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¢ 201040 O1M
v Small (300MWe 0I6h and Medium (700MWe 0I0H Reactor= 1
v OIS |XI=Z : CAREM, KLT-40S, PBMR-400, IRIS, HTR-PM, VHTR, AHWR, SMART S
v 30| &2 AXIZ2 2 IS =& (50| AXIE == Sl
¢ 202049
v Small : otLtel K XI=Jt 300MWe 010}k
v Modular : 3ZHI% & 0[50] VS8 OtL = 1 01&9 AXIE B8

Jiset AZAIZ M, ZE2t ISt AXIFHAIAE

Chetot 80|
= 2 0|0t 84S (30614 01F JIZ)

get g8
gIE2

> SMRO/ O/ &'E21E IIS&0] U= LFEHNESE SF0I= FSE S

(F 1] IAEA-TECDOGC-1451 “Innovative small and medium sized reactors: Design features, safety approaches
and R&D trends” May 2005

(5 2] IAEA NR-T-1.18 “Technology Roadmap for Small Modular Reactor Deployment” 2021
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F &4

e

otk
a
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+ CAP200/150-200/PWR/China ~ * LFR-TL-X/5-20/Luxembourg + ACP100/100/PWR/China + PBMR-400/165/HTGR/South Africa
« IRIS/335/PWR/IRIS Consortium ~ * SEALER/3/lead cooled/Russia + DHR400/ - /LWR/China « 4S/10/LMFR/Japan

+ IMR/350/PWR/Japan + EM/265/GMFR/USA + DMS/300/BWR/Japan « LFR-AS-200/200/LMFR/Luxembourg
+  KARAT/45-100/BWR/Russia * SUPERSTAR/120/LMFR/USA « VK-300/250/BWR/Russia «  BREST-OD-300/300/LMFR/Russia
+ RUTA-70/70/Russia * WLFR/450/LFR/USA +  UK-SMR/443/PWR/UK - SVBR-100/100/LMFR/Russia

« UNITHERM/6.6/PWR/Russia +  CMSR/100-115/MSR/Denmark « SMR-160/160/PWR/USA . IMSR/190/MSR/Canada

« W-SMR/225/PWR/USA * CA Waste Bruner/20/MSR/DM + ACPR50S/60/PWR/China « ThorCon/250/MSR/Intem. Consor.
* MHR-T/2055x4/HTGR/Russia  * Stable Saft RX/37.5x8/MSR/UK SHELF/64/immersed/Russia . F)1.U3/200/MSR/Japan

+ MHR-100/25-87/HTGR/Russia  * LFTR/250/MSR/USA GTHTR300/300/HTGR/Japan

« A-HTR-100/50/HTGR/South Afri. *+ Mk1 PB-FHR/100/MSR/USA GT-MHR/285/HTGR/Russia

+  HTMR-100/35/HTGR/South Afri. *+ MCSFR/50/MSR/USA and

* SCHTGR/272/HTGR/USA Canada

*  Xe-100/35/HTGR/USA

1

#E4 (6)
+ RITM-200/50x2/PWR/Russia
» mPower/195x2/PWR/USA

A7 (5)

+ SMART/100/PWR/ROK

+ CAREM/30/PWR/Argentina

Jxrg

« NuScale/60x12/PWR/USA + KLT/405/70/Floating PWR/Russia
+ ABV-6E/6-9/Floating PWR/Russia + VBER-300/325/Floating PWR/Russia
« RITM-200M/50x2/Floating PWR/Russia « HTR-PM/210/HTGR/China

+ eVind/02~15/Small Heat Pipe/USA

APR1400(7HZ~ZE=SI|ES) : 2514(92~16)

32
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ELENA

canaon il FRANCE ]

StarCore Nuclear NuWard
Flexblue VK-300
KLT-408

NuScale PR

VVER-300
RITM-200
ABVE-M
MHRs
UNITERM
SHELF RUTA-70

HTR-PM
ACP-100
CEFR

# Source | A% HARXR J|&EAE DA (2020)] IAEA

312l SMR 7H gt

T iy & @

@ sRAY TSR

TS

SMART
BANDI-605

BWRK-300 UK SMR BREST300-0D DS
SMR-160 ALY VBER-300 MR
RIS

PFBR-500
AHWR-300
PHWRs

SMART NuScale BWRX—300 SMR—-160 KLT—40S ACP-100 NuWard UK SMR
KAERI NuScale(a|) GE—Hitachi(g]) Holtec (D) OKBM (&) CNNC(3) EDF(Z) Rolls—Royce(3)

tod 7el Pl P BWR & 259 S22 oA fHEEX| MH S, HgHA 440MWe, F=8
SDA SDA(201 88} FHLtCE A 2 NRCOHI&ALS HAREE( 19) 2E3( 21) ' 30U M= v P

= 3§29 F? =2l NuScale ¥M0| 7|59, MY SHOM 7H oM QUct It

01

LWR vs Non LWR, Land vs Sea, On—Grid vs Off-Grid ?

> MBMAIZ SA

10O

65~85GW Global Potential Market by 2035

1650MW | Near East ]
s s
o On-grid Market Competitor
7.000MW
LS00 Replacement of
oo 00 GRS s100bnAyr  Natural sa%
[ Mexico | | Argentina ] 160MW 10.000MW
Off-grid Competitor
1.500MW 2.800MW R
' ! 15,000MW tﬂ
{aa00mw Istand $30 bn/yr Diesel
| Middle East
s @«
‘ 5,200 ‘
-

Off-grid - E CUITIDE!'('[I]T

Steam for Heavy -
O $12bnir  Natural Ga%

- of-grig [ Warket | Ccompetitor |

2000V, $3.5 bn/yr Diesel ...

- |
{ ) 6200MW
ONE—
-

a o

SooMw ||

-

SMR2| AIE &

_=
|

Wm

# Source : Small Modular Reactors - once in a lifetime opportunity for the UK (2017)

PWR &9 iSMR

- L) Q | SE Asia

u SASASRE QJIrE

G\ 7I-§7H“a’*f

1.125MW

# Source : Canadian SMR Roadmap: Economic and Finance Working Group Report (2018)
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Pressurizer

Reactor Coolant
Pump

Containment
Vessel

Main Steam

Reactor Pressure

Vessel

Steam Generator

In-vessel

CEDM
Feedwater

03 -SMR &}l 4

Pressurizer

Reactor Coolant
Pump

Containment
Vessel

Main Steam

Reactor Pressure
Vessel

Steam Generator

In-vessel

CEDM
Feedwater

Core

< Reactor Coolant System and Containment Vessel >

(“ sRAY TSR
1 Sisoranter

NSSS Design Characteristics

= Electrical output per module : 170 MWe /Module

- 680 MW in case of 4 modules

= Core : UO,, 69 FAs, (active length : 24 m)

= Reactivity control : Control rod, Bumable Position, MTC (Boron-free)
= Control rod derive mechanism : In-Vessel

= Steam generator : Helical, Once-through

= Canned motor RCPs

< Reactor Coolant System and Containment Vessel >

Advantages - Boron Free Operation

(“ sMRAYTE AR
L Sisraner

= Improved Safety

- Eliminates Boron Dilution accident

- Excludes PWSCC by boric acid (Davis Besse case)

- Role out boron precipitation during accident

- With In-Vessel CEDM = Eliminates CEA Ejection accidents
- Inherent Safety : Veery Negative MTC (~65pcm/°C) vs 15pcm/°C
= Enhanced Economics

- Huge reduction of CVCS volume =» Modular Makeup and

Purification System (MMPS)

