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Development of Start-up and Shutdown Procedure for the
HANARO Fuel Test Loop
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SUMMARY

A start-up and shutdown procedure for the HANARO fuel test loop has been
developed. This is a facility for fuel and material irradiation tests. The facility
provides experimental conditions similar to the normal operational pressures and

temperatures of commercial PWR and CANDU plants.

The normal operation modes of the HANARO fuel test loop are classified into
loop shutdown, cold stand-by 1, cold stand-by 2, hot stand-by, and hot operation.
The operation modes depend on the fission power of test fuels and the coolant
temperature at the inlet of the in—pile test section. The HANARO must maintain a
shutdown mode if the HANARO fuel test loop i1s loop shutdown, cold stand-by 1,
cold stand-by 2, or hot stand-by. As the HANARO becomes power operation mode,
the operation mode of the HANARO fuel test loop comes to hot operation from hot
stand-by.

The procedure for the HANARO fuel test loop consists of four main parts such
as check of initial conditions, stat-up operation procedure, shutdown operation
procedure, and check lists for operations. Several hot test operations ensure that the

procedure is appropriate.
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® 232 ok 9 AW FARES] A A7 55

NO. A7IHE A7 A 49 =S E
1 | 681-J-PI-007A | IPS Inlet Press. Channel-A 0~25 MPal(g) +0.369 MPa(g)
2 | 681-]J-FI-008A | IPS Inlet Flow Channel-A 0~2.28 kg/s +0.084 kg/s
3 | 681-]J-TI-009A | IPS Outlet Temp. Channel-A 0~500 C +1.8 T
4 | 681-J-PI-011A | TIPS Gap Press. Channel-A -0.1~25 MPa(g) | +0.269 MPa(g)
5 | 681-J-PI-007B | IPS Inlet Press. Channel-B 0~25 MPa(g) +(0.369 MPa(g)
6 | 681-J-FI-008B | IPS Inlet Flow Channel-B 0~2.28 kg/s +0.084 kg/s
7 | 681-]J-TI-009B | IPS Outlet Temp. Channel-B 0~500 C +18 C
8 | 681-J-PI-011B | IPS Gap Press. Channel-B -0.1~25 MPa(g) | +0.269 MPa(g)
9 | 681-]J-PI-007C | IPS Inlet Press. Channel-C 0~25 MPal(g) +(0.369 MPa(g)
10 | 681-J-FI-008C | IPS Inlet Flow Channel-C 0~2.28 kg/s +0.084 kg/s
11 | 681-]J-TI-009C | IPS Outlet Temp. Channel-C 0~500 C +1.8 T
12 | 681-]J-PI-011C | IPS Gap Press. Channel-C -0.1~25 MPa(g) | +0.269 MPa(g)
13 | 681-]J-RI-010A | IPS Outlet Radiation Channel-A 10'~10" cps A/ A1 gke] +13.23%
14 | 681-]J-RI-010B | IPS Outlet Radiation Channel-B 10'~10" cps A/ A1 gke] +13.23%
15 | 681-J-RI-010C | IPS Outlet Radiation Channel-C | 10"'~10" cps | A A4kl +13.23%
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® 233 Aol 19 Ans)] HE

NO. A7 & A7 A

1 WN-001 Hanaro Channel-A Trip

2 WN-002 Hanaro Channel-A Trip Bypass

3 WN-003 Manual Hanaro Channel-A Trip

4 WN-004 Hanaro Channel-B Trip

WN-005 Hanaro Channel-B Trip Bypass

6 WN-006 Manual Hanaro Channel-B Trip

7 WN-007 Hanaro Channel-C Trip

8 WN-008 Hanaro Channel-C Trip Bypass

9 WN-009 Manual Hanaro Channel-C Trip

10 WN-010 Manual Hanaro Trip

11 WN-011 FTL Train-1 Isolation

12 WN-012 Manual FTL Train-1 Isolation

13 WN-013 Manual FTL Train-1 Isolation Bypass

14 WN-014 IPS Inlet Flow High -2/3 Train-1

15 WN-015A IPS Inlet Flow Low-Low -2/3 Train-1

16 WN-015B IPS Inlet Flow Low-Low -2/3 Train-1 Isolation Bypass
17 WN-016 IPS Outlet Temp. High-High -2/3 Train-1
18 WN-017A IPS Inlet Press. Low-Low -2/3 Train-1
19 WN-017B IPS Inlet Press. Low-Low -2/3 Train-1 Isolation Bypass
20 WN-018 Accumulator A Level low -2/3 Train-1

21 WN-019 Manual FTL Isolation

22 WN-031 HANARO Channel-A Calibration

23 WN-032 HANARO Channel-B Calibration

24 WN-033 HANARO Channel-C Calibration
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3 2.3-4 ShdAoRE 29 HHIV] BE

NO. A7 S A7l A2

1 WN-001 Hanaro Channel-A Trip

2 WN-002 Hanaro Channel-A Trip Bypass

3 WN-003 Manual Hanaro Channel-A Trip

4 WN-004 Hanaro Channel-B Trip

5 WN-005 Hanaro Channel-B Trip Bypass

6 WN-006 Manual Hanaro Channel-B Trip

7 WN-007 Hanaro Channel-C Trip

8 WN-008 Hanaro Channel-C Trip Bypass

9 WN-009 Manual Hanaro Channel-C Trip

10 | WN-010 Manual Hanaro Trip

11 | WN-021 FTL Train-2 Isolation

12 | WN-022 Manual FTL Train-2 Isolation

13 | WN-023 Manual FTL Train-2 Isolation Bypass

14 | WN-024 IPS Inlet Flow High -2/3 Train—2

15 | WN-025A IPS Inlet Flow Low-Low -2/3 Train-2

16 | WN-025B IPS Inlet Flow Low-Low -2/3 Train—2 Isolation Bypass
17 | WN-026 IPS Outlet Temp. High-High -2/3 Train—2
18 | WN-027A IPS Inlet Press. Low-Low -2/3 Train-2
19 | WN-027B IPS Inlet Press. Low-Low -2/3 Train-2 Isolation Bypass
20 | WN-028 Accumulator B Level low -2/3 Train-2

