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Type Open- -tank-in- PooI :
Max. Th. Power MWth
Coolant Y .f_ ht Water
Reflector Heavy watel
Fuel.Materials  UsSi, 19.75%

Absc;Fb Hafnjum

Reactor Buildirig Cq@qé%‘ent

Typical flux at port nose 2x10i
7 horizontal ports“& 36 vertical h
Vertical hole for, cold né#i¥fon sg
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Installed

IR,CT: Capsule Irradiation Facility
OR : Capsule Irradiation & RI Production
IP  :RI Production
HTS : Hydraulic Transfer System
for RI Production
PTS : Pneumatic Transfer System
for Neutron activation Analysis
NTD : Neutron Transmutation
Doping of Silicon
CNS : Cold Neutron Source

Under-development
IR: Fuel Test Loop
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Small Size Specimens

: RABBIT | il abbits Ririg, PTS) f . ql:lén Inl?t‘.ru?”lentedCa_;?sule
Standard Size Specimens
: CAPSULE w
Si Doping
: NTD ke

Rabbit Non-Instrumented Capsule
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Bank II (11 Cells) Bank III (6 Cells)
. 1661 ,32.33p, 99mT¢, 51Cr, HDR 192Ir - 131] 125]

Bank I (4 Cells) Bank IV (4 Cells)
60Co, 192Ir, 169yh o 9Mo/**mTc Generator
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1. ¥XIzWEC Ay

A3s|f AGN-201K gxl2&=
1967'90] Colorado State University0Ofl X[ Z|QEH ZHS
1976'H0] F3Cistunz FH 2 A=
1982 H12E 2 E wKFO = AIEE|0] 23,

oI £E2 AXZRII MM A s52HoA 2F .
USA - Texas A&M Univ., U of New Mexico, Idaho State Univ.
Italy — U of Palermo
Korea — Kyung Hee University

<¢dsls
1976.3. : US DOES| Mo 2 csuZl As|cistno 7|=
1980-1982 : ZAMS{7} & MX|
1982.12. : X2 7|5 9l HHA

2003-2007 : H1X} /X2 7| =2 E
2007.10 : 29 87 FHE
2008. 9 : “SIXIZME" M

2009. 1: = |XIHIS ME 8 "|AXI2A " 7|HF 7{A|
2011-2012 : M|2K} /X2 7|TF =2 HE
2013.7: XF10 WAIXEH AXEHANE wd 2F A

[

—
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1. ¥XI=WEHL| A - 1A Ald JHA

=2 100H} "7|-01| [[}E (01 watt> 10 watt)
mﬂ HH U platform EX| (2007'4)

S8x= Stf
3.0x10¢ - 3.0X108 #/cm?-sec (Core Average)
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1. ¥XI=WEHL| A - 1A Ald JHA

E .
JIE M BE0| M U —j =" =
ASE CIXE 2& 27} M2

New Digital Monitoring Old Rewired Analog

Console Console
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dE8 WK |XIE, AGN-201K

Specification of AGN-201K

Thermal Power : 10. watt

Max. Neutron Flux : 4.5 x108 #/cm?-sec

Fuel : UO,-Polyethylene solid homogeneous disk (9 disks)
LEU Core (U-235 19.5w/0)

4 Control Rods : 2 safety rods, 1 coarse rod, 1 fine rod

No active coolant and cooling system

Neutron Source : Ra-Be 10 mCi

78" diameter

Very High Negative Feedback Effects Coretank DTN R
_ -4 o Core fuse ~J 2
(aT - - 2 " 75 x 10 / C) Reactor tank \\ -

1 Water tank — Glory hole (1")

Design Power : 20 Watts (1977 USNRC Approval) B T
110" srmé?;g
/™~ Bottom half core fuse support
71.25"
Control and safety rods (4)
Fr?‘ig;ﬁf:t Control rod actuator

Lead screws

Hydraulic dash port

Bottom control rod
cover plate

Tank support

Access cover
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dE8 WK |XIE, AGN-201K 7

|
'

ETUNG HEE UMVERSITY

KNS 2016 4| Workshop "Il 218 X2 7|& dg 1} & Z3usn



AGN-201K2| B&3H

Max. Power: 10 Wt =) Ideal for Student Training
Max. Flux : 3.0x108 #/cm? sec (Safe & Good enough)

Duel Consoles
(Analog Console with
modern digital console)

=) The only reactor allows student
touch & feel

>

KNS 2016 4| Workshop "= 23 X2 7|
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AGN-201K2| 8§33

Two refurbishment projects ) Well simulated Physics Test in NPP
2004-2007 and 2010-2011

Good platform for many experiments

Neutron Radiography Image

NAA with HPGe Detectors

KNS 2016 34 Workshop "2 978 X2 7|& &g af ML~ @ 23



AGN-201K2| 8§33

7712 SMX} A ZE7| Glory Hole & Beam Ports

BF: lonization Chamber

(Channel 4) Access Port

[@10cm)

BF: lonization Chamber
(Channel 3)

BF: Proportional Counter
(Channel 1)

L

Man Hole

! - Graphite
£

)
4
~— L

i Lead

e

Glory Haole
{d@3em)

!
|

BF; lonization Chamber
(Channel 2)

S Y. (A

Fiﬁsion He-3 Detector
Chamber : ! (Channel 5)
(Channel 6) 26cm :
B —
46cm

4712] Z/4X} AF7|= {IX| 0| 50| 715 6|C}.
Irradiation Sample2| =L E2440| Oj < =LC}.
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2. AKXz UIEH9 A&

20| 20%= 8 AXZ L
university reactors.

Rl el e

America 53 29 82 35%
Asia 97 12 109 11%
Europe 61 16 77 21%
Africa 6 0 6 0%
Total 217 57 <274> 20%

(from |AEA data at Yr-2003)

201513 AT BXIRO| A= 24671010, A|H H S=AMOICH
JajLf cfgtelxt2o| 9= OfA|of, OfZ2[7l2 FAoz Sojd A,
QHLFSIH. ..
X B =72 A48 AXEE HF 2.
01IJH NE £ X|&o| fiS Ao|L,
R Liohs XS =4 HRDO|| 2 S 2.
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2. AKXz UIEH9 A&

1) Education
¢ Experiment Course for KHU students
¢ Training Courses for students from outside
¢ Training Courses for international students
2) Research
¢ Subcriticality Measurement
¢ Neutron Radiography
¢ Neutron Activation Analysis
3) Service
¢ Neutron Detector Calibration

4

Interaction with Public (School Teachers)
¢ Nuclear Experience Class (Science Camp)
Three-days experimental training course

Interaction with High School Students
¢ Nuclear Education School

KNS 2016 34| Workshop “ZU €& X2 7| &g af MY~ @ 23



2. AKXz UIEH9 A&

S AS|C] YRR ME =

HE s "AXN2EY” WFIPES HSots e 7|

-.-ﬂ'7|- AIJHOI Eluu:l.

1995 O|™: AMEZ2CHstw, StYCiSty — 32T TRIGA 2 XIZ0AM MY (HBEP)
1995E 0|2: SILIZ0|A FAF A M=
2003'9-20084: 67t 671 CHE mtAAMY (WECHStW X2 AS 0p7d A

AAE

e e

L]
3. s ABIIET 2

8154 7] Kﬁﬂﬁ*ﬁﬂnﬁﬁ g%

2004.2.16-28
> w&x%ﬁﬁ B BB TS S




2. 4 WEQ A&

20034 HR7|HrES ALY U= NEHY
sl ol il 7
o2l u A "ETECID
1 kuca
— 20074
A7\ S ALY QX2 Al
— o AlS1 AL A — L'=| = = )
ARHUHAE 20082 RETr—
g oA d= WEN
20094 — %
Sl "= B3y
671 CH=HX|E ol 1t = Ml E| © 0 KUCA
671 T2t oA > ANEAE 23
+ o
KAERI
EETET 20114 1
v ] ) 1 2P S s
T *3 4 AXE AH 2= & (KUSTAR)
HXH MM E
37| 3t oA > = LHCHS (UNIST, PosTech)
e 3
— me 20144 ol 5IHCHE
CH 5 =T =
(37H H—.) <53H CHst A WE, LIDoky
AS|C, =MLy, M| =L [ ] ’
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2. AKXz UIEH9 A&

=7} st (7]8h X2 kS,
WECY ST | 100 watt KUCA |* HEU (LEU H2HH Q)
U= — o A|MOIHZAA =4S
d7|tHEra | 1 watt UTR  |. 20164 3187 X|71E 28
. Al B 5p =
== CIAE 27 KWt MNSR HEU AL8 (LEU H&S)

a H ==
HE Y BE 25

22{| o] A]O} (MNA) 1 MWt TRIGA | SHA&0f| Ho| AFESIX| 252
H| E L} (DNRI) 500 KWt DRR | A0 72| AFESHX| &S
ol = Lf| A| O} (NAEA) 2 MWt TRIGA |t 4also) ol AE5X| &2

KNS 2016 4| Workshop "= 23 X2 7|

[}
rot
olot
=
ra
o2
ZoM
£ Jou
r=)
o
El



2. AKXz UIEH9 A&

T BREE £X| %S

= Detector Calibration : 3X}8| AH|A

= Sub-criticality Measurement : 2 MA(eQ| =2

M B

= Neutron Radiography : 18 MAtetQ] =&
s SR ML AL Y 20l I

L L. |
= NAA : FluxZ} 20} &8/Md0o| &2.

KNS 2016 4| Workshop "= 23 X2 7|

[}
ret
olot
=
ra
o2
ZoM
£ Jou
r=)
o

El



2. AKXz UIEH9 A&

Period Participants (School Teachers) # of Teachers

1 July 23-25, 2013 JeonNam, GwangJu, GyeongJu 11
2 | July 25-27, 2013 GwangJu, JeonNam, UlJin 13
3 Sep. 14-15, 2013 ] GyeongGi 28
4 Jan. 6-8, 2014 Seoul, Pusan,- Incheon 19
5 Jan. 9-11, 2014 Seoul, Pusan, Incheon 20
6 July 23-25, 2014 Seoul, Daejon, Pusan 16
7 July 28-30, 2014 Seoul, Daejon, Pusan, YoungDuk 18

Total 125

#7917 U WY $FOR ST A
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3. Hilz &8 WSS

Title of Experiments Activities

Understanding of

Reactor Physics Principles
Measurement Statistics,
Calculation of Reactivity
3 | Critical Mass Approach Experiment 1/M experiment
Period Measurement Method/

1 |Reactor Operation Practice

2 | Measurement of Reactor Period

4 | Control Rod Calibration Swap Method / Drop Test
Au Foil Activation / Cd Ratio /

5 | Thermal Flux Measurement MCA with HPGe Detector

6 |Reflector Effect / Temperature Feedback | Conditional Change of Reactivity

7 | Neutron Radiography Neutron Transmission Image

8 | Measurement of beta-value Calculation from rod drop test

9 |Radiation Detection & Shielding Use of neutron & gamma
detectors
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3. Hilz &8 WSS

A= wlilt 1-8-1/2

A2t 25 A= LH-E
Hi1 (=29
0| 9:00-10:00 |ZtHAl Gl MIE{ATY
BEAFM OFN 12 HIZ X S2 0l 1™ A7
10:00-12:00 %x{; ey iejg SEASE X H
12:00-13:30 | =4 o AR AE(RERD)
1| 13:30-17:00 |¥XIZ2 &M AlL gl QA = EFAM Zo| 2 7¢ol A
18:00-20:00 |=tF DHXE
Ho2& (5829
9:00-10:00 | Al&1° & HE 3 g g o ER
2 | 10:00-12:00 ||AI2ZF7| 5 U Bt T A4 Zo| 5l = Al
12:00-13:30 | T4 WA 2 AIEF (2 2))
3| 13:30-17:30 | & & 2=F (1/M Experiment) Zo| 94l =4 Ao
17:30-20:00 | Xk Al2F L H| TH
H3Y (282%Y)
9:00-10:00 |&& 2 & AlE 39| 2T 3 TH o o ER
5| 10:00-12:00 |MO=S7t &= AH 49|
12:00-13:30 | &4 nfEH A (REE)
5| 13:30-16:00 |[AOS7t=5E A T A
4| 16:00-18:00 | €& MHXIE =T (NAA) 49|
18:00-20:00 | AFSA|Zt
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AXZ & ulill 1-8-2/2
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&