- Reduces lig. Waste

= |ncreased Flexibility

- No need to boron control during load following operation

Pressurizer

Reactor Coolant
Pump

Containment
Vessel

Main Steam

Reactor Pressure
Vessel

Steam Generator

In-vessel

CEDM
Feedwater

< Reactor Coolant System and Containment Vessel >

Advantages - Canned Motor Pumps

IJ HAPAYRE AR

G\ TS

= Improved Safety

- Eliminates Flow Instability (Density-Wave Oscillation)
= Enhanced Economics

- Increase thermal power = increase economics

10
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Emergency Cooling Tank Passive Containment Cooling System (PCCS)

PAFS : Passive Auxiliary Feedwater System

= Components : 2 PCCS Heat Exchangers and 1 ECT
- HX : Condense steam in CV and transfers heat to ECT
- ECT : Provides cooling water into PCCS loop

Emergency Cooling Tanks 3

/ PCCS : Passive Containment Cooling System

- = Design Characteristics

? I:l - PCCS loop filled with water during normal operation

A EI [ - Single failure free design (No actuation valve)

I:l [ - Natural circulation and heat removal occurs without any signals

PECCS :
Passive Emergency
Core Cooling

N [ - Outer surface of steel containment vessel always maintains dry
Physically Separated iy |[_ERV condition during normal and accident condition
- Easy maintenance and prevents corrosion of CV
< Fully Passive Safety Systems > < Passive Containment Cooling System > 13

03 i-SMR &Hl S8

@ suYAEREUNE @ spsgREARE
SISt 14 sizohuiont

03 -SMR &}l 4

Passive Emergency Core Cooling System (PECCS) Passive Auxiliary Feedwater System (PAFS)

L
] _ . B Y N — = Components : 2 PAFS Heat Exchangers and 1 ECT
(I;ODCpTEnents . EZV " ED':/ (Wrt:: :Lé;and i Vent >[I S J —Groundlevel __ _ Ly : Condense steam from SG and transfers heat to ECT
- : Emergency depressurization o
. § cy P ECT Actuation Valve - ECT : Provides ultimate heat sink to condense steam
- ERV : Recirculation pathway from CV and RCS l Py
PAFS
HX
- Hal e = = Design Characteristics
= Design Characteristics ~~JL_ 70 JU. . . . .
/ A tgmat'c [ — I S S s [ - Residual heat of primary system is removed by using SG
- Au i urization in ~<]- . i
[:| [ 8 . ) i i \j - PAFS cool down the RCS to safe shutdown condition within 36hrs
- PCCS HX makes condensate inside containment vessel ‘:][ < tor's acti
X without any operator’s action
[ - Condensate pool in CV recirculates through ERV into core _ : — % r . SZ fensed in BAES HX and condernsata
NI ¥ - Steam from SG condensed in and condensate is
AT - Hydraulic actuated valve type e L I _ A [
/y [ ERV y . . op 7 - J L - naturally circulated into FW line by hydrostatic pressure
- Fail-safe design (Fail-open) : No need any AC/DC power

- Single failure free design (Two parallel pipes)

< Passive Emergency Core Cooling System > 12 < Passive Containment Cooling System > 14
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[SOURCE] https://sanonofresafety.files.wordpress.com/2012/02/onedaysonallthiswillbeyours.jpg?w=256&h=209 (accessed Jan. 30, 2023)
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[SOURCE] https://www.insight.co.kr/news/384675
https://interactioninstitute.org/illustrating-equality-vs-equity/
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[SOURCE] JH Cheong (KHU)
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U,Si-Al (19.75 w/o U-235)

5z
360~487 kg-U

uo, (3 - 5 w/o U-235)

[SOURCE] KHNP and KAERI; JH Cheong (KHU)
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B~ 239, 5= 239
: » ‘g Pu

1 239
92U + on — “5U

Zircaloy

Zr, Sn, Fe, Cr (Ni)

Cr, Ni + Fe, Mn, Cu

Inconel

Stainless steel

Fe, Cr, Ni, Mn

N
235 min 2 23565 d
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S8Fe + in — 32Fe +Jy
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[SOURCE] JH Cheong (KHU)

M5 ArSE
Core Inventory U Mass .
NPP (Assembly/MTU) Array (kgU/Assembly) Size (cm)
KR1 121/ 44 14x14 360 19.7 x 406
KR2 121 /50 16x16 410 19.7 x 406
KR3,4; HB1,2;
HU1,2 157 /76 17x17 460 21 x 406
HB3,4,5,6;
HU3,4,5,6; 177 /73 16x16 430 20 x 406
SKR1,2; SWS1,2
SKR3,4,5,6;
SHUL,2 241/ 16x16 487 21 x 453 i
Ws1,2,3,4 4,560 / 86 37 Rod 19.2 D:10 ?\”%
o ' ods ' L:s0 | =

[SOURCE] KNF Lecture in KAIST (2009); JH Cheong (KHU)

[SOURCE] JH Cheong (KHU)
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[SOURCE] JH Cheong (KHU)
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[SOURCE] https://nucleus.iaea.org/sites/connect/SFMpublic/Infographics%20Downloads/Spent%20Fuel%20Storage%20Status.pdf 11
x*-l— =
M MA SNF XM Eoig
22|k B SNF =&
Options open
Reprocessing 15%
28%
Direct disposal
57%
FIG. 18. Summary of existing spent fuel by planned management route.
12

[SOURCE] https://nucleus.iaea.org/sites/connect/SFMpublic/Infographics%20Downloads/Spent%20Fuel%20Storage%20Status.pdf
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[SOURCE] https://www.korea.kr/briefing/pressReleaseView.do?newsld=156551738
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The original spent fuel pool storage design capacity was 4/3 core; i.e., if the care
contained 200 fuel assemblies, the spent fuel pool storage could hold 266 spent fuel
assemblies. This capacity would be sufficient for the /3 of the core's fuel
assemblies that were changed out during a refueling plus a full core off load
resulting from an unforeseen plant problem. ‘Since spent fuel assemblies were to be
recycled, this capacity was satisfactory. Also, the original spent fuel pool storage

m M2 SNF XXN2| ST M('77.4.7) - O|F

0j2

=

ISFSI / CISF

v

AFR/0S

X 5t

[SOURCE] JH CHEONG (KHU); Westinghouse Technology Systems Manual, Section 17.2 Spent Fuel Storage 19

[SOURCE] JH CHEONG (KHU); Status of Rod Consolidation, PNL-5122 (1985).
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[SOURCE] JH CHEONG (KHU); Westinghouse Technology Systems Manual, Section 17.2 Spent Fuel Storage 20

[SOURCE] JH CHEONG (KHU)
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Examples Examples Examples Examples Examples Examples
TUK-109, (CONSTOR, HI-STAR 100, CASTOR V1S, Mining Paks,
Chemical

(CANDU DSC, ENUN32p, Comples,

Examples Examples Examples Bxamples

MAGNASTOR, AP MAGSTOR, ~ HESTORM
HISTORM,  AECL Concrete UMAX,
il,

VSC-24,

‘SNF X{ZHubAl B H| S

Vertical Units
14%

Concrete Cask
Qoz

Z75

Horizontal Units

5%
Metallic Cask
5% Wet Storage
Storage Buildings 65%
2%

[SOURCE] https://nucleus.iaea.org/sites/connect/SFMpublic/Infographics%20Downloads/Timeline-Dry%20Storage%20Technologies-20230516.pdf

