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1985. | +0.5 +5, =5 0.3 742,690 | 13,4601 /12Hr
9. 23| —6.5 (—4.5) 100 — 50 | BRSsF AHg-
1986. | +0.7 +5, =5 0.3 781,723 | 18,500L/DAY
KNU-g |4 4 | —7-4 (—4.3) 100 —50 BTRS/BRSA}-&-
1986. | +2.2 +5, =5 0.3 804,749 | 11, 700L/DAY
| 45 | -68 (—4.3) 100 —50 BTRS/BRS AHg-
1986. | +2.59 | +3,—9 0.3 896,822 | 19, 200L/DAY
8. 9 | —9.01 (~1.34) 100 —50 BRSuF ARE
KNU-7 | - .
1986. | +1.76 | +3, =9 0.3 891,821 | 9,560L/DAY |
8. 10| —9.52 (—1.34) | 100-50 BTRS/BRS A%




______I
1



©)

AR $HY R FAF

T2 ModeG, X

Yo & I4A 2= BEE A st A

W3} H 43

-AA S TSE AT FE D> FO RS IEE

Mode-G

- EA7 o $- fAL

AR o TR F5
325 4

320

310

305

Temperature, °C

g Fo] HL B4 (s5) 7] ut

ot L E—— .‘.;_.!.‘..'..........;.

290

285

F273 Al *1 -5 (PSCEA) =9

20

30 40 50 B0 70
Fraction (in %) of the rated power Pr

80 90 100



Temperature, °C

O
sD 0
SA IHHI
X4 - .
£ SA x4 ” -
X1 - .
- < se SC
sD i x4 :
sA sc - .
SD IHHI :
5C sC - -
* X4 " .
¥ - -
sA
D -
2V
A T
325
: “"”‘ﬂﬂ“ﬂ':"f“‘——"
315 i
310
/ Ave rage -
305 / ........ senesc®
" / s et
T
295 R cord
- - - - - - ~
285 B
280 . . . ‘ . ‘ ‘ . ‘
0 20 40 50 @ 1 @ —

Fraction (in %) of the rated power Pr

YA &=

Mode-X (N4 QA 2) - At 02 HH 3|

= 90

270

Posiition in the core (relative units)

olN
N
ol
rr
ok
N
2
o,
ey
rlo
H

.
®esese

230 -+
190

150

122 23 24

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2
t, hours
+++=+++ Boron concentration, ppm

Reactor power, % Pr

P e e e e e e e e p— - .. .
‘.-—-"’

’ 2 o .'.'_.-...:. h) - 4 E""'

.
.
.
.
.
.
.
.
.
.
.

.
sessweseseses

....

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
t, hours
------- X2 = = X3 == X4 = - X5

A& =<




E::iiii
Il
= |

o) = MSHIM

o AP600, AP1000 A] ~E1-& MSHIM 7] ¥
- 5S¢} &+ ¢F3t F4=A] (Mechanical Shim) Ao & 1] 8] 4 ¢ (X2 Mode-X ¢} F-AH
- SN ESHEY

AO (Axial Offset) =

- RAOC (Relaxed AO Control)

1) %S E Aol & MZH Z45 2HEE Ao & AOZOZ
FEEI, o] F AL 2L A2 EPH o 75,
S5 Aol F2 MWTEOZ FYPH 1 SHEZE 93
AOTo] 885™M AOT2 Ag-In-Cd S<A] 7]k
HMZE ‘FHEY @ EF AT o2 FAHY o]5 F 9B
A 2E @75 AYH o] Ak e E WEE BAF u
4) A Eo] $LEE MTL SS¢ e EA R A H o]
Ao E e Z7 T AZo] B2 AESY W} H a5
5) Rl RELA T 25 MSE BAL A MTL
S5 7HA A B E E3Ht \ /
6) 74| YT LEE AAA §7 & FLEE HF ¥4

rr

Hl A Z it




©)

AP1000 F-3}FF-2 3 EA}
- 3% 2 Y(ORI)
- 53 X g (MOD)

Power (%FF)