=48 us &3-1/3
Education Period Participants Number of Trainee
1 Jan. 19-23, 2009 CSU UG students 8
2 Feb. 2-6, 2009 SNU UG & KHU Graduate students 6
3 Feb. 16-20, 2009 JNU UG students 13
4 | Apr. 27- May 1, 2009 HYU UG students 24
5 Jun 22-26, 2009 KAIST Graduate students 12
6 July 6-10, 2009 KAERI HANARO operators 11
7 Sep.-Nov., 2009 KHU UG & Graduate students 11
8 Jan. 27-Feb.2, 2010 JNU UG & KAIST Graduate student 11
9 Feb.3-9, 2010 CSU UG students 12
10 Feb.17-23, 2010 DGU UG students 8
11 Nov.1-5, 2010 HYU UG students 8
12 Sep.-Nov., 2010 KHU UG & Graduate students 6
13 | Jan.26-Feb.1, 2011 CSU & DKU UG student 9
14 Feb.9-15, 2011 DGU UG students 12
15 Feb.16-22, 2011 JNU UG students 9
16 July 11-12, 2011 KUSTAR Graduate students 7
17 Jan. 11-17, 2012 CSU UG students 8
18 Jan. 26-31, 2012 KAIST UG students 8
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All=a8 s €X-2/3

Education Period

Participants

Number of Trainee

19 Feb. 1-7, 2012 UNIST UG students 16
20 Feb. 8-14, 2012 JNU & UNIST UG students 15
21 July 3-5, 2012 KUSTAR Graduate students 4
22 Aug. 13-17, 2012 UNIST UG students 11
23 Aug. 20-24, 2012 UNIST UG students 11
24 Sep.-Dec. 2012 KHU UG Students 5
25 Dec. 3-7, 2012 Malaysian Nuclear Agency 6
26 Jan. 16-22, 2013 KAIST UG students 8
27 Jan. 23-29, 2013 JNU UG students 11
28 | Jan. 30-Feb.5, 2013 CSU UG Students 12
29 Mar.-Jun., 2013 KHU UG Students 23
30 Jun.24-26, 2013 KUSTAR Graduate students 5
31 | July 31-Aug.6, 2013 UNIST UG students 7
32 Aug. 7-13, 2013 UNIST UG students 13
33 Jan.22-28, 2014 JNU UG students 11
34 Feb.5-11, 2014 CSU UG Students 8
35 Mar.-Jun., 2014 KHU UG Students 18
total 367
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3. HAlz&l8

mEsfu b

AX=ag us &X-3/3

Education Period

Participants

Number of Trainee

36 July 3-6, 2014 Kinki & Nagoya University 10
37 | Aug. 18-22, 2014 UNIST UG students 8
38| Sep.11-14, 2014 Kinki & Kyushu University 10
39 | Jan. 12-16, 2015 Jordan Atomic Energy Commission 18
40 | Jan. 19-22, 2015 Postech Graduate Students 9
41 |Jan.28 — Feb.3, 2015 JNU UG students 10
42 Feb.4-10, 2015 CSU UG students 8
43 Mar.-Jun., 2015 KHU UG Students 16
44 July 7-10, 2015 Nagoya, Kinki & Kyoto University 11
45 | July 15-21, 2015 DGU UG students 9
46 | August 18-21, 2015 Kinki, Kyushu & Kyoto University 10
47 | August 24-28, 2015 UNIST UG students 8
48 Jan. 6-12, 2016 CSU UG students 8
49 | Jan. 13-19, 2016 JNU UG students 9
50 | July 19-22, 2016 Kindai, Kyoto, Kyushu, Nagoya 12
51| Aug. 16-19, 2016 Kyoto, Kyushu, Kindai, Fukui 12
52 | Aug. 22-26. 2016 UNIST 12
total 547
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3. Hilz &8 WSS

L 18 EHIIXt (2016'F 8HIX|)
CH 8 2t 31 22N 2
KHU students 6 79
Chosun University 8 73
Jeju Nat'l University 8 89
UNIST 8 86
KAIST 3 28
DongGuk University 3 29
Hanyang University 2 32
Seoul Nat'l University 1 6
Postech 1 9
KAERI 1 11
40 442
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3. Hilz &8 WSS

=9l W EIIX} (2016 8 MX|)
Proaram # of # of
g Courses| Trainee
Japanese Universities Kinki University 6 65
KUSTAR Graduate students KAIST-KUSTAR 3 16
Jordan Atomic Energy Commission KAERI OJT 1 18
Malaysian Nuclear Agency KAERI OJT 1 6
11 105
St E4 (20163 8 NIX])
20t 3i% S2AM 5
A3| st 6 (11.5%) 79 (14.4%)
EFCH S 22X} 35 (67.3%) 363 (66.4%)
=2l WEX} 11 (21.2%) 105 (19.2%)
52 547
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4. MIEJO] 2B 2] - 1

Internet Reactor Experiment
Virtual Laboratory

Distance Learning PUCETAR Rt
Internet-Assisted Education Setes
Web-Casting Experiment
Interactive Distance Experiment

Reactor Parameters

(Guest Institution)

- 3 NE Department
Audio/ Video data JUST/Jordan
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4. Ao SH =Ml - 1

IRL &=H]J

IAEA &8 AtY — Internet Reactor Laboratory
- 2015918162 IAEA Director)t &&E5604 HIOHE.
- SIEAXNSEAZRNA = ZHOIAIO AAEAARCZE HE ZHoHLD
2 =& SOICHH BeUo 20 2AE =0 & (20158113 25¢))
- 20153 122 ANENT 3|2/ (IAEA)NI Al H3IHE Z& WHEEIZ &.
- 38 72-102 Z5f FAZ2HH S &S
Internet Reactor Laboratory (IRL) #X| Jtsd &4
(20 HE; THA Q20
- 38212 (&)~3&24(=) : ANENT 2CIUIOIEf DI - IRL-Asia centerE & &
- X2 IAEANIM HIBAECZ A& XE 2AE EUH 3
- B3 Uisty E5E Hol oS AIF IAEA ZAH XA E=E/AS.
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Alddal= ObA|o] S HA2 EHH™HO| YUS. (s 828 335)
Before 2000 In 2015 & MEora
6 universities 16 universities
v CA®
(i) srgyuistl '

Y ci==ystm
DANKOOK UNIVERSITY

S MSCistn

X  Seoul National University

g Ky u

'UNG HEE UNIVERSITY

dongguk \I£
UNIVERSITY ®%

om [y 8 R T

(=1] CHOSUN UNIVERSITY



http://www.unist.ac.kr/index.jsp
http://www.unist.ac.kr/index.jsp
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4. AEH9 S8 =Ml -3

o
A
HE| = aas TIPS
= 7
Kyoto University M = 34 X1 9] ¢
Reactor Research Institute (KUCA) 100 Wt 4;7OC|) ,:? Ch 7of XTI—?—I.I_ 350054
Http://www.rri.kyoto-u.ac.jp/en et eEe =T 9Vo
Kinki University
: . SHA K| Q|-

Atomic Energy Research Institute 1 Wt 153 %jﬁ o o'—J 65
http://www.kindai.ac,jp/rd/research-center/aeri/staff/ind 7|§7£| EI: 1 Eclb:l
ex.html
43|tfstn
Reactor Research & Education Center 10 Wt 2 7|=2J:. 059
http://rrec.khu.ac.kr
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HRD through Remote Learning
under ANENT

ANENT

W

&

TRUGNG BAI HOC DA LAT

Univoersily of Dalel

Chulalongkorn University _
amaansmum)ﬁmaa

Universim
K esanGsAAN

M\l AYSIA

- ¥ Navtonal University of Malaysia
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KNS Workshop
October 26, 2016, Kyeongju
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Feasibility Study Report

(2011.02)

Project Launching . i

(2012.04) i

Contract with A/E .

(2013.04) :

Apply Construction Permit P i

(2014.11) i

Construction start

(2017.1) L 2

Reactor Critical 0

(2019.03) 60% progress as of Qct. 2016 L 2
Reactor Full Power i o
(2019.11) i

Fission Moly Production .

(2019.11)

XATEEE2 Ao ot ASE[0] ZFE = UAS



Project Budget

# License & Site Investigation

# Plant Construction

>> Government # Fuel Design & Supply
[CashInvest # RIPF & R&D Facility

# LEU Target/FM Facility

# Neutron Irradiation Facility

Budget & RWTF
Allotment

# Site (130,000 m?)

# |Infra-Structure

» Entrance Road (two-lane)
» Elec.Supply(154kV, 20MVA-2)
» Water Supply(1,200t/day)




KJRR Specification

Power 15 MW

Type Open Tank in Pool type

Max. thermal neutron flux > 3.0x10% (Central Trap)

(n/cm?s)
Operation day ~300/year
Design Life Time 50 year
LEU Fuel U-7Mo plate type (U loading : 6.5, 8.0 g/cc)
LEU FM Target UAIx plate type (2.6 g/cc)
Reflector Be and Gr
Coolant and H,0,
flow direction in operation downward forced convection flow
Reactor building Confinement
Decay heat removal Safety Residual Heat Removal System

Robust Design, Aircraft Crash, 0.3g SSE, Digital 1&C, Cyber Security, etc.



Site Plot Plan

(D Reactor Building
@ Utility Building
® FM Building

@ RIPF Building
® RWTF Building
® Electric Building
@ DG Building

..(® Cooling Tower
@ Demi-water System
Pump House

@ Natural Evaporation Building




2. KIRR & AHISd

0 Open Pool Type Research Reactor
- Downward Flow

Spent Fuel Pool Service Pool Reactor Pool



Reactor Structure

Reactor Structure

U-Mo Fuel

Bottom Mounted
CRDM

Eleciromagnet Assembly CRDM Drive Assembly




Core Design

Neutron Transmutation Doping

Fast Neutron Irradiation

Fission Moly Ir Rig 17—
O L ) O L) Q 2nd Shutdown System
M— -

=

@
&

O|O]O O[O0

©
s O
QIOIALO|O|QIMIO

15t Shutdown System Fission Moly

Neutron Detector
Be Reflector Block



A1 2K E (Research Reactor) High Flux, High Performance Reactor
More Neutron Flux « Compact Core - ATR, HFIR, MIT, MURR, NBSR
5= 22t= AIE (93%) - ILL, JHR, BR-2, FRM-II, MIR

1 U,Si, - Al Dispersed Fuel 2
LEU Mzt 715

SH H|ZtAt: HEU @12 - LEU ¢ 2

(93% U2%)  (20% U%?) U-Mo EAF @2 (8 ~ 9 g Ulcc)
1.6 g Ulcc U-Mo Monolithic & & (~16 g U/cc)

RERTR
Program
U,Si, - Al Dispersed Fuel KJRR : The 1st U-Mo Fuel RR

(4.8 g U/cc) - U7%Mo-Al5%Si dispersed : 8 g U/cc
- Expt—l U- MOI=| |:||-x-||7<7|E



U-Mo Fuel Qualification

Mini/Full length
HANARO Plates Tests with 16 mini-plates

Irradiation & PIE (will finish in June 2018)

Full scale EA Tests with full scale FA ﬁput to
irradiation & PIE (will finish in Jan 2017) iiiii
Irradiated data Irradiation & ﬂ
PIE at HANARO est
Manufacturing %
Properties
Out-Pile " . . K

Finished in June 2017 KJRR SAR
Test

Existing
Data

Plate wise




Fission Mo A4l

0 Tc-99m : radioisotope for diagnosis 0 Production of Mo-99

Mo-99/Tc-99m generators

99MO

B decay (ti, = 65.9h)

v transition (t,;, = 6.01h)

R [
P decay (ti, = 211,000y)

i+@~w‘w —>3+°

Nuclear Fission : 65,000 Ci/g
99M0

235 o v

Neutron Activation : 3 ~ 42 Ci/g
%Mo “Mo

S B

Particle Accelerator : 3 ~ 42 Cilg

100Mo 100Mo 9Mo ’

X-ray



Fission Mo &4t AT

Type Reactor Location Target/Fuel | Year

NRU Canada HEU/LEU | 1957

BR2 Belgium HEU/HEU | 1961

Large-scale producers | SAFARI-1 South Africa LEU/LEU 1965
HFR the Netherlands | HEU/LEU | 1961

Osiris reactor France LEU/HEU 1966

OPAL Australia LEU/LEU | 2006

MPR RSG-GAS"! | Indonesia LEU/LEU | 1987

Regional producers | RA-3! Argentina LEU/LEU | 1961
MARIA Poland HEU/HEU | 1974

| VR-15144 Czech Republic | HEU/HEU | 1957




Fission Mo Production Process Scheme

Fission Mo
Targets (UAL)

Dissolving process

Dissolution of Target
in Alkaline Solution

Spent Uranium

Uranium Precipitates

Vacuum Tank

lodine removal

lodine Adsorption
Column

Chemical Treat.

