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The Study on Reactor Power Regulating Modules for the
AMBIDEXTER

1. Introduction
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2. Design of Power Control Model
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2.1 Features of System Reactivity
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2.1.1 Reactivity Effects by Treatment Error in Pyrochemical Unit

2.1.1.1 Reactivity Effects by the Partial Error of Isotope Treatment Capabilities

HEAYE AT AHFAVIVS dFE HEE AAE ofelg 2ol B T 5 gk
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2.1.1.2 Reactivity Effects by the Reinsertion Rate Error

g BEE 9% AMBIDEXTERS ¥ uvl& uiqhe dA ekl ddg
Fdstd ddyg EF did 4 vgxe BAEE BYHFE Aol A
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2.1.2 Temperature Reactivity Effects

2.1.2.1 Fuel Sait Temperature Reactivity Effects
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2.1.2.2 Moderator Temperature Reactivity Effects

A&AY 2EASE d98 25 UEE AF Hrig g W Mg & o
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2.2 Design of Reactivity Control Mechanism
2.2.1 Regulator Rod Design
WHE AUl e AW Z4LAL A nAFY 2EBe WAL F A Sl

& &
A dTselol @k A, 2EE AR £x0] U Frleln, EAE 28 AU A
g xde mAE HgE B @ FHrioln
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2.2.2 Bypass Valve Design in Intermediate Heat Transport System

3 G/AdA s $EF F¥F2E QEBE B HEE EFHE 24 F/4A
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3. Simulation
3.1 Control Matrix of AMBIDEXTER

ARY NzBe 7 74 7718 ¢4 Al wet F4 meg =50 okdst gol Ul
HAz FEech YAY §89 dAE AMBIDEXTER 94l ofelsh 2ol vl 7txisl &3
2Eg AR,

1) Normal Operation ( ConditionI) : X def £& A4 LAMHE onsn, AR H
otel 28 HolZ R dald, A2de A AL F£48in A& FHoor g}

2) Upset Condition ( Condition H) : Al2=de] H SAZ|EFL WA AL £ U= A
Y5 & HFeF dugic) o] Ay AN 3L AIHERE AFH 2P|, AF
Aol gl E A2y Acjol Tt} o] Hejo] dFt o= ol e} 2o}

- Uncontrolled Control Rod Withdrawal
- Partial Loss of Molten Salt

- Loss of Load

- Loss of Offsite Power

- Excessive Heat Removal

-142-



Control Rod Drop
- Bypass Valve Failure
+ Steam Line Break
- Loss of Coolant Salt Circulation

3) Emergency Condition ( Condition M) : Al2g9] A A7|LEL T4 T4 5 A
t AYEA Fe Atz FElE oo gt oleldt Alae] o oldie} Aot

- Complete Loss or Interruption of Molten Salt Flow at 100% Power
- Minor Fuel Handling Accident

4) Faulted Condition ( Condition IV) : Loss of Molten Salt Accident (LOMSA), SSE$
LOMSASY A5, 223 F8% dds HF AEg oo &3 2& Alas 9
Z5-e g3},

- SSE

* Loss of Molten Salt Accident

- Locked Reactor Coolant Pump Rotor

- Major Secondary System Pipe Rupture
- Control Rod Ejection

- Major Fuel Handling Accident

AMBIDEXTER 9zt29] $HAREE FAS7] ¢ & Ao = PdZL X 69 A
3T

3.2 Analysis of Considerable Scenarios

3.2.1 System Response Characteristics by External Reactivity Insertion

o3 WEE MY BE A2 $YSHS BANY AR AT 2 A4Y A¥ we
£ Al 9@ A2de Aoy Yugth HYATN HAHYR A2de 29
% 5o me Hold U, HAY 1 AT BIE HEol val A ANE AE

19 4-7o BAbsHH
3.2.2 System Response Characteristics by Treatment Errors in Pyrochemical Unit
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3.2.3 Sensitivity Analysis of Regulator

HA 2489 Hog AYBol dg N2 uRdE £4& £Y5H0. 22 E9
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3.2.4 System Response Characteristics by Bypass Flow Valve Contorl
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4. Conclusion
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(B 1] s#iFe) W A5 #3E AF

N25 Ag. oo - Thermal Epi-Thermal Fast Total
Aszd HFA4 -0.30095 -0.12891 -0.00638 -0.4365
Q284 AFY 0.32346 0.05209 n/a 0.3757