W -banks position (step)

o) = MSHIM

120
100 ﬂ-—v--d—--—-—rl
80
1]
40 s L : : :
] 12 24 36 48 &0 72 &0
Time (s}
+=+= Desired power === ORI-real power
—— MOD-real power
(a)
1200
1100 |

400 t

300

Time (s)

—— MOD-M-banks
=== ORI-M-banks

ACH (%)

ACk-bank position [step)

Upper boundary

— MOD-AD

=== ORI-A0Q

(B

96

1] 12 24 36 48 i 72
Time (s)

— MOD-AO-bank

=== ORI-AO-bank



3= Mode-K

0| = AP1000¢} Zo] BZ4A] 75 dA

> YA FF2E 289 v 3t 571 225 719 4A)
TZF XA Mode-G&} F-A}3F Mode-K 7l 2

ZFAI YA (APR1400 A4 B31FF8d 8.4

SRIREES S F R SF=THY] 100-50-100%P[(10~16)-2-(10~4)-2Hr] &2} T8
+2.5%P (=5 F A 0])
+10%P (€4 FpA o)

Zak2A] o]

AT B2 W58 0.5%P/% (T8 Z}hm] o)
 2%P/ 2 (Y7 b0l

100% HsF &= (YA= FX] §lo])
+10%P AEl H=

MPFA(Ramp) Heas | +5%P/+ Fol HE

-APR1400 A A 813 &Y
- 28U 137t 23 A &



3= Mode-K

= 0.5 F (High Speed)

B4A BAEE R FUFSHILEASI T4 A
slH-=9 APH B =3
ASI (Axial Shape Index) = S = A (0) - = @)
F=4(R)
) ng}xﬂ %E Z‘]]Cﬂ AT =T - Ttarget
4 Output
A 1
T, — — N T,
ho 2T Cow et T,=0.5 F (Low Speed)
= 3.53 F (High Speed)
i 0 T, AT =TT
-ASI A o]: AASI = ASI-ASI,,

ARS - ARS +

SRS

Ssaz Sam Sast Ssai ASI Dewviation



il

= |
3= Mode-K
o A& A8 Yz
(+)
AASI
0.0
6p
(-)
100 50 0

©)

©)

CEA Withdrawal (%)
Fig. 2 Conceptual Relation between CEA movement and AAS]

Regulating A o] B-Ato] 4 F3

PLE P2RTH T ol AYE 5 91



3= Mode-K

Determine Stage Flag, aT
v
Suat ESUAz
0 : AAS ?
: : : : : : : : AT> 0 No AT 0
-0.045 -0.04 -0.015 -0.01 0.01 0.015 0.04 0.045 AASI v v
|Select CEA (IN) ‘ |Select CEA (OUT) |
¥ v
Tes Yes
Goed 7 i I Good ?
No Drive CEA No
X ‘Select CEA (OUT)‘ [Select CEA an) |
o HEAYFL 2 :
Y

Gestu dakd At e o] |w
HEA RE ST ¥R H23 = %J %";; o

ESYH AN LA T Ne No

No Control

R R '

_91XA o = S }
1M A 02 A= FE A 1A 2% B30 ASI Alo] =7



3= Mode-K

o ZAHNYA dEF3FFA
-90% F7|E =7
-AFTAA L FEFFA

IUE--

a9y . .-
I:IS.\ 3
0.7
nﬂ_..\'...
0.5 e

osf : : ; : i ' " ]

Reactor Power
Baorgn Conc.,, ppm

L E- N ’ e P - r -
o1l : ! ! : i : ! ]

(W] z 1 M i L i L 1 X i i 1 L 1 M i M 1 L 1

005

o 2 4 e & 10 12 14 18 18 20 22 24

o.0s
003
0.0z
0.0
b.og
=001

ALl Devighon
CEA Postion, cm

-b.02
=003
-b.Da

-0.08

Time, hr

18 20 22

24






il

Mode—K+ &1d=

Power

A

1.0

0.9

: : 0 : :
-0.045 -0.04 -0.015 -0.01 0.01 0.015 0.04 0.045 AAS|

T, = 0.4 °C (Low Speed) t Control T,=0.1°C (Low Speed)
T, = 0.8 °C (High Speed) (| flag T,=0.1°C (High Speed)
T2 To

