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Abstract [Background] As a typical representative of passive safety technology, the automatic depressurization
system (ADS) plays a crucial role in enhancing the safety of pressurized water reactor (PWR). After an accident
occurs, it accelerates the depressurization of the reactor’ s primary loop, which is essential for preventing excessive
pressure buildup. The ADS effectively connects the high-pressure, medium-pressure, and low-pressure safety
injection systems, ensuring that they work together seamlessly. This system actively maintains core cooling by
allowing coolant to flow into the reactor core, thereby removing heat and preventing overheating. [Purpose] This
study aims to explore the opening and closing characteristics of the pressure relief valve of the automatic
depressurization system and its influence on the reactor systems. [Methods] Based on the system analysis program
RELEAPS, the China advanced PWR was taken as the research object, and typical ADS trigger accidents were

chosen as the initial event. The different opening speeds of the first three valves of the ADS and the closing
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conditions of the fourth stage pressure relief valve were simulated, and the responses of the reactor primary loop
pressure, pressure relief pipeline flow rate, and sparger inlet pressure under different working conditions were
analyzed. [Results] The analysis results indicate that the opening speed of the first three valves of the ADS does not
have a significant impact on the step-down characteristics of the primary loop. The ADS-1 pressure relief valve is the
most effective when employing a fast opening mode to facilitate the bubbling device in reaching a stable critical jet
state more quickly. Within the simulated working condition range, the slowest opening speed of the ADS-1 pressure
relief valve causes a slight delay of up to 10 s in achieving the stable critical jet state for the sparger. On the other
hand, the ADS-2 and ADS-3 pressure relief valves are the most efficient when operating in a slow opening mode to
reduce the impact of the two-phase ejection process caused by the valve opening on the pipeline and sparger. It is
worth noting that the ADS-4 valve holds significant importance in mitigating small break LOCA accidents.
[Conclusions] Through the simulation analysis of the opening and closing characteristics of the ADS pressure relief
valve, valuable insights have been provided for the design of the automatic depressurization system. The finding in

this study has contributed to enhancing the understanding of the functioning and effectiveness of the ADS, thereby

improving the overall safety and operational efficiency of advanced nuclear power plants.
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Table 1 Steady-state simulation results

ZH) S THEAE AEA 5 22
Parameter Reference value Calculated value  Relative error / %
J% )3 HE I % Reactor power / MW 3274 3270 0.1

fa 5 2% JK 71 Pressurizer pressure / MPa 15.5 15.6 0.6

& 7145 4% N\ i Pressure vessel inlet temperature / K 564.7 566 0.2

i 7775 4% HY R Pressure vessel outlet temperature / K 600.7 603 0.4

FRIRREAS — Iy 6.8 6.9 2.3

Secondary side pressure of steam generator / MPa

090605-4



TR v E ek MoK HE ) e 2R G R R PR B EL R R

AL LA ADS R JE F . 5.08 em A BL Al 5
W BETE N 26 (Direct Vessel Line, DVID XU i Wt
PR 25.4 em B VHBAE NI R FA T RS
SIMTRE T ADS B [ 18] )5 P14 14 e SR i 7%
ADS & I Ji F 2 e N HE IE R 18 4T IR ) —
ADS-1 [® 1], 1 % — %) ADS-1 J ADS-2/3/4 NI AR 4%
IBAT AR IRTT S - 5.08 cm ¥ B H A1 25.4 cm B
F S MO AR A & BUR T R A0 1, 3 il — [|] %44
FIRHAL K . DVI XU Wi R H SR T 5 5 8%
T R B AR I ) BB N 2R R A X W 2
ADS HIF = 24 AE Ry /N RSB 100 =5 k) 39 3 7 1 o
B R &4, &6 R RN ) ADS iR T R 5.
5.08 cm ¥ BB 25 i M DV X s W 24 =5 g, #EAT
ADS B = 25 #) 1B AS [F] I 5 T L ; ADS-4
VN = 5 11— B % 0 T ) 1 2 iR AR, A X 4
Fh B 20 ADS fil 5 855, 33647 ADS-4 5GP L OLBLL,
ST FIEAT A AT T N HE— BB /1. ADS1-3 4%
it S T A HE OIS B R D . B AR T4k
R : ADS-1 840 7 JF 3 IR A 10 5420 5,40 s =Fh
T s ADS-2 B8 7 FF Ji B 1] 40 5,60 s f2 80 s — i
T s ADS-3 #5400 1 T JE B 1] 40 s.60 s [ 80 s = Ffr
T s ADS-4 B T O T .

