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In order to continue improving the regulatory management technology for
spent nuclear fuel interim dry storage in Taiwan, this study systematically
examined two special topics in radiation shielding and thermal hydraulics: (1)
separating dose contributions from various transport pathways in shielding
analysis of an indoor dry storage facility; (2) evaluating the effect of residual
moisture on the spent nuclear fuels stored in a dry storage cask. The first
sub-project investigated the characteristics of the radiation field around an



assumed indoor dry storage facility. Neutron and gamma-ray dose
contributions from multiple transport pathways including direct, streaming,
skyshine, groundshine, and multishine were identified and separated. The
established methodology can provide valuable information for shielding
optimization during design phase and generally applicable to Monte Carlo
shielding analyses of other nuclear facilities. The second sub-project
developed a methodology to evaluate the quantified residual water in both
selected hypothetical storage cask based on the computational fluid dynamics
method. The result shows that the initial residual water range can be removed
by reasonable dry drying process and the residual water will not obviously
impact the status of fuel or internal components in both casks. This project
served two purposes: developing useful technologies in related fields and
providing guidance and feedback to regulatory bodies. The results and
experience obtained from this project will facilitate the progress of indoor dry
storage program of spent nuclear fuels in Taiwan and also subsequent
activities in nuclear power plant decommissioning.
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ABSTRACT

In order to continue improving the regulatory management technology for spent
nuclear fuel interim dry storage in Taiwan, this study systematically examined two
special topics in radiation shielding and thermal hydraulics: (1) separating dose
contributions from various transport pathways in shielding analysis of an indoor dry
storage facility; (2) evaluating the effect of residual moisture on the spent nuclear fuels
stored in a dry storage cask. The first sub-project investigated the characteristics of the
radiation field around an assumed indoor dry storage facility. Neutron and gamma-ray
dose contributions from multiple transport pathways including direct, streaming,
skyshine, groundshine, and multishine were identified and separated. The established
methodology can provide valuable information for shielding optimization during
design phase and generally applicable to Monte Carlo shielding analyses of other
nuclear facilities. This project served two purposes: developing useful technologies in
related fields and providing guidance and feedback to regulatory bodies. The results
and experience obtained from this project will facilitate the progress of indoor dry
storage program of spent nuclear fuels in Taiwan and also subsequent activities in

nuclear power plant decommissioning.

Keywords: Indoor dry storage, radiation shielding, radiation characterization
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The Eleciric Power Research Institute (EPRI) has published a valuable primer on shielding
computer codes and analysis techniques (Broadhead 1995). Computer codes that have

commonly been used in CoC and specific license applications include MCNP and SCALE. Codes
that have been used or may be useful include the following (grouped by code type):

Discrete Ordinates codes: DORT, ANISN, DANTSYS, DOORS 3.2
Point Kermnel codes: QAD-CGGP, RANKERN
Others: SKYSHINE-II, STREAMING

B 2.2 ~ UNREG-2215 B ji 4~ 4712 32 425" [4]
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Monte Carlo codes: MORSE, MONACO/MAVRIC, MCBEND, SCALE, MCNP
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cask (am) {m&wih) h)
150 2001 00304 8560 Eg2
170 6 ffe2 0025 2am Q62
175 5 25e.2 002M 198 L0456
1840 4.00he=2 004970 116 LaE2
Table 5

Gamma dase rate parameters alang the axial dirsdion from the op of the cask

Cask body 2maway Emor (%) 1maway Emor (%) On the Emor{E)

thickness from the from the top af

from the ax- surfece surfae the ask

ial direction  {mSwih) {mSwih} {mEwih)

of the ask

(cm)

| 149 LI 0047 290e1  QIRE

10 102 [iTi k] 255 LTI 52| [:E LiTiE]

12 171 O5R T30e1 0032 243 LiTiEE:]

13 il ] LiTiEE:] 4.80e-1 00 2% (2
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Fo4.1 ~ SRR A (68 )L E 2 5k % A (120 e d)