—>

A
\ 4

A




Mode-K+ ¥318]&

AT <O

| ASI flag, AT |
/\/\ Yes
No AT >

0

[ Withdraw CEA ]

Goo

S| 7 )—=

Bad

[ Select CEA in ]

y

v

A4

[ Insert CEA ]

Goo

d ASI 7

[ Move CEA ] Bad

Yes

AT > _Td

&

Bad

[ Select CEA out]

Yes

W

No
action

Bad




Mode-K+ ¥318]&

CEA selection priority for positive stage flag.

Condition
Selected
" CEA
Stage .CE'A.‘ CEA Position
flag direction
Wes > B, Wpy <= H/2 P3
Wps= B \Wpy > B, Wp, <= H/2 P2
Insertion
Woz =B Wpp =B, Wp; > B, Wp, <= H/2 P1
W =B WP2 B WP B , WR5+ >B , WR5+ <= H/2 R5+
(Wgs =T or Wgs <= H/2), Wp; < T, W5, >= H/2 P1
Withdrawal | (Wqs= T or Wgs <= H/2), (Wp; = T or W, <= H/2), Wp, >= H/2 P2
(Wgs =T or Wgs <= H/2),(Wpy =T or Wy <= H/2), (Wp, =T or Wy, <= H/2),Wpz >= H p3

/2

* W, = CEA XX position from reactor bottom, B = core bottom, T = core Top, H = active core height)
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CEA selection priority for negative stage flag.

Condition
Selected
Stage .CEA CEA Position CEA
flag direction
Wog > H/2 P3
. Wog <= H/2, Wp, > H/2 P2
Insertion
W, <= H/2, Wps <= H/2, Wp, > H/2 P1
We, <= H/2, Wpy <= H/2, Wp, <= H/2, Wgs > H/2 R5+
AAS|- Was > B, Was < H/2 R5+
(Was =T or Was >= H/2), W, < H/2 P1
Withdrawal | (Was=T or Wgs >= H/2), (Wo, = T or W, >= H/2), Wp, < H/2 P2
(Wgs =T or Wgs >=H/2), (Wyy =T or Wy >=H/2), (Wp =T or Wy, >= H/2), Wps < H/ P3
2

* W, = CEA XX position from reactor bottom, B = core bottom, T = core Top, H = active core height)




Daily LFO in APR1400

Fuel Rod No. of Gd,05
Number of Fuel Enrichment No. of Rods per Gd,0; Contents
. P Assembly Type Assemblies (w/o) Rods Per Assembly Assembly (w/o)
v' APR1400 initial cycle 1
* BO 12 314 236 - -
Bl 28 3.14/2.64 172/52 12 8
B2 8 3.14/2.64 124/100 12 8
3 40 3.14/2.64 le8/52 16 8
co 36 3.64/3.14 184/52 - -
Cl 8 3.64/3.14 172/52 12 8
c2 12 3.64/3.14 168/52 16 8
Cc3 20 3.64/5.14 120/100 16 8

NOTES: 1. All burnable absorber rods have enriched uranium (2.0 w/o U-235)

2. Gadolinia is present only in the central 92% of the burnable absorber rods. The top and bottom 12
inches of the burnable absorber rods do not contain gadolinia.
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c2 B3 B1 B2 co co 2 6
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v Unrodded core power profile.
v' EOC is 90% of cycle length.
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- Daily LFO in APR1400
R5 R3 R5 R3| a Full Strength Control Element Assembly
R2 S R1 S CEA in core 81"
R3 P2 Clad material Inconel625
P1 S D Burnable absorber B,C
R3 R4 R2 e | Clad OD (cm) 2.073
R1 S S F Partial Strength CEA
R5 P3 R2 R4 G CEA in core 12
S S H Clad material Inconel625
R3 | Burnable absorber Inconel625
2.3 4 8 9 Clad OD (cm) 2.073
P = PSCEA, R = Regulating bank, and S = Shutdown bank). ;aﬁrr?k;egulating banks and 36 shutdown
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® KAIST Advanced Nodal Tachygraphy (KANT)