Al removal

Conditioning

Optimization for the
Separation of ®*Mo

lodine Removal
Xenon Treatment

Other Wastes

Aluminum residue
lodine Column

99Mo separation

Separation column

ILW Generation

Intermediate Level
Liquid Wastes

Further purification

Purification columns

FM final product

QC/
Packaging &
Transport
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Bottom Mounted CRDM

0 Easy-access to Rx. Top Area ‘
0 Qualification Tests !

- Performance & Endurance Test 1M ‘ CAR/SSR Assembly
- Seismic Test

Extension Shaft

CRDM/SSDM
Connector Assembly

~ CRDM Drive

; “';V

CRDM Drive Assembly



ESF (Engineered Safety Features)

0 KIJRR ESF
- Safety Residual Heat Removal System (X2 HX| & 30& &7H)
Syphon Breaker, Isolation Damper

0 KJRR Safety Characteristics

KJRR (A48 HAIZ)

L—

APR1400 (EX¥ & £ XI2)

15 MWth (59| 9IA A§ AL

4,500MWth (M 7| d4Ah

Open Tank in Pool Type

ML, M2 (38°C, 1 bar)

7ol He
SCHALTD Y

| X[ (A+EAF HO[ 1)

NEZ ALK GO 2K
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MEDITERRANEAN
SEA Golan SYR'A

Heights
SEA OF GALILEE
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* Bair
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¢ Ma'an
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EGYPT

eAgaba ‘

IGULF OF AQABA o Al Mtdawwarah

RED SEA

IRAQ

SAUDI
ARABIA

© wordtravels.com

=7} : The Hashemite Kingdom of Jordan
M X : 89,213 I (SHtE HetECt =2 XH2)

7l 28 X|BoHd 7%
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o XS gy SEX ZAHKS) MUIA JIE
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=
[(AXIZ, XIZ HE X FHUS, SHHA YUY, WSS UH)

Mot

» 2WVA S N|=H
QEC A= AP] (Jordan Atomic Energy Commission: JAEC)
SIATIHAPA-(FIHRHA HAANY

2010. 3. 1. ~ 2016. 12. 15.
= 2 70JH8, 6JHE 2l Grace Period)
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EMRC
KINS (Nuclear & Radiation
Regulatory Sector)
Licensing Licensing
Support
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Consortiu

m

MSIP (KINAC),
MOTIE (KOSTI)

Export Control,

KAERI

Daewoo E&C

Reactor Systems Design,

Training

Subcontractors

Export Support

EPC
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- 1740 =X} (Thermal Column)
- 227} o|Ato| = AFE (Irradiation Hole)

- 47}|2| ¥l E (Beam Port)
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- YIE2E EoE rfigte] AXZATA(RID)AM 2S¢
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* RID: Reactor Institute Delft ** HOR: Hoger Onderwijs Reactor

® AMHAE
- 1EtA|(Phasel): 7| 2 A |

- 2%HA|(Phase2): AHM| |, oM,
AMS/2%], A2H

X g 1EHAALY S 2L2 of 1,
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014.04.1
IO HIE
AMAFF S
2014.06.06 (o M3 AITH ALK M) : 3o —
Contract Signing Ceremony (3 Nov. 2014)

\

2014.10.24

2014.11.03
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(KAERI-SIL{ A XL O] 2 -SI T HAD)
OYSTER ALRIZI OHA A 2d4]




OYSTER Alg

2016.05 Phase2 A}z HX
2016.10 Phase2 A|2F gl -.*—1“— of

% 172

2019

: 2019.01 Commissioning
¢ 2019.04 Hand Back

2018.07 CNS Utility SAT&
2018.10 IPA Installation

2017.01 Building Permit
2017.02 IPA Detail Design and Fabrication

2014.08—2015.10 Phasel: Basic Engineering(7|244|) 2=
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Q Al 7R

+ 1962WEE 7150l LS & 7|= A2 (HFR, 45 MW)E 1 N|517| LI8H
S M YE T (2F 30MW)

X 07.98 1A} & AJZIE[0f OF 2 SIE[LF INVAPHS LS AN AAE 1E(09.68)8lHOLf
DG O/2 22 A SFEHE MACI0EH1E)3H & 14E R E HFL

sy U A
o BHE HAAS* AP X7 AlAF E3}: “15.10
X BIXPE(H)-SHOYHNXILIOf B -FH Y71 & -Lff 2 71 &
<+ 9| &0 2% A(Invitation To Dialogue, ITD) &= : '16.02
<+ AFEX 2 LAY (User Requirement Specification : URS) 4= :'16.03

<+ YUFEXt Z119| URS 1k} 7|= §|2| : '16.4.

+ YUFEX 50| 2 2CH JRTR S% AlAf: '16.5
<+ BIEXL =9| SHEQS AlALCH of=L HIR : ‘16.6
<+ FEX} =312| URS 2k} 7|=3]2| : '16.9.27.
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- UXE U WYAIY
- QEHOHM ZHIZ(17.2)

- 20-30 MWZ CIE2 X2
- #%t2 3 SOiAd
(15.2. SFEZE = 28)

- 10-30 MWZE CIEX 2
- '16.4(A%) 7| H/AE

- 20 MW CHE X7 =
L ERIER T

HALZ(EE 7|E 7Ix)
X2 UE 17|

o by
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- MEv1E R 7IEEEFUS
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(2) TSEAS WA AFZ Review
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HEY (G54 AT=2 B4 97, 20 MW, 2004%)

e U2 &= PALLAS (A &ZA}, RI A4 30~80 MW, 2009)
e S ET JRTR (HEAH A=, 5 MW, 2009)

o Fol& DIPR (RI A4 12 MW, 2011)

o 71 ATE (RI AAF NTD, 15 MW, 2012)

x 7id AA AA dE 7)E

o AAolne 7= Bxr A2y AT 2 A4 Fa 24

o 51114101)152 T8 2 A 75 (LR 30 MW, AGN-201K
10 W

T Eﬁ &P AT HEF 5 U 847E AT 5
@) }__]
i



AE Al BE(A, Borio, 2015 ICRR)

Phase 1 (Consideration) Phase 2 (Preparatory Work) Phase 3 (Implementation)
Total: 17 Total: 6 Total: 8
Azerbaijan Belarus Argentina
Bangladesh Belgium Brazil
Ethiopia Bolivia France
Ghana The Netherlands Jordan
Kuwait USA India
Lebanon Vietnam Republic of Korea
Malaysia Russian Federation
Mongolia Saudi Arabia (Low Power RR)
Myanmar
Tajikistan
Nigeria
Saudi Arabia (Multipurpose RR)
South Africa
Sudan
Thailand
Tunisia
Republic of Tanzania

2016 =4 X532 st=ri2
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@ T8 3uA AR A=Y AT=

mm“

TRIGA 19(8) 7(1) 37(12) 63(21)

AGN 16(16) 1(0) 7(7) 24(23)
ARGONAUT  19(5) 5(0) 5(3) 29(8)
S o 7(2) 0(0) 12(1) 19(3)

@ AGN, ARGONAUT : AH3l L} A A HA| U =& =7
o ] &
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° BF o2
SSC(Structure, System & Component)9} & 2l& 9] 3}
7|AEe] A

ot Fgol e A A9
A A TR GAE 5L AL
AR gAY Fdol glo] AEdClH T8 F7)

@ ANS Position Statement, Research and Training
Reactors (Revised June 2011)

AFE LAY TIPS AL 34 93 A&H9l
A% AU By Pz
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(Hybrid Low-Power RR)




el 2+ AIS

I —
@ Utilization (Hybrid Concept)
e To provide irradiation holes for NAA
e To provide neutron imaging capability(Optional)
e To accommodate Rx experiments in normal steady operation
e To accommodate Rx experiments in sub-critical mode

@ Safety Characteristics

e Large negative power coefficient
e Cooling by natural circulation of pool water

@ Economy
e No fuel exchange in 20 years

2016 4| YX=st3| Sy
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e Power : 70 kW
e Negative power coefficient (Power defect : -1.54 mk from CZP to HFP)

e Dimension :32.4x32.4x32cm

@ Fuel : UO, in Zr clad
e Maximization of temperature increase by power increase
e Enrichment: 5%
e Well proved

@ Compensation of the reactivity decrease due to fuel burn-up
by the addition of graphite reflector

@ Two shutdown rod and one control rod
o B,C Powder in inconel tube
e Shutdown margin : 12 mk

@

Split Core Mode
e To provide an experimental region at the center of core (32.4 x 10.8 cm)
e To accommodate experiments at subcritical condition

2016 4| YX=st3| Sy
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(32.4 x 10.8 cm)

2016 A AXI=He2| =iz




Fuel

Graphite
reflector

1 CAR, 2 SOR

Reactor structure

Coolant,
Pool water




0L AIS] 117 0“*-'_' ==A‘III. AHESA

<X =) E O L. — Y — =

@ Infinite array of fuel with @ Finite array of fuels in the experimental
H,O coolant zone
e Fuel : H-LPRR fuel e Fuel pitch : 3.4 cm
e Fuel pitch : 3.4cm e 9 x 3 fuel batch in the experimental zone
o K, : approximately 1 o K-eff : ~

Normailized flux/unit lathargy
Fuel
2.00E-01
1.80E-01

K. of infinite array = 1

\ K-eff of H-LPRR = 1

0.00E+00
T T T T T T T T T T T T T T R T T R T T T T T T A T T T T T T A R r

R O B = T B s B B B B T T N B R S Byt P B R




Reactivity Insertion Accident Analysis of H-LPRR

e Reactivity insertion : 5 mk(Maximum excess reactivity)

e Result
- Maximum thermal power : 1.19 MW
- Maximum fuel temp. : 580 C
- Maximum coolant temp. : 75 C

e The inherent safety characteristics was demonstrated.

power [W]

140E+06

1.20E+06

1.00E+06

8.00E+05

6.00E+05

4 00E4+05

2.00E+05

0.00E+00

Power
... (204sec, 1.19MW)
\ (10000sec, 11.4kW)
""--..____-___ ‘\
0 1000 2000 3000 AQ00 5000 6000 7000 8000 8000 10000

time [sec]
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@ Neutron Activation Analysis
2 Irradiation holes(Dia=30 mm) at the out-of-core position
Thermal neutron flux : 10 n/cm?-s
Cd ratio = 10~20

