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Cv: Containment Vessel

EDV; Emergency Depressurization Valve
ERV: Emergency Recirculation Valve
RW: Reactor Vessel

5G: Steam Generator

UIHS: Ultimate Heat Sink
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Figure 1. Schematic of NIST-1

Review, Idaho National Laboratory, August,

NIST (NuScale Integral System Test)
2019

Terry J. Morton, Primary System Test Facility

Helical Coil SG

™ Hot Leg Riser

Meeting Topics, NuScale power, July 22,

Bob Houser, NuScale Overview of
2014
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% A& 2 U M2F 2A (NuScale FSAR)
I

1 Increasein heat removal by the secondary system 1-1) Decrease in feedwater temperature
1-2) Increase in feedwater flow
1-3) Increase in steam flow
1-4) Inadvertent opening of steam generator relief of safety valve
1-5) Steam piping failures inside and outside of containment
1-6) Loss of containment vacuum/containment flooding

1>

2 Decrease in heat removal by the secondary system  2-1) Loss of external load
2-2) Turbine trip
2-3) Loss of condenser vacuum
2-4) Closure of main steam isolation valve
2-5) Steam pressure regulator failure (closed)
2-6) Loss of non-emergency AC to the station auxiliaries
2-7) Loss of normal feedwater flow
2-8) Feedwater system pipe breaks inside and outside containment
2-9) Inadvertent operation of the decay heat removal system

3 Decrease in reactor coolant system (RCS) flow rate -NuScale doesn’t have RCP.

4 Decrease in reactor coolant system (RCS) flow rate  4-1) Uncontrolled control rod assembly withdrawal from a subcritical or low power or start up
4-2) Uncontrolled control rod assembly withdrawal at power
4-3) Control rod misoperation (system malfunction or operator error)
4-4) Startup of an inactive loop or recirculation loop at an incorrect temperature
4-5) Flow controller malfunction causing an increase in core flow rate (boiling water reactor)
4-6) Inadvertent decrease in boron concentration in reactor coolant system
4-7) Inadvertent loading and operation of a fuel assembly in an improper position
4-8) Spectrum of rod ejection accidents

5 Increase in reactor coolant inventory 5-1) Chemical and volume control system malfunction

6 Decrease in reactor coolant inventory 6-1) Inadvertent opening of reactor safety valve
6-2) Failure of small lines carrying primary coolant outside containment
6-3) Steam generator tube failure
6-4) Main steam line failure outside containment (BWR only)
6-5) LOCAs resulting from a spectrum of postulated piping breaks within the reactor coolant pressure boundary
6-6) Inadvertent operation of emergency core cooling system
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“ SMART-ITL Design Figures Silencers (2)

- HCH|: 1/49 (BIMEY, 0| BE)
- M7 Y U 2L

* 170 bar, 350°C
= Z[0H =4 o|H &3:

« 2.0 MW (30% of scaled full power)
= 7127 EXEE7| R0 FHE

- AF7| AX|2 fX 27 08 CMTs (4)
» SG & PRHRS: 4 AE
= PSIS (CMT & SIT): 4 AE _‘
= ADS: 2 A< Condenser
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o OSHEXNAHHES(PRHRS),
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- HIXAE
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<+ SMART-SER Period (2013~15)

= 4 VISTA-ITL counterpart tests
SIS/SCS/PSV-line break SBLOCA test; A CLOF test

A heat loss test and a RCS diff. press. Test
2 tests for SIS SBLOCA simulation using SIP
4 single—train PSS tests

5 two—train PSS tests

< SMART-PPE Project (2016~18) co
= Total 22 Tests (with SMART-ITL)

SIT

ECT,
PRHRS

RPV

-

% SMART-ITL Safety Related and Performance Tests

= Design Basis Accidents (DBA) with 4 trains of PSIS (~2017.8)
« SBLOCA (SIS, PSV), CLOF, FLB, SGTR, RIA(CRAW), NC,
TLOSHR
= (Qperation & maintenance tests (~2017.11)
Heat—up, Start—-up, Cool-down
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= System performance tests (~2018. 2)
* PRHRS, PSIS

= Validation of design concepts (~2018. 8)
SGP, PCCS
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Return to core
from RRV

Re-enters
RPV at RRV
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Condenses on
CNV Wall

= ECCS Accident Operation (NuScale DSRS, 2013)
Steam
escapes RPV
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| I:I:' D:| o= o X Ct Steam-NC mixture inside tube
L oh 2=
o * Noncondensable boundary layer

« Wall film condensation Water film
Tube outer wall —p»
« Droplet condensation

* Non-condensable gas effect

Film laminar to turbulent transition
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. %PE_JI: < 0.5 MPa [Film condensation schematic, NUREG/IA-0491, 2019]
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