21 | WN-019 Manual FTL Isolation

22 | WN-031 HANARO Channel-A Calibration

23 | WN-032 HANARO Channel-B Calibration

24 | WN-033 HANARO Channel-C Calibration

22
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432 A2 7|1 (Cold Stand By 1)
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HANARO Trip Bypass 291 *7} “Normal” x| A=A &2lslar, sz A o]
2o 9l FTL ¢rA Ao ¥k (Safety Control Panel-1/2)¢] WN002/005/008 74 E.7}
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oJAe AARAPAN(FTLY U442 Hs7Ee] oA A4S 5o v
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Shub= Aloj el FTL <A A oj¥k(Safety Control Panel-1/2)91 4] Manual FTL
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b= Qb = A B a4, KAERI/TR-710/96, 1996.

3-Pin A& =W ZAFA] & H] Design Manual, HAN-FL-E-070-DM-HO001, 2005.
3-Pin A5 = ZAFA] 84 H] Operation & Maintenance Manual,
HAN-FL-E-070-DO-HO001, 2005
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Z A X (LSD: Loop Shutdown) Arefjoll A 11287 (HOP:

=
£
Hot Operation) “JEj7-] 7]&3tal, AA ek &4 AAE 7]<=skar )

20 #F x

21 SUE FAARARDA 11789 AARAHA AR A
22 SUE £971&APA F2 A dAduAPHN £971E4AA

2.3 AAZAFHA(FTL) =4 2 B4 XA (HAN-FL-E-070-DO-H001)

24 A AARA

241  HANTAP-05-OD-ROP-OP-61 FWYzZ+A4%

242  HANTAP-05-OD-ROP-OP-62 H|AWY 7%

243  HANTAP-05-OD-ROP-OP-63 #ERYz4A4%

244  HANTAP-05-OD-ROP-OP-64 H=-1% 2 ASAS

245  HANTAP-05-OD-ROP-OP-65 #H7]% A& 4 ol& A%

246  HANTAP-05-OD-ROP-OP-66 &1ty 75+4%

247  HANTAP-05-OD-ROP-OP-67 Al &AF A%

248  HANTAP-05-OD-ROP-OP-68  WAFAZA Al %S

249  HANTAP-05-OD-ROP-OP-69  AlZ#|o] A%

2410 HANTAP-05-OD-ROP-OP-70 A& A%

2411 HANTAP-05-OD-ROP-OP-71 FTL 74 %

2412 HANTAP-05-OD-ROP-OP-72 7}=&FA%

2413 HANTAP-05-OD-ROP-OP-73 %37 T3A%

2414 HANTAP-05-OD-ROP-OP-74 IPS Zx7t2aH 2 A A%
24.15 HANTAP-05-OD-ROP-OP-75 S ZFAl%S 23+

2.4.16 HANTAP-05-OD-ROP-OP-76  3}sta] s=n] 2 9]

2417 HANTAP-05-OD-ROP-OP-77 A&A% oju}7] A

2.4.18 HANTAP-05-OD-ROP-OP-78 o]2u%7] #7 A

2419 HANTAP-05-OD-ROP-OP-79 Algdlds AlgH UF=HA A
2420 HANTAP-05-OD-ROP-OP-80 :=ujA] &5 w4
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4.1

411

41.1.1

41.1.2

41.1.3

41.1.4

41.1.5

4116

41.1.7

412

41.2.1

oz ANFEE WErzdA HA5F dAA4(ROP-0OP-79)°] wel Agddds o] g8
=4 9
LA E R A XA (ROP-OP-80)0 whef siA s Al @A n] o] Al 7(IPS) 3 2

A E(IPS) 9] ©<E M (Interspace) 8 FHA A S o] Al g 5-9F AAE A=A
ghol o},

1) AgA%

2) 22 BA4AF
3) =5 TFAE
4) 4= A&

b2l FTL BaA$ol o4 sbsslol @k
1) ke BRAE

2) NEAAAE

P WAL AN

9 IPS FAEFT 2 BAAE

5 ANFAY L olEAE

of

=

Ho
)

2 919 o7k gEsojok gt

oA dgolth AR AR waA digeld FTL £46) 4el7l 9 &
uazz A7 9w HYEA FAs

30,
rir
0
ins
=2

AgEA &2 A4 F FTL 71§

2k o B A iAol BA R AR A diiel A FTL 4ol Folzt 2 & e A
g3t X171 95 HYE=EA st
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421 A97E (ROP-OP-70)

4211 WF A& HALAE 460V H-3kk, 460V A5 Ao ¥k Heater Unit)
1) 6.6kV ¢ v AHE KM-531-E-S01°] 7F4E e 1= &Q1st(GI2.5).
2) 460V F-3pRF 2ek7]7F F]iEo] Aol AR FuEH=A Gl rHG237.4).
3) 460V HEAojgk 277 FQlEo] o] A oE FuE=A FQldrh(G239.1/2).
4) Heater Unit 2te7]7F T4 5o dedo] AFA o= Ty = gt}
5) AHAF] BEAoRE s, HAE PRI gleA g1gh