Manual or automatic rabbit transfer
Sample room

@ Neutron Radiography

e Adoption of super mirror and slant beam tube
e Thermal neutron flux at sample table: 1x10° n/cm?-s
- 2 m mirror, 3 m collimator, Bi-filter, 8 cm of beam diameter

2016 7| Xt S0l
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@ Conventional Reactor Experiments
Reactor period measurement

Critical mass measurement

Control rod worth measurement

Neutron flux measurement

Temperature coefficient measurement
Measurement of the reactivity effect of reflector

@ Experiments in Split Core Mode

Measurement of prompt neutron decay constant and reactivity using
Cf-252 (KAIST, 4&3|, MCNPE 0O[&%t &3 27)

Measurement of prompt neutron decay constant and reactivity using
Cf-252 in pulse mode (KAIST, Z£ 35|, MCNPEZ O|2ct A2 2 4|)
Neutron spectrum measurement for an array designed for education
Measurement of the reactivity effect of inserted materials

Measurement of the neutron detector characteristics

2016 ZA| QX et3| SECH3
24
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MY U-Mo/Al 9T HIZ XA HS O
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=
0]

- 246" U-Mo/Al SHHA 29| Swelling @& JHE
0]

= o - O .
- s blis == Y.S.K t al., J. Nucl. Mat 465, 2015
= = T LOLJAIM et al. . NUucCl. Maters.
9 9 ’
50 70
——e——  Measured
s 40 — —— - Calculated 60 o
<
£ € 50
>
S 20 £ 9
a 2 40 5
- B 1
g [ 3 o °
5 20 TR T % v O RERTR4
s A - B g A ® A& RERTRS
= 3 20 O RERTR6
5 Z © RERTR7
= 10 O KOMO-3
10 v KOMO-4
Monolithic
U-7Mo [p]
0 ™ T T - T T T T 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8
Distance from fuel edge (mm) Fission density (107" ficm” fuel)
(a) V6022M (a) U-TMo/AL p denotes prediction by Egs. (4) and (5).
50 70
——e——  Measured o RERTR-4
3 (I |ococ Calculated 60 4  RERTR-5
3 O RERTR-6
= = ©  RERTR-7
= £ 50 5
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= & U-10Mo [2] o
3 < 40 o
& 2 e =
£ g
2 5 20 o
z 2
=
10
0 T T T T
012345678 910111213141516171819 0 4 2 3 4 5 6 7 8
(b) R3R108 at 98 EFPD Distance from fuel edge (mm) Fission density (10%' flom? fuel)

(b) R3R108 (b) U-10Mo/Al p denotes prediction by Egs. (6) and (7). ‘ 6
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- a2 dAZO Y =gS Aot g ) N8 5 ¢ &
g2 MNEE J=EINZE g2t
30 .
T Unit: N |:Min I:nominal
25 A ——= Kmin
- —— Reauied Froldaoun Hold-down 98 14.1
52 ) force
% o - //f;/ * Since minimum holddown force < required
S 1] = holddown force
. ~ T 1. Reduce plenum length
//;/ 2. Increase spring free length
0o.o oi1 oiz 0:3 0.4 L. .
Deflection (cr) * For K., minimum deflection >=0.254cm
Bt =0l IE XX Hw
Minimum Nominal Maximum
Spring outer diameter [cm] 0.703 0.765 0.827
Spring wire diameter 0.0987 | 0.1000 0.1001
[cm]
Spring free length : L 275 279 3.31a
[cm]
Spring rate constant 10.8 14 1 54 4b
[N/cm]

2Calculated by using maximum L/D rato = 4, to avoid spring buckling
bCalculated by using F,,.,=Kax(Lmax-Ymin)
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=18 M=
UNATE O

N

Maxwell-Kelvin Model of Graphite (lyoku)

A 8total

ABAQUS GUI or

Input file

Step 2
ABAQUS UMAT

ABAQUS supply information at time t,
Time increment At,

¢ Total strain increment Agl@! (t),

* Total strain gl (),

* Stress o (t,)

=xeldt

Coordinate information at integration point
Flux calculation at I.P based on coordinate

¥
Fluence calculation at I.P. based on flux and time

. . v oo
Material properties calculation at I.P. based on
fluence and temperature

Calculate trial stress o at IP based on Hooke’s law

Calculate strain compon::nts: Agth Agde Agbe, Agse
Calculate elastic strain:
(Ag® = Agiol_Agh_Agde_AgPc_Agse)
Update material jacobian matrix and stress
(0Ac/dAe”

Step 3

n=n+1, go to

step 1 Convergence

Reduce At and

interation

ABAQUS Solver

ABAQUS update next strain
v
ABAQUS generate new Ag®@ (t,.;)
v
ABAQUS equilibrium iterations at time t,.;

—

mee

e

%oa00] 37|

A&t + Ae™ 1+ AgdC - AgPC 1+ A&

INE UNATCSTS ATEY, 00SODE, SSE, SPD, 5CO,
ERPL pusoay, ORPLOE, DRPLOT , STRAN, DSTRAN

2 Solution ‘Solution2' (0 projects

ENP DTENP, PREDEF, DFRED. CHIANE, NDI, NSHR, NTENS,
NSTATV PROPS NPROPS, COORDS. DROT PNEDT CELENT
OFGRO0,0FARDT, NOEL, NPT, KSLAY, KSPT, KSTEP, KINC)'

INCLUDE *ABA_PARAN . INC
CHARACTER+ED CHNAME

nlnensmu STRES: msm STATEV(NSTATY),
SDOT(NTENS ), DRPLOE( NTENS
vn HTENS ) NHE(ZJ FREGEF 1) 076e0( 1)
PROPS(NPROPS ), CGDRDSZ‘H DROT(
OFGRO0(3,3), OFBRDI(3.3

Desp.0C(NTENS)

0.pc(NTENS, NTENS), D.sc(NTENS, NTENS),

(NTENS), OLD_STRNTENS), X(6,6),
[TENPOCNTENS ), TENPI{NTENS)

) Solution Explorer

INTEGER of 1, ef2
|, D_MATEL1, D_WATEL2, D_NATELS, IDDSODE

esp_sc

R, OLO_STR, TRIAL_SHISES
vsc, Esc

21

REAL~B o1, 02
REAL+8 Max_NFX, NF,NFNC,ONFNC
REAL+8 EE0, VED, GED, Alpha0, ECO, vCO, GCO

PARANETER(ZERO0=0.000, HALF-0.500. ONE-1.000. T90-2.000
] s T=25.000

DATA Mg tFX/! 1-880E-0/ 110°-20 n/caz
DATA PP, / [

DATA 1, / 43.0/ |
DATA Dot 0520 mns‘ Vatsee 1

TNl = RT: TOSTENP: Ti= TENPeDTEMP/HALF; T2=TEMPeDTEMP:

% = COORDS(1)
o = COORDS(2)
2p = COORDS(3)

NFX = Ava_NFXsPPFecos(0.98654¢3. 14158¢(2pe1.50)/21)
INeutron Flux 10°-20 n/cn2/s

Show cutout from - =13
Ut| 3 Output

tn1 Col 1 chi NS
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S
S
40
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; = M5 = o|5t THE A& DA
_— — o o or —
Mean Field Rate TheoryE & &E¢et = olst Mg Z&=2 &2
37 N O:|;|_ j-lEE I—IEJ:I—IOE j:”/\ St A Ol SHAI Odl jHl:lI-
O|'J_, A E32 S>S= oS = Ateh £~ QA= A 2E =
1. Pure Al (Void, Loop, Precipitate) | Radiation induced phenomena | [ Researchtool |
1 ¥
Point defect MD /”\
| Interstitial | | Vacancy | " Simulation N
L IC Wprecipitate Y
Defectflux to sink 4
| Concentration H Diffusivity | KMC
Simulation
L & =
de MFDRT
— = — K. —_ T o
dt - KO Kl'IJClCU KUSCUCS ﬁ
Gl =1 g, ’
1 N " N
_dt =K, — Ky CiC,y — KL'SCI'C;T Mechanical & Dimensional FEM |
Hardening | | Swelling "l simulation =
T _
Where C5 = pioop + Pvoia + Ppre v
(Defect flux at x) — (Defect flux at x + Ax) + (Rate of defect generation) = (Defect flux atx) — (Defect flux at x + Ax) + (Rate of defect generation) =
(Rate of change of the defect of the element) (Rate of change of the defect of the element)
- + K= ac Volume element Jr =1, + K ac
r— Jrear = At Defect flux r ~Jrsar = ar
Jr—Jriar . K AC Ir Jr.y+i7 AC
o Volume element Abr ' Abr  btAdr Adr U Adr” Btddr
1)y —Jrsar ; AC 1)y —Jrear  ; _AC
i T Ta a ar KT
Tl Jrear | 4 _ . AC = 1im 25
B ar o PRl iy He i
Jr—Jraar 8] @ OC _A_ 9 pa%
AI:E‘u Ar ~ar__ar (04 t)r)l ﬂr( ﬁr)
| 18 _ac_ . 0C Cartesian Cartesian
L aar (DA a) +k= ax coordinate system coordinate system
10 _ac. . ac Cylindrical 19 529 _9C Spherical
o Pra) t k=51 coordinate system Boundary condition i O gt at coordinate system

13 15, XA €3t 228 dA €8 & TAS | 16
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Z av. |V ¥ Experimental result of void [14]
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i |A A Experimental result of loop [14]
o ;
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¥ ¥ Experimental result of 6061AI [3]
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Reactor Structure

v QECHTE A5 L 0y 2I19 G172 20 "
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Structure
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Structure
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Bubbly flow
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Occurrence of counter-current flow
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o et . = ° e o 6"0 R . O ‘
: m‘ o: e : ? b . o . ° o “o. K d - | °° o °'. I. -. :
e . B 0 , . a-l - o ] 5 . . . . Oo : R
E - ° . © RSP : 4 o o g A L o ° : 03_. . . Qd
jL=0.4m/s, G =0.07m/s jL=0.4m/s,jG=0.1m/s jL=0.4m/s, |G =0.18 m/s

v Low liquid flow rate Al,
= Low gas flow 0l M= downward co-current flow
» Gas S & ZJIAl Drag force 2t Buoyance force 282 0|23 J|EII HE

= Gas §& =I}6tH counter-current flow &4
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Slug flow

0.6

Mean
0.42156

Void Fraction

Void Fraction

0.4+
|

Time (Sec) Time (Sec)
v Cap-bubbly flowOIAd= JIZItHIRAE JH 2XE FEH =S <&t 84
<: v Slug flow 0l Al water bridgeJt Bl & HAHEI0 I EZE B3I A&
v Slug flowOl A CHE D12 3D[J e =2l HEt M0/ wake 24

MO FLUID LABORATORY ;@"E PUSAN
S 12/26 " NATIONAL UNIVERSITY




3.3HJIE A Md &-3)12d 03 =S

Churn-turbulent flow Annular flow

1.0 1.0

] J = 1.7mfs J =04m/s
os Jy=7.0Mis 08 Jo = 5.0 m/s
| ﬂﬂi‘wﬂw [0y, Al
- c 0.70264
2 0.5- |' ‘ ‘ [ \' li | 5 oo W LJ
E | \ il || H' \‘ b g
= ] | |J|I ﬂ‘ | “|\| H‘ 0.50207 T |
4 0,4— | | J H f\ S 04
« y ' ~| \
0.2} 027
0'0 N T T T T T T T T
00 : 0.0 02 0.4 0.6 08 1.0
00 02 04 06 08 10 Time (Sec)

Time (Sec)

v Churn-turbulentliiAd= 2 482 |XI0 2t £ < fluctuation O] 2 &
<: v Annular flow 0l A & water bridge & XHi

/%, PUSAN
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3.3HJIE A Md &-3)12d 03 =S

