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2. Recent progress in compact heat exchanger and their functionality integration.

ERRE B K Bah 2 A B 2 BHEEASE Hry (National Center for Scientific
Research (CNRS) ) Lingai LUO #5215 » 21El 7 - M E A SR &
REGEAHYE S RES - BUFEHEERET ~ BE - BRI E R - POCREs RN
e VBRI S—EEREE - LR TR TEFE A /DT
i WEERRNE A EERE - (EEMEm I > BT BE TR - 873
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MIREEEAHEEEIER - S P GREsHRCRTHE TR RIS REIRATA L -
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4. Measurement of Gamma-Rays Induced Luminescence Generated in a Sapphire
Based Fiber-Optic Radiation Sensor

AEAEH FsHEE] Young Beom Song, Kyoung Won Jang, Hye Jin Kim, Dong
Eun Lee, Mingeon Kim1,Sang Hun Shin, Wook Jae Yoo, Bongsoo Lee & A o LA
B EEFE R Journal of Applied Mathematics and Physics"  ( ISSN:2327-4352)
HAT op - AR SR R T (50 FH BE B 0 G s EOHIP ) D e SR o TRl =5 (Fiber-Optic
Radiation Sensor (FORS) - DL FNf&fE FORS) - & T 2HEEMEEE » DL Co-60 25
ST &R Ry ST IR R SR I BRI i SRR B P Af 2 38 e e sl B » &5 SR B A
BE - EGEd(Lamber-Beer) AR ET R LAVEAETTELES - Eha A4 40E 9 -

Co-60 source

PMMA Computer

‘ ‘II Plastic optical fiber Spectrometer
Gamma rays

(SH6001,L: 20 m, :11 1.8 mm) (QF6500)

PMMA Black shielding jacket

. 47B film |
Sapphire crytstal Plastic optical fiber

9 : FORS EMNnEEH I E s 2l E i E

& 9 FyfEF] FORS MENISH G ERISE - i EiEAEHEE A&
#5HY FORS ~ #8648, (Plastic Optical Fiber » POF ) F1—{[&# 28 J& K 25 ( band pass
filter » 47B film) - EFPEIE A&fe (R(bin) $AERHAPE - EE A& E
CRERETRIR L 2R 3 A0y HiTiREy 1.75 HARE 3.97 5e/1L 7 A7y - BB
JC Y3 A R B CE R B B /K S B EE 56 - POF HYEAIEL 7 fe I 4H ik
o7 Al e 5 Rk P B B B (polymethylmethacrylate - PMMA) A 4 L% & 77
(fluorinated polymer) » IEFEHAEAYIMEE 1.5mm HOEERVITSR Ry 1.49 - RIEF
20 B o TR As B ATEAE R L R e AR R TR (B T B B o
F S e (g -
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[EFYEREER(RL5T QE65000, Ocean Optics ) M FORS (Y565t - Al HIE Y
FEEE Fs 200nm % 1100nm - i5 155 1 Air{sE A B0 RS 4 Co-60 JEJEE Ry 1047
TBq - Co-60 SFJ5A1 FORS ZfHHVEERERy 14 2257 » PMMA S RISF B 20 357
20 2 orx1 251 > SAMILEEE PMMA S FEAAR MG S SR (R oA e 2R - DUS AT
RUGEH{E FORS FEARYSEAEH 20 S REAVERDCEEIXTDEEE - T2
T3t °

10 BRI FORS FEAEREOGEEMEER < HEFINEHEN REE
#¢ 400 nm 1] 480 nm » SEIEELILE 420 nm i ©
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5. Comparison of Depth Dose Distributions Using Cerenkov Fiber-Optic Dosimeter

and Monte Carlo Simulation for HDR Brachytherapy

KB EE FHEE] Sang Hun Shin, Young Beom Song, Mingeon Kim, Hye Jin
Kim, Wook Jae Yoo,Kyoung Won Jang, Bongsoo Lee 55 A s A RN
" Journal of Applied Mathematics and Physics" (ISSN:2327-4352) - {£i2JEWT%%
o 7 RER PORERGHY i R ] SOt & 5T (Cerenkov Fiber-Optic
Dosimeter - CFOD ) F EUHIE F A IR S & A sl i P REEEH (595 - IEFHINE
HEEF 1r-192 Bya IR EIE 2 (High-Dose-Rate » HDR) HTRHEE U MEIGHER
AR 2S5 & (Relative Depth Dose » RDD ) 43 « Sfi ¥ 25 B & Ay RDD 34
AR 4R A1 S5 R ZE fE EEF2 =0 (Monte Carlo N-particle extended transport code -
MCNPX) stH&EREEHET -

