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Introduction

• Describe ACR-700 postulated critical break large LOCA 
scenario
− 25% reactor inlet header break with subsequent loss of Class 

IV power
• Purpose is to identify:

− Processes and phenomena that occur (WHAT)
− Underlying physics that result in the identified processes and 

phenomena (WHY)
• Description is based on a CATHENA calculation

− Details provided in the report “Scenario Description for ACR-
700 Inlet Header Critical Break LOCA”, 108US-03532-225-002, 
sent to USNRC
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CATHENA Model

• CATHENA circuit model:
− one-loop, figure-of-eight RCS
− secondary side
− ECC (ECI, LTC, large interconnect)

• End of life conditions
− 2% quality in outlet headers

• Initial power assumed to be 103 percent of full power
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Nodalization of the Reactor Cooling System

SG #1 SG #2 

BHH13P1

BHH13P2 

BHH13P3 

BHH13P4 

BHH13P5 

RISE1L1 

RISE1U1 

RISE2L1 

RISE2U1 

P1AD2 

P1AIN 

B1IN B1OUT 

RISE2L2 

RISE2U2 

RISE1U2

B2OUT B2IN 

ROH1 

RIH1 

RIH2

ROH2 

B1TUP B1TDN 

B1MDN 

B1PRE 

B2TUP B2TDN 

B2MDN 

B2PRE 

S TLF1 S TLB1 

ATM1 

PRESSURIZER

TANKBC 

TANKL1

PRSTNK 

PSRLN1 

PSRLN2 

PSRLN3 

CHAN2-1 

CHAN1-1 1 2 3 4 5 1 2 3 4 5 
IF1-1- 

OF2-1- IF2-1- 

OF1-1-

S S DN2 
S S DN1 S S T2 S S T1 

S S M2 S S M1 

S S B2 S S P2 S S B1 S S P1 RIH 
ROH 

S S EP2 

S DRT2 

5 4 3 2 1 5 4 3 2 1 

SSFEEDBC 

SSFEEDBC 

TURB TURB 

ATM3 

S TLF2 S TLB2 

ATM3 

ATM1 

P1ASUCT 

P1BD2 

P1ADIS 

P1BIN 

P1BSUCT 

P1BDIS 
P1BD1 

P1AD1 

P2BD2 

P2ADIS

P2BIN

P2ASUCT

P2BDIS

P2BSUCT

P2AIN

P2AD2

RIH = Inlet Header 
ROH = Outer Header 
IF = Inlet Feeder 
OF = Outlet Feeder 
PRSTNK = Pressurizer 
CHAN = Fuel Channel 
BOUT = Boiler Outlet Plenum 

FEEDBC = Feed 
BLEEDBC = Bleed 
TURB = Turbine 
SSEP = Separator 
SSDN = Downcomer 
SSFEEDBC = Feedwater 
BIN = Boiler Inlet Plenum 

RISE1L2

P2AD1 

P2BD1

B1MUP 

B1BUP 

B22MUP 

B2BUP 

HH13P1

HH13P2

HH13P3

HH13P4

HH13P5

VALSUR3 

B1KHH1-3 

S TLB3 S TLF3 

ATM1 ATM1 

TURB TURB

S TLF4 S TLB4 

ATM3 ATM3 

ILT1-1 IEFB1-1 ISP1-1 OSP1-1

OEFB1-1
OLT1-1

OLT2-1 OEFB2-1 OSP2-1 ILT2-1IEFB2-1ISP2-1

S S EP1 

S DRT1 

PRSPRY1
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Nodalization of the ECC System

ECCTKX

ECCTKP2X

VECCTKX 

ECCTKP3X

CVECCTKX

ECCTKP4X

ECCTKP1X

ECCTK 

ECCTKP1

ECCTKP2

VECCTK

ECCTKP3

CVECCTK

ECCTKP4

VOL2X

RD1P1

RD1

RD1P2

RIH1

ECCH1

VOL2

RD3P1

RD3

RD3P2

RIH2 

ECCH2

S UMP P1 

VS UMP 

S UMPP2 

S UMP 
DTS UMPIN

ECCPMPP2 ECCPMPP3

VECCPMP 

ECCPMPP1 

ECCPUMP

ECCHX

DTS UMPOU

DTS UMPP1

DTS UMPP2

VDTS UMP

DTS UMPP3

S UMPP3ECCMERE 

RES ERVOIR COMPONENT 
PIPE COMPONENT 
PUMP 

CONTROL VALVE

CHECK VALVE

RUPTURE DIS K

LEGEND 

CVDTS UMP

DTS UMPP4

NS UMPP1 

VNS UMP

NS UMPP2

NS UMP
NDTS MPIN

NECCPMP2 NECCP MP3

NVECCPMP

NECCPMP1

NECCPUMP

NECCHX

NDTS MPOU

NDTS MP1

NDTS MPP2

NVDTS UMP

NDTS MPP3

NS UMPP3NECCMERE

NCVDTS MP

NDTS MPP4
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Event Sequence

• Three phases are identified:
• Phase 1: Early Blowdown Cooling (0 – 53 seconds)