[SOURCE] https://nucleus.iaea.org/sites/connect/SFMpublic/Infographics%20Downloads/Dry%20Storage%20Technologies%20The%20Characteristics.pdf 23
SNF 7-|Mx-|x|- 7| 2 HEX xol
=Moo = 2= T
ince the inception of nuciear power in
Che 7950= spent el 1o been stored wet.
1971
STORAGE BUILDINGS
Storage buiding Wylfa, UK
1977
VERTICAL UNITS
NON-VENTILATED
Vertical it Whiteshell, Canada
METALLIC CASKS
S1OKAGL-ONLY
Metallic cask Surry, USA
1989 -
HORIZONTAL UNITS i
Horizontal unit H. B, Robinsen, USA v i
.
v * Including MACSTOR
/— o, RepuDIc of Korea
1990 ~ = L S
METALLIC CASKS "_Al.“ggs
Metalc ok ot e Surey, USA VERTICAL UNITS*
= - VENTILATED
: 1996
CONCRETE CASKS
TRANSPORT AND STORAGF
Concrete cask Pickering, Canada
0‘.@
2015
~  VERTICAL UNITS
- ~ BELOW GROUND
- VENTILATED
Vertical unit Callaw
24

[SOURCE] KS SEO (KAERI)

[SOURCE] JH CHEONG (KHU); IAEA NES No. NW-T-1.14, Rev.1 (2022) 25
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Cask body shell
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Trunnial el
Cask shell- | Thise
shield grid
[mesh screen)
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[SOURCE] JH Cheong (KHU); https://www.osti.gov/servlets/purl/4231998
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() S UG WITH WASTE
SAFETY u SERIES
No.5
DEFLOYMENT
Radioactive & i i WASTE CONTAINERS .
) SHUTTLE IN LOW EARTH OREIT
Waste Disposal
intothe Sea
EXPENDABLE EXTERMNAL PROPELLENT TANK BNWL-SA-5128
SOLID FUEL ROCKET MOTORS Guf 14te0--1
INTERNATIONAL ATOMIC ENERGY AGENCY INTERNATIONAL ATOMIC ENERGY A
N¥IERNAEET VIENNA 1863 HIGH-LEVEL RADIOACTIVE WASTE MANAGEMENT
r HUTTLE WITH TUG AMD PAYLOAD K.J. Schneider and R. C. Liikala
Battelle, Pacific Northwest Laboratory
LAUNCH Richland, Washington
IAEA Safety Serles No' 5 IAEA Safety Serles No' 10 FIGURE X. SHUTTLE LAUNCH DEPLOYMENT SEQUENCE FOR 1974 Frantii:: un;e;::::t%::h:gisug Conference
(1961) (1963) EXTRATERRESTRIAL DISPOSAL at Oklanoma State University

31 33
[SOURCE] JH Cheong (KHU); https://www.osti.gov/servlets/purl/4231998

[SOURCE] IAEA

IAEA TECDOC SERIES la T R P e e et T S

0y 1AEA-TECDOG-1776
SAFETY V;fiﬁ SERIES
No. 15 Inventory of Radioactive %
Material Resulting from |
Historical Dumping,

Radioactive Accidents and Losses at Sea ' racific Ocean
For the Purposes of the

Waste DISPDSE' London Convention 1972 and
into the Ground London Protocol 1996

\tlantic Ocean

Pacific Ocean

Inetian Qcean

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 1965

IAEA

ot o Enay Agecy

IAEA TECDOC-1776 (2015)

US NAS/NRC IAEA Safety Series No. 15 e asesi e e . e o @

Roepublic of Kores, Sweden, Switzerland, Unitad Kingdam, Uniled States of Amarics,

( 1 9 5 7) ( 1 9 6 5) Russian Federation. and the former Soviet Union

Legend

32 34
[SOURCE] http://www-pub.iaea.org/MTCD/publications/PDF/TE-1776_web.pdf

[SOURCE] IAEA; US NAS
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TABLE 1. ACTIVITIES (TBq) OF DIFFERENT TYPES OF WASTE DUMPED IN THE
ATLANTIC AND PACIFIC OCEANS AND IN THE ARCTIC SEA.

Ocean Percent of total
Waste type Atlantic Pacific Arctic Jotaly activity
E;z:ctors with spent nuclear 0 0 27%x10° | 3.7x10° 43
Readtors without spent 12x10°  17x10° 14x10° 15x 10° 2
nuclear fuel
Low level solid waste 44x10° 82x10° 59x10° 46x10' 54
Low level liquid waste <1x10° 46x10° 76x10° 12x10° 1
Total 45x10° 14x10° 38x10" 85x10' -
Percent of total activity 53 2 45 - 100

TABLE 2. INVENTORY OF ACTIVITY IN REACTORS DUMPED IN THE KARA SEA

£7

Number of reactors Total activity (TBq)

g Year of Factory == : — White Book” TASAP Study
Site dumpin; number Withgutspent Conarng et At the time of At the time of
L nuclear fuel nuclear fuel : : . - 1993/1994
Abrosimov Fjord 1965 No. 285 1 1 30 000 11610 655
No. 901 - 2 14 800 2946 727
No. 254 2 = 500 93 9.5
1966 No. 260 2 = 500 44 5.1
Tsivolka Fjord 1967 OK-150 3 0.6" 5500 19 552 220
Novaya Zemlya Depression 1972 No. 421 = 1 29 600 1048 293
Stepovoy Fjord 1981 No. 601 - 2 7400 1720 838
Techeniye Fjord 1988 No. 538 2 - 500 6 5.1
Total 10 6.6 88 800 37019 47327

* The spent nuclear fuel was contained in the naval reactor but in a reinforced concrete and metal container.

¥ Fission products as in the White Book, activation products estimated on the basis of the White Book as follows: total content of activation products in reactors without spent

nuclear fuel not more than 3700 TBq. 1852 TBq of which was in three reactors of OK-150. Thus, the remaining seven reactors contained not more than 259 TBq each.

[SOURCE] http://www-pub.iaea.org/MTCD/publications/PDF/TE-1776_web.pdf

35

End Point2A| SX|X 20| cist S ™A S ZCH

o
o
re
o
>
o

Official Journal of the

European Union

2.8.2011

L 199/48

EU, Council Directive
2011/70/Euratom

COUNCIL DIRECTIVE 2011/70/EURATOM
of 19 July 2011

establishing a Community framework for the
responsible and safe management of spent fuel and
radioactive waste

B The typical disposal concept for low and intermediate-level waste is

near-surface disposal.
M It is broadly accepted at the technical level that, at this time, deep

geological disposal represents the safest and most sustainable

option as the end point of the management of high-level waste and

spent fuel considered as waste.

RW X =X et

m Y FE7|(12%E) = X!