EHIER (HDR) ITiEHEaREA 4T Kev drigE E /YA HERREH R - HAF
FH A T RE 22 A st i T R EEST o SR PAIMERGH A E 5T (fiber-optic dosimeters
FODs) (& - #fi o K& —EIMEEsE - NI PSS LR &
o T IS SR ST &R A A (E 9 HEE M - (B o] SO HY & A
B 2T AN B AT RS E FODs YR HI 2SI 8 7778 F AT s A= 0 & D
(S5 By — 1l - BESah S5 A G (E R L RE# ff ] 50 mT DR BRI (5 FH U A (AT PRI
MR B LIS - AT RS — T R o] JO R 5t (8
FH B} 56 2 48 4 (plastic optical fibers » POFs ) i3 & £% #i4 % (Photomultiplier
Tube » PMT) R —Y¢FE18T (4 (photon-counting unit) » 2 HIE 4 18 111 FE G 4k 2
SR RIBNiERE b

AHft5E 2 CFOD By RIS HREE EH W 47 B A [EHEA B FERY B A A
(POF)ZH R ANEl 14 - EUHIERER 1 F0 2 7= 10 =K - POF HYENI 17 fg RIS >
Al 2 2 AR Y 0 B F B (polymethylmethacrylate - PMMA) Fil 8 1L 5% & 97
(fluorinated polymer) » S E 8 Fy 0.98 20K » EJE[EE Ry 0.01 =K - (EHZRGE
FEACE N RIS & Z [ {Z 5% - HDR ATEERE G AT (5 A Z SR Ry 1r-192 > i
SFEERE Ry 8.14 Ci - Ir-192 (Y ESNIHRE /17 fy 0.6 Z0RA1 3.5 20K - Ir-192 %
STRIIIS S SR AE 2 #E(E 50 F1] 800 keV » BEEIE({E{F 316 H1 468 KeV - [ EAEH
EIHAEES Y 1r-192 S5 HAY IS ST AR IIRE R LY 397 KeV -
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= Probe 1 — Probe 2
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5 4 .
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% I 10 mm
>mm vy S

Ir-192 HDR
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14 1 A ERPIRERGHT CFOD Z FUHIERE R R E

15 BURHIFSHIEAE CFOD AYJEHI 5 HREH e 2L AU iy o] S BE s A B e
B o FUlIZsPREANALF HDR ATREREGHR Ir-192 ST TESTIREY T © & EUHIZ5EREH
IS ARG - 2 (6 BT R [RIHE 58 L Ay o] R BE s 55 o] o0 A EOHI s PR
BA 1A 2 Ak > AR 10m R E AR R I BTN -

16 BURH T (e RN EsBRIE T2 A A iy ] SRER S (E SRV EoR S - FhilE A]
&t CFOD £ [FIBH MBS &R ISR EREH 1 Ayt (S9a bRt 2 & - A
EREREEA A FNEN IR RE - EEVIFR T EREE - SENERE 1
I 2 o Bt i AT R ERET (S R Y Z & R-AE 16 FPATR -
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Variation of depth
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Computer
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machine
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17 : CFOD &z M2 RDD 45582 MCNPX 5 H4&E R Z ELag