4212 niF FA4HW ALAE 4
1) 460V F4d A &5 le(UPSm Aoz Asste=A Flerh(G242.1/2).
2) 120V FA A EAu(551-E-A011, A012, A013)¢] A gte] 120VI0V 214
301 3k (G240.1/2/3).
3) ARAE Ao ArHa, dAAE ARV EA FQ3THG240.1/2/3 R AFE

g

—

4213 A% AYAE 4V AF B
1) 24V A7 BAHE52-E-F011, FO12, FO13)2] RA ko] 21V~ 27.96V 1A

891 FHG241.1/2/3).
2) ARAT AAAoT FAE L, WA

S , =

BRI} gleA gRleth(G241.1/2/3 FE ZdH

)

shel),

422 A=A A% (ROP-OP-69)

4221 FALAAHOWS) B 2s &4l
SALAARHOWS)o] AR 7} glojof aln, afA|E A XS HARIF IS AG o= ¢l
FTL &4l Aol fle=A gl

4222 FTL Aojde] Ax% Addgolg +HAEDAS)] AAHo 7 AEx=x zolslc}

4223 FTL Ao
1) AAW
2) v

Ao A FTL R yo] AAFelx] helght}
T EA el WY e 24
Ag 7t

2= 3]
T

B oo

T oo

/& A=A 7 “OPER”IA] &1
P29 X7} “NORMAL”QIA] &2l
29X ¢ AZI} “OFF"¢l# &<l

&
of

]_

m

= E
9 e

5)

4224 stz Aol e FTL hdAlolwt-1/29] A4 s &<l
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D #AZ ANFS Faste] ARG Aoz AEst=A geleng
2) BAS ARIE Je A A AEAA FRlg
4225 3BHUR Aol obA A 7IHke] Akl golght),
1) SEAA 79k A o] “ON"AA] &l g},
2) AAWMG A Foll v g A FA[-—— 17 h=A st
4226 FTL Aojdol AX¥ F7r47]9F 7F7] 48 dFAlojdte] 18 A R7F gl
gtel3tal, Remote WE 7} “ON” Ho]gle=x] &<¢lgic).
423 AR 7HAA%E (ROP-OP-68)
Sty = AojAde] T3 RMSolA FTL @& HALA 7HA 7] 9] el S Eelsitg
ZA7) A 3 Hf ZA7] A 3 H
RE/RU-041 S RE/RU-042 AR5
RE/RU-045 A RE/RU-043 =5
RE/RU-046 AT RE/RU-047 =5
424 IPS FA7t2 3 2 ZAAAS (ROP-OP-74)
4241 IPS @47 7F2 ¢+ (681-J-PTO11A/B/C)e] 0.23+0.0625 MPa,gQl A ¢l st}
4242 IPS 98 Alole] F7]  =(360-J-PT042/043)°] 0.1+0.0625 MPa,g<l=* <13k
(G234.1/2).
4243 ?} LH e g A 37 =(360-]-PT044/045)°] 0.2+0.0015 MPa,g 14|
g0l 3 ((G234.3/4).
425 4=37] FHASE (ROP-OP-73)
4251 Aod BEAT AuH661-JP-10)o4 =T 7| AE] ZE FX
g+l $FTH(750-HS001).
4252 A2 7171200 A sty e Als el e B E(KM-750-V026)7F del hasA
el gt}
4253 ¢=37] 4= (751-J-PT041)°] 0.7 MPa,g °]&1#] &<l3ch(G252.1).
426 7t~ FHEAE (ROP-OP-72)
4261 A2 717140 A Favbs pEEEW B o] At o] 05 MPa,gslAl gl
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426.2

426.3

427

4271

42772

428

4281

42.8.2

4.2.8.3

429

4291

4.2.10

4.2.10.1

4.2.10.2

4.2.10.3

4211

42111

4211.2

A271 714 M A Aarbs ez die o] dAeE o] 05 MPagdl Al &l gt}

A271 71 A 1y vt FEFzE7 o] dAH}dHol 165 MPa,gel x| &<l

A zAQFH A% (ROP-OP-67)

A BAF ATl A el d=A 21

AsEddate] wet Ao S 2 uir7F &5 HA=A el

MRS AESAAAY “WE AT ] W} Mee] QA el
A2 AN Bt e FRABE] FEWRRM-T22-VOI77F Dol A g,

M so] AFLALAAY Wy AR o] we wdse] A Felwh

FTL #7|74% (ROP-OP-71)

st = 8H7] A5 (731-F05/F06, 731-F03/F04)°] 7F& FAA &l tHGE6.7, G66.5/6).

FTL A|17]7]14 A8 ¥ (731-P-A0V041/042/043)7F D& =4 &<l sth(G235.1/2/3).

FTL DC & UPS Roomell A€ WH7](731-M-C001)7F A4H o2 AEw 5 QX

ghel gy,
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1) =A% FYz4 HZ(210-M-P002A/B) 2] 4 2] H.(210-P-V002/V004) 7 48 A=A
AL 7171 el A Zelgheh

2) t7]g FYZ4 HZ(210-M-P002A/B) 2] 42 H.(210-P-V002/V004)E A1
NN Ei=

3) =T FU4S P EZ(210-M-P002A/B) ]l W2 F9 A B (230-P-061/062) 7F
de Jde=A Al 771 A g

4) t71e FYdzt FZ(210-M-P002A/B) 9] W74 +4 A28 1B(230-P-061/062)& All

b

42113 HA&=-1nx L A3AEY =42 Foslal, LA "ROP-OP-61, A" A
AzlA 5080 wel HE-RS 2 AATS 53k

42114 #A712A% WA TS &AQlstal, 2 "ROP-OP-65, #7]& A% = o|EAT" &4
HAapA 524 wel Fg

42115 1YFYHFA(M-T001A/B)e] &5 et oA ”ROP—OP762, vzt A B

3 AxA 50480l wheh 2F A -HAM-T001A/B)E S+t

b
o
_IEJ

42116 L4FURALM-T001A/B)¢] &
Y

M S5 al
WA AE £ A 54 G AAE FA8

4212 FHUE 5T aAE 29 3o

42121 U2 =TI As 97 34 790.3~19m)E FA 3

rl
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5.1

5.1.1

5.1.1.1

5.11.2

51.1.3

51.14

5.1.1.5

5.1.16

FTL 71%& Az

F 2 A A (LSD)

H 71 & A G A (250-M-T001) 91 2 49 =<l

D A7=A =] 9(250-J-LT023)7F 360 + 30mm (2% ¢ 330~450mm) <1 A
1 & H(G226.4).

