)

Fig. 1 — REPAS methodology roadmap.

36




2K A E('22) ©
A

A8 45 9 A

¢iZ2h REPAS &= 0| &8¢t m| St
72 - PRHRS (8/10

e ME|E ™WIHZD (FC 2: ENHAHE)
- OAI2M Z3} 0.930

FC_2 700 - : T : r . L Characterization
¢ x-“j-li) %FAOHQ'FE =5 g}g gﬂ'g} | 1 Run_00 Run_01 Run_02 C_lperaiio[la.al Modes
600 | ‘ Run_03 Run_04 Run_05| | (design & critical params.)
Run_00 1.200 Y 2.14.E-01 2.14.E-01 4.17.E-01 ; Run_06 Run_07 Run_I1
il \ Run_12 Run_13 Run_l4 |
Run_01 1.103 Y 1.26.E-02 2.27.E-01 4.41.E-01 5 500 by | | Run_15 Run_16 Run_17| i u
= | — R 8 R 19——R 20 -
Run_23 1.101 Y 840.E-04  228E0L  4.43.E-O0L 2 W l un 21 it o 53 Define Failure Criteria
=400 W Run_24 Run_25 Run_ 26/ &7 770007
Run_21 1.093 Y 4.10.E-03 2.32.E-01 4.51.E-01 & \\t e :
Run_18 1.093 Y 3.190.E04  232E01  45LE-0L g 300 ) (= Heat fenival touirenicnt - : !
) ) ) = iii.
Run_25 1.087 Y 3.41.E-05 2.32.E-01 4.51.E-01 2 .0 Detailed Code Modeling
Run_07 1.078 % 1.07.E-01 3.39.E-01 6.60.E-01
Run_04 1.077 Y 7.14.E-03 3.46.E-01 6.74.E-01 100 |- _ I
Run_02 1.075 Y 1.07.E-01 4.53.E-01 8.82.E-01 L : i
0 1 L . . 1 : * Deterministic Evaluation
Run_17 1.074 \% 1.84.E-05 4.53.E-01 8.82.E-01 0 500 1000 1500 2000 2500 3000 : (“nominal cases”)
Run_20 1.063 Y 135E03  455E01  8.85.E-01 Time [sec] :
Run_22 1.059 Y 3.60.E-03 4.58.E-01 8.92.E-01 : |
1.0 2 : . = . Distributi
Run_05 1.057 Y 187E02  477E-01  9.28E-01 5 s : * | 3::’;3: b, Distibution
9l ' 4 . * ;
Run_26 1.056 \% 7.29.E-04 4.78.E-01 9.30.E-01 02 - l : (Define Run Set)
Run_24 1.040 N 245E-05  478E-01  9.30.E-01 & : |
e .
Run_14 1.031 N 1.02.E-03 4.79.E-01 9.32.E-01 =07 ] i
5 1 " Deterministic Evaluation
Run_19 1.017 N 3.60.E-03 4.83.E-01 9.39.E-01 506 i (“Probabilistic Set”)
Run_15 1.014 N 3.00.E-05 4.83.E-01 9.39.E-01 3 O5f = | .
N L}
Run_11 1.006 N 8.93.E-05 4.83.E-01 9.39.E-01 F 04 = : - |
Run_12 1.003 N 2.93.E-04 4.83.E-01 9.39.E-01 é 0.3 ! : V- Quantitative Reliability
SEEEN Evaluation
Run_16 1.003 N 1.95.E-05 4.83.E-01 9.39.E-01 02 ! deterministic results olaboration 4
FC_2 (Heat removal ratio B - P
Run_03 0.991 N 3.06.E02  514E-01  9.99.E-01 o1 L 7 feee Cleatiemova) o) | comparison with ii.)
Run_13 0.983 N 5.10.E-04 5.14.E-01 1.00.E+00 o [ 1 . o
— : | 5 Fig. 1 — REPAS methodology roadmap.
Run_06 0.979 N 2.63.E-06 5.14.E-01 1.00.E+00 1:25 1.20 113 L10 103 100 095 g 2} p

Heat removal ratio [-]
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Run_00
Run_02
Run_02
Run_01
Run_04
Run_22
Run_23
Run_03
Run_05
Run_21
Run_19
Run_20
Run_14
Run_26
Run_13
Run_18
Run_12
Run_11
Run_25
Run_15
Run_24
Run_16
Run_17