REEAEETRNTET > BUE T CFOD (i HI A2 A (L RIPIME SR AGHY POF ACH]
5 HDR ATEERERUH G ARV & - 2838 (5 F] CFOD HYECHI SRR E A H 1r-192
SR MBS SR 2 A Y i AT AR E R - (BB A SRR E o i - 28
&b RDD figREL MCNPX PREETRHAVEER - Bl T AWFE e tiAY
CFOD "] IHZCHIER E 8 RDD 73 ffi - IRIZETANTFEAYGER - "] LATHE] CFOD
AE Ry HDR FTREEEU GRS A VR E &N > AT SR - Bt
PTRE > BIRFEG T2 - BRI - DA B /KERaE e EF M -
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6. A Study of the Thermal Decomposition of CHz™*I in a Gas Flow in the Presence
of “Fizkhmin” ™ Granulated Materials
KEEE B#zEET Alexey A. Bessonov, Sergey A. Kulyukhin, Lubov V.
Mizina, Igor A. Rumer Z A -
LB RALIA I P PR B B S 850 T e 6 7 A PR MR RO M - ST R 3
TR PR A b & P 28 2 25 T P 28 R BCREG / E O E W BRI freg 2 TR
BRI S VA R P B o A B LA Y SR ( CHa-"1) ST
W » SALEEE 0 HE B AT TR Z A 7 BB » SOREETRE B Sl Ml
PR A=A 8 - 12 witDo Y SRt -1 SRUAE R I FH BRI B A 50 (B2 SRAV R
A > FBREESEHELAY CHe- M MITE 44K -
HETEA RS AM A CHe-" B B S HIEIRR > WTEEINE
B A PE PN T e PR RSt o AR P L BBV M i - - 1 2 AR 4/ N By
IXOy SRIAHE - A EESHTRE D MR BB 7% » I £ EYE
BB 1,05 € UEAE R = A8 | o B LR P E BERBEIE R CHe-"' 53/
A AR EEN R TR RS BFER RS R FRYHIE R
{5 FARF AR A8 2 47 - 2 Y BRI T R TR U M RS IR (R 2 — 2 B
SR - BFHITIZE TR 97.99% 1 CHa-"I SR {EAE 800°C FARZ(GE] > frks
SRS » CHa-" iR {E407E 500°C T & 139 » £F 600°C % 83% ° FRiEHIZE
BIEEUR A CHe- Y FEREEE T E SR TR R RHE = 1Y »
It AEHTERY HATE R AR TR R Ay B ARt » BEZE (e R ]
ffy “Fizkhmin” ™ GoniRAHRURY B Ry 2% d-T0E -
18 Ry AN BB A R T ] o ol By CHe-"' AVE 855 2 Bk oeiiss
3 BWERUATINENE - 4 B AHTSER IR &b+ 5 B—{8 & SiO-Cu’ AYEHE : 6
FyENEEAR 5 7 Byl 0.06M REfRERSAAR 8 KBRS BUAVANELE » 9 FyE17 10
MORHNIVEFE 5 10 £ SiO2-AgNOs -
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AHRFEATE AR K. “Fizkhmin” ™ &HHRN M 4E0 T
(1) W BABERE SR JZE 2M B NHOH JER » (17 24 /N - HETRZE: -

HoSRAE R DA 20 FE/ o3 SRR AT 20RIG 1 48 300°C » G4ERF 4 /N -

(2) WIB B EREHHE SRR » 2% 0.13 M Y NH,NO; /&% » {EAE EIR(: N e -
R ©

(3) W BREEIIE SR - J2E Cu DL Cu(INRY R B AR - B 110°C Rz
EEME - HRUREZEZIRITATRG 24 /NS A7AE 300°C ZE R HE 4 /N -
Cu&g&gk8wty (E4EKKM-Cu)

(4) W AR IR SR & Ni il Cu DL Ni(H)FT Cu() Bz Ea =R P - e
%A1 KKM-Cu = Cu A1 Ni fy48& 85 10 wtds - Cu: Ni EEE[L R 11 1
F1:4 (EFXEKKM-CuNi) ;

(5) WHE R ERERVIE S AR » IR/ Nii BA Ni (INBEEIE =B - FE{REEEE A0
KKM-Cu - Ni &5 8wt% (E4 5 KKMNI) -

EAEESMEINERT 10 255 CHe- I REHEME 1 T LIES
CH3I131 I ff e FE B X 34 G AE ~ 760 C = — K » dIFEERE 540°CHEfN
760°CHY 7 fEFEENE 9.52631 & 98.0% -

R 10 ZE58 CHa- M EW B RSy “Fizkhmin” ™ &1 B 2GSy
fREIEIZ 2> RP I IEH  (FEW I CHa- " 15 i fEE 540°C HIF 96.8

$20 H



06 » 4 R FEE A I S RS Y R (S TTT PR AES > DB ~ 540°C R %] ~ 240°C
CHg-"*1 53figEfit 96.8 ~ [ {55 ~0.03% -
FoRtef 10 258 CHa-"*N E)25% Cu Ml Ni (L&YY “Fizkhmin™ ™ & &4k
FEEREIE T 3> (% 3 P M A AA d-yiE “Fizkhmin” ™iE &bk
FoEF CHa-"M1 HISES FEE BT LUK ~ 540°C (K] ~450°C » HI%%F[E 100°C © {40
i KKM-8Ni 1} CHa-"41 3 ARREREE ~ 3996 311 28 ~ 9206 135 1 340°C 1
fIE] 450C - Fi&7 Cu fl Ni (L&Y EAMIE A PRI ZZ BPE DAY -

Rt SRS MRS d-T 20BN “Fizkhmin™ ™ @ &bk
CHa-"1 B FERR (S 300°C LI - A F RS HEER A BB HER AT EAS R 255 -
VEE PR X HE 7S SE PR (et U MR e -

pl)