− Period from occurrence of break to initiation of ECI injection
• Phase 2: Late Blowdown Cooling / ECI / Refill (53 – 250 

seconds)
− Continuation of system blowdown, with ECI injection

• Phase 3: Long Term Cooling (250 – 2000 seconds, end 
of calculation)
− LTC provides recovery flow to maintain core cooling
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Event Sequence

Elapsed Time 
(s) 

Event Description 

Early Blowdown (0 – 53 seconds) 
0 • Break occurs 

• All other systems operating normally 
0.4 • Low RCS flow trip signal (1st modelled trip signal) 

~0.5 • Containment pressure rises and exceeds containment high pressure trip setpoint of 
3.45 kPa(g) 

o ECI signal conditioned 
o Reactor trip signal 

2.0 • Low RCS pressure trip signal (2nd modelled trip signal). 
• SDS1/SDS2 shutdown initiated. 

3.6 • SDS1 fully inserted (-51 mk) 
• SDS2 poison spreading in moderator 
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Event Sequence
Elapsed Time 

(s) 
Event Description 

Early Blowdown (0 – 53 seconds) 
7.0 • ECI signal actuated on low RCS pressure 

o ECI valves start to open 
o ECI large header interconnect valves start to open 
o signal to initiate SG crash cooldown (with delay) 
o signal to start Class III diesels (180 s until available). 
o Reserve Water System (RWS) dump valves start to open 
o LTC pumps start (2 x 330 L/s) 

9.1 • Loss of Class IV power (associated with load switching failures during turbine 
unloading) 

• RCS pumps trip and begin to rundown 
• main feed water pumps stop 

27 • RWS dump valves fully open; LTC sump starts to fill with water (1000 m3); sump 
level exceeds LTC pump head requirement before LTC injection valves open 

• Large header interconnect valves fully open 
37 • MSSVs open for crash cooldown 
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Event Sequence

Elapsed Time 
(s) 

Event Description 

Late Blowdown / ECI / Refill (53 – 250 seconds) 
53 • ECI rupture disc on RIH2 opens (RIH2 pressure = 4.4 MPa) 
55 • ECI rupture disc on RIH1 opens (RIH1 pressure = 4.4 MPa) 

 187 • All Class III powered loads have been sequenced 
• LTC pumps running on Class III power in recirculation mode  
• Auxiliary feed water pumps start 

Long-Term Cooling (250 – 2000 seconds; end of calculated accident) 
222 • ECI flow to RIH2 starts to terminate; ECI injection valves start to close 

• LTC isolation valves to RIH2 start to open (on high sump level) 
236 • ECI flow to RIH1 starts to terminate; ECI injection valves start to close 

• LTC isolation valves to RIH1 start to open (on high sump level) 
250 • LTC flow to RIH2 begins 
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Scenario Description

• Focus on the cladding temperature behavior and the 
phenomena and processes that cause the predicted 
behavior

• Discuss system and component interactions leading to 
cladding temperature response

• Focus on processes and phenomena in components 
which have the greatest impact on the cladding 
temperature response
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Phase 1: Maximum Cladding Temperature
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Reactor Coolant System Conditions T = 0 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 11.755 
α = 0.219 

P = 11.977
α = 0.204 

P = 11.656 
α = 0.021 

P = 11.640 
α = 0.0 

P = 13.209
α = 0.0 

P = 12.707
α = 0.0 

CHAN2

P = 11.977
α = 0.204 

P = 12.002
α = 0.0 

P = 11.990
α = 0.0 

P = 11.755
α = 0.219 

P = 11.640
α = 0.0 

P = 11.656
α = 0.021 

P = 13.209
α = 0.0 

w = 3400 

P = 12.707
α = 0.0 

ROH2 
w = 3400 w = 3400 

w
 = 3400 

w = 0 

w = 3400

w = 3400

w = 0 

w = 0 

w = 0 

w = 3400 

w = 0 

w
 = 3400

w =3400w = 3400 
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Reactor Coolant System Conditions T = 2 s

Pressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 10.188 
α = 0.442 

P = 10.238
α = 0.515 

P = 10.125 
α = 0.039 

P = 10.163 
α = 0.0 

P = 12.211
α = 0.0 

P = 12.063
α = 0.078 

CHAN2

P = 11.410
α = 0.340 

P =10.126
α = 0.385 

P =11.429
α = 0.100 

P = 10.905
α = 0.358 

P = 10.552
α = 0.0 

P = 10.729
α = 0.172 

P = 10.215
α = 0.0 

w = 2139 

P = 10.261
α = 0.864 

ROH2 
w = 2109 w = 3790 

w
 = 2109 

w = 0 

w = 781 

w = 566

w = 0 

w = 6547

w =781 

w = 38 

w = 0 

w
 =5965

w = 2123 w = 5653
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Reactor Coolant System Conditions T = 5 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P =8.663 
α = 0.595 

P =8.696
α = 0.741 

P =8.613 
α = 0.507 

P =8.632 
α = 0.0 

P =10.534 
α = 0.0 

P =10.277
α = 0.032 

CHAN2

P =9.796
α = 0.705 

P =8.716
α = 0.587 

P =9.803
α = 0.438 

P =9.437
α = 0.654 

P =9.077
α = 0.180 

P =9.243
α = 0.652 

P =8.078
α = 0.001 

w = 2511 

P =8.730
α = 0.941 

ROH2 
w = 2525 w = 1655 

w
 = 2530 

w = 0 

w = 514 

w = 4

w = 0 

w = 5966

w =1388

w = 20 

w = 0 

w
 =5931

w = 2342 w =3939
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Reactor Coolant System Conditions T = 8.5 s

Pressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P =7.242 
α = 0.755 

P =7.277
α = 0.898 

P =7.187 
α = 0.521 

P =7.196 
α = 0.0 

P =9.225 
α = 0.0 

P =9.060
α = 0.005 

CHAN2

P =9.533
α = 0.583 

P = 7.475
α = 0.740 

P =8.802
α = 0.536 

P =9.169
α = 0.547 

P =8.799
α = 0.533 

P =8.966
α = 0.526 

P =7.285
α = 0.540 

w = 2096 

P =7.336
α = 0.986 

ROH2 
w = 2108 w = 2079 

w
 = 2036 

w = 0 

w = 296 

w = 423

w = 342 

w = 2556

w =1266

w = 83 

w = 0 

w
 =2859

w = 1056 w =2887
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Reactor Coolant System Conditions T = 15 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P =6.734 
α = 0.733 

P = 6.747
α = 0.808 

P =6.711 
α = 0.733 

P = 6.725 
α = 0.198 

P = 7.401 
α = 0.003 

P = 7.432
α = 0.498 

CHAN2

P =7.317
α = 0.667 

P = 6.863
α = 0.726 

P = 7.265
α = 0.673 

P = 7.212
α = 0.530 

P =7.084
α = 0.545 

P = 7.138
α = 0.525 

P = 6.710
α = 0.615 

w = 620 

P = 6.750
α = 0.924 

ROH2 
w = 600 w = 1141 

w
 = 578 

w = 0 

w = 27 

w = 379

w = 445 

w = 2262

w = 911 

w = 12 

w = 0 

w
 =1867

w = 258 w =1748
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Reactor Coolant System Conditions T = 25 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 6.283 
α = 0.227 

P = 6.295
α = 0.766 

P = 6.262 
α = 0.767 

P = 6.267 
α = 0.334 

P = 6.428 
α = 0.175 

P = 6.472
α = 0.522 

CHAN2

P = 6.416
α = 0.666 

P = 6.340
α = 0.712 

P = 6.377
α = 0.684 

P = 6.398
α = 0.477 

P = 6.335
α = 0.750 

P = 6.365
α = 0.692 

P = 6.146
α = 0.903 

w = 339 

P = 6.303
α = 0.994 

ROH2 
w = 326 w = 418 

w
 = 200 

w = 0 

w = 477 

w = 300

w = 342 

w = 1205

w =472 

w = 145 

w = 0 

w
 =817 

w = 9 w =530 
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Reactor Coolant System Conditions T = 53 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 4.857 
α = 0.946 

P = 4.857
α = 0.948 

P = 4.858 
α = 0.997 

P = 4.864 
α = 0.922 

P = 4.927
α = 0.983 

P = 4.936
α = 0.792 

CHAN2

P = 4.882
α = 0.873 

P = 4.876
α = 0.853 

P = 4.880
α = 0.881 

P = 4.872
α = 0.654 

P = 4.797
α = 0.850 

P = 4.843
α = 0.759 

P = 4.681
α = 0.969 

w = 186 

P = 4.774
α = 0.986 

ROH2 
w = 3 w = 270 

w
 = 7 

w = 0 

w = 196 

w = 230

w = 60 

w = 723 

w =0 

w = 172 

w = 0 

w
 =479 

w = 43 w =381 
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Phase 2: Maximum Cladding Temperature
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Reactor Coolant System Conditions T = 100 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 1.791 
α = 1.0 