F

nE

1834
1952
1952
1826
1828
1846
1820
1610
2352
2038
1602
2180
1850
2366
1734
2036
1830
2344
2164
1616
2180
1816
2512
2152

L
— PRHRS (9/10)
EIF

Y

ZZ <X Z <KZZ<Z<Z<Z<Z2Z<<<<=<-<<-<=<

FC_2 (%)
2 X AHE

1.200
1.075
1.075
1.103
1.077
1.059
1.101
0.991
1.057
1.093
1.017
1.063
1.031
1.056
0.983
1.093
1.003
1.006
1.087
1.014
1.040
1.003
1.074
0.979

Z < Z2ZZ2<ZZ<2Z<KZ<Z<<xzZ<<<=<-=<-=<H*x

Y

ZzZzzzZzzZzzzZ2zZ2z2z2zZ2zZ222z22Z2zZ22z22z2<<-<-<+<H*<

=] =]
R

2.14.E-01
1.07.E-01
1.07.E-01
1.26.E-02
7.14.E-03
3.60.E-03
8.40.E-04
3.06.E-02
1.87.E-02
4.10.E-03
3.60.E-03
1.35.E-03
1.02.E-03
7.29.E-04
5.10.E-04
3.19.E-04
2.93.E-04
8.93.E-05
3.41.E-05
3.00.E-05
2.45.E-05
1.95.E-05
1.84.E-05
2.63.E-06

— SL=
Hats

2.142.E-01

3.213.E-01
4.284.E-01
4.410.E-01
4.481.E-01
4.517.E-01
4.526.E-01

4.832.E-01
5.019.E-01
5.060.E-01
5.096.E-01
5.110.E-01
5.120.E-01
5.127.E-01
5.132.E-01
5.135.E-01
5.138.E-01
5.139.E-01
5.140.E-01
5.140.E-01
5.140.E-01
5.140.E-01
5.141.E-01
5.141.E-01

4.167.E-01
6.250.E-01
8.334.E-01
8.579.E-01
8.718.E-01
8.788.E-01
8.804.E-01
9.399.E-01
9.764.E-01
9.844.E-01
9.914.E-01
9.940.E-01
9.960.E-01
9.974.E-01
9.984.E-01
9.990.E-01
9.996.E-01
9.997.E-01
9.998.E-01
9.999.E-01
9.999.E-01
1.000.E+00
1.000.E+00

1.000.E+00
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¢iZ2h REPAS ¥4 = 0| 2%t u| 52t

2XPAE ('22) A
X M| =EHIF 2ok ZHE - PRHRS (10/10)

As 8 X o

« REPAS E1 2& Hol(Al & d5 28 m HiEp| s ﬂ wyug | o2
i 7|%—T'—J§>I'%|’g §!‘§O| == Cases7|' E%%I Run_00 1834 Y 1200 Y Y 214E-01
— L9 #H FOHH (Critical Parameters) S0 A 7| 0% 0| 0| 2
FOIE S HAXCRE =ols £~ Qe
- Ol Cases (B&HXCH, 2 ST X CH)0 CHs M= F2F QT sl
MS Sof| psse| Htds MEZER
v SZrAal A| A 74Mo| 2 7E
« REPAS 7E:|J__|.|' %Lg' |:C|>|-OI_|-(AI_| ElE -T'.;l'jél) Run_03 1610 Y 0991 N N  3.06.E-02
—  Critical ParametersE =510 HCF 4 EQ PSS A& MEEE H e I e I
Eo,lx_-!gi E% Run_21 2038 N 1.093 Y N 4.10.E-03
— REPAS 87| Zul0oj|M €2 SES HIEY 22 EHC} ZT (Robust) I
SATA S 44 gt =50 =22

L

v 7t G4 Hast 7hsote R EAE B2,

P o T A
x| €Y | X725 | AT | R3HEY | RE 2R By AN 5} 2 AITH ©
| .IOI
5 2

a
>
']
I'ﬂ
0%
mo
d
=]
ot
gjo

Run_00 47.8 2 100 0 2.142.E-01 7I=¢44

Run_03 47.8 25 20 100 0 3.060.E-02 A E|CH gH7HE Ol
gHet o E

Run_05 478 25 2 100 -20 1.874.E-02 A ZE 23t

Run_21 57.8 25 2 100 -10 4.095.E-03
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