1t SR AR B S IR

Degree of 'I sorption. % The total degree of *'I sorption, %
Material T *C Column Column Scrubber with Without accounting of With accounting of
with material with $10,-Cu® 0.05 M Na»S0; thermal decomposition thermal decomposition
540 - ~7.49 ~0.004 ~0 ~7.50
550 - ~9.45 ~0.004 ~0 ~9.50
640 - ~74.97 ~0.004 -0 ~75.00
760 - ~97.95 ~0.004 ~0 ~98.00
Glass 350 ~0.004 ~19.51 ~0.003 -0 ~19.51
oylinders 60 ~0.03 ~73.94 ~0.015 -0 ~73.99

*linear rate of gas flow~8.9 cm/s. time of the air flow presence in the heating zone with length 5.2 cm - 0.6 5.

%2 G T B B R

Degree of P'[ sorption. % The total degree of **'I sorption. %

Material e r

under study T.°C Colm;n;l \1.1(;11 Column with Scrubber with Without accounting of With accounting of
mate;l_zd;n e $10,-Cu® 0.05 M Na,SO; thermal decomposition thermal decomposition
240 ~2.12 ~0.03 ~0.006 ~2.12 ~2.16
350 ~1.15 ~8.99 ~0.007 ~1.15 ~1015
Silica gel

460 ~0.54 ~76.20 ~0.009 ~0.54 ~76.74
540 ~0.31 ~96.75 ~0.012 ~031 ~97.07
Silica gel-NH;OH 340 ~0.45 ~7.99 ~0.002 ~-0.45 ~8.44
Silica gel-NH,NO; 340 ~0.23 ~3.09 ~0.002 ~0.23 ~3.32
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Degree of ' sorption, % The total degree of *'I sorption. %
"F‘i;ﬁﬁ?m T.°C Column \fvirh CO]II‘UIIII Scmbbfi Without accounting With accounting
composite with with 0.05 M of thermal of thermal
Fizkhimin ™™ $10,-C” Na,S0; decomposition decomposition
240 ~9.31 ~4.40 ~0.002 ~9.31 ~13.72
KEKM-8Cu 340 ~3.96 ~58.14 ~0.002 ~3.96 ~62.10
450 ~1.33 ~91.80 ~0.013 ~1.33 ~03.15
235 ~6.93 ~1.60 ~0.002 ~6.93 ~8.52
KEM-5Cu5N1 345 ~15.97 ~51.19 ~0.003 ~15.97 ~67.15
445 -2.89 ~94.96 ~0.009 -2.89 ~97.85
250 ~12.48 ~7.15 ~0.006 ~12.48 ~19.64
KEM-2Cu8Ni 350 ~37.59 ~51.62 ~0.026 ~37.59 ~89.24
480 ~2.26 ~96.45 ~0.039 ~226 ~08.75
260 ~15.86 ~12.68 ~0.016 ~15.86 ~28.56
KKM-8Ni 340 ~48.75 ~38.88 ~0.016 ~48.75 ~87.79
450 ~7.63 ~-91.82 ~0.026 -7.63 ~00.48

7. Gas-Phase Conversion of the U(VI), Sr, Mo,and Zr Oxides in Nitrating Atmosphere

KN EE Bz T Sergey A. Kulyukhin, Yurii M. Nevoin, Natalya A.
Konovalova,Andrey V. Gordeev, Alexey A. Bessonov, Margarita P. Gorbacheva,
Andrey Yu. Shadrin2, Konstantin N. Dvoeglazov % A -

P T-RAEHSpent Nuclear Fuel » SNF)FEz B A fig .52 H /2 22 H AR
S AR R R Y AT AR TR - SH A L AR TR B RER AP A PR o7 K S
M DUBERZ T REEYINRERA EYE - H TS B R B R il Ry (i =<
B[4 (Plutonium andUraniumRecovery byExtraction - PUREX) iy - #figiiE<H[A]
WO % T PARI T 8 P sl s - M A TAR] (Ebanskfie =T )
ZEHL - Eete B3SO 7E 0B - S MEFEHGE R PUREX (Y SEN FERHEIHY
flo - B2 —{EE 2 7Y SNF Mgk & SRR #E1T voloxidation(volume
oxidation) - FE7&FLLES NOX SRHYFHAGE Tz voloxidation HYZEY) » HEAZiTHE
(R AIEA B 2 (EAF 28 feE -

Voloxidation FeEFEEEMERST (401 °H > “C o 1> Bt UEIEIERES ) (ERI%
HETTEARHV S L2 H R BT e B bR - AR g LR Z2r0, » UO, B{L R
U3Og © 241 SNF I T IH B Y25 B th &8 5 T ARG HYETRE - By =08 A BA
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RS R A AT DL E S E)(nitrogen oxides)EHE SNF 4% voloxidation H97EY) » DIEF]
SIKG7/KEEHEEY) -