NEM 7|HF O &8 =2 3=

A2 B e, AAA S, EPPR B=H

2.00
1.80
-~
1.60 - S
- A
1.40 £
. - -
i 1.20 '., £ ~.
100 m~ >
E 0.80 L 8 ~
0.60 =
.-
040 -
0.20 B REFERENCE
- - -KANT
0.00
0.0 10.0 200 300 40.0 500
TIME [s]
5.00
_______________________ -
400 T
—3.00
5]
3
A~ 2.00
1.00
0.00 —=
1.00 2.00 3.00 4.00 5.00
Time [s]
POWER B PANTHER 1997

==== Average Fuel Temperature 4 PANTHER 1997

60.0

320.0

315.0

310.0

305.0

300.0

295.0

290.0

285.0

280.0

Average Fuel Temperature [°C]

Fkeff

274

1.060

1.050

1.040

1.030

1.020

1.010

1.000

0.990

0.980

0.970

O © O N O o b~ W N =

N

—e— Serpent
—o—KANT
KANT (43 = X}0])

EPPR Pin Power Error [-]

2 3 4 5 6 7 10 11 12 13 14 15 16

250.0

200.0

150.0

100.0

50.0

-50.0

-100.0

-150.0

-200.0

NaN

Reactivity Difference [pem]



=IIIIII
)

Daily LFO in APR1400

Number Density [#/cm3]

RRRRRRRRR

Scenario 1
- BOC 1 |
« /2-hour LFO _
« 100-50-100
« 2-hour ramp.
* Inconel-PSCEA

Time [hr]

[ppm]

Power [MW]

Time [hr]
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Daily LFO in APR1400

CEA Height [cm]

Scenario 1

« BOC

« /2—hour LFO
« 100-50-100
« 2—hour ramp.
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Daily LFO in APR1400
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Daily LFO in APR1400
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ATOM ¥ & F35FT+4

o Helical Coil Steam Generator in KANT I, ... [ Superheated steam
- Superheated steam Tl e |
- Constant inlet coolant temperature g; i = |
: o = :
T > R= § i
) Sil= |2 |
== t “ : Feed water flow rate
Y7, based on the power
—> demand
HCS.G primary Superheated steam 7,
side inlet L
3-D core T,
dynamic multi- ‘
physics
module
T, |
Feed water flow rate
¥ to the secondary side
=
HCSG primary 88Tt
side outlet
Pr—
Core 564.8T,,

348 -2Tin1et
540.9T,,




ATOM 95 F315F 24

o No active control of the reactor power and axial power shape during load-
follow operations

- Coolant average T should be in the dead-band!
- Always acceptable axial power shape

o Control only in the feed-water flow rateO S‘%ﬂtthe governor value

1

T2—> «— o <—T2

T,=  2°F (Low Speqd) T,=0.5°F (Low Speed)
= 3.53 °F (High Spe = 0.5 °F (High Speed)

D
(OX
~

0 T, Summed Error, °F
Fig. 1 RRS (Reac{asr Regulating System) Temperature Dead-Band Setpeints
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ATOM ¥ & F35FT+4

y-axis [cm]
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50

o 3D multi-physics analysis using the KAMT code system
o BOC of ATOM core with pan-shape CSBA and reduced fuel radius (TOP)
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ATO 915 REF A

o Daily load-follow operation with secondary frequency control
o Demand power vs. Core power (BOC)

500 ATOM-BOC PALFO [72HR]

400

Power [MW]
w
o
o

N
o
o

100

core

demand

0 20 40 60
Time [hr]
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ATOM o5
o Reactivity & Temperatures in PALFO

ATOM-BOC PALFO [72HR]
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o ASI in PALFO

ATOM-BOC PALFO [72HR]
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o Secondary Frequency Control

Sec Control I:Treshot=3'0’ Trescold=4'0:I Sec Control I:Treshot=3'0’ Trescold=4'o]
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o Secondary Frequency Control

Temperature [K]
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v T/H coupled.