Falling film flow Intermediate

10

J =03mis
J; = 0.06 m/s

Void Fraction

0.4

0.2+

00 . . . ‘ . Y ; .
0.0 0.2 0.4 06 0.8 1.0
Time (Sec)

v Falling film flow: water film on narrow side walls with gas core
<: v Intermediate: irregular streak on channel wall

Z PUSAN
14/26 =) NATIONAL UNIVERSITY




o &/oteF =

v In general, transition occurs at higher superficial gas velocity

3.3HJIE A Md &-3)12d 03 =S

S H0l A Hlw

v' However, transition to annular flow occurs at lower superficial gas velocity

Bubbly to Large-bubbly

Large-bubbly to
0.2 { Falling Film ~_.*"

-
-

Superficial Liquid Velocity (m/s)

01 T T T T & 1

1 - Upward Flow

Bubbly to
Cap-Bubbl

2 4 —— Downward Flow

Bubbly to Slug

¥ ;

Churn to
Annular

-
=2
o

-.. BEFRIGERATION SYSTEM & THERMO- FLLID LABORATORY

(D 0.08

Sup

e o e N, ks S ——,

b
- 4
= =

1
—

rficial Gas Velocity (m/s)
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3.4 HIS A IE €8 XX HIS 232

o HS EME AEEX € & =

v IIg=®
= JIAIBH AIBIS Qo £YEHITO 2E K2 GIE AR |k o J
= R MRA(75V/8000A)E 01258t =& Joule It LAl |8

» JIEEHA 640 x 62mm

- ITO Coati ng E I‘I @(49/”\2) Glass protection layer
. E0) 2= 400kW/m? IO fim(4@/) ( ]

Borosilicagate glass =

Silver bus bar

o)
(&
A
A
FE
09
J%
2
Hu
gl
I
HU
o
0H1
>
30

= 3](66.6x2.35x640mn

N &2 FEotd WEd) MIZESH0| A PC 2 MA

ng REFRIGERATION SYSTEM & THERMO- FLUID LABORATORY 16/26
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3.4 HIS AIZ MY A1 S HIS o JH

o
v &8
v HISSS JINSIE |l EHEHITO D8 KClE SIHZ AIE
v A A SR 2= PIDHIOE E6H LGN =&
v E8IIAl =& Asts Y HIS EME A S =
Exp. Name 7 [kg/s] Pout [kPa] Tin [C] q"[kW/m?] E — > Downward flow
— Upward flow
Test 01 0.0758 170.05 89.02 88.04 =
Test 02 0.0749 170.03 95.29 67.97 3
&
Test 03 0.0745 170.17 95.90 70.30 T
Test 04 0.0749 169.92 99.06 51.58
Te§t
Test 05 0.0747 169.76 98.59 55.52 Section
Test 06 0.1058 170.22 90.02 123.46 '
Test 07 0.1057 170.04 94.39 100.55
Test 08 0.1057 170.15 99.33 83.85 Pump

> PUSAN
NATIONAL UNIVERSITY
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8 FXl
g % J|Z3)|
0

» X=EJH0I2HY 35 0| SEXE 0|2
23 L AKX IIE(LabView)

Distance from the inlet L/Dn
ELO1 0.643 141.6
ELOZ 0.596 131.3
ELO3 0.532 117.2
ELO4 0.468 103.1
ELOS 0.404 839.0
ELOG 0.276 60.8
ELOS 0.212 46.7

v ol eg

62

[—79—»

1 Thermal couple

BEFRIGERATION SYSTEM & THERMO- FLLID LABORATORY

— - —_——

Distance from theinlet L/Dn
TCO1 0.658 144.9
TCO2 0.628 138.3
TCO3 0.564 124.2
TCO4 0.5 110.1
TCOS 0.436 96.0
TCOG 0.372 81.5
TCO7 0.308 67.8
TCO8 0.244 53.7
TCO9 0.18 39.6
TC10 0.116 23.6
TC1l1 0.052 115
TCl2 0.022 4.8
18/26
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Test 07 (ELO2)

B O6H S
d Onoa o

o ME A

= =) i
v =010 & B2 JIZ 2 (Bubly flow) o S 1.
L L e g °.' 0 o ‘o 8 000"
— L]
» Test 04, 05= LIE AlEES AIE0I( q e % A 0" © (N
e v @ o o n%o (4] ]
(=) A
FAet AEXAHUA SES = B 2 c'0 © pe.
e JIEZE XO0IJIE A2Z LIEIHL, R2l EH MEj0 E&S 2= A2 THEE
o AFEAIZE EIH0l @et ITO coating erosion &
0.30 T T T T T 0.15 T T T T T T T 0.15 T T T T T 0.15 T T T T T
025 ) 012 - e 012+ g 0.12 - E
S 0201 " 18 S S
2 £ 0.09 4 g oot { goost g
Sous| | & g g
B 0.6} 4 Boos} 1 ZBoos} [
S ouf - s Nk S
0.05L " | o003t 4 oo03f i 1 o003} g
- n n u
000 ol 1 - 1 - 1 1 1 000 - 1 = 1 » 1 .I 1 000 - 1 = 1 B I. 1 1 000 - 1 = 1 » 1 .I 1
20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
L/D, L/D, L/D, L/D,
0.15 : : : : : ; : 0.30 T T T . : : : 0.30 . . . , , , , 0.30 . . . . .
Test 05 = Test07
0.12 - | 0.25 - 1 0.25 - N 0.25 i
‘5 000 5 0.20 - R .5 0.20 + E 5 0.20 - E
Shasdl 10 31 51
g Soist 1 fost { foust . -
B 0.06 | 1B o k=)
2 Lo} " 1 Sowf . { Lo} .
0.03 | . 0.05 g 0.05 | k 0.05 - . b
- 1 = 1 1 [ 11 - 1 0 00 » 1 = 1 = il .| i 1 - 1 = 1 B I. .I 1 0 00 u 1 = 1 1 I. 1 1
000 40 66 80 100 120 140 160 0 20 40 60 80 100 120 140 160 %0 %0 40 €0 80 100 120 140 160 0 20 40 60 80 100 120 140 160
L/D, L/D, L/D, L/D,
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@
=}

s ZalE

I = INd
N © >

Bubble diameter (mm)

o
o

= = IN w
N © EN o

Bubble diameter (mm)
o
o

Test 08 (EL02)

AlSH A w =
alg o v
b
v £0/0l IHE B2 J|1Z 3D o @¢.0g¢
o [
- . = -
= 204 3mm: Y 20| 2AEE o ’
@p
» Test 012 & B3(Cavity)0ll 28l J|L=2 QI & A A
JIEE0/ 02 NEUHAE JIEIII SEE
T T T T T T T 3.0 T T T T T T 3.0 T T T T T T T 3.0 T T T T T T T
E €2.4 o b §2.4 o B E2.4 B
E E E
— u = —
- élg_ . 1 List 1 2is TR
3 g E .
1 Bzt 1 Ti2p {1 D12 -
Q ) )
[ ] g g g u
. s " 1 Zosr . 1 Zosr . 1 Zos - ]
[ ] ] L]
o L L L L L L 0.0 o . . . L - 1 ™ 1 . 1 1 1 - L |. ! ! ! !
50 40 60 80 100 120 140 160 ' 50 40 60 80 100 120 140 160 00 20 40 60 80 100 120 140 160 0.0 20 40 60 80 100 120 140 160
L/D, L/D, L/D () L/D (-)
T T T T T T T 4.0 T T T T T T T 3.0 T T T T T T T 3.0 T T T T T T T
{ Eaa2f m | Eaat { Eaa - .
E E E
5 — —
1 Seaat 1 Sasp {1 S1s .
. | £ £ £
8 8 8 .
4 ©16 4 ©1l2f 4 ©12 B
Q Q Q
L] o e ™ Q L]
Qo o) Qo
- B 5 0.8 n B EE) 0.6 | - B 5 0.6 - B
n . u u
- L e g g . 00 - L. om . . . 00 - L e . . . 00 - . : . . . .
20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
LD () LID () LD () LID ()
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[N
=
o

Wall Temperature (°C)
= T
© o o =
(5] o o o

©
o

Wall Temperature (°C)

= e e =

0 o o = = N
a o o o o o

©
o

=20 Tw,
Ts
HEH 2 EX
/ -/ E — —
Boiling
o
u =
T, =115.17 °C flow
= = iy — | =2 =1 74| td pN|
= S|E| A|ZHE R} BEBA 57 5
b | L™ E [L= — [ — M| = a
1mm Thermal couple(TC)
ol ol HHEO| LHZIA - o3
o et H|I7IE 22| HZT) 0|X|= Reference TC
10mm
T T T T T T T T 130 — T T T T T T T 130 — T T T T T T T 130 — T T T T T T T
Test 01 Test 02 Test 03 . Test 04
| = Heater A ) 1251w Heater A . ) 1251w Heater A e " e ] 1251 u Heater A ]
L]
* Heater B L I G1z0fl® Heater B . s v | Gaoll® Heater B . v °® e | Gi10}f° Heater B| . v ® .
. ] L = e < < ]
------------------ o] R M e ] Q55 ---------------.---=---------------------- T e
. . T,=115.17°C 2 . . T,=115.17°C 2 . T,=115.17°C 2 . T T,=115.17°C
L ° 4 g 10t " . 4 & 10f 4 g 10f HE 1
e m = =3 . ° o s o H
£ . £ £
- . 1 @105 1 @105 1 @105 R
= = = ]
- 4 B 100 4 8 100 4 8 100 g
S . s . 2
S , g 95 1 , g 95 , g 95 , g
. 0], =1.65KW/m?(3.0%) 0, =1.74KW/M?(3.9%) 0], =1.66KW/M?(3.7%) 0,c=1.73KW/m?(3.9%)
. . . . . ! L ) 90 L1 . . . . ! . ) 00 Lt . . . . ! . ) 00 Lt . . . . ! L )
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
LD () LD () LD () LD ()
T T T T T T T T 130 — T T T T T T T 130 — T T T T T T T 130 — T T T T T T T
Test 05 Test 06 v L4 Test 07 Test 08
[| = Heater A 1 125F| a Heater A . - v 12511 w Heater A . ] 125F| a Heater A g vl 1
L ]
® Heater B s ! °: { Dm0 ® Heater B . LI 1 oo ® Heater B ' ! ¥ | izl HeaterB Y '
[] =~ ° =~ ™ < .
- (4] [} [}
--------------------------------------- o o i ettt B = L il M 4 R et L L et
. 4 T,=115.17°C 2 . ° T,=115.17°C 2 . T,=11517°C 2 1s « T,=115.17°C
- . 41 o 110t °« ° 4 o 110+ . 4 o 110+ L] E
y £ : & . 2
L E 105 ¢ g 105 g 105 | E
E £ gk,
L8 1 B 10}t 1 T 100} 1 T 100} i
= . = e =
L , g 95+ o , E 95 , E 95 g
0o =1.55KW/m’(4.4%) 0o =1.95KW/m’(4.4%) 0. =1.84KW/m?(2.9%) 0o =1.68KW/m’(3.1%)
. . . . . ! L L 00 Lt . . . . ! . L 9oL L . . . ! L L 90 L ) ) L . ! L )
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
LD () LD () LD () LD ()
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s 2dlE