AR H R ERE UsOs (15515 SNF %/ voloxidation Yz ) » MoOs
SrO (FEEENETTRAVALY)) - Zr0, (FEEARHEEEELEY)) - DR B
BEY)  EE (NOX +285 H.0) B0 HNOs (Z55R ) HYFAS H RARE b Ry KA i
{LEYIHTRTRENE: -

AHFEZ UsOs FEIH LRARHY RARE LIE s/ B A E & VIR S T R 2 A
0N HERREEI T UsOs EM bR Ae T R AP BOKE T BB B &) -
UsOs fEE NOX - Ho0(7577) HYSRAREM LAY Z &L/ MR ERE E AlE 19 -

U305 + 6NO, + 20, + 3nH,0 = 3UO,(NO3); nH,O (n=0. 1, 3 or 6) (1)
U;Og + 3HQO + 3N03 + 1203 = 3UO;(OH}(N03) (2)
U305 + SHNO; = 3U0,(NO3),-nH,0 + 2NO, + 4H,0 (=0, 1, 3 or 6) 3)
U305 + SHNO; = 3UO,(OH)(NO;) + 2NO, + H,0. (4)
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S10 + 2NO, + 1/20, = Sr(NO3),, (6)

2810 + 2NO, + H,0 + 1/20, = 28¢(NO3)OH (7)
SrO + 2HNO; = Sr(NOs); + H,0 (8)

S1O + HNO, = Sr(OH)NO, (9)

SrO + H,O = S1(OH), (10)

Sr(OH), + HNO; = St(OH)NO; + H,0 (11)
S1(OH), + 2HNO; = St(NOs), + 2H,0 (12)

i MoOs fEMH /L RASHY FARE LIP B ML & YIRS E R F T Y IR 2 7
FEstHl - B B BRAS RER T MoOs 14/ b R 8 o S AHEIRIE B KA AL
EVNEA GREERER A

MoO; + 2NO, + 1/20, = MoO,(NOs), (13)
MoO; + 4NO; + 0, = MoO(NO3), (14)
MoO; + 2ZHNO; = MoO,(NO;3), + H>0 (13)
MoOj; + 4HNO; = MoO(NO;), + 2H,0 (16)

[FEIBHY ZrO; fEIH bR ARy RARE LI BOKIE A B EYIHY SE R T 1
2 R o & ERRAE RS ZrO, iR FESA LI MoOs YEZFE » FER 1L
SAAe TR ZrO, R/KEMH BBV A RIS AE -

710, + 2NO, + 1/20, = ZrO(NOs),. (17)
710, + ANO, + 0, = Z1(NO3),. (18)

71O, + 2HNO; = ZrO(NOs), + H,0. (19)
710, + 4HNO; = Zr(NO;)s + 2H,0. (20)
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Technical Session 1: Physics I

Session Chair: Prof. Philipp Rudolf von Rohr, Institute of Process Engineering, Switzerland

Zhaoxing Room(# {T/7°). 3" Floor

14:00-18:00, Thursday Afternoon, August 25, 2016

I Paper Title Author Affiliation

1-1 Unstructured grid convergence study Ganbo Deng  CNRS

12 CFD simmlation of magnetorheological Peng Zhang INHA University
fluid Pmn-Bushings

1-3 Boundary element analysis of two Zou L1 State Key Laboratory of
dimensional structure water entry based on Structural Analysis for
attached water quality Industrial Equipment

14 Solving the direct and inverse problems of  Weichung National Taiwan Ocean
the Helmhotz equation for a multiply Yeih University
connected domain using the
multiple-source. multiple-scales Trefftz
method

1= MNumerical Analysis on the Oscillator of Li Junlong School of Chemical
External Stimmlation and Self-excited Machinery and Safety,

Dalian University of
Technology

1-6 Simulation of crack propagation in fiber S. Tarasovs University of Latvia
reinforced concrete using embedded
zero-thickness cohesive elements

1.7 A Study on Prediction of Building Load Seong-Yeon — Chungnam National
using Building Characteristic Coefficient Yoo University

18 Experimental Investigation of Loop Heat XInyu Chang  Nagova University
Pipe with Two Evaporators Two Japan
Condensers under Thermal Vacuum
Condition

16:00-16:20 Coffee Break
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19 Closed/open-cell Photoacoustic Imaging for Tsutomm Toholm gakuin
Spectroscopic Measurements Hoshimiya University