2) A7 =AFYA = (250-]-PT021)°] 0.02 MPa,g ©]3t1=] &<l g rh((G226.2).

FAAFAE 55 L 9 i‘rﬂ

7}
1 7FH71(210-M-T004) =91(2 J T055/056)7F 940 + 50mmeI~] &1 g THG206.6/7).
@ st Fde] Bad A4, FHFE st £HUE 800 mm7HA ST

2) 7FSk71 = (210-]- PT057/060)°] 0.2~0.5 MPa,g?l A 2218 H(G207.1/3).

HE BT AT 55 2 g &4

1) @71 " =(240-M-T006) ¢ +91(240-J-LT061)7F 920 + 50 mm (511 800~ 1450
mm) 1A 2RI EEH(G220.2). SHetA F9lo] ARd A, FAFE uHste] #HE 750
mm7bA] SEE T

2) @7I® = 4+=(240-J-PT066)°] 0.15~0.25 MPa,g?l = <Q13HtH(G220.4).

2

AFF A (220-M-T001A/B) 9 2 42 2l

D agFdael #9(220-J-LT022/032)7F W.L.+2700mm (7318 ¢
W.L.+2630~2720mm) 1 A 821 3 tH(G208.1/G209.4).

2) FFRE A ¢4 (220-J-PT023/033)°] 165 MPa,g (4% $1=16.2~17.0 MPa,g)$1 A
301 3 TH(G08.2/G209.5).

e A s 24l B.(210-J-PV04D) 7F 23] A=A 7FSt7] b Al ol A (FTL
Ji( 10-P-V005)7} oF 1/4 v} d& d&=x &Sl

FEAA(LSD) A gl

=% 39 3110 wel FEZAGA GEE gl
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5.1.2.1 HANARO TRIP BYPASS "NORMAL" &<l

1) FTL #AlojA ¢ FTL B3 ¥HPROTECTION PANEL-1/2/3)e14 HANARO TRIP
BYPASS ~=¢#%ZE "NORMAL"Z ¥+

2) sty = Aojdel FTL ¢+ Z%MHP(SAFETY CONTROL PANEL-1/2)°14 WN002/005
/008 R 7} A= A=A Flskrh

5122 MANUAL FTL TRAIN-1/2 ISOLATION “BYPASS” &¢]

1) yz Aojdel FTL ¢k Ao} vH(SAFETY CONTROL PANEL-1/2)°l A MANUAL
FTL ISOLATION BYPASS 9]x& "BYPASS'® ¥+
2) U Aol A el FTL <A A ojwke] Al WNO013/023 2B 7 A =% 8¢l

5123 BIYE 23 Y4 =Z J)E

1) %7&‘@1}-’?%53]01‘3” 30*]*'1‘\/041)%’ 50%%6 'H i P(G212 2).
k7)) shup= 23
(G212.8).

Fo}
\:5;_ =7 ]-Lﬂ/L/\QE/(ﬂo]%{E
z

1

W2 - 2230~ ]-FT 55)01 48 kg/b °] OJ
3) =W A L 52(230-]-TE04D)7F 40TCE dA ¢
(230-]J-TV041)E FA 2 =43 HG212.3). o, =103z & 5(230-]-TE041) 7}

40CE 94 gow Sz 23 YAFFIE FANE Ak

[e)

5124 FTL 744 4HE 7|5

WZh42 Aol M B (230-]-TV042) S 40% CEE‘r(GZIZ.l).

= $1 &te o] WMB ol A2 35~100% Abolol A FA= A d)
T & 7IEstar, A 1 ﬂ%h "AUTO” E=o =+=rHG211.1/2).

ZrpE o] EF3(230-J-FT056)¢] 1.7 kg/s o] Q1A &l st (G211.4).

[u—
~

W DN
=z =

ofN ol Ly N
o2
N
N,
¥
rf
1
2
- 3

5125 Sz AP ZI(RUMA2)E = 7]&

1) AN 7] AlEAFH WBE(678-]-SOV041) 7} de dE=A el srh(G254.1).
2) "ROP-OP-68, WAL A A Z" AxpA] 584 e wpe} F7hd 2t WAL A 7| 22 S
7] %5 3k},

5126 FTL 7]712 WAA A 7] 2%
D AL 717149 F924 484 A FEEA71(RU43) 7 21 oP” ]
2) A2 717149 &7 F WA EERA/(RUMD 7 A5ateA] el

5127 Fv47 2 (210-M-P002A/B) 7]-&

7FE719] gbee] 0.2 MPag °old o2 A5l =
3] W8 (210-J-FVO0L) 7} &8 A=A &
TR AW B (210-J-FV002)7F 238 A=A &<l

A F13HHG207.1/3).
Q1 gH(G201.3).
FHG201.4).



FTL

ofN
i

5.1.2.8

4) =WAIRE S A e B (210-]-AO0V003/004/005/006)7F el d=A gl gHrHG204.3/4,
G205.4/5, vtz Aol FTL S Alofwh).

5) FYA7 2 WE(210-]-FVO3DE 10% ATHG202.3).

6) FEZ7]9-3] B (210-P-V032)5 ¢Hx3s] Avk(AL 7]7]14).

(1) FY2AFPEe] WAvle] FHYA5sh FHEEA WA Felstolof o,

7) AARE FYLFHEEZ 1 E 7] EdHG201.5/6).
8) =7 942 (210-J-PT041)¢] 1.4 MPag °l/dlA &8 & FA]
(210-J-FV001)E 10% <1THG201.1/3).