® 1-DZE(MARS)E O|EetHIS E8E 28 N

v JlZ2 bls €88 £2E

NVG Model Pumping Model Heat transfer Correlation
Model SRL (Savannah River Laboratory) Chen
v HIS 2FZ oY B} Oule
. . TDV 140
= SRL, Bowring, Koncar, Ha 2| Pumping 2 HJ}: SRL 20| JI1& 2& ?
5J135
v HIS 888 28 i - ¥
» MARZ0 HEE IJIsot== NVG £ Pumping A+ & i
120-25
CJW-G =70 C’m =13.0
120-24
Ri— St Cor * Chqre for pe = 70:000 > = @
w7 700056~ 0-0000 X F,ppy Ve . o Re— by )% Fl,, % Gl 2| 12023
- Gy s pohie e 18 £
5] r:;ix Chrre for pe = 70,000 e E % E
= | 2 =
Lo m (431
0.12 : : : T 1 T T T c 18 T T T T T T T T % 120—3
LE:f:u it model u g = Experimental data(Test 06)
o0e i ] 8 150 powing 1 120-2
8_ ----- Koncar
S oos| g e o ! 120-1
2 g oof
2 o003t " B 110 v
> N 06} A
. T TI105
0,00 —= = z B g 03l
z TDV 100
-0.03 - L - L 0.0 L - 1 . !
0 30 60 90 120 150 20 0 20 40 60 80 100 120 140 160 Inlat
LD - pus
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=2 =) = Ao (5 =]
® 1D IS(MARS)E 0|28 HIS SFY D@
v' Test 02, 06, 080l CHSt off & Z 1t
» J|E=E Ho OS2I A
« B Hol=E KIS0 &42te LAt US
020 ———1——— 0.20 . ’
| ® Test02 B Test 06
——C,e=7.0.C,,=3.0 ——Cye=7.0.C,,.=3.0
0.16 0.16
c c
2012 2012
3 o n
2 0.08 2 0.08 [
> | s /
0.04 s 0.04
i =
‘_I/./ -
0.00 = = 0.00L— g u
0 30 60 90 120 150 0 30 60 90 120 150
L/D L/D
130 130
]
125 125 . 8
QL')/120 8 s ’ 8120 - ,:/ -
Q ()
g b T e - g plsweo L
gus- 2 e e e e R g 115 /.,/'/. --------------------
= ", = e
110 ] o ® 110 o ©
3 s ® Test 02 3 ] Test 06
= ° B Aside = ° m Aside
105 ® Bside I 105 ® Bside I
—c,, _7 0, c —3,o- ——Cye=70, C,,.=3.0/{
100 : T 100 L ! :
0 30 60 20 120 150 0 30 60 90 120 150
L/D L/D
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® CFD ZE(STAR-CCM+HE 0|2

66.6mm
v 3-DReg 2.35mrrg}—’ 5

» ANl R20A - Z
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dgm =39.32a " NN " Lo

« Bak JIZ 37| 2& (OI& |
* Yun 220 HEXHS 2-3J| == & EUIO0IEHE 0|80l X FHH =
[m]

- DAXAO| D HIS 20O}
0.289 \,—0.529 \,0.06
dgy =32.392" 28O NRI52N 0% o il

» JHHE Bak X330 2
« Bak D0 MASHAS COIEIE 0180 XA A+ & w50
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® CFD ZE(STAR-CCM+)E 0|E8tHIS E&8E 2& I}

v Yun 21 I E Bak £ & 0|20t Test 02, 07 & & Z 1} ol &
w NAXAHO WA HIS ASUIO0IEE HIESZ2 HEE Yun 222 HLXZAH0| HEOHX (S
» Ji&E Bak 220[ Yun 2E 0l HIoH GIS LA 2 A
030 T T T T T T T 020 T T T T T T T
L Test 02 ] | m  Experimental data ||
o5l ™ Experimental data i Modified Bak model
' Modified Bak model 0.16 - .
- Yun model -
8 %%0r 1 Son
0.006 : ; , : . : . — 2 : g g 12 i
L | e Subcooled Boiling 1 F015F 1 & u
0.005 L = Air-water {2 2 008 -
fé\ . = 010 B =
N—’
[ 0.004 + 1 0.05 _ 0.04 T
o [ ] ] .
% + 4o/c/>//9,/ - .-l:. - .l'
o 0.003 - ’ n e 0.00 £ ! 0.00 L
= - ] 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
8| 0.002 - " -40% i L/Dh L/Dh
E B J. . (] _ 20 T T T T T T T T T T T T T T T 3.0 T T T T T T T T T T T T T T
5 Test 02 ®m  Experimental data
O 0.001 - /'.. o -. 7 m  Experimental data o5 Modified Bak model| |
Modified Bak model
15 .
] , ] , ] , ] , ] Yun model

N
o
T
1

0.000 L— :
0000 0001 0002 0003 0004 0005 0.006
Dsm_true(m)

=
o
T
1

Bubble diameter (mm)

Bubble diameter (mm)

o
)]
T

o
=)
n

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
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3.4 HIS A HE

g8l X HIS 23 IlE

® GIHTHIS A
2

=5 :05m/s - 2EAE UE I E (KRS XH)

m [kg/s] Pout [kPa] Tin [C] q''TkW/m?]

0.075 170.05 95 54.69
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APPENDIX = [HA}dl

® Pooltype =22 SUHAMLL ZHHRE HD

o
2P| ST 240|S AA T2 (

——

o =XoHddd2 RX)
—+—_$_ LH _Cll g Z!'XH EﬂAl é‘ /.ll'é ] L0 Viotar P, sar = Puo) = _[ﬂl‘-f(t)dt > 25 Al 2t
Q decay power ratio@25A1 2t = 0.62% = 1%

[ RA2 AR TSN ER REEH H | Gwnor= [[[-5F] @+ Bar> X=00076~0.0167 << 1

Q ?;I(he.r:ét =1 ?'I.s.u)z Q’"A
[ SAESL RAS S5 Hl ] q”r:ore—mzq << G egp D17.0 kKW/m?2 << 1134.1 KW/m?
[ I[l gxl'l 'SE J:"/.ll' ] qrr — hfm( Tiaa— Y;at) sup[ C] 0.93~1.3
[ _+-£ LH'O‘I LéHD—!.XH _T’_Dal- AI é.l' &é ] Pro ﬂ-f2 (Hypot = Hy) (g, sar =P sar)= f:zf}(t)dt > 242 A| a(:lo %)

|29 QXIS RS WAL T QB HA | ¢=m(h,—hpy) > m=0.14 ky/s
> X0 HAMH0| FXAECH JIEGI™AS
Pool type 3 20| A SCHAILD 2 IISEH2 Z3.
g REFIIGERATION SYSTEM & THERMO- FLUID LABORATORY 20/26 ;;_;;;g PUSAN
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APPENDIX = [HA}dl

® Pooltype HPZ2| SCHAtL] LM
A

d2VIstSrl)ls o

2 (&, =2 HEd2 7 AK)

A LHO W2ATH EBIAIE AE ] 10 Vit P —ig) = [ itV
0
~> h=["-P) > ap
erzunmaNETgERAde | Pl (‘Ejﬂ tr2 R
T}?’(hea:-ét o h’l, sat): q”A

| AN E LD A2 S Hlw ) Qne =7
<L

[ HI%IH EE J:"}ull' ] q” = htp (Tclad _Tsat)
<L

( AX Lo WA D2 AR &S ™ B) g =)= [ it
<L

| 2SI |NE st WAL T QT HM g=m(h,—hpy)

SBOE  REFRIGERATION SYSTEM & THERMO- FLUID LARORATORY 30/26 = PUSAN
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APPENDIX = [HA}dl

® Pooltype H=22 SHA L HHHR EHIL

BEFRIGERATION

=X LS W2 LA E & E

w =X LS H2THO CHoll SEE HlatS =30t LTI Z3t2E 0l T 06t= AlE A&t
= W2HTH ESHAIE 2 decay power ratio &HE

by,

FPL,O I/;()tal (th sat h!;.[]) = Q(t)df
0

M MO S AAE=2 ot W2 HI=2(0.82 JHE)

ANS 73 Decay heat curve

1
e Power[MWth] 30
% Decay heat curve ANS73x12 | & ™
T Initial temperature [°C] 40 g
I Zoo01l
Coolant volume [m3] 152 g
Coolant mass [kg] 150,881 . . . . .
B35 8 16 24 32 40
Time (h)
UGB AN ZFEX2EHISE(Abar &) EE
decay power ratio@25A| 2t = 0.62% = 1%

/2. PUSAN
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APPENDIX = [HA}dl

® Pooltype H=22 SHA L HHHR EHIL
v 22 P2 EFA EF FSIZH AL

= Momentum, Energy equation & H| Hl A&t
oP

"
Momentum (Pr, sat — Pip) 9H= f ( —) dz-I-ZAP
fr i=1

Energy M (Pgie =P, )= 4 A

h Densit [ X :|.—Xj_1
['wo-phase Densi Py =
Y ? Ps PL

Frictional Pressure Drop

J‘H(_Ej dz _q)iofLo
0 62 fr,LO

-0.25
O = {1+x/'lL ’UG} 1+ x(pL _1J HM model
1H 62 Hg Ps (Homogenous Mixture)
2 DH oL 091 0.19 07
D2, = A+3.24x"7 (1_ X)0.24 {&J (:U_GJ [l_&j [ ~0.0454)) g 0,035

P H M
© - “” Friedel (1979)

0.5 0.1 0.9
IH(—EJ dz = ®?f, 1H G- x)? ®i=1+£+iz x =| Pe e 1-x _
o 6z )y, ‘2D, p. X X Y s X Chisholm (1967)

Local Pressure Drop

"Kgep =1.10189 Re; 2126
162 Kg=2 30164 Re %8324 TEP, BEP: &fe 5l S ¢t & &Hot
Sp T &t L

N
2+ 2 Xl (Spacer)
AP + Koo + K )= SP: 2 p
,2_1: = (Koer +Krep 4 p)z P, Kiep =1-1.04983Rel %"
OHUHZ a0l E2 ol A Jl&2 X2 M Ak Ea == EIL, 1999.
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APPENDIX = HAl1l

® Pooltype H=22 SHA L HHHR EHIL
v 22 P2 EFA EF FSIZH AL

= Momentum, Energy equation & H| Hl A&t
T,,=100°C, X,i=?
H N
Momentum (Pr, sat — Pip)gH = f (— ‘?—P) dzt+ AP,
o\ 92/p =1
) . Energy ’m,(hem —h; a_t): qA
o'mmy o
Correlation | X(quality) Void Mass flux
fraction [kg/m?2s]
‘H HM model 0.0117 0.950 440.4
) T, =100°C, x=0 Chisholm 0.0076 0.926 680.5
Friedel 0.0167 0.965 308.3
Core average heat flux[kW/m?] 1697.6
(fin base)
Core average heat flux[kW/m?] 17.0
(fin base) @ (Decay power 1%)
Heated diameter[mm] 11.3 =2 E70 A Dry out 24 o &,
Hydraulic diameter[mm] 6.8
Heated length[mm] 700.0
BtUZE Aol E42 Gl Ea == EIL, 1999.
ﬁ REFRIGERATION SYSTEM & IH}F\,‘LKT—H[ N LARDRATORY 33/26 PUSAN
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® Pooltype H1Z2| SHAL
v SHESY AR E=Hlw

v LIS 25 Ald
T, =100°C, X¢yi=?

o'mmy o
I

APPENDIX = HAl1l

24401 52 B O}

T,,=100°C, x=0

Core average heat flux[kW/m?] 1697.6
(fin base)

Core average heat flux[kW/m?] 17.0
(fin base) @ (Decay power 1%)

Heated diameter[mm] 11.3
Hydraulic diameter[mm] 6.8
Heated length[mm] 700.0

gﬁ; REFRIGERATION SYSTEM & THERMO- FLUID LABORATORY
!

e o e N, ks S ——,

Correlation | X(quality) Void Mass flux
fraction [kg/m?2s]

Friedel 0.0167 0.965 308.3

<YAHE RS>
Correlation 9" curlkW/im?]
Modified Zuber 1100.8
(from RELAP5/HANARO)