» AT S RN ES A2 2SR (S =RAEHSE S 4 A

* XM Z71E o1 H 7|

» HRHIAAGRL O R, 22, WL S22 MMM E2(rHEHA) 7ts

[SOURCE] JH Cheong (KHU)

36

[SOURCE] https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2011:199:0048:0056:EN:PDF 37
EU Taxonomy
EU Taxonomy (2022)
(f) the Member State has a documented plan with detailed steps to have in
operation, by 2050, a disposal facility for high-level radioactive waste
describing all of the following:
(1) concepts or plans and technical solutions for spent fuel and radioactive
waste management from generation to disposal;
(ii)concepts or plans for the post-closure period of a disposal facility’s
lifetime, including the period during which appropriate controls are
retained and the means to be employed to preserve knowledge of that
facility in the longer term;
(i1)the responsibilities for the plan implementation and the key
performance indicators to monitor its progress;
(iv)cost assessments and financing schemes.
For the purposes of point (f), Member States may use plans drawn up as part
of the national programme required by Articles 11 and 12 of Directive
2011/70/Euratom.
38

[SOURCE] EU Taxonomy (2022)
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~100m

~1000m

[SOURCE] JH CHEONG (KHU)

39

MXISHE

A7 |2

( nE9 e

MERE M= i

[ ppp—
ey |

=2
Ssh= 72| MEe MEEY

XHEHIELIO|E) @ HoIQtst

LAatdm =0 ME 25 M

MBS ZFHAIY

| @ XME87IS 92 YyetEd gus

L3
z

\%LH RW 229} H&

0
d

HURHRIAl RWEF H XA A&

2 kW/m3 & 4,000 Bq/g
(4h247] 2040 0|4 kA Z)

_ou N CE-X=TT5 =IOV oY
oF N
'R‘:o
Kio .<° B [ | B v S LR E- Y
I
OTxl>=<o
=X E=S
........................... AHAESESE

7|=0

25t

—

ra
ol

HI

—

ok

)

[SOURCE] JH CHEONG (KHU)

40

[SOURCE] CW JEONG (KINS)
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‘ Waste Form

m Waste Form

» NEE7|0| =F ™ RW2| 3}t /E2|H HEY

HLW §2| 13} Waste Form

SNF Waste Form

Encap. Plant

Control Area

XIS Xst

Area for
Il’é!.’a‘_?ii’l Construction
o (=

E2 o= 9l 2

=—— Uncontrolled area
= controlled area
‘%f’// %’»,

[SOURCE] http://www.radioactivity.eu.com; http://resources.schoolscience.co.uk; https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/dry-cask-storage.html| 43
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High-Level Radioactive
Commercial SNF Waste Canisters DOE SNF Naval SNF
] u |
-
Harford West SF assembly is
Valley 5 .05m
> 250 Tyoos inserted here. —
Boling Water _ Pressurized o =Cu layer
Reactor  Water Reacior
Assembly  Assembly " ﬂ ﬂ I
l il b foeod e o
21.PWRIA4-BIIR
TAD Canister Waste
e —— i ——— o —— | —— —— s — ] ——— fDn
Waste
‘ ‘ ' ' Packages
| NS v 5.20m
— y £ o
G G T - e
21-PYR/44-BWR TAD Waste Package ‘Godisposal Waste Package Naval Waste Package
Orsurng Not To S
002400 A, 072713
Outer Barner
ul % 518 Carbon Steel 100 mm thick PA-95, PAVA
22 Nicke! Alloy 20 mm hick PA.SR
25 mm thick PALA g X o 2 =
VVER SF BWR SF EPR SF
Neutron Absorber
Plates for sama containers
{Borated Stainless Steal] "
‘Handing Gansster .I.I-I E.I' =
Botiom Lid —_ -
Inner Cylinder
825 Nsckel Alloy 20 mm thick PA-85
22 Nickel Alloy 20 mm thick PA-VA
316 Stanless 50 mm thick PA-SR
51 mm thick PA-LA
Handling Canister TAD of 316 Stainless for PA-LA
MPC of 304 Stainiess for PA-95
Fuel Basket Tube to maintain space
neutron absorber plates and fuel.
Inner Lid  Thermal Shunts (Aluminum) TROTANIS- 2.0
[SOURCE] http://www.posiva.fi/en/final_disposal/basics_of_the_final_disposal/the_final_disposal_canister#.WOYQvDvyhGo 44
https://energy.gov/sites/prod/files/edg/media/SER.PDF
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[SOURCE] http://www.posiva.fi/en/final_disposal/basics_of_the_final_disposal/the_final_disposal_canister#.WOYQvDvyhGo 46

https://energy.gov/sites/prod/files/edg/media/SER.PDF
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Natural & Anthropogenic Analogues
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Targeted alpha thera
Advantage of NM therapy 5 P Py

Double strand
Single Strand break repair

e Smart therapy — Targeting el break repair
e Easy to evaluate -Theragnostic Easy

>..'

Alpha
Particles

ionizing photons
& electrons
(Beta Particles)

Fig.1 Radioactive particle mass, energy, and DNA damage. Top: photons have no mass; protons have
Y4 the mass energy of alpha particles. Thus, alpha particles have much greater mass and energy than
electrons (beta particles). Bottom: Graphic representation of the high energy of alpha particles causing
double strand breaks which are more difficult for cancer cells to repair than single stand breaks
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The feasib The use of 22*Ac and/or its daughter isotopes should

be seriously considered in this context because:

radioimmun:
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Summary

This paper proposes the u
with a radicactive half-lif
addition, when indicated

with a radioactive half-I
radioimmunotherapy. Thi
{rom a **Ac source at the
precursors, 22Th, which

particles as an alternative
characteristics and the rad
target-selective carrier me
complementary to and/or

) KIRAMS

&

1. The isotope can be made available in a practicable
manner and, with time, on a sufficiently large scale.

2. The handling of the isotope is not hampered by a
radon isotope or by high-energy y-emitters in the decay

chain,

3. When indicated, instead of the relatively long-
living #5Ac with its 10 day half-life, its last «-emitting

daughter-isotope "’Bi with a half-life of only 47 min can

be used.

4. Effective cumulative radiation doses of high-
cnergy, short-range a-particles can be realized with a
roughly one thousand-fold smaller number of radio-
active atoms per unit tumour than are needed for any
other kind of available cell-toxic radiation.

/ Korea Institute of Radiological and Medical Sciences

Geerlings et al, NMC, 1993

[Cancer Biology & Therapy 6:6. 846-852; June 2007]; ©2007 Landes Bioscience
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nd response of systemic alpha therapy for
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ugate 213BicDTPA-9.2.27 mAb [AIC). Tools
examination; imaging of tumors; pathology;
onses were assessed using RECIST criteria.

Is with stage IV melanoma/in-ransit metasta-
«q. Using RECIST criteria 50% showed stable
. One patient (6%) showed near complete
i excellent response fo the initial freatment.
r on mandible and reduction in lung lesions.

clivity protein (MIA) showed reductions over
parity of dose with responders is discussed.
administered activities.

without any toxicity indicates that targeted
afe and effective therapeutic approach for
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Figure 4. Patient 18 showing regression in Lung n ROja et al, Cancer BIO Ther, 2007
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Importance of receptor density in alpha radioimmunotherapy

in B cell malignancies: an in-vitro study
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Fig. 3

Background External bean
immunotherapy (RIT) are e
malignancies. The developi
is attractive because of the
(LET) and short path length
and lower toxicity to health

Aim To assess the binding
B cell chronic lymphocytic
lymphoma with villous lymg
the induction of apoptosis
well as with 2'*Bi conjugat:

% Additional apoptosis

Method 2'°Bi was eluted i
conjugated to CD20 antibo
DTPA as chelator. Binding a

cytometry. Apoptosis was ¢ (5,
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over spontaneous apoptosis for different cytotoxic treatments.
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Results Bindina of 2'?Bi-rifuximab was sianificantly lower

>t to 2'3Bi induced significantly more
'L (421 19% and 42+ 17%) compared to
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ing assays confirm that SLVL samples
)20 antigens compared to B-CLL

ttional therapies such as fludarabine,

one or external gamma irradiation
'sponses in the two populations

:s present higher sensitivity towards
These data are in favour of
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9th Symposium on

Targeted Alpha Therapy

May 19-21, Warsaw, Poland
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Contact
Alfred Morgenstern & Jan Schopfiin

Alfred MORGENSTERN@ec.europa.eu
jan.schoepflin@ezag.de

Date

Tuesday May 19, 2015 at 6:00 PM CEST
1o

Thursday May 21, 2015 at 5:00 PM CEST

I Add to Calendar

Location

Palac Prymasowki

Primate’s Palace ul. Senatorska 13/15
Warsaw 00-075

Poland

The Institute for Transuranium El ts of the Europ C the Medical University Warsaw and
Eckert & Ziegler Eurotope invite you to the 9th Symposium on Targeted Alpha Therapy. The birthplace of Marie

Curie will be a great place to exchange about latest developments in radiochemistry and therapy with alpha
emitters.