1-10 Prediction of Residual Stress of U-Bending Ok-gyu Kwak R&D Center, BHI Co.,
Heat Transfer Tube of Steam Generator LTD. Haman_ South

Korea

1-11 Measurement of the neutron field on the Jindrich Adam  Joint Institute for
surface of QUINTA setup under 660 MeWV Nuclear Research
protons irradiation

112 Prediction of golden time using CFNN for Kwae Hwan  Chosun University
recovering SIS under severe accidents m Yoo
NFPs

1-13 Estimation Uncertainty of Break Size of Geon Pil Chot  Department of Nuclear
Loss-of-Coolant Accident Using Cascaded Engineenng. Chosun
Fuzzy Neural Networks University

1-14 FACTORS AFFECTING IN FORMATION OF  Sergey Fedorov FSUE "VNIIFTEI"

NEUTRON FIELDS FROM
BADIONUCLIDE NEUTRON SOURCES
FOR.DOSIMETEY

Technical Session 2: Agriculture

Session Chair: Prof. Rajinder Ranu. Colorado State University, USA
Tude Room( 55 7) 3 Floor 14:00-18:00, Thursday Afternoon, August 25, 2016

I Paper Title Author Affiliation

1-1 Fhizobia biological characteristic Sifi Bouaziz Agronomy INRAT
valorization and input rationalization for
sustamable agrniculiure and environment

preservation
12 Agpplication of Inflow Model for Weir Irigation  Sombat Naresnan University
System without Upstream Diam Chuenchocklin
13 Eole of an algaecidal compound in mediating Cheng Chi Laboratory of Aquatic
the expression of immune-related genes in Biomedicine, College of
Research Institute for
Veterinary Science, Seoul
National University
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1-13 Role of pectin-esterase to improve the Ayesha University of

storage life of Kinnow fruit during cold Maryvam Apgriculiure
storage

1-14 Development of a new fermented Wee Yin Koh  Universiti Sains
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water kefir grains by response surface
methodology (RSM)

115 CIPA: a new epidemiological tool to assess  Johan Spinosi  French institute for
retrospective occupational exposure to public health
pesticides in France surveillance

1-16 Cuantification of Nutrient Uptake and Johan Perret Soil Science and Plant
Absorption in Vanilla xtahitensis cv Tahiti Nutrition, EARTH
and Haapape to Optimize Vanilla University
Production

117 IMPLICATIONS OF APPLYING Haythum Benha University,
SUPERPHOSFHATE-F, ROCK-P, Salem Egypt

COMPOST AND SULPHER SINGLY OR
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118 Selenium Mobility in Some Egyptian Soils  Abdou Scaud  Cairo University
119 Canola Plant Yield As Influenced By Mohamed Benha University,
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1-20 STUDY ON THE NITROGEN Jun Yan Northeast Institute of
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University of Tehran

Technical Session 3: Physics I

Session Chair: Dr David Le Hardy, University of Nantes, France
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ID Paper Title Author Affiliation

11 Grid Deformation for Multi-Body Byoungsoo Chungnam National
Geometry by Potential Flow Solution Kim University
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1-3 3D radiative transfer equation coupled with ¢ University of Nantes

heat conduction equation with realistic
boundary conditions applied on complex

geometries

14 MODELING LIGHT PROPAGATION Snow Tseng  National Taiwan
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Abstract

Two measurement systems, one being comprised of three HPGe detectors and the other being a
4m measurement system of the assembly of 10 sets of scintillation detectors, were compared for
their measurement performance in operations of radioactive waste drum radicactivity mea-
surement and clearance and release operation of decommissioning. The system features of the
former were high costs, capable of identifying radionuclides, a measurement time of about 1000
sec, The system features of the latter were high sensibility, capable of identifying hotspots, a mea-
surement time of about 100 sec. Various comparisons were made for the differences of the two
systems on reference drums, whole-drum homogeneous and non-homeogeneous metal drums and
nen-metal droms, whole-drums of different filling rates. The aim was to compare the differences
of the two measurement systems in measuring radicactivity of critical radionuclides of 137Cs, ¥Mn
and *'Co.