Chang et al. (1991) 1134.1

(=17.0kW / m?) << q&e

[/
g core_avg

OIS AEe>

4 =g Tona = Toat) Chen correlation (1966)
To,=1.3°C
HAZ L CHF 24 of &,
LEMAHAEE FA

s, PUSAN
NATIONAL UNIVERSITY




APPENDIX = [HA}dl

® Pooltype H=22 SHA L HHHR EHIL
v =X U WA D2 AlE &S
=

Z A
/A9 RNE B YA FY R AW

7 D? .

D=4m Pro—y (H;;Jool _Hl)(hg, sal _h’l,sai): \/; q(t)dt
‘1
t= 242 27 TakAlE (=25h)

q(t) = 1% Decay heat (=300kW), Decay heatO| t, 0|Z S X &I CtD It

A2 FHX F 242A2H=10L) &
4 LHO| W2tTH 83% 12

H=12.1m

*» H;(=2.1m)

PUSAN
NATIONAL UNIVERSITY
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APPENDIX = [HA}dl

® Pooltype 322 SUAIL HHHR EI}
W2t s 2405 A X (B 22X AVAH2 2X)
A X LHo] Wit SIA|® AHS 25 Al 2t
wZ U S ZSANE &S ] decay power ratio@25A1 2+ = 0.62% ~ 1%
| 2AZ AR LGAI SR SESIH A | X=0.0076~0.0167 << 1
(]”303.8}_ avy << q” CHF
Ol H A SHHS2 A4 HIT @25h
[ SHESD HAS X Hl ] 17.0 kW/m? << 1100.8 kW/m?2
( e 2 H ) Tl C1=13
| ST LHS H2AT) D2 AIE S ) 242A124(=10 &)
[ 2 RNES AB WA T R A m=0.14ka/s
> £XO| AFH0| SXECHD IIEEGAS
Pool type A2 20l A SCHAILD E M Jisd S ZL.
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INDEX

1. ARE HSHOAIAR OfF| B X x| 3}
2. A2 ALO|H EQF I}

3. G4 E SUXHAMLZH IHE
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A2 HEHO{A| AL OFF| &K %|X 3}

L
 SH: Q78 HXEQ H|Eu QS SFAT7| flet ZH=E ASHOALE =5

e

- YHHEEN YIS Soll 24 HIE A0 =

= = Sensifivitv
A —— Deterministic design/cost
. . . - — Probabilistic insight in design
I. BBN(Bayesian Belief Network)= 8¢t ME|E 2 A

II. Reliability IndexE& £3t H|2-)Z2| & x| =3}

. OfZ2Z1/C|X|2 7|7|E nefet ASH A AR 10

08

06

Cost (k units)

> At

KYUNG HEE UNIVERSITY
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HT2 ASHO{A| AR Of7|EHX £| X3}

» Case IXI2ZHSHE O}7|8lX BBN m & 1AM
- & 474X| H| W Of7|EX| o
- Of7|ElX] & O|EEs5E2t H|E E7t

 HEEY YIYS 59 0/ZESEL 10| N1
o 7

Reliability Index (RI)

P;— P
lezf—l
U; - Uy

U]- : Cost of jth comparative architecture

P]- : Success probability of jth comparative architecture

U4, P : Cost and success probability of a reference case

> B8t

Architecture Cost (U*X)

14

12

10

1.00E-03

RN

- 1.00E-04

—

//’
<

\

- 1.00E-05

\

—s— Architecture cost

\

- 1.00E-06

—— Architecture Failure

*

case 1 case 2

case 3

case 4

1.00E-07

Architecture Failure Probability

KYUNG HEE UNIVERSITY
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HRE H S 0{A| AR Of7|El A

» OS2 /C|X|E/SI0|EE|E AXIRE S A|
— Mol AL AL|(Q series, Eagle 21 )&

H
" 4 AXNRES A SO CCFE nEst 0| 8=skE ALt

m Ofm

- CIX[E Ot7|EX2| Ol 8257t 7tE 1

- ol0|E2[E Or7|HA o] 32 L|X|E Ot7|HMELt O] 8=k |

Legend

MCR/ECR: Main/Emergency
Control Room

AM: Analog Module,

LPD: Linear Power Density

BP: Bi-stable Processor,

CLM: Coincidence Logic Module

CB1 CB4 CBZ
MG set
Ml

SIO[EZ|E ASHMOAIAE X2t

= X}

BP-C =M cCLmMC c83 Cfﬁ %CBG

MCR/SCR |
DNBR/LPD | Manual Trip
Calculator
N
®_. AMA B0 > BPA A5 CLMA [
i E—— G |
Ul
ame P> gpp B cime M
— P>
@—> AM-C
—»C >
Sensors Analog Hybrid Assessment and Hybrid
Modules Input Logic Processors Output

> B8t

KYUNG HEE UNIVERSITY

Hybrid Architecture

CRDM

Circuit Breaker
(CB) & Trip system

Unawailability

0.01E-05
8.01E-05
JO1E-05
6.01E-05
3.01E-05
4 01E-05
3.01E-05
201E-05
1.01E-05
1.00E-07

—— CCE=1%

e [T = 300

CCE=5%

Digital

CAMaznformatics &ab




A2 HEHO{A| AL OFF| &K %|X 3}

= TRIGA At A4t

9.00E-05 350000
— TRIGA9_| RPS% 7| [|.%t'c'>;|- |.9|E1Ij(-| AH A—l 4 00E 05 mmmm Failure Probability Cost
T 300000
— AIH| TRIGA RPSO At%%l HAAEOIHE HE & 7.00E-05
— Digital BPo| X E1I HEXME 1184 6000 250000
- Case StUdy A|’ |O'I| I:-H_é;" 7E:|J—l_|'EM'I 4*H lé', 2 out Of 4 5.00E-05 200000
Ot7|ElM 7t H|& CHH| 7t 2&X0|2ts 24 == 7t
4.00E-05 150000
3.00E-05
100000
74 717 Arh Bl g oor0s
1.00E-05 50000
Relay (Analog) 0.00E+00 — — f— — 0
BP (Digital) 2004 3004 2004 3004 2004 3004
2channel 3channel 4channel
CP (Analog)
CP (Digital)
2 Channel 3 Channel 4 Channel
IC (Analog) Base
2004 3004 2004 3004 2004 3004
AC (Analog)
Reliability ) -5.0 -5.1 -1.2 -1.2 7.45 -2.7
TT (Analog) Index E-12 E-12 E-11 E-11 E-13 E-10

.-""-._, x - - T . - . )
a5 st CMainformatics &<ab
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 SHE: A48 HXze 48 nofet AO[HEQH REH JiE S HAR0| XXt E AMO|HE 24 EF
" JE: S8 3 G4 E OfF|HA 7t HFFE AO|H QL IR
HEZE AMO|H 2O 7t Zato| Xo| 24

L AfO|M{EQHHSEY BMmw
L AO|H{EQt OF7 [N EAme

III. AFO|E{E O Ty}l

.._._.....-! ﬁ _ - o - . )
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P AO|HE HEEY EMDY

=
~ AO|H{EOF BE FHXIHO| 4% HEES EMotE oY S I
1 A3 B
~ Ato|{=oto] FHIXA 0|8 HES HMHEQI ALO|H R oto| YekS g
% _)Ik_ 91% 4 ?1_]%2] -E—JEJ
5 d= E4
- TRIX|EO| & X|HX|H & B (Activity-Quality) 7} SAHE| T, :
Abo| b E ko] 9jei 40T LFOpX| Al & a

] A4 2=

10 e IZEA BE U A
¢ KINAC/RS_O]-S 7|2'|_S 11 A [Tagoy OJ%%Eam EES|
= AS 12 IEEERESE
¢ A|'O|H-|Eo|_|- )gl%:l_l_jlgr DHjél 7£|I-CI;|-I _I_Ool-I 13 wlém TZ 22 EZ
A
11 TA94 24
® 1017H 9_| x‘” = El AE 75,“8 15 % THA IE 9
= == oA W
o Ol'c'>'H Moo= X-”A|5| =] 7| ~o2 IH 7|_ 16 Fas WA H 28 o7
o o — — = o — o 17 = E3 ==5% A4
13 v AT AZE AL
JTL I'l Ai I—I E— _I_|. |O—| E'” | '.%' ERES-E =
- HUHE Hae e £ ZEo| EHE om i BLEEL DR
(=) s ) 21 EREEEER
~ APO|H{ ROt HEEE mEo X ARO|H{ ROt O HX 2@ ol .
9|-§|_ I:IH:H—I|- O:|7:” 03 EIA9EE 27
= SR E i 4q | 29T A% 9L 24
g 0 231
o au | @909 AT E9 W
= EE]
20 FRagE
27 R EE R
28 ECRE)
23 FAEe] 2L
30 AN EY 343
=7 AW 9| 22EE19 wgilEd
24 23
3z BE T A4

3+ A G o '
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0=I-_r'-E ALO|HH H QF H I}

" APO[H{E QL O}7|HA EMEE
- ASHO OF7["A
+ AHAS S RPS 4

- ME=2QF A2 B5& BP CRITP MTP 2 #/d

- oo/ #5
« DoS Attack
Network Scan & Sniffing
Packet Modification
Local Exploit to Escalate Privilege
Illegal Command Execution
« Processor Resource Exhaust Attack
- 2o 2
» Network Monitoring
« Host Monitoring
« Encryption
« Access Control

> B8t

KYUNG HEE UNIVERSITY

Malicious

Mitigation

Activity Measure
(fld a4 Cyber (2t=} 24)
Security

I&C

Architecture
(34 A
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G2 ALO|H{ EQF T 7}

+ Apo|t{ o H7tm
— APO[H{ O OF7| B B RE HEET ENDUS B}
O| AIOIHEQF WYtpEZ E Eol-
 BBN S 280/0] Aoju=ot 272 Y 25
« Risk 7HE = =2+23510 NPT (Node Probability Table) 7| & f-\

APO| B &2t A K|

o _ N RPS O}7| & X
« Bayesian updateE Sl AtO|HHEQF HI} o~

o7
EM2Y

g3
£429

- @7= RPSO|| Cior0] AIO|H{ EOF HIIEEAZ AO|H S Al
Li2| S 7H8or0f Ofof Chigh At S+t A

- AT R 482 AO|F meY ‘

>+ AB| e
a5 st CMainformatics &<ab
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S IR SHMH|X|AAAL BT 2 U M U YH| MEEE )
M2 9ot B¢ ukf ud WHE X

2 SHHH|K|YAIAH e TA}

Wit wE BEE

ofm re
ot -4

el L

KYUNG HEE UNIVERSITY

Integrated Cross Calibration Technique

Eleminate
missing data
The mean Calculate the
& standard mean & standard | (2)
deviation of deviation for each
each signal signal

Z-Score test for
@) | checking outliers [

input
redundant
sensors’

readings

“y

replace oullier
(@) by the mean
of the signal

Build the upper & lower
limils for @ach sensor by (5)
(6b) salculating the upper &

lower bound of 95
confedence interval

Give missing distance
due to missing data any

value of 8 digits or mora
v ¥
Gl i Svarage dﬁ?;?\:‘::;cbl:t(\’vgzﬁl:?;;:r (68) | weightes Avearging
of Euclidian distance bt | limits of all signals, and

(Dava) of all signals

point at time 1 between the lower limits of

all signals

@ l
Convert the Euclidian (Ba)

<>
[F==] g

to weight using the
set-complement method
Vae ¥ . (10
Calculate the average of upper Eleminate outliers
Assign zero welght limits and the average of lower -l from the average
™| limits including the weight of band using any
each peint availble