Daily LFO in APR1400

v' Equilibrium Xenon & Samarium.

v Clean core.

v Boron concentration = 803 ppm

Keff

Worth
(pcm)

ARO

1.000001

All Inconel-PSCEA in

0.998064

194

All Mn=PSCEA in

0.996566

344

RR5 in

0.996202

381

RR4 in

0.995311

471

RR3 in

0.990821

926

0°

- Last Regulating Bank (8)

180°
NNN Box Number 001 V[Il]l 003 004 V[I[I5 006 007
XY |Group-Subgroup Number s 32 s
Number of Fingers
B 008 009 oo 011 012 013 014 015 016 017 018 A
Ad B-5 B-3 A3
12 12 12 12
019 020 021 022 023 024 025 026 027 028 029 030 031
41 23 P3 51 P2 22 41
4 4 4 4 4 4
032 033 034 035 036 037 038 039 040 041 042 043 044 045 046
E-4 B-2 12 11 E-1 B4
12 12 12 12 12 12
047 IDas 049 050 051 l0s2 0s3 054 l0ss 056 057 0s8 059 |060 061
s 42 31 42 23
4 4 4 4
062 |o6s o6+  |o6s  |og6 (067|068 |0 |0 oL (072|073 o |75 o6 |or7 o
A3 B-1 P1 A2 Al P1 B2 A4
12 12 4 12 12 4 12 12
07 080 081 082 083 084 085 086 087 088 089 090 091 092 093 094 095
S P-2 33 33 P-3 s
4 1 4 4
096 097 098 099 100 101 102 103 104 105 106 107 108 109 110 111 112
B-3 11 Al 21 21 A2 1-2 B-5
1z 1z 12 12 12 12 12 12
113 114 115 116 117 s 19 120 121 122 123 124 125 126 127 128 129
32 51 31 51 31 51 32
4 4 4 4 4 4
130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146
B-5 12 A2 21 21 Al 11 B3
12 12 12 12 12 12 12 12
47 |us s |10 |11 |12 155 |14 155 (16 157 158 19 160 6L |12 163
S P-3 33 33 P2 s
4 4 4 4
164 165 166 167 168 169 170 m 172 173 174 175 176 177 178 179 180
Ad B-2 P-1 Al A-2 P-1 B A-3
1z 1z 4 12 12 4 12 12
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195
23 42 31 42 22
4 4 4 4
196 197 198 199 200 201 202 203 204 205 206 207 208 209 210
B-4 Bl 11 12 B2 B4
12 12 12 12 12 12
211 212 213 4 s pal) n7 |18 219 220 m 222 223
41 22 P2 51 [X] 23 41
4 4 4 4 4 4
D 2 225 226 1227 228 220 230 231 252 233 234 C
A3 B-3 B-§ Ad
12 12 12 12
235 236 237 238 230 240 241
S 32 S
0
5 - Lead Regulating Bank (5) B - Shutdown Bank B (20)
4 - Second Regulating Bank (8) A - Shutdown Bank A (16)
3 - Third Regulating Bank (12) P - PSCEA Group (12)
2 - Fourth Regulating Bank (12) S - Spare CEA Location (8)

270°



Daily LFO in APR1400

Soluble boron scenario:

Dilution starts after ramp down completion.
Boration begins on the half way of ramp up.
Dilution/Boration level is to compensate the xenon concentration

change.

Considering APR1400 maximum dilution capacity.

C(t) = Coe U7
v C(t) = Boron concentration at
time t.
v C, = Initial boron concentration.
v’ T = boron dilution time
constant

800
700
600

= 500

— 400

O 300
200
100

0
0

200 400 600
Co (ppm)

800

1000

* APR1400 FSAR.
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Daily LFO in APR1400

Number Density [#/cm3]
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Daily LFO in APR1400
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et T

Scenario 3

« BOC

« 24-hour LFO

« 100-20-100

o Z2—hour ramp.
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Daily LFO in APR1400

ASI[]

Scenario 3
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Number Density [#/cm3]

Daily LFO in APR1400
Scenario 4 810
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Daily LFO in APR1400
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Daily LFO in APR1400
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