*UPDATE* The programme is now available here *UPDATE*

Poster Dimensions:

KIRAMS

For further information please visit

Project of Targeted alpha therapy in KIRAMS

Project period: 2017-1-1 ~ continuation @

~
N

By

Project fund: 3.22 Million USD

Chang Woon Choi

Objective
Development of Research Facilities and Optimization of
Treatment Technologies for Targeted Alpha Target Therapy

\

§on 4 months after last “°Bi-therapy : . .
bl tomot calt g Survival prolongation and improvement of

quality of life of patients with refractory cancer

#8 massive necrosis, few vital tu

18FET- PET [ T KIRAMS
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Structure of Project

Ra-223 Clinical trial |
Targeted alpha therapy for
patients with refractory cancer

New Clinical trial

Clinical and/ Preclinical study of:
Targeted alphartherapy:

| | | ]
Prostate Cancer Breast Cancer Osteosarcoma Lymphoma
(Urology) (Surgery) (Orthopedic (Hemato-
” 9 Surgery) oncology)
Korea version of PSMA || Ac-225 Trastuzumab | Ra-223 vs Sn-117m || Ac-225 Rituximab
T

~Autophagy associated| with/ Targeted alpha therapy:
-IGE signal transduction’ associated with Targeted| alpha

therapy
- Pathologic analysis'associated/ with Targeted alphal

therapy:

'm':‘ KIRAwI>
7 Korea Institute of Radiological and Medical Sciences

&

‘ . Targeted al
.+ 2018. 2. 27.[Tue]
B T e KIRAMS(St2XI2{osty 27 [IAMMHIAIZIZMIE] 15 conference hall)

Public Relations: Al Z L}
BTUPHEHFY
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Clinical trials in KIRAMS

Radiopharmaceutical Disease St;:::g Application
[-131 rituximab Lymphoma 2004 CD20 targeted treatment
F-18 florapronol AIZhe;?::s Dis 2012 Brain amyloid imaging
Cu-64 ATSM Cervix cancer 2013 Hypoxia imaging

F-18 fluoro-methyl

Brain tumor 2016 Amino acid imaging

tyrosine
Cu-64 D(r)n'I;A;)trastuzu Breast cancer 2017 Breast cancer HER2 imaging
Cu-64 N(r)n'I;Abtrastuzu Breast cancer 2017 Breast cancer HER2 imaging
F-18 florastamin  Prostate cancer 2019 PSMA imaging
Cu-64 DOTA rituximab Lymphoma 2021 CD20 imaging
| KIRAMS
\E?f/) Korea Institute of Radiological and Medical Sciences

Medical Cyclotrons in KIRAMS (now)

. Alpha
Scantronix %4Cu (PET), 12*I (PET), 8Zr(PET),
50 MeV (1985) Deuteron 18F (PET
Proton
IBA 1BR(PET), "C(PET), 'ZI(SPECT),
30 MeV (2000) Proton 20ITISPECT)
GE Deuteron 6 -
16.5 MeV (2018) Proton F(PET), "C(PET)

= KIRAMS
\i?g/) Korea Institute of Radiological and Medical Sciences

Radiopharmaceuticals
under development in KIRAMS

Radiopharmaceutical Application

Ac-225 DOTATATE Neuroendocrine

SSTR targeted treatment
tumor

Ac-225 PSMA Prostate cancer PSMA targeted treatment

Ac-225 DOTA rituximab Lymphoma CD20 targeted treatment

F-18 FFNP Breast cancer Progesterone imaging

At-211 PSMA Prostate cancer PSMA targeted treatment

Neuroendocrine

At-211 octreotide SSTR targeted treatment

tumor
Cu-64 DOTA atezolizum . . .
ab Diverse cancers PD-L1 imaging
o KIRAMS
\;?5/) Korea Institute of Radiological and Medical Sciences
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Broadening horizons with 22°>Ac-DOTATATE targeted alpha therapy
for gastroenteropancreatic neuroendocrine tumour patients stable
or refractory to '”’Lu-DOTATATE PRRT: first clinical experience

on the efficacy and safety

Sanjana Ballal" - Madhav Prasad Yadav' - Chandrasekhar Bal ' - Ranjit Kumar Sahoo? - Madhavi Tripathi’

Interim response after 22°Ac-DOTATATE therapy

N=6
N=4 paraganglioma
N=2 PRRT naive

177Ly-DOTATATE therapy Stable disease on
refractory 177Ly-DOTATATE therapy

>50% CgA decline N =8
Stable disease N = 6

>50% CgA decline N=9
Stable disease N=9

ve response

RECIST Response
Criteria
Assessed in N=24

(Partial Response N =7
Minimal Response N = 2

table di N=3

Partial Response N = 8 )

Minimal Response N =4

) KIRAMS
/ Korea Institute of Radiological and Medical Sciences

®

Check for
updates

All India Institute of
Medical Sciences

N =32

— Metastatic GEP-NET
Ac-225 DOTATATE
— 100 kBg/kg
Morphologic assess
- PR 15/24

Ballal et al, EINMMI, 2020

European Journal of Nuclear Medicine and Molecular Imaging (2020) 47:934-946.
https:/doi.org/10.1007/500259-019-04567-2
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Abstract

Purpose The objective of this study was
23 Ac-DOTATATE tar
somatostatin receptor ( metastatic GEP- NI
Methods In this prospective study, we recruited patients with metastatic GEP-NETS who were stable or progressive disease on

results on the efficacy. safety, and quality of life of
¢, """Lu-DOTATATE refractory, and

(100 kBqy/kg body weight) at an interval of § weel
RECIST 1.1 and functional M.D. Anderson criteria). y end points included biochemic
the Ita “Trials in Medical Oncology (ITMO), adverse event profile as per CTCAE v5.0, and clinical responsc
the quality of life (assessed with EORTC QLQ-GLNET21 patient-based questionnaire),

Results Between [April 2018 and March 2019, 32 patients (17 5 malcs, mean age 5$24+9.2 years, 35-72 years) with
cither stable disease after completing '”’Lu-DOTATATE therapy (14, 44%) or progressive disease on '7’Lu-DOTATATE therapy
(18. 56%) were included in the study. The morphological response was assessed in 24/32 patients that revealed partial remission
bled 1di or deaths in the mey

the objective response (measured by

sponse ass

sment as per
assessment by

in15and in 9. There was
213 months). There was a sigi
Conclusion Our short-term clinic:
dimer

DOT

follow-up of § months (range
TE therapy (P <0.0001).

tment option which adds a new
f177Lu-

ant decrease in the plasma chromogranin level post D(
Al

: therapy or have reached the maximum prescribed cyeles o

TAT as a promising tr

n in patients who are refractory to '7Lu-DO’
ATE therapy

AT

Keywords > Ac-DOTATATE therapy - Targeted alpha therapy - GEP-NET

This anticle is part of the Topical Collection on Oncology — General

Sunjana Ballal and Madhay Prased Yadav conuibwed squally 0 s Introduction

nent of neuroen-

- Surgery is the standard of care for the &
oral prescntation at the SNMMI 2019 ;

and was nominated for the Oncology: Clinical Therapy and Diagnosis - doctine tumours (NETs). Most NE
Center for Therapy Excellence YIA Symposium. It was judged and - times observed without any active treatment or placed on so-
ceived the first place for the Young Investigator Award Center for  matostatin analogucs (SSAs) for symptomatic control or in
Therapy Excellence.