1

(a) —=—ADS-1-10S
10F —e—ADS-1-208
§ —4—ADS-1-40S
P
=
2
2
[-W
g If
<
=
k=
-9
a
0.1 1 1 1 1
0 500 1000 1500 2000 2500
Time /s

250

(c) : 250
1

The Peak Value
Moves Down

——ADS-2-80S

T I L
2 200F |20
= |
S . 150
- 1
& 150} I 100F
:5 |
S ool
8 |
s 100+ A
& 0 . L L
> ; 930 1000 1050 1100
2 i —=—ADS-2-40S|
= 50H
| —e—ADS-2-60S|
|
I
|

R B T S

1500 2000 2500
Time /s

0 L
9001 000

3 BESHELSRDR

31 ADSIEARBREH—HERARREILRIE
D\

B0t i [ S K HE R G T A AL AT TR
Jo S A OB, B R A 3.4 s .
%1 ADS-1-10S %7~ ADS-1 #1% & JF 2 I E]) A4 10 s,
H AL,

3(a) J& 7~ T ADS-1-10S/ADS-1-20S/ADS-1-
40S ft)— [B] 4% & Fyma S f 28 . M — [31 i 0 o7 iy
AT LUE H, BRI S oS i 5E T 8 58— i
[ TREAT B0 s, {H 2 28 — 2 R 1A [F) F J 3 FE AT SR %t
— Al ARSI 55 . R, BT LAY, 1 R Y
JEJE B TR — [ 8% FF o K K52 . & 3 (b~d) JE 7
7 ADS-1/ADS-2/ADS-3 & i i & i 2. M ADS-1/
ADS-2/ADS-3 B iy f i 2k ] LB H BRI 7T
FLTF IR 2 7= AR A R B /0, 7t ok B K ) ol & 9
i A I AR B0 (WA Ao (HL X T BN K
R =, A& ADS-1.ADS-2 it 4% ADS-3 1
1], JFC T R P AN 2 I 3 2 e A S R R
(R B 0 e AAE T IR ek R Hp = 2 — e e, 1)) 4

200

The Peak Value
T l Moves Down =—ADS-1-10S]
&0 —e—ADS-1-20S]
= 150 —a— ADS-1-40S
%
(=]
<
% 100
L
=
-4
z
2 50
=
O 1 1
10 100 1000 2500
Time /s
100
()| The Peak Value - ﬁgg';'ggg
S 3
% sl Moves Down ADS-3-80S
o
=
lae}
@ 60
=
<
E
=]
e 40}
51
-4
z
=]
2 20[
0 L 5
1000 1500 2000 2500

Time /s

3 FLOUR —[alH I 7 K B AR IR B B CADS TR IT Je S 0 CR2 P AL 9 2% i)
(a) —[B1% K A7W 7, (b) ADS-1 & B AR R, (c) ADS-2 & K A IR &, (d) ADS-3 & B P AH IR =
Fig.3 The primary loop pressure and pipeline two-phase flow response under various working conditions (inadvertent opening of
ADS accident) (color online) (a) Primary loop pressure response curve, (b) ADS-1 pipeline two-phase flow,
(c) ADS-2 pipeline two-phase flow, (d) ADS-3 pipeline two-phase flow

090605-5



% AR

2025, 48: 090605

TR E 2R RES) .

B4 R T BHR 8 N Ry 2. MBER 38
1 Wi 2 Y 26 K, =7l ADS-1 ) [ 1R T 5 13 2
e 8 BT PRI (<10 8O FHE B W7 74 2% W5 TBOGEE N Il 7 5
WX o T ADS-2 S [ 1R FH e 18 1) 0T Je 3 P2 A R
TS IR /R RS L I 7 R FE T (B 2l

=)

FLEFR X K, BRI, 6F T ADS-2 81 % 18/ 7] L%
F& K F 60~80 s [T IR . %} F ADS-3 1 [ 1] , 5%
FAAS[RI T J5 3 B A7 B0, R I H 0 T #8 \ H
JE AT /N 1T 2 RE B e B 1R SR 18 F i
TFE G R &, B, 6+ ADS-3 #1184 77 K H
60~80 s [T ) 1 &