9) o] B.(210-]-FV002)& 50% $1tHG201.4).

10) F2(21 {*FTOZZ) 1 1.65 £ 0.1 kg/s7} ¥ =5 Ff Aol W E(210-J-FV002)&
1964 24 3tH(G204.5, G201.4).

Ui 2]
m

7} 71(210-M-T004) H]-&-Z=7F~ A A

(1) 7+
(2) 7t
(IS

©
=
NS
i
<
o
=
)
i3
(m
ol
ok
Ho
ol
e
2

1z

:|:‘4

EL
@
=
O
e_‘
*'rj
<
o
g
—
oZ:
)
Ho
ot
2
2
=
(m
o

S 5w B (240-P-V601) 23 _ia‘lql)

&
=
i
9
E
J{u
N
_ﬁ

>~
N
)
L
=
&)
AU
)
rlr
oM.
o
X
o%
SN
ny
o
&l
il
ox
2
ol
H
ol
o
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ki

i
iuf

5129

o

< 04 MPag= A ATHG2074).
=7 gelstal, 210-P-V034 MH7E A=A A

=@t 7ReE7] e 7] B(210-]-SOV-042) &

) 77 A s Aol HA Rk
2) 210-P-V035 "B} 23 9]
3) 7F47] sk el 0.4 MPa,gol
21 THG206.1/2).

4) 7+F7] &%(210-J-TE058/059)9F ¢+ (210-J-PT057/060)& #HA8kH, v $-E7t 25
%3] #lEeth(G207.2/5, G207.1/3).

5 7ksE7] w7 E(210-]-SOV-042) & 2=THG206.1/2).

HE - BS-ASAE 7E

1) 71St7] 7Fa71E ol&ske] 7hkrl e sbEe oF 05 MPag®= 4 ghvH(G207.1/3).
2) AEAA T FA oM B(240-]-LV042) & 21, 240-P-V611 WHEE 100% A
A 3713 32 (240-M-P010) & 715 3tH(G217.5, G216.8).

3) AshEA {F7(240-J-FT075)¢] 0.03~0.1 kg/sec’t HE& &1grHG218.1).

4) A Ao B (240-J-FV041) & 2=THG217.5).

I

[o

[o

o
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5) A3 3(240-]-FT041, G215.1)°] <F 0.03~0.06 kg/sec’} H == A1 7] 7] A
Qe Aoy o] 93w B (240-P-V601) S °F 1/4nF7 Atk

6) B35 A=A oW B (240-]-LV042)E -3t 7147 9=
4 3HG217.5).

51.2.10 A<h7]11(CSB1) +A el

=9 3¢ 3.1.2¢0 web A7 et A=A FeleT
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513 A2dZI1(CSBDAA AL 7]12(CSB2)Z A&

5131 ANHAEE 2 o]& Fx 3]

1) A7 x455<240 J-AE049)7} 50 uS/cm ©]skdA] gl gtt},
Z

) "ROP-OP-67, Al 2 AR AE" 4 A0 teh Fdzke Ay EANTL
e o}oq wml 015 ppm olalo] i, @4 ol &3} B ool Fro] 0.2 ppmelA
o1},

5132 3slo]l=gx(N2H4), F4tste] & (Li70OH - H20), &4t =<
1) o] &x%H7](240-M-HO04A/B)E 3]sl =5 o] 2u3tr] A4 WH (240-P-V605/
6mﬁ¥%¥aa%5@m$4mmm$%%r7mmpywwwtvm&ﬂhﬂ At

2) "ROP-OP-76, s}&A] 0] 9 97 A2l uteg} slol =g}z, Ftsle]F, 54
Fl et
51.3.3 A Y44 A= 7| F
1) & W7F4E 32 (280-M-PO01A/B) & W& 7l&3sta, vUmA s di= Asd7] f1A4d

g

FETHG232.2, F233.2).
BERYEgEe] S b (280-]-PT042/043)0] 0.08 MPag ©]/391]

shol 9 Th(G232.1, G233.1).

5134 &<& A& AA A
Frhasle] F9ns ex AFAel MYRE TR MYy, §F ALE AABT

(G203.5).

5135 T4

R

9 §EA2(240-]-AB04T) =7} 0.1 ppm o] 5He1A] 21 FHTHG217.D),
=9 pH(240-J-AE048)7F 55~8.0 Ake]Q1A] g1t (G217.2).

T A7 A EE(240-J-AE049)7F 50 uS/cm o] &FQ1=] &1 (G217.3).
4 'ROP-OP-67, ARAHAS’ £ €A et FY25 AAYE w1 D

|

z

2
S L

an

y
Faste] aPHE B4 FEE Felah
5 w4 cael vuTe AL "ROP-OP-76, 8}sba] Zu] 5 F¢)" &4 AxAel me}
setAl s Frhw FYs, #80 Ldw 5 A dHE A @

5.1.36 A2t 7]12(CSB2) A €<l
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514 Ad712(CSB2)91A L2d7[(HSB)Z M &

5141 77 =91 =4

Ao Al o W H (240-]-FV041) ¢} AeEAFEZE o] &3l 717 95 800 mm=
Zd 3kt

5142 A1 71714 AR G4 271 d
1) F977]-3] 8 8. (210-P-V032) 7k £+
2) 240-P-V601/V602 B 7} &8 3=

lm
2
it
o
0

A]

Aehfrek Alof B (240-]-FVOADE zra Ao sl Ass
ON/OFF&le] 7bet7] 912 4424 91800~ 1100mm) & zm‘s}u}.