Sanjana Balal, Madhay Yodav, and Chandrasckbar Bal. Eariy resulss of
225Ac-DOTATATE Targeted Alpha Therapy in Metastatic
Gastroenteropancreatic Neuroendocrine Tumours: First Clinical
Experience on Safety and Eficacy. J Nucl Med 2019 60:74

The work n presented

are indolent and are at

case of disease progression. However, the majority of the

ne treatment option
for NETs based on the results of the PROMID [1] and the

Chandrasckhar Bal CLARINET [2] studies which demonstrated a significant pro-
esbal @hotmail.com

longation of progression-fiee survival. Thou is cffee-
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First clinical results for PSMA targeted alpha therapy using

225A¢c-PSMA-I&T in advanced mCRPC patients
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Running title: 22°Ac-PSMA-I&T TAT for mCRPC

Ac-225 DOTATATAE therapy for
Neuroendocrine tumor

Baseline ¥Ga-DOTANOC PET/CT MIP and
sagittal Image
Fig. 3 A 54-year-old female diagnosed with rectal NET had undergone
12 injections of sandostatin LAR as the first-line treatment and demon-
strated disease progression afier 4 cycles of '”’Lu-DOTATATE PRRT and
capecitabine. The baseline pre-therapy diagnostic “*Ga-DOTANOC PET/
CT scan [a MIP image, b fused sagittal image] demonstrated somatostatin

e | KIRAMS
/ Korea Institute of Radiological and Medical Sciences

Post 2 cycles of 22°Ac-DOTATATE therapy, Interim
$3Ga-DOTANOC PET/CT MIP and sagittal image

receptor (SSTR) avid extensive skeletal metastases. Post 2 cycles of
*Ac-DOTATATAE therapy, the interim diagnostic 68Ga-DOTANOC
PET/CT scan showed partial morphological response and molecular re-
sponse [¢ MIP image, d fused sagittal image]

Ballal et al, EINMMI, 2020
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First clinical results for PSMA targeted alpha therapy
using Ac-225-PSMA-I&T in advanced mCRPC patients

Figure 1: Waterfall plots of PSA, LDH and ALP response after TAT using 225Ac-

PSMA-I&T. (A) and (B) describe the PSA changes after 8 weeks and best PSA LUdWIg_MaXIm I | Ians_
response after the first TAT cycle. (C) and (D) describe best LDH and ALP response U N ive rsitét M u nch e N

after a median of 2 TAT cycles.

e N=14
A PSA change after 8 weeks B ) Best PSAresponse -_ advanced metastatic
- castration resistant
- “ g T prostate cancer
. ”'”III IIII||||| e Ac-225 PSMA I&T
C Best LDH response D Best ALP response - 100 kBq/kg
L | * Txresponse
%u!;”nllll” wl!!--u|||||| - PSAdecline 11/14
i° §- — PSA decline >50% 7/14
= KIRAMS Zacherl et al, JNM, 2020
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79 year old mCRPC patient (patient 11)
with lymphatic and bone metastases.
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2x 77Lu- 2x '7Lu- 2 x 2%Ac- BSC
PSMA RLT PSMA RLT PSMA TAT m
o
&57
o
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f e v
0312018 08/2018 05/2019
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PSMA-I&T labeling with Ac-225

Labeling method:

- PSMA I&T 144 pg (in 240 pL of 0.1 M Tris buffer, pH 9), deionized water (64 pL), ascorbate solution (160 ulL, pH 5.5)

and Ac-225 (324 pCi, 7.3 uL of 0.1 M HCI) were sequentially added into ep tube

- The mixture was reacted at 95 °C

- After the reaction, ascorbate solution (400 ulL, pH 5.5) and DTPA (12 uL, 4 mg/mL) were added
- Radiolabeling efficiency was checked using radio-TLC (solvent: 0.5 M sodium citrate, pH 5)

for 10 min

Result:
- 15t batch
95.5% (right after) 97.4% (1h later) 99.8%
20000+ 15000
15000 4 L 1 E
10000 - = 10000 — | %
% 10000 é f
§ 3 | H
4 | 5000 5000
.WDDi r 1
0 S o
0 50 100 150 0 5 100 150 0 50 100 150
Positon (mm) Position (mm) Positon (mm)
- 2 batch
94.5% (right after) 97.4% (1h later) 99.8% (
20000 T 15000
- L
10000 S ] 10000 |-
2 ] 2 ] 2
H 3 10000 - &
o o 1 o 1
5000 5000 =
5000 -
i — I o] op—
0 50 100 150
0 50 100 ) 150 0 50 Pwl:g?“nm) 150 Posifon (mm)

naulvivgivar anu mould Suiciives

(18h later)

18h later)

Courtesy of Dr. KangCS

Results |
a4 o5 Letdlo] of2 g
e 2 AlS 90~110% 100.3%
Br20| Ac-2259.922! (8.93-10.91 &) 10.2
pH 45-85 5
grALS a0l 2 =>F ZAs2 95% 95%
LGALHEES Fr-221: 218 keV, Bi-213: 440 keV g
NESAAIE <1 mL¥ 175/V g
SZAE 20l AEEX %S AE S
*21.11.10. X 201 SN %S,
15000 I T Y I | 15000 I Yy N |
7 97.9% r b 94.5% L
10000 _ - 10000 _ -
8 ] S8 ] B
5000 ] L 5000 —| —
0] L 0 -
% L \—\ T T T 11 L F\ T T T 11
0 50 100 150 0 50 100 150
Qj Position (mm) Position (mm)
s KIRAMS - - - -
\ &R Sfadio- 2 Zns 2 A 2M 8 radio-
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If | have seen further it is by standing on the

shoulders of Giants.
— Isaac Newton (1642-1727)
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a clinical modality dealing with the use of

The aim of radiotherapy is to deliver a precisely measured dose
of radiation to a defined tumor volume with as minimal as

possible damage to surrounding healthy tissue.

ending magnet o - - 0.31 MeV B~ go.ss8%
This results in eradiation of tumor, a high quality of life, and 7~ ¢ legetor Gunde
- - " = - 1.48 MeV B 1.1732 MeV y
prolongation of survival.

1.3325 MeV vy

Claude Regaude

Emil Grubbe




16Mev E 20Mev E
i s L 3

N 12Mev E \

1

8Mev E
x 2

10 11 12

9

therapy,-

Particle

LEKSELL GAMMA KNIFE

101

100



A4 0] OJSHE 0| B: 4t AHM X| B (WA S 251)

adiation therapy

Prostate

102 103



2EAHA O] O|SHH 0| 2 WAIM X = (A S st)

7500 I 7000 IEEEDEI I G000 I I 2000 I I 4500 I I 3000 I

—

_—

104 105



106

0l S:WAIMXIZ (HAIM S

QFst

)

12:1
22-0CT-1998
IMAGE 53
STUDY 4

Cosmetic and functional
deficit

107



109

108



712,737 8688

fax: 712.737 8654

— o e,

- -
..‘M_%.a IS
g

«

faazss

R o

el &

\.G z.!u-;_
iy, ﬁﬁ

-

111

110



HEAH O] OJBHE 0] : AN K| B (L AMI Z25H)

112 113



114

HEAFAO] O|8HN 0] S A XI B (AN B 58

)

LN
SR
S

[y
[

1
'y

RN

3 ! -f'-" ‘WF mw ——
ey 7. ’ L

N -~ ~ -
x 12Mev E \ N
8Mev E 16Mev E 20Mev E
1 ' a2 n i 1 " i 2 —a 2 LY
1 2 3 4 5 6 7 8 9 10 11 12

———————0 0
T nmnwod ukated
250 MEY Proions
“"Brags Pealk™

3 g

22hIeV X Kayw wsed

= in photon breatnwent

] —_

= TN

~N ~

== I S

= ()

= (]

0

(== 'f

S—

"‘"—-—__,___.l.___.: 200 Ir.t"' -rys

10 20 3aq
Depth in Tissue (W)

Pholoellectron

=)

.4
.