1.2

The P Val ——1ADS-2-40S
s l he Peak Value | z (b) l The Peak Value DS 5-60%
s - Moves Down 1 S Moves Down . ADS-2-80S
&0 I =
2 | s 09}
= \ =
% 0.6} 2
= =
A &~ 0.6
o} R 5 Flattening Curve
E 0.4f Flattening Curve h = IS
5 ; 5 03 Critical P
17 e e e P p E ritical Pressure
£ 02 Critical Pressure Y ;‘»-I-IOS R LA
& N EADé-l-ZOS Z
0 1 1 1 AD -l-4OS 0 L 1 i 1
25 50 75 10 100 1 000 900 950 1 000 1 050 0 500 1500 2500
Time /s Time /s
1.2
=+ ADS-3-40S
© et ADS-3-60S
& -+ ADS-3-80S
Z oo} !
2 o\
2 I
2 it
= o6} { |
= I
=
= |
b 1
203t |
<
= |
7 L
£
0 1 1 1 1 1 n | I n
900 950 1000 1050 1100 1150 O 500 1500 2500

Time /s

4 SN R A N CER WL RRD  (a) ADS-1 T3, (b) ADS-2 T4, (c) ADS-3 T4
Fig.4 The inlet pressure response curve of the sparger (color online)
(a) ADS-1 condition, (b) ADS-2 condition, (c¢) ADS-3 condition

3.2 5.08 cm A [ . DVI Wi B 2L #—FN [E 1F)
FFBiRE TR AR

1£ ADS R TF 3 FH sl o e, AR 1T T
FE [ OR/INFEAS B B S s e — [ % 1) 8 T R 12k ATt
B3t 5.08 em B 1 b2 DVI XUt Wr 24 i , AN ORTE—
[ 52 o 77 B S, B R 2 58T IR FE 6 ADSS B R VA
B A WURCIRAS R . BRI R an i 5.
6 7R .

N I e 8 2R 8 T I IR T 1A A T
J T 2k, VHBR“RBL” (M AR, IR X K A8
R FIEE, INELS.6 AT LG H, A8 X
5.08 cm A O #0E /& DVI X W 24 0w =, FF IR
T SR T IR AR R I BRI s 28, 2 h 2R 2
CTFIR X IR, B IR ] AT — B TR, Y b 2k
WEARSA, X5RIFEFER AR REE T
BT 45 18— 5.

M 28 N 1 7 26 mT DL S A (A 1k

JEE AN 2 B 5 I TS R X A B, 6T ADS-1 )
JE IS PRIFF ) IR TR 500D 1 N s SRS LIX 5
237 SR E T M By Bl ) B a7 3G A 1) 7 6T
ADS-2 EIJE 18], 15 (1) 1 10 s s ) il 2R 0B T
¥, I i 26 2 ~F , B R 98055 6 8 B i e s 1
ADS-3 1k 111 5, H T JE 3 32 E R ADS-3 &
PR, 6 T 2SN D 152 MR 55 .

25 F AT, £ %5 5.08 em B 1T K DV XU
HEMOF , T ADS-1 # & 1/, % R “E & B
AT R RE M DL R G2 5P (P B R, HERE R 20~40 s 1)
FF A T E , ADS-2 ) [ & 4 72 K FH 59 F )3 i TE) A
60~80 s; ADS-3 ] [ [/ H % K H 197 3 B 18] 9 60~
80 so