3) 210-P-V035 B} 28 Sl=A &<lstal, 210-P-V034 ME7F A8 Sl=A &g
4) 74t7] &4 B (210-P-V005)7F 1/4 vk A A=A Eldnh

5143 AVNA AR Q1S 2=t

5144 7Fer7] 7per @ Fuzkss 71d
7o A
(1) gg-2= =He 24 We uelAd 7h7] +2(210-J-PT057/060)3} 1 2}4
© % (210-]-TE044) S &¥t}.
(2) 7b5H7] £=(210-J-TE039) ¢ 8 2h4-(210-J-TE-45)2] %= Aol 7k 144C o] 4
WAEHA] =
(3) =W 2% (210-]-TEMHE 22 1 /4982 45C/hr o3t 450
(4) &Aool F71d7] TR} AN FYzs &% Ao olge AL
TV FHEHE2AM B (210-]-FV031) 9] &dl-ol= WBE ol Fulzty|ge] Wz

[Ris
35S ¢H3 Adgit
(o) 7F_t71 9F=(210-]J-PT057/060)> o] 152 MPa,ge ¥4 ZxsE s}
7}¢t7] £%(210-J-TE059)7} Max. 344CE ¥x @=2 3},
(7) A3} dA o] Wl B (240-]-FV041)E e ow A 435
ON/OFF&te] 7kst7] 4915 A& H21(800~1100mm)=
Q) Y4 FH2210-]J-FT022)°] <+ HL(1.65 +

==

Z FHEFAWE(210-]-FV002) & 1%% Z4 3t}

.Orm

g/s) LH ol 1A% &=

1) 7F7] 43 (210-J-PT057/060)°] 0.5 + 0.05 MPa,g<l# #<13H(G207.1/3).

2) FY2tF 2%(210-]J-TE044)7F 85 + 3 TAA A $HG203.6).

3) 771 8 AHE A (210-M-J005) A7 T4 2% &HE A 0] (210-M-J003)
AAZE B 49 dg-2% %ﬁ—% uel GAH e MAgsta, 7147
= (210-J-PT057/060) % FW¥ 24 >%=(210-J-TE044)E 7HAl gt
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4) 7kl 91 210*]*LT055/056) Y7 & 5(240-J-TE041/042/043/044),

N 4y T (280-J-TE041), A|17]1714 &% (731-]J-TE043) 2= 5 FAZ
&n@w
5) 7FF7] 4E(210-J-PT057/060)¢] 14.7 + 0.05 MPa,g1#| <213t} (G207.1/3).

7] el
6) T2t =%5(210-J-TE044)7F 280 + 3 TIA gl gkth(G203.6).

rr

A2 71714 A o] 2137 (240-M-HO04A/B) 9 ®WHe} &+ WHE d3 V027 E

5146 #E-nEF-AAE A% 24

1) 747 #AE AFOE Aeldr] AL FAEANERAFT Ao WH(240-]-
al

LV042)E A5 2= dA st

(2) 43 #&F= O‘*é A A8kl Sl A= s Ao M B.(240-]-FV04D S AE

(3) A 3Hfr kA o] Wl B.(240-J-FV041), A 3}&-7 A &85 A o] @ B.(240-J-LV042), &7] &
A FAAWME(240-]-LV043)E & B2 s 7197 13 59, ZW T
)

s, 97193 wa Felsh AEH Aol AEHA gk

1) g7189=3 S0 B (240-]-LV043) 7} 54 RE=o1x el dth(G220.1).

2) sl oF 0.03~0.05 kg/s7F H=E AsF Aol MH (240-]-FV041)E F%
BroA Z2H3ITHG217.5).

3) AstEAATEH A o H(24o J-LV042)E =4dsto 7197 98 A oA
H21(800~1100 mm) = ] gHtH(G216.7).
L e R I 24O*J7FTO75)3} A 32 (240-]-FT041)¢] i+ & o] wA] o} 71¢47]
FHAA7F BrFed g, A27| 714 A 240-P-V61l MBS Al {3 4¥E
i

5.1.4.7 HAE5e 8& 2AlA =24 9 gr"a FAa7A F9Y

1) &4 844 FE(240-J-AE047)7F 0.1 ppm ©] 41 #] 21 & tHG217.1).

2) &&4A w571 0.1 ppm ©]/deo]lW A=A FH AS(ROP-OP-67) 534S 3 gt

3) 544 T2 01 ppm ool £ MAE A AT $8he, ”ROPfOPf64,
AE-1ZF 2 ASAS 4 AAA 561400 w}a} S Tiﬂ
FAsch w o] AUl AHE [A%e & 5131~5134 &4 BM F3ysta
T IMRE FYEA &S 7 T

5.1.4.8 MANUAL FTL TRAIN-1/2 ISOLATION “BYPASS” 3l Al
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9 A%

DGFRE L A B4 G G 97k FFe WIAA A gt
_1'_. =2
=4

A F9(W.L.+2700mm; 719 W.L.+2630~2720mm), 220-]J-LT022/032
=

16.2~17.2 MPa,g), 220-]J-PT023/033

?t2 (165 MPa,g; 4% ¢
3) HA7EAFE I FY(W.L.+360mm; +AH W.L.+330~450mm),

250-J-LT023(G226.4)

(4) ANEANAE= ¢+=(0.04 MPa,g ©]3}l), 250-]-PT021

1) FTL gA9s Adel 7+ ghse] TRIP AAAE Hojux] &5 2. 17 whet
el gt

2) sz Aloj Aol FTL <A A oWl SAFETY CONTROL PANEL-1/2)°l4 MANUAL
FTL ISOLATION BYPASS ~$¢%& "NORMAL"#® &t}

3) 3tz Ao FTL ehdAlofvtoll A WN-013/023 417} s Al = =% &2l

5149 Z2HW7|(HSB) A &<l

=Y 39 3140 wel A7) FEjrh FAE=A gl

3
=
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515 I2d7](HSB)A 12 A(HOP).Z A%
YUz &4 (28 A5)
422 715 € AA A4 (ROP-OP-01)

5151 FUAFLE AEAo] AAzE WA

1) FYT5 A5 L540](210-M-J003) A A S 300C = A A H(G203.5).