Keywords

HPGe Detector, Scintillation Detector, Clearance

1. Introduction

For nuclear facilites decommissioning, HPGe datectors and lghly sensible seinhllation detectors which are ca-
pable of identifying energies and wsually placed inside lead shields are used to measure the very low radicactiv-
ity (IAEA = 0.1 Bg/g) of radicactive waste for clearance operations. The Instifute of Nuclear Energy Besearch
(INER.) established two gamma radicactvity measurement systems which were respectively compnsed of three
HPGe detectors and 10 sets of scinhillahion detectors (dmmeasurement system) [1] [2]. The main entical radio-
nuchdes measured by the two systems are l3'135, “Mnp and *Co. These two systems passed companson pro-
grams on radicactive waste radicactivity measurements orgamzed in Tarwan in 2009 and 2015 [3] [4]. The aim
of this article 15 to disenss the difference of radicactivity analyses in vanous scenanos contaiming reference
drums with homogeneous radicactivity disinbution, waste drums with radioactivity similar te non-metal drums
with homogeneous radicactivity distmbufion and metal drums with non-homogeneous radioactnity disinbution,
different filbing raties of whole-drum matenals by using these two measuwrement systems.

How to cite this paper: Yeh, C-H_, Huang, W.-1_, Yuan, M_-C_ and Lee, H.-W. (2016) HPGe and Scintillation Detactors Com-
parisons on Waste Drums Radioactivity Measurement journal of Applied Mathematics and Physics, 4, 1482-1487.
http:/fdw.doi.org/10.4236/jamp. 2016.48154
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2. Materials and Methods

Two measurement systems, one being comprised of three HPGe detectors (Canberra (J2) and the other being a
4n measurement system of the assembly of 10 sets of scintillation detectors (INER. SWAM?) are illustrated as
Figure 1. These two measurement systems were put to use under the assumption of using drums of homogene-
ous distribution, simulation of point radioactive source theory calculation and estabhishment of multiple-density
reference drums to come out with countng efficiencies as grven 1o Figure 2. The HPGe detectors measurement
system and the scintillation detectors measurement system had respective standard combined uncertainfies of
9% and 7%. For the uncertainty evaluaton of radicactivity measurement, decommissioning wastes were meas-
ured following the guideline from IS0. The performance differences of both measurement systems were hsted
m Table 1.

In this article, the concemed critical radiomuclides were “'Cs, “'Co and *Mn. These sources used were trace-
able to the national radiation standards wath a standard uncertamty of less than 1%. These erthical radionuchides
were used fto make 40 cm diameter large-area source slice andl.5 cm diameter 60 cm long rod-shaped homd

Top
Lefl: Dhetecton O Bl
Dietector Lictectoa 5
Dietector & Distectea &

Firoas (Thooa) :
Trstacion | Fachi
Tretecton 2 i Dhetector 3
Dretector 4
Beoittoan
Dietecton Ll
(@ L]
Figure 1. Measurement system of (3) three HPGe detectors and (b) 4mscintillatdon detectors.
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Figure 2. Efficiency of (a) three HPGe detectors and () 4n scintillation detectors.
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Table 1. Charactenstic of test drums for acdvity measurement.

Matrix Drensity (g/cm”) Totalactives (Bq) Source distr.
Water 1.0 ~10E3 nniform
Concrete 14 ~10E3 near uniform
Carbon 1.0 ~10ET pear uniform
Plastic 11 ~10ES near uniform
Besin 0a ~10ES near uniform
Concress 18-21 ~10E5 near umiform
Ahiminium plate n4-08 ~10E2 non uniform
Iran plate 07-08 ~10ES non uniform
Tran tabe 03-08 ~10ES non uniform

source with homogeneous distribution. The radioactivities of the source shee and source rod were about 30 kBgq
and the uncertainfies were less thanl 5% (k = 2). For simmlations of decommission wastes, test dmms were
made for various energies, matnx, densities, radicactivities and sowrce distibution. Furthermore, single and
mixed source containing '*'Cs, “'Co and “*Mn of water solution test dram and 16 source rods of concrete test
drum were constructed with a homogeneous radioactivity distribution. Frve metal test drums were made for dif-
ferent radiation hotspots positions on the upper, middle and lower horizontal levels of the iron plate of the drum,
on the vertical center and on the filing side with non-homogeneons radicactivity distnbution. Three kinds of
non-metzl drums of different matenals (resin, plastics, carbon) with homogeneous radicactivity distnbution, 20
drums of aluminum plate with non-homogeneous radicactivity distnbution, 16 drums of conerete with homoge-
neous radicactivity distribution and fouwr drums with different filling ratios of plastic matmx were constructed.
The homogeneity of radicactivity distnbution was the ratio of the maximum cps from the individual scintillation
detector to the average cps of all the scintillation detectors. The homogeneity of the water solution of the 10 de-
tectors was lower than 1.5,

3. Result and Discussions

Frve simulations of 55 gallon dmms with sowce distibution under different geometrical condiions were per-
formed to compare the measurement results of these two measuwrement systems for the radicactvities of cnfical
radionuchides of "*Cs, **Mn and *'Co as the following:

Eeference drum

The reference drums used were traceable fo the national radiation standards. Two types of reference drums
containing water solution were constructed, one being made with a single radionuclide, the other being made
with mixed radioouclides of 'Cs, *Mn and *'Co. The measurement results of the two measurement systems are
given in the Table 2. The maximum difference among the reference drums using single radiconuclides and muxed
radionuchdes were 19%and 20%, respectively.