(& 2] #2 A3Ag 2 39 A% SAHE * : Microscopic Fission Cross Section [barn]
S5y whge Z o {vAg4s vgauy [om’]] Ael& /el
wimhe b e T T 7 :
Kr-87 4.25E-23 354E+10
Xe-135 8.18E-20 6.48E+09
Mo-100 6.44E-25 7.83E+10
Zr-93 1.53E-24 267TE+04
Pr-143 1.11E-23 1.82E+04
Nd-145 1.63E-23 4.90E+00
Nd-146 1.06E-23 1.17E+05
Pm-147 7.68E-23 6.66E+02
Sm-~150 1.45E-23 291E+02
Sr-90 5.41E-26 8.83E +04
SR F3i93
0.3757 [ u-233 | 453E+01° 2.82E+13
£ 3 £849 ¥ddz &% y3ld ©& ¥ 4 Z&A4 2x¥sd o g
FEEWASt wEE A FaguAse Hexe W
Feul Salt{ 4Tr| Ker P Graphite { ATg! Kes v
Temp [F] S Temp [F]
1165 | -10 | 0.991478 | -0.0086 1215 ~10 | 099106 | -0.00903
1170 -5 | 099129 | -0.00879 1220 -5 1099108 | -0.00900
1173 -2 10991179 | -0.0089 1223 -2 | 0.99110 | -0.00899
1175 0 10991102 | -0.00898 1225 0 1099110 | -0.00898
1177 2 | 0991025 | -0.00906 1227 2 | 099111 | -0.00897
1180 5 10990914 | -0.00917 1230 5 | 099113 | -0.00895
1185 10 [ 0990726 | -0.00936 1235 10 | 099115 | -0.00893

[3 3.10] AMBIDEXTER %& % Al

@Ex Ag ATE
Prua [dp/dTrual -3.82948E-5
Péraphite [AP/AT Graphite] 4.69017E-6
Pcremicati [dp/d 2] -0.30104 * 0,;
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[# 6] AMBIDEXTER t& 4lo] =g &4
=: Anticipated Occurrence Operation Condition ; In AMBIDEXTER, AQO case is represented by
out of order of on-line processing unit.

Regulating Modes

A’ Regulating Rod Insertion

B: By Pass Loop Valve Control
C: Reactivity Driven Rod Insertion

Safety Actions
D: Safety Rod Insertion
E: Fuel Salt Dump Valve Control

e = ACCIDENT
Normal . :
i S - Neomdition ACOC . ;- |Emergency | Faulted
Process Failure LT O Ty s ) Condiion . - | Condition
ver—lrgamv A A B
| Fuel-salt
Fuel “Handling [ Re-injection B AB
Accident : excess U
Re-injection
- X B
Positive Cold Fuel Salt B A
Cold lag B A B D D E
Reactivity Chanel  Blocking | Partial - B A B
Accident Accident Entice
. re D D, E
Eipe/l_s:jocecg C
Fuel Hangling | Accident
Accident Ré-inie:ction c D
Negab‘ve . Scarce U
Cover Gas.System Failure -
Regulating Rod mechanic Fellure c D
toss  OF| Partial e B c
Heat Sink | gy v D D, E
Loss of |Partial B c
Loss of | Coolant Entire : D D, E
Cooling ool
Ti Shutdown i
Loss OF empomy Sooling D D, E
ShutDown | Yotem Feilure e
Cooing Ordinary. Shutdown Caoling : System D D, E
Failure
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[37) &4 gddel me 7 Ho G5 AYAE 4483d AxA A

G ﬁ-?l Az [sec]
FEE A SN
e 50 t {1 dollar 3.dollar. |
29 pee , - e , :
20 % Power Degradatlon 65.13 20.32 13.01 7.79 6.57
50 % Power Degradation 41.02 12.74 11.23 7.12 532
80 % Power Degradation 15.87 7.88 6.11 439 3.78
[E 8] 50% &8 ¢ Al 2HYE ol¥ Fxo W& ZA44d 45T AT
AR A BA AT [sec]
Z4% ol% &% [om/sec]: 7 14 28 5% 112
50 % Power ‘Degradation’ 1.22 2.09 335 6.02 11.4
Reactor Assembly
Heat/Energy Transport

Material/Radiation Transport

Bl j_BlnﬂlBﬂl_
1 i
! S/L Metal
¢ [« ' ;
! Pa
i ; ™1 Oecay 1 Coolant Salt
S/L Metal i |- Downcomer Water/Steam
Cenducrot it
i 1
i .
H Electrolyzer i Recirculation
H Jet Pump
AU Y IR Y G
[Z9¥ 1] AMBIDEXTER Uz8 EgH AS=
o 0.0085 — 9-0-00892 a  Reactivity
& oo0ss] o roactivity < Unear Fit of Reactivity
- Linear Fit Line £0.00894
0.0087
-0.0088 4 .0.00896 4
©.0089 4
0.0090 0.00898 4
©.0091
-0.00900 4
0.0092
0.0083 4 -0.00902 -
0.0094 J
——~ T T v T £.00904 T T T T T
0 5 [ 5 10 -10 E ° B 1

fuet Temp deviation

[18 2] d g &5 Wilo) ms

rli
T
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1
1o
3
o
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