3.3 ADS-4 < T EH#

ERTP RN, R8T ADS B =
I E s 1) T S T St [ % ) i R R B A T
T3 C B G T 2 1 TBCIR A A 2, T X T ADS 28 1Y

090605-6



TR v E ek MoK HE ) e 2R G R R PR B EL R R

=
=)
S}

5 300 1.2
- a s (b) =
‘_m 120k [ ‘.m 3 -
& ——ADS-1-10S = 3250 0=
= 00| |~—ADS-1-208 %72 = ¢
- ——ADS-1-40S 2 4200 0.8 5
172} 2 @» Z
a 80F g e <
z 1068 <150 0.6 =
S 60F 5 3 £
2 = o 2
3 = 5100 04 5
& 40 Jos g = ——ADS-2-40S g
= 20} 5 2 50 ——ADS-2-60S 02 £
= &= ——ADS-2-80S 2
ey 0 - . : : 0
11001 150120012501 30013501100 1200 1300 1400 200 1250 1300 1350 1200 1300 1400
Time /s Time /s
100 12
(O] =
- =]
:‘) il \_\\ 1.0 g
= i S
n 0.8 5
% o0t %
= 0.6 &
A -
S 4of 3
e =
3 ——ADS-3-40S federd
20k —— ADS-3-60S 2
z —— ADS-3-80S 02 &
= &
: : ; . : 0
1300 1350 1400 1450 1300 1350 1400 1450 1500
Time /s
E5  EREPAR R A SO0 O R SR (5.08 cm A LD CEEI LM Z$HR)  (a) ADS-1 L%, (b) ADS-2 T.#1,(c) ADS-3 L%
Fig.5 Pipeline two-phase flow and sparger inlet pressure response (5.08 cm break) (color online)
(a) ADS-1 condition, (b) ADS-2 condition, (c) ADS-3 condition
120 1.4 300 1.4
——ADS-1-10S
a e D
B Y e 128 7 N [EART 12 &
B s = —— ADS-2-808 2
= 90 =~ X
= 10 = 10 ¢
- £ 5o :
2 08% 2 08 %
2 ool E S s &
= 06g = 06 3
@ = 2 =
£ 4= £ 100 =
£ 30 5 & 045
z b2 2 E 50 02 £
= oz 2 .
= & = — &
0 : : : : e 0 0 - - - e ; : 0
60 120 180 240 0 60 120 180 240 300 100 150 200 250 100 150 200 250 300
Time /s Time /s
12 1.4
T 12 E
o =
Z 9l 3
= 10 ¢
2 os 7
. @
Z6 £
o 0.6 5
3 =
50 ! ——ADS-3-40S 045
B —o—ADS-3-60S g
= ——ADS-3-80S 02 g
v

6 EESPIARE M AN D S N (DVI XU R CEE W25 (a) ADS-1 L, (b) ADS-2 T, (c) ADS-3 Lt

TR SOVNY N SO, 0
0200 250 300 350 400 450 200 250 300 350 400 450 500

Time /s

Fig.6 Pipeline two-phase flow and sparger inlet pressure response (DVI pipeline break) (color online)
(a) ADS-1 condition, (b) ADS-2 condition, (¢) ADS-3 condition

B R S . F P ADS-4 1F N FH 5 W — bl %
T B0 S f R4, BT 4 b SR ADS firl & S,
AT ADS-4 S T O AL .

K 7)) R T AR D FHHCR (e ADS-4) 1)
0, 576 U P N 2R o B R B I S 2k T LU
5 7E 5.08 em B 1 F SRR TT G b, 58 5%
I3 HITE3 150 s F12 050 s 72 A7 TR RE ST , i 249

BIHE OIS £ DV W R i, BARMECR A
HH R R R S B B, (H R AE 1 800 s Bt £F Hi BT
i, JFAE2 200 s 72 A K s 7 25.4 em B 1 H 652
REA IR A H), S 22 4. B’ 7(0) R T AR 11
MR (G ADS-4) I DVIE L 5 Sy v 2k . A
DVI & % & 77 M 26 0] LUE Y, 76 K AR VU R
#(5.08 em iR IFJEDO B, T ADS-4 K JFJE , 4 HEL

090605-7



% AR

2025, 48: 090605

2000

() !
—=— Inadvertent Opening of ADS
4 —e—5.08 cm Cold Leg Break
35 1500 —4—25.4 cm Cold Leg Break
s —v—DVI Pipeline Break
=
z
£ 1000}
v
=
e
]
=
E 500
®]

1000 2000 3000 4000 5000
Time /s

0.2

DVI Pipeline Pressure / MPa
oo
1

£ 0
1 000 2000 3000 4000 5000
Time /s

7 KM ADS-4 1 LS E K DVIE LI Iy 7t 2k G LR (a) B L, (b) DVIE L E )
Fig.7 Cladding temperature and DVI pipeline pressure response curve with the closure of ADS-4 (color online)
(a) Cladding temperature, (b) DVI pipeline pressure
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