Hot-zpot test

The measurement results of the metal dmm of non-homogeneons radioactvity distmbution are grven in the
Figure } when the hot-spot lies in the upper, middle and lower levels of the horizontal axial or lies 1n the center
or tiling part of the vertical axal of the whole dium. It showed that the radicactivity differences of the five
hotspot posifions of the scinhillation detectors were larger than those of the HPGe detectors. Thedmmeasurement
system can 1dentify the locations of the hotspots. However, the total radicactivity measurement of this system 15
obtained by adding up all the radioactivity results of every detector. It lacks of the weighting factors of mdividu-
al detector for radicactivity comrections. In addition, both systems have their largest difference mn the measure-
ment results as the hotspots lving in the verfical axial center in the drums with non-homogenous dismbution.
Since the hotspots of “'Cs and *'Co are farthest away from the detectors, the self-absorption effect will also be

the maximum.
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Figure 3. Comparison radisactivity of hot spots at different position of whele drom

Table 2. Comparnson actavides of reference material dnum. .

) B Difference (%)
Huclide Activity (Ba)
g2 SWAM2
= 4000 12 78
“Mn 3660 160 435
*“Co 3057 30 18.2
Mix-""Cs 2000 =200 188
Mix-*Mn 1830 118 o4
Mix-"Co 1830 112 17.6

Nop-metal drums of homogeneous diztribution

For the non-metal drums of homogeneous radicactivity distmbution made of plastics, concrete, resin and car-
bon whose radicactivity in carbon was about 10E7, the measurement results of the two systems are given in
Figure 4. When compared with the measurement average values obtained by the HPGe detectors for the four-
non-metal dams with homogeneous radioactvity distribution, the differences of these two measurement sys-
tems are all less than 12%. One thing noteworthy is that the differences obtained by the HPGe detectors for hugh
radioactivity carbon in "'Co were about 33% and the differences obtamed by the scintillation detectors for con-
crete radionuclides were about 26% in ''Cs In addition. based on the measurement of HPGe system, the com-
parison of measurement results of *'Cs between two systems was given in Figure 5, the differences were about
—8.7% to —16.3%.

Metal drums of non-homogeneous distribution

For the clearance measurement operation of decommissioning in nuclear research msttutes, the judgment of
the comphance of the low radicactivity waste with the JAEA clearance standards (=0.1 Bag'g) were camed out.
Samphng twenty metal drums of non-homogeneous distribution containing aluminum waste were measured for
the residualradicactmity. Companison of measurement difference between two systems 1z mven in Figure 6. The
maximum difference in *'Cs was 0.2% - 3%%_ The measurement results of the five of the 20 drmms were lower
than the MDA value and the measurement values obtained by the HPGe detectors were about 0.002 Bq/g.

Filling ratie of drum mairix

Test drums with the same density of plastic matrix ofwhole-drum and respective filling ratios of 25%, 50%,
75% and 100% were prepared. In the above drums, large-area reference area sources were evenly placed mside.
The differences of both systems in measwement radiwactivities are given in Figure 7. When the matnx filhing
ratic was higher than 75%, the radicactivity differences of the critical radiomuclides of '¥'Cs, *Mn and “Co
were less than 20%. When the matnx filling ratios were between 25% and 50%:, there were few radionuclides
whose differences were higher than 20% for enifical radionuchdes.
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4. Conclusion

According to the charactenstics and the radicactivity measurement results of these two systems, it appeared that
the measurement result of scintllation detectors system 1s sutable for the determmation of the long half-life ra-
dionuchides for clearance and the release for very low activity wastes. HPGe detectors systemus swmtable for es-
tablishing historical rachation data of mventory drums in storage sites such as complicated radionuclides and
measurements for classification of matnces and low level radicachvity standards. The measurement time con-
sumed by scmntillaton detectors 15 mmeh lower than HPGe detectors. However, for the drums which have hots-
pots and non-homogeneous radicactivity distmbufion, scintillabion detectors have greater measwrement differ-
ences and MDA than HPGe detectors. In the measuwrement process of release, it seems obviously that scintilla-
tion detectors system is appropriate for a pre-seresmmg process and then verified by HPGe system for sampling
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