P = 1.791
α = 0.920 

P = 1.791 
α = 1.0 

P = 1.791 
α = 0.982 

P = 1.861 
α = 0.0 

P =1.906
α = 0.0 

CHAN2

P = 1.817
α = 0.101 

P = 1.816
α = 0.290 

P = 1.815
α = 0.017 

P = 1.794
α = 0.369 

P = 1.776
α = 1.0 

P = 1.779
α = 1.0 

P = 1.774
α = 0.927 

w = 750 

P = 1.781
α = 0.980 

ROH2 
w = 757 w = 710 

w
 = 4 

w = 748 

w = 190 

w = 39

w = 395 

w = 863 

w =0 

w = 36 

w = 781 

w
 = 42 

w = 2 w =41 
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Reactor Coolant System Conditions T = 250 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 0.692 
α = 0.910 

P = 0.724
α = 0.0 

P = 0.692 
α = 1.0 

P = 0.692 
α = 0.800 

P = 0.782 
α = 0.0 

P = 0.852
α = 0.0 

CHAN2

P = 0.783
α = 0.0 

P = 0.792
α = 0.0 

P = 0.790
α = 0.0 

P = 0.755
α = 0.0 

P = 0.718
α = 1.0 

P = 0.723
α = 0.986 

P = 0.713
α = 0.944 

w = 120 

P = 0.784
α = 0.0 

ROH2 
w = 120 w = 121 

w
 = 1 

w = 379 

w = 324 

w = 317

w = 364 

w = 356 

w =0 

w = 322 

w = 7 

w
 =22 

w = 0 w =23 
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Phase 3: Maximum Cladding Temperature
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Reactor Coolant System Conditions T = 299 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 0.333 
α = 0.728 

P = 0.365
α = 0.502 

P = 0.332 
α = 1.0 

P = 0.331 
α = 0.928 

P = 0.386 
α = 0.0 

P = 0.460
α = 0.0 

CHAN2

P = 0.399
α = 0.0 

P = 0.418
α = 0.0 

P = 0.411
α = 0.0 

P = 0.379
α = 0.987 

P = 0.380
α = 1.0 

P = 0.379
α = 1.0 

P = 0.380
α = 0.750 

w = 168 

P = 0.439
α = 0.0 

ROH2 
w = 167 w = 169 

w
 = 32 

w = 201 

w = 178 

w = 183

w = 140 

w = 612 

w = 0 

w = 182 

w = 206 

w
 = 3 

w = 2 w = 3 
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Reactor Coolant System Conditions T = 333 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 0.245 
α = 0.675 

P = 0.259
α = 0.302 

P = 0.245 
α = 1.0 

P = 0.245 
α = 0.479 

P = 0.215 
α = 0.0002 

P = 0.335
α = 0.0 

CHAN2

P = 0.271
α = 0.033 

P = 0.328
α = 0.0 

P = 0.318
α = 0.0 

P = 0.260
α = 1.0 

P = 0.261
α = 1.0 

P = 0.260
α = 1.0 

P = 0.262
α = 0.847 

w = 12 

P = 0.340
α = 0.794 

ROH2 
w = 65 w = 31 

w
 = 5 

w = 247 

w = 583 

w = 505

w = 261 

w = 366 

w =0 

w = 37 

w = 242 

w
 = 2 

w = 0 w =1 
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Reactor Coolant System Conditions T = 2000 s

P
ressurizer

RIH2ROH1 

RIH1 

SG2 

ECI/LTC

ECI/LTC 

BREAK 

SG1 

CHAN1

P = 0.149 
α = 0.977 

P = 0.162
α = 0.0 

P = 0.148 
α = 0.979 

P = 0.162 
α = 0.0 

P = 0.192 
α = 0.0 

P = 0.259
α = 0.0 

CHAN2

P = 0.187
α = 0.0 

P = 0.212
α = 0.0 

P = 0.201
α = 0.0 

P = 0.157
α = 0.0 

P = 0.132
α = 1.0 

P = 0.132
α = 1.0 

P = 0.154
α = 0.015 

w = 227 

P = 0.226
α = 0.0 

ROH2 
w = 227 w = 227 

w
 = 35 

w = 263 

w = 275 

w = 275

w = 238 

w = 531 

w =0 

w = 275 

w = 275 

w
 =0 

w = 7 
w = 0 
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Summary

• ACR-700 postulated critical break large LOCA scenario 
has been described

• The following has been identified:
− Processes and phenomena that occur (WHAT)
− Underlying physics that result in the identified processes and 

phenomena (WHY)
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