Inner shell
electron

Incoming
x-ray photon

A

Inner shell filled by
outer shell electrons—
causing radiation (the
emission of characteristic
photons)

B

115



116

Incident
photon

Angle of

Wavelength is changed g\/
A

Recoil
electron

»©

scattering

Scattered
photon

HEAHA O] OJSHE 0] S HEAHM X R (M A S 2SSt

)

scattering

higher than
soft tissue

e

1.5-5 MV
MAITo] Hj
(No. of e/gram)

almost same
as soft tissue

Na

INDIRECT
ACTION

DIRECT
ACTION

17



-

HEARMO| OJSHH O] B:HAHM K| B (AR Z s8N

Chromosomal aberration

3 R
9 R \ 00

- -
~~particles Y Acertre ragrent Ring chromosome

Sister union

IRRADIATED VOLUME

Dicentric chromatid,
N.B. symmetrical plus
acentric chromatid fragment

v Small deletion
v Translocation
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)

Complicaucn

Loecatl Tumor
Arlavon

N
A Uncomplicated

! N Locai Cures

I
i
1
'
C

Fractionation

+~ 4Rs of Radiobiology

v Repair of sublethal
damage

v Repopulation
v Redistribution
v Reoxygenation

uuuuuuuuuuuuuuuuuuuuu

3 Z2MF (cGy)
Mouse 520 ~ 640
Rat 800 ~ 820
H2QnE 380 ~ 490
YAg 700 ~ 800
ET| 735 ~ 910
439 520 ~ 550
L 240 ~ 300
Al 240 ~ 300
¢ 240

Cha bl 310

NE 400 + 100

SNUHY Agaaerss

TD50/5

450

4,000

4,000

5,500

400cm 5,500

100cm 5,000 6,500

whole 5,000 6,000

10cm 4,500 5,500

60% 4,500 5,500

25% 7,000 8,000

whole 1,500 2,500

100cm? 3,000 3,500

acute/chronic whole 2,000 2,500
nephrosclerosis whole(strip) 1,500 2,000
death whole 200 400
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ode, metastatic
e cervix cancer
H&N cancer

Embryonal cancer

Ewing’ s tumor

asal cell carcinoma)

al cavity (<4cm)
Oro-naso-laryngo-pharyngeal cancers
Breast cancer (T2)
Uterine cervix cancer
Ovarian cancer
Lymph node, metastatic (<3cm)
Lung cancer (<3cm)
8,000 cGy or above

H&N cancer (>4cm)

Breast cancer (>5cm)

Glioblastoma

Osteogenic sarcoma

Melanoma

Soft tissue sarcoma (>5¢m)

Breast cancer, ovarian cancer Thyroid cancer
Medulloblastoma, retinoblastoma Lymph node, metastatic (>6¢m)

HEAR O] OJSHE 0] ;A K| 2 (LAHM Z 55t

Electron beam -

MMM

Metal leaves determine how much
radiation enters the patient at
each point.

\I |— Bending magnet
‘ % Beam filtering and

dose measurement

‘ W os

Beam shaping

—5——— X-ray beam
1= !

Canwous
tissue

Intensity modulated

‘ radiation therapy (IMRT)

Really Happened!

Multileaf Collimator

When all the leaves are closed, If the collimator is mistakenly left
radiation is blocked. open, the patient can be
langerously over-irrad

A

NYTimes; fatal radiation

There occurs a fatal error!
Program will be continued without saving.

Software Errorl!

MLC positioning can be monitored

Radiation Oncologist approved treatment Therapist didn’t check console
without QA during treatment.

a ble to swallow,
burned skin,

teeth falling out,
ulcers in mouth, throat,
nauseated,

unable to breathe

He died of his radiation
injuries in Feburuary 2007

NYTimes; fatal radiation

ember organization of FARO
016 registration of the Journal of KOSRO on ESCI
2023 first heavy ion therapy facility
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Current status (2021)

Incheon,
Gyeonggi

= Chungbuk
Chungnam,
Daejeon

Total 100 institutions

X Equipment

o
" Linear accelerator
! Tomotherapy

5 Cyberknife

Brachytherapy 33
Hyperthermia 28
Conventional simulator 32

CT simulator 100

Radiotherapy planning system 569 licenses

HEAHA O] OJSHE 0] S HEAHM X R (M A S 2SSt

I
>

128,757

=]

i
0
02
2
Rl

115,080
111,518

L SAIK| = 2

B ou rumber of cancer patients
Bl Cancer incidence

=0~ Utiization rate of radiation therapy

*EX:20139~20181 WALMK| 2 Hg, AXI2{olsty2
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Radiation
Oncology
Journal

OdLSOM

ventricle nforior scar abuting th..

| - Current Issue
FAE U ... i
oy

s
L 2565 4
e/

WHANUE Y6

Mo| 0|3HE0]2:

3

NXI=(

CPNFES

oss

)

Structure of KROG

%
SAIX| 2O ALY S

19804y
oM

« 2R YA

1980-904
o

« 3R RINITY
YNYA =

20004y

< NI ZEYAN
A|Z(IMRT)

- YN E Y

ol

20104y

s SUARRFANM
A| R (SBRT)

s FYREYANM
A& MRI-RE
SNMAE

2020}

- FUANE Y
=23

* FLASH YA
NE

% New technology on radiation oncology
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CURRICULUM VITAE

A3
olshgeists) 18
m 3}g

1983.03 ~ 1990.02

1990.03 ~ 1992.02

1995.08 ~ 1999.07

1999.08 ~ 2001.01

2001.02 ~ 2003.09

m e
1990.03 ~ 1992.02

1991.12 ~ 1995.07

1996.04 ~ 1999.07

1999.08 ~ 2001.01

2001.02 ~ 2003.09

2003.10 ~ 2006.02

2006.03 ~ 2007.09

2007.10 ~ 2012.08

2012.09 ~ Now

Kyung-Hee University, Suwon, South Korea(12/1985- 02/1988 Military
service, Seoul Riot Police, Seoul, Korea) / B.S.

Kyung-Hee University, Suwon, South Korea

Advisor: Myung-Hyun Kim, Ph.D.

Thesis: Homogenization method for PWR super—nodal analysis
(Work about three and half years after graduation) / M.S.

University of Missouri, Columbia, Missouri, USA

Advisor: Stephen Pickup, Ph.D. and William H Miller, Ph.D.