(8b)
Prity Space Avesrging (] l

Compare each signal with

¢11y | the average; check the

signal existance within the
imits

Alarm if any
sensor needs
calibration

CMainformatics &ab. 10



AR SFX|SA|AH 7ju

+ QT2 SHWHAAY WY TA
A

o o A AR =L O
- O4E 2HEHX| AL 7|s+=E0| tiet =23 ZAF 21t
Combonent Online Online Online
P Monitoring Diagnostics Prognostics
Reactor Structure FrE ol *
Non-Reactor Structure ok rE *
Mechanical Components ok rE o
Electrical Power System i * *
. *: oY 7|&0 WYL =05 D QloLy, O ARt HE AL}
Power Electronics Systems Kok ** * %;PEOH or&'E&*éEw Il ~ - <
Micro-electronic Systems il el * s ST AR BHAFR] =9|7t Bl V|
Process Instrumentation ok Fhkk o R JRHNO| 2Z2E|0 2 HE2 A5 e Ve
Nuclear Instruments Kokkx Hkwk *x w00 7|0 HEEL Ae 7'
— ClC e} E|l S ol L O o ek k=2
= A2 HEAe] edb|e s Sl AT 20N Q@+ 5= 2T GHX[JAA|LE S =AL

- 2 AR HEI} N HEZA
c AP0 HBE[0f Y S| YAAY B

- HBE|X 4L 7S T HTR0| HBEW HTRO| ST YA AHS Y =
- X|EZE M= IAEAQ| IGORR (International Group on Research Reactors) 2 AN A X=

. . _ AL 5
33|t stw Atainformatics Lab. 11
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Integrated Cross Calibration Technique

AR SFX|SA|AH 7ju

» ESF QXA ™ HIHE
— Straight Averaging, Band Averaging, Weighted Averaging, and Parity Space "l
HtS, zH o] Ak Mo o

Averaglng Eo| 7|= WAl n™ HIHZEO| LM S
T Bt5t= ofLtel S8 WA uE HEHE ME
¢ O|)<\3I-X| X-”7-| ‘i;wﬂ]';“”?“?;c I = s
« MM L ZHE 2t A2l0f M2 THEX| B e
o MM ZF AHEZ|O| T2 JFEX| BHFY
+ Aol RN RE ME Uty =18
— HANAROO|M =& &l HIO|E & &80t & uit i HEHE HE
Redundant Signals-HANARO-High Level Technique S1% S2% S3% S4%
25 |’ Simple Averaging 1.2821 0 0.8547 0.8547
; e P Band Averaging 1.2821 0 04274 0.4274
“f “ - Weighted Averaging 1.2821 0 0.8547 0.8547
5 L l - l J. - L - Parity Space Averaging 63.2479 0 33.3333 63.2479
H ) —.—511“—.—52 53 1:_; - H Integrated CC Averaging 96.5812 0 96.5812 97.0085

._._.....-! ﬁ - - 'I_ T . ~J -
y ﬂﬁﬂfﬁ%ﬁ?‘ CAMaznformatics &ab 12



ARz DMIE AEHO 7|& 7He

b ion’ Mai AD) Aid System in Research Reacts

Cyber Security Issue Report

For Research Reactor

2014. 10

"We are developing a

MEMORANOUM OF UNDERSTANDING
KYUING HEE UNIVERSITY

cyber security : CoLL50E o OMSERNG AT W e
vulnerability . ; ki i i L W
assessment model for
R, - r p v ) research reactors as a
[&Cs of Research Reactor K /™ S : 3 part of the overall
Advance Research Centre for 52 ) - " safety assessment.
Nuclear Excellence R e
(ARCNEX)
Gyunyoung Heo

7/3/2012

'} « Gyunyoung Heo & Jinsoo Shin

Kyung Hee University
Republic of Korea

el L
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AR DAMIE AZHO 7|E 7Y

G2 AN ASHA 7l HE .

H|E-42 =
Nt 2 H

S
A= o
INEN-!
JEIERS
x| 5 3}

R 2
AbO| B = 0t

o Cl& RXZO HE1 HHE SFAIZ|7] fet XA
stel ASHOAIAE 5
=1

. = o ol7g gxjzo| SHg Naj3t Ao|HEOt B Y I
e ol el P20 2} £l Aol RO R4 £F
Sees S8 wi 0y o o7z eHWHX YL MRS SN AL 5
== due U BT WA BF YHE Y

> B8t
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http://www.art-com.co.kr/online/ppt_gallery_1.htm

AL

d AL E life-cycle
O 2 A B E A A
Qg2 da25{7;

« A, AEMF SV R, Ylsr ' A=A S AAKIE,
Uo7t Ate| HE, ArET AL

Q%= 2857
= AE AEMFR SR, 7 EAL 71K "t
DEME OiH H42 AsHE g
Qo2 Qo7 Ml 2 E&5 08
Q57 M= 7hd A2k

F= Korea Institute of Nuclear Safety Slide 1
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A2 life-cycle

Q57 M= & ANES
« 744/ EB|7L, PSR, A& 27T A EIL, oK 50l
© OFEMAAL 2 RHHAKAFS AL QA ZAL HIIZAL 5)

PO QAI An;inginent
CcP Application  OL Commissioning C_'O . Degom:
Application Application Test PL QAI | PSR Application Application
| J | | |

| ||
o o

M Continued Op. ’

I I 1 Design Life I
———»

N

CP review OL review PS,R . Decom.
review CO review review
Docket Docket PI, QAI
review review Review for
Amendment
POI, QAI
K." ;"5' Korea Institute of Nuclear Safety Slide 2
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IAEA Safety Standards

for protecting people

and the environment

Fundamentd

Safety Prin IAEA Safety Standards
o it i for protecting people and the environment
C® Q@&

Safety Fundams]

No. SF-1

Craea |

OFE ALANZIAF KIZIA

Industrial Codes and Standards
(KEPIC, ASME, IEEE, ACI, etc.)

Korea Institute of Nuclear Safety

Safety of
Research Reactors

IAEA Safety S

for protecting people and t/

Safety Requiren|

No. NS-R-4 Operational Li
_ and Conditions
{&) I1AEA Operating Pro

for Research H

Safety Guide
No. NS-G-4 .4

H)iaEa

IAEA Safety Standards

for protecting people and the environment

Safety Assessment for
Research Reactors and
Preparation of the
Safety Analysis Report

Specific Safety Guide
No. SSG-20

e




AE AT A B3 A

HIHEEY, ¥¥ ¥ YA TEUHUEE T
RSO 2HHE T

Hx=
Ay | o BXIEQTE AUw T :
20| QUDHAIY R E WOl HADH ALY = X}

\
L

| |

| |

AlGE TAE HXISHCHHE AFRE T
[H-E“_I » BT HBAIY X Yo SA8AMY (EXL MY T)

NENERE

E

LB S H | « HFOM YT IS ES JUEEECZ2 I
« BXIZ A 5O 7|27 IEN ¥ RE S =
M A (ZIETIE) =
- BP0 MB JISTIE EE BX - MY 52 7Y
- o] e ™ = = =
MR | B R e e A T e ]
RHIIE
« J|STIEL O EE= M ANE S 73 (19THEOF, 19924) :?Iil ':5
= 34 X| &L = JITIE T 5k Y01 018 THo B BE, T, AR Tl HIA| T | N
= = 2000 M U= gl
« TN VT =Y Al =E=010§0} Ot M Q! X} 7
SAIYE BAIX[EMT | « HSE0L =YL, BSIIE S0l T, 5
o MAKIEAM, BAXIEM T
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A2 4-EAG]|7}: MH, MHME

d Adds{7te| M
« N8 HAEPHE §(2014.5.21)0] mar dd/2B57E =2 E
« AXHEE M30=(PTHERAE 52 dE57h Al
" AlAE H4A3=(dE - 28 o7t AUE)
« A" HMATZ=EE) 2H AEE 1926172 Me| 7[2h) &8
" AARA M25=(AEE2-28o7te] o E 3) Mig

Ao{7IMEMF
= AXEHEY H30x A2
S AIMAE R25E T2g L M4
« PSAR, RER, QAP(construction), PDP,
H2HMEAE A=A, dX(0 2ot 7|=5H)
o SIKIAIZI ML AKM B0 27} (RIXHEOHH B JH7(2015.1.20))

F= Korea Institute of Nuclear Safety Slide 5
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Az L5 7t: o

CREVE

e

A57IMBAF 8 U LHE
= SH AAAA K25 M2 wef, AlE4A H4x AH2~5e =&
« RER L& : H4x=K|2&of et Xt 7
— TA| H|2014-113 (YX}F2.06) RER A0 2HSH 77X
PSAR L{& : XMl[4x=X|32at0f 2} 2 X} FA
— CHEH ST /X2 O| AMB RN E= 1 |29 XI0|2 Q5 ME3H7|7}
x{BESIR| OFLISH AR 7| RSHA| OfLIZt
— 20| A I FHES J|Z0F SAR TLAI(KHE, IAEA SSG-20)
= AHD  AISHTA] vs 7| LE PSAR 2X} H| M E
QAP LI& : M4=H|40f whef =Xt d
— TA| H|2014-235 (YXF2.26) QA NEQ 0| Bt 7| =
PDP | & : M4=H|5%0 2t Xt 74
— TA| H|2015-85 (YXF2.41) DP Xk 0 BHaH 1A
J=ssdEN
— 1A] X|2014-332 (| AL=2.37) "RAIZA|E L X & 2F0| &t 7=
AN 2pdof 2ot 78"

_
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iy

&
SE=$2
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[£31] NPPvs RR SAR X} H| 1

&
SE=$2

KiINns

ATE SAR T4
(IAEA SSG-20 71&)
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IAEAQl 75; Ql (IAEA Safety Glossary 2007)
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For a system of control, such as a requlatory system or a safety system, a process or
method in which the stringency of the control measures and conditions to be applied
IS commensurate, to the extent practicable with the likelihood and possible
consequences of and the level of risk associated with, a loss of control.
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An application of safety requirements that is commensurate with the characteristics
of the practice or source and with the magnitude and likelihood of the exposures.
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2t11: IAEAQ| Safety Standard Series &=A

Safety Fundamentals
Fundamental Safety Principles

General Safety Requirements

Specific Safety Requirements

Part 1. Governmental, Legal and
Regulatory Framework for Safety

1. Site Evaluation for
Nuclear Installations

Part 2. Leadership and Management
for Safety

Part 3. Radiation Protection and
Safety of Radiation Sources

2. Safety of Nuclear Power Plants

2/1 Design
2/2 Commissioning and Operation

Part 4. Safety Assessment for
Facilities and Activities

3. Safety of Research Reactors

Part 5. Predisposal Management
of Radioactive Waste

4. Safety of Nuclear Fuel
Cycle Facilities

Part 6. Decommissioning and
Termination of Activities

5. Safety of Radioactive Waste
Disposal Facilities

Part 7. Emergency Preparedness
and Response

6. Safe Transport of
Radioactive Material

Collection of Safety Guides

FIG. 1. The long term structure of the [AEA Safety Standards Series.
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IAEA Safety Standard Series
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Safety of
Research Reactors

Safety Requirements

No. NS-R-4
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Specific Safety Requirement
No. SSR-3

IAEA Safety Standards

for protecting people and the environment

Use of a Graded
Approach in the
Application of the
Safety Requirements for
Research Reactors

Specific Safety Guide
No. SSG-22
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“Use of a Graded Approach in the Application of the Safety
Requirements for Research Reactors,” Specific Safety Guide
No. SSG-22, IAEA (2012)
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Two Steps in Graded Approach

— Step 1: Categorization of the Facility
in accordance with potential hazards

— Step 2: Analysis and Grading of Activities and/or SSCs
in accordance with the importance to safety
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* Main Safety Functions

- Control of reactivity (safe shutdown)

- Cooling of radioactive material (removal of residual heat)
- Confinement of radioactive material
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« JAEAQ| SSC 25 (IAEA Safety Glossary, 2007)

Plant Equipment

Items important to safety Items not important to safety

Safety related Items Safety Items

Reactor Regulating System
Seismic Trip System

Protection system Safety actuation system Safety system supports
Reactor Protection CRDM, ESFs (such UPS
System as isolation damper)

Cf. “Safety Classification of Structures, Systems and Components in Nuclear Power
Plants,” Specific Safety Guide No. SSG-30, IAEA (2014)
be)
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