2) FWZE 25(210-]-TE044) 7} 300+3C 2 A €& 8213 tHG203.6).
5152 FTL A HOP) +# &<l

29 39 3140 W neeA AHr FAHEA @),
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5.2

5.2.1

52.1.1

5.2.1.2

FTL ISOLATION BYPASS 2%

5.2.1.3

FTL AA ZAX

L2 HHOP)A 27| (HSB)E A&

stuE e AA
AAZ 7% 2 AR AxpA(ROP-OP-01)

Fuzs 2x AEAe AR@ WA
1) Tl As=5A401(210-M-J003) A7 3S 280C = A4 $Hrh(G203.5)
2) FYZ g 2(210-J-TE044) 280 + 3TZ FAE S E}J FH(G203.6).

MANUAL FTL TRAIN-1/2 ISOLATION “BYPASS” 274
1) 3= Aojde] FTL ¢+ A

92 & "BYPASS & =1}
2) s Ao] el FTL ¢kd Aol wko] A WN-013/023 AKX 7F 2=

A2t 71 (HSB) #+4 &<l

B9 39 3210 wet 7] AeEr FAE=A &l

)

.

3lo)F

= i

ol RHSAFETY CONTROL PANEL-1/2)°l4 MANUAL

ot
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52.2 AZWZI(HSB)IA A2d7]2(CSB2)2 A&

5221 HAZF-ET - -AIAE A5 ¢4 T8
1) AR AAEeFFA W E(240-]-LV042) & 5 REoA 43t 7H97] 49
1000 mm= #=#3H(G217.5).
2) A3 a’ﬁZﬂOi‘E‘“E(240—J—FVO41)*E‘ 2, 4 ﬂ%ﬂ*@i% A A THG217.5, G216.8).
3) A A = A o] W B.(240-J-LV042) &

T

T
i
£
)
£
»
3¢

59229 w7zl wzk @ sheky] 79t

o A

() §Fe-2% Fa9 &4 W9 WelA 7ht7] $-2(210-]-PT057/060)3 F1 2t
0-J-TE044)& W=t}

(2) 7t 25 (210-]J-TE059) 9} =4 7+5(210-J-TE-45) &% zto|7} 144°C o]

(3) FWZ5el £E(210-]-TEM)E W v Y2E2 45C/hr o3t F7 k.
St = )

4) ZhaEe] Wzbge] A2 A FHZAE 2EAWH(230-]-TV042) 9 F@ 2]
FFHZEWHE(210-]-FVO3DE HH /Mdsle] 4z ES ﬁm-ﬂu} o Fyzh)
FrEzdRH ] & oz WHTL “Close”’dl AF ¥WE AN=E 0%ZE AAFsn
£dx=ol= WHT “Open”std 30& ol F +4F F a4 w}a} 2HE NeE
ZF¥ F7/HAA W4ES =9

(5) At AofWH(240-J-FV04DE t¥8H o= /Msta, AsRFAPEZE 188
2 ON/OFFslto] 7ht7] 995 Adwd #9800~ 1100mm)= =4 gho,

(6) FW7F FHF210-J-FT022)°] &4 91165 + 0.1 kg/s) el FAHES 4
F z2WH(210-J-FV002)E 1%4 =dst},

1 7t
2) +

3) 7t

2 (210-J-PT057/060)¢] 14.7 + 0.05 MPa,g<l A &2l gtHG207.1/3).

22 (210-J-TE044)7}F 280 + 3 T<l1A] g2l 3tHG203.6).

2 25 A0 (210-M-J005) A ata FWzta &% s Ao (210-M-J003)
B 49 71ef - b S wE A oem dAstal, 79t
-J-PT057/060)3} FYZr4 2%(210-J-TE044)E A 3ok,

=91 (210-J-LT055/056), &3zt 2 %(240-]-TE041/042/043/044),

Zb 2 12(280-]J-TE04L), Al171714d 2 %=(731-J-TE043) &5 FA =2

4) 7}

7] %= (210-J-PT057/060)¢] 0.5 = 0.05 MPa,g?1A] <1$rHG207.1/3).
Zh 2%(210-J-TE044)7F 85 + 3 TAA €1 gtHG203.6).

5) 7}

6) =

5.2.2.3 A=t 712(CSB2) 1A &<l

Y 3¢9 3220 wel A2 FE7F FAE=A FI
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5.2.3 AW 7]2(CSB2)°lA A2d7]1(CSB1)E A&

5231 FW7ts W7

-9 (210-J-PT057/060)°] 0.5 + 0.05 MPa,g¢1 = 22l &tHG207.1/3).
£%=(210-]-TE044)7} 85 + 3 TlA 1 3HtH(G203.6).

0.5 MPa,g® 478 @th(G2074).

50C= A 3HG203.5).
Tz 2%2(210-J-TE044) 7t

1) 7F471

2) FY4

3) 7FSh7] As k= Ao} (210-M-J005) A 3k

4) IS4 As =240 (210-M-J003) A =

5) 77 4= (210-]J-PT057/060)°] 0.5 + 0.05 MPa,go] i,
50 + 3 Colakel=] &lsth(G203.6).