Dissertation: Design and implementation of pulse sequences for application
in MRI: GMN and DTI / Post-Doc

University of Connecticut Hospital, Farmington, Connecticut, USA
Supervisor: Song Lai, Ph.D. Post-Doc

University of California, San Francisco (VAMC), CA, USA
Supervisor: Michael W Weiner, M.D. and Norbert Schuff, Ph.D. / Post-Doc

Department of Nuclear Engineering, Kyung-Hee University, Suwon, Korea /
Lab and Research Assistant as a Master Student

Department of Therapeutic Radiology, Kyung—Hee University Hospital,
Seoul, Korea / Researcher and Medical Physicist

Radiological Sciences Research of the Department of Radiology, University
of Missouri-Columbia Hospital and Clinic, MO, USA /
Research Assistant (RA) as a Ph.D. Student

Department of Diagnostic Imaging and Therapeutics, University of Connecticut
Health Center (UCHC), CT, USA / Post-Doctoral Research Fellow

MR Unit, Department of Radiology, VA Medical Center (VAMC), University of
California—San Francisco (UCSF), San Francisco, California, USA /
Post-Doctoral Research Fellow

Department of Radiology, UCSF, San Francisco, California, USA
Lab: Center for Imaging of Neurodegenerative Disease (CIND) at VA Medical
Center / Assistant Adjunct Professor

Department of Radiology, Kyung Hee University Hospital (KHUH) at
Gangdong, College of Medicine, Kyung Hee University (KHU), Seoul, Korea /
Assistant Professor

Department of Radiology, KHUH at Gangdong, College of Medicine, KHU,
Seoul, Korea / Associate Professor

Department of Radiology, KHUH at Gangdong, College of Medicine, KHU,
Seoul, Korea / Professor
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Treatment using
Simple X-Ray X-ray

Radiogenomics

( gg&aagg) MRI Radiomics

JHoIE 2!

s oo

Al

| DR/CR, Portable
FEtg AAH FA

Surgery - C-arm,
Portable, O-arm

ZTICHE A M HHE7| K| 2pFITHE A M HETHR] Cv ]
Single or bi-plane Intracral, CBCT/Panoramic/Ceph - !
Fluoroscopy ﬁ‘ -

-

HitsOE 2IBA T

Dual, Single Energy or hybrid

FLEYE A

Contents
1 2 3 4

Jyu 38y
JHOIE k2!

Natural 82 %

B Man-made 18 %

Fig. 1.1. The percentage contribution of various radiation sources to
the total average effective dose equivalent in the U.S. population in the

1980s (NCRP 1987d).

UNSCEAR 2000

Xt GAH: 2.4 msv
|2 YA : 0.4 mSv
Medical X-ray 11%

- =

Radon & thoron
{background) (37 %)

\\
N __—Industrial (<0.1 %)
\ —— Occupational (<0.1 %)
™ Consumer (2 %)
Radiographic / fluoroscopic
(medical) (5 %)

Interventional
(medical) (7 %)

Fig. 1.2. Percent contribution of urces of exposure to the
total collective dose and the total effect e per individual in the U.S.
population for 2006 (NCRP 2009) (rado resents 93 % of the radon/

thoron component).

Gomputed tomography |
(medical) (24 %)

Nuclear medicine
(medical) (12 %)

NCRP 160 (2009)

AFHGEALM: 3.0 mSv

O|FHFAIM: 3.2 mSv

CT(24%), intervention(7%), X-ray(5%)

NCRP REPORT No. 184
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- EjOF 7|2 i o] =2 Makp] o] E} Lt
E1 A% Quy AnHAe] 2@ oFEe eol Hek(Sharp, Shrimpton, HOF 7192 100-200 mGy 2| =2 U0 of3] LiEts

T RA2n, FE SFHFAL oo 2o,

+ E{O} T]= 100 mGy = 3 2| pelvic CT O|L} 2082

Ejo} 4 & ICRP Publication 84 (Old 8= X&)
Buiy 19989 2tz oA ¢18)

#9 W Hit (mGy) Hri gk (mGy)
qaA4 XM ZAl

S 1.4 4.2
5 <0.01 <0.01
EE e 1.7 10
2% 1.7 10
ik 1.1 4
FAE <0.01 <0.01
5 <0.01 <0.01

L kP

uhE 4 (359133, UGD 1.1 5.8
g3 6.8 24
HasetEde

ny 8.0 49
5 0.06 0.96
vl <0.005 <0.005
2% 2.4 8.6
il 25 79

YHEEEO M E LPEFLEX] BeC) J2{L FAlL SHAE

OlME =R 4 RlE SR,

- EHOI I 100 mGy= AOFA(HEE) Lo 2Hol o

oL}, 99%M M EH|7H Gict

- ENOF HZF 100 mGy Ol5t2| EfOf mZHZoAM AL F
He Fgs £|x 2oL

- E{O} 42 500 mGy Ol4H0f| M= &ZtEh Efote] &4
ZE + Ach

- EfOF 43 100 — 500 mGy 2| Ejo} m|[ZHZoA= 712l

o| 0| upet AMSEE BHSIOOF L

- M 710 100 - 1000 mGy2| EfOr M= 7|H
O] HWe H50| 2 2t

Radiation Overdoses Point Up
Dangers of CT Scans

Written by Humboldt Online Editor on 16 October 2009

New York Times
Raven
Knickerbocker,
then an X-ray
technologist at
Mad River
Community
Hospital in
Arcata, Calif.,
activated a CT
scan 151 times

on the same area
of the head of 2 V2-year-old Jacoby Roth, investigators concluded.

o 2M| Lo} LMo 2 68 2 SO .
151 |2| F4 8 CT AIH .
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HOME PAGE | TODAY'S PAFER | VIDEO | MOST FORULAR | TIMES ToFics |

Ehe New JJork Eimes Health

THE RADIATION BOOM

After Stroke Scans, Patients Face Serious Health Risks

By WALT BOGDANICH

‘When Alain Reyes’s hair suddenly fell out in a freakish band circling RECOMMEND

called a CT brain perfusion scan, were

his head, he was not the only one worried about his health. His co- TWITTER
workers at a shipping company avoided him, and his boss sent him @ commenTs
home, fearing he had a contagious disease. (18
B SIGNINTOE-
mage  Only later would Mr. Reyes learn Lo
what had caused him so much S PRINT
physical and emotional grief: he had @ REPRINTS
| received a radiation overdose duringa [ cuase
test for a stroke at a hospital in
Glendale, Calif. LACK
Other pati getting the procedure, = l)ﬁNi ;

being overdosed, too — 37 of them just up the freeway at
Providence Saint Joseph Medical Center in Burbank, 269
. | more at the renowned Cedars-Sinai Medical Center in Los
Angeles and dozens more at a hospital in Huntsville, Ala.

- O)= Z2[ZL{0} X|'Z0oM 2009
brain perfusion CTE A&t SHXL0]| A
ARZIDE ZHo| e[ 2ol iy 24

- 2H &Ztsto] 2009EH A20 O
&0 &7, 0| FDA Z=ALR O[O F 2.

- A= BHECHeHe IES O 7
US.

« FE|LEIHME O] X7 KBSOIAM E
T, CT dAHof ek d2fels 22,

fos Angeles Times

Cedars-Sinai investigated for significant radiation
overdoses of 206 patients

24 C1
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o SHMELA (2019.09; 2023.04)
o X|pEY - 2, ot 2t0F CBCT (2019.09)
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(Diagnostic Reference Level, DRL)
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* Support equipment selection in
purchase

* Perform radiation shielding design

+ Estimate Radiation dose to patient
and staff

» Acceptance / compliance Testing

* Supervise compliant QA / QC
program

* Support application for accreditation
» Work for PQI projects or research

* Consult radiation concerns from staff
and patients

Sl E, Don-Soo Kim, PhD
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Fig. 1. The figure illustrates a typical analytics procedure in radiogenomics research. J Korean Soc Radiol 2019
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Goal: Understanding disease mechanisms - study existing
and identify novel biomarkers & therapeutic targets
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