9}

5232 F7t47]l +4 AA

1) 57+ 7](210-M-J003)& 7 A 21 THG203.5),
2) 749 71(210-M-J003)¢] @734 o ¥H(210-E-PO0DI A A9 71(ON-OFF)&

"OFF" “Hj= g

1) XP%W 7] ZERl 2 2 (280-M-P001A/B) g & "MANUAL STOP"S. &

Fehoh(G232.2, G233.2).
<% #ETF Y 7a 2(280-M-PO01A/B)

tH(G232.2, G233.2).

gt & "MANUAL STOP"S. =

O:
3
E

mlm
o
g
iy

A9 A5 obulel AAE

5234 FWzrel Azt Lxlo] Ha
D AL 717120 Ak o] Y sbs e £EAA Held FOpAAA B A,
a1, 4 34 7] % Z(240-M-P010) &

2) A sHn 7] A= 3 A o WE(240-]-LV042)= &
71 S HG217.5, G216.8).

3) AEA £ 2(240-J-FT075)°] 0.03~0.1 kg/sec’t & <1 FTH(G218.1).

4) A3 #(240-]-FT041, G215.1)°] 0.03~0.06 kg/sec’t =% A1 7|71 o)A 4 3HF%
Alojl b o] -39 B (240-P-V601)E °F 1/4 vk Atk

5) AIEAA T A o ME(240-]-LV042) 5 Z=4d3to] 7Ht7] &

ZHSHG2175). E8A] 240-P-V611 B V=& 4gic)
5235 A7l FA4 &<l

Eo] 3¢] 3230 wel ALl A §A 5 =%
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52.4 A2d7]1(CSB)AAN F=ZAHA(LSD)Z A3

5241 7FE7]1(210-M-T004) 49 &<l

D 7F47] 4 $1(210-]J-LT-055/056)7F 800~1100 mm<I#| €<l gHeH(G206.6/7).

5242 AzEAHZ AHXA

D) sk ga|of E<240 J-FVO4D)$} A 8- Aol mixe] -3 B.(240-P-V60D) & Bt
gt B s AAAITHG217.5/G216.8).
o} 5. 9] ) <= 8 %»WM W1 (240-JLV042)E Fith

0
N/
o

5243 FWzAFEZ AA

T Z((210-M-P02A ®=+= P02B)E A A A 21 THG201.5/6).

5244 T4 WA ZAAIZI(RUO42) HE A

5245 F7ry¥zhE = (230-M-P002A/B) A A

1(

1) "AUTO” el H#=Z+= "MANUAL'ZE Hdgtsta, 4 F< ==
BAAZTHG211.1/2).
2) FYZ SEAWE(230-]-TV02)E & REg desto] 4338 AvhG212.1).

5246 SR 27 WrAEEE F
) s 24 WARHEE AAAAY &, 932 AFe W2 2 Aol Aaw A%
AA A A ghobw B,

2) YA 2EAWE(230-]-TV4DE G5 ZE== d8ste] ghds] Arh(G212.2).

5247 FZAA(LSD) &A

J
¢

T 39 3240 me} FE2AA JErE A=A A
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22

A4

29 2. FTL 7154
29 3 FTL 7%

B

A4

A A

)
=
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3 o ARA

FTL &

29 2. FTL 7|54 AAE

o
ool
&R
~
ool
TR
)
= oR
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42 AF 174 (1/2)
A2k gkol bt A A A7 A
421 Ag A% (ROP-OP-70)
4211 | 2LF A& ALAE 460V F-ake 460V A EAofuk §E)
49192 IF FAD ALAAE 60V FAAALAE, 120V FA44 &
T A
4213 | AF ALAT 24V FF A9
422 AlZA o AE (ROP-OP-69)
4221 | A LA AHOWS) A4 2
4222 | DAS AA 2=
4223 FTL H3Ew AA Z%
FTL ot Ao 44 25
WN-001/004/007 %= ON
=(1.r = @) 3z
1994 . WN-013/015A/017A 3= ON
sro) | WN-023/025A/027A = ON
T WN-018 1§FFE Y H A Wi Al 9 ON
WN-028 e+ v A] }MEZ ON
4295 SHA A 71HE A 2AE
4226 | 7147l 2 7Hd7] AgAofnk
HARA 24 Al S (ROP-OP-68)
RE/RU-041 =M%
RE/RU-045 =A%
4223 RE/RU-046 = A%
RE/RU-042 AA A=
RE/RU-043 ==
RE/RU-047 =A%
424 IPS S84 7F~ &5 2 ZAA% (ROP-OP-74)
IPS @d 78 7}~ 4= (681-]-PTO11A/B/C) 3Hel,
4241
0.23+0.0625 MPa,g
4242 |IPS O-ring?t &2(G234.1/2) &<, 0.1+0.0625 MPa,g
T2y w4 HJ& 4= (G234.3/4) &2l 0.2+0.0015
4243
MPa,g
425 =7 FHAE (ROP-OP-73)
4251 | styE t=3714lF 4s
4252 | YR 4=V AE $EHE(KM-750-V026) 22 (#27]7]14)
4253 | E=37] 4= (751-]J-PT041) 0.7 MPa ©]*H(G252.1)
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Abstract

A start-up and shutdown procedure for the HANARO fuel test loop has been
developed. This is a facility for fuel and material irradiation tests. The facility
provides experimental conditions similar to the normal operational pressures and

temperatures of commercial PWR and CANDU plants.

The normal operation modes of the HANARO fuel test loop are classified into
loop shutdown, cold stand-by 1, cold stand-by 2, hot stand-by, and hot
operation. The operation modes depend on the fission power of test fuels and the
coolant temperature at the inlet of the in-pile test section. The HANARO must
maintain a shutdown mode if the HANARO fuel test loop is loop shutdown, cold
stand-by 1, cold stand-by 2, or hot stand-by. As the HANARO becomes power
operation mode, the operation mode of the HANARO fuel test loop comes to hot

operation from hot stand-by.

The procedure for the HANARO fuel test loop consists of four main parts
such as check of initial conditions, stat-up operation procedure, shutdown
operation procedure, and check lists for operations. Several hot test operations

ensure that the procedure is appropriate.
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