Total Strength

Strength
Source Region of ISFSI(120 casks)
(n or y/s/cask)
(n or y/s)
FN Effective fuel 1.364 x 10!° 1.637 x 102
FG Effective fuel 7.568 x 106 9.082 x 10'®
LEF 2.367 x 10 2.840 x 1016
Effective fuel 1.078 x 10" 1.294 x 1016
HG Plenum 1.307 x 10™ 1.568 x 10'®
UEF 6.533 x 1013 7.840 x 10"
Total HG 5.405 x 10 6.486 x 101

Pl

FN : Fuel neutron(’2#L# 3 )~ FG : Fuel gamma(%%3#! £ 3 ) - HG : Hardware
gamma( .5 % + ) ~ Effective fuel(3 »= %4 %) ~ LEF : Lower-end-fitting(™ 4+

%) ~ Plenum(=t § %) ~ UEF : Upper-end-fitting(+ =%+~ %)
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Normalized fuel gamma spectrum (y s* assembly™ lethargy™)
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FEMRCERELFAEAES O RRIEPENFUEEFHFERF 2 F
PPy RS FERB LG 24 fod 3 Casel 5 FRECRTREI EF 7 L5 ik

FUE Qo) ek EY gr@RAEL G 25 fo2 3 Case2 5 PN i2h7

PRATS AL RIFERFEMEZHFEN  Cased 3 R P cFRAIEF T L
BURRZEF A RESF AT L IEIE T H TR

Cased 5 3P §cPTRAIZHF 2 By fusg 2 H R Eg AN 23

FUEZHFRC FE R E e bk g S H TR AR S L RS FlE
ERETALFLET AT GLHT BEFHESIHEF T QAT

TF PR RS B P derRosE 2 AR A1)
BRI E AR TR LR Y SR E AR E R e o

PAREEIL S BT X DA AT R S AT E T PR Jifﬂ?)‘%“’

g 5+/% /n(Radiation Streaming) = Case0 - Casel

% 4+ 7 1% (Direct Penetration) = Case2

% % #7354 (Skyshine) = Case3 - Case2

¥ % $7%+(Groundshine) = Case4 - Case2

% = 47 % (Multishine) = Casel - Case3 - Cased + Case2

BBEF = FEET + DETE + R TEH G EE + § st
= (Case0 — Casel) + (Case2) + (Case3 — Case2) + (Case4 — Case2) +
(Casel — Case3 — Case4 + Case2)

= Case(
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[ 1 Concrete

Casel f

Case3 T

B14.9~ % a2 P gpeAl R pea 4710 5 b3k A
VLT RE L R BB ITRLE
Case0 & % N §TRTR W L ¥ B fr A 47408 B fricdln L Bl 4-% B 4.10 fo
B4llef9 o 410 5 &P %0 bl55 1 53 0 » B 411 5B 49 ¢ Casel

BT LB aB49? 3 LELFSENKI I PLE > HHEAUT LB 6T

2
\L
\ [and

PRI S A o Cased 5K 2 § BJEN S PEE e il F Ly

FPHER O FREAFI Y 100m AR F A F o Bjpicdle gRw kg
TEFKLS00m Ad B 0 AT RpREA FhT F K F A S 100m - 200 m
500 m ~ 1000 m ~ 2000 m » 7t F P §ERTK 6 B Ficd] 4 47 KL > 500 m h3

g R 2 PR Bk Bfphdlre 273 Im SRR ST N
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it Case2 B i)t R Bl 2% B 4.13 > M 252 3 Casel * 7 g i

LI RE Bl W S AL |

R gt Bz P TORTLEZHET R a T A AL T R RES
B REEER YR § B REH D MR R

Case3 B A+ M5+ B 414> kb2 k3t Casel 2 4 el §

AR BARELE A 2RSS T LA (K

L5 2 7)) Cased B e ticdln LW &4 B 4150 kb2 4 3t Casel 2 4 g

el F I L REFFRFFLFASEH T IRE AL REF 25

LERE AR FA T BE AL B TR DN kA SR MR

ERTE R DI F R AR A E T PR BT gk o gt A AT

1. ?\;{’y”ﬁ :’-@‘55[’ ‘glﬁ (—ﬁ & 3 A R l,ﬁ.)midgl ﬂiﬁvk"fﬁtm
2R ERTEN g e L 3 RT S
3. 5d 25 2 2 5 BATHI P HRRE S X 2R
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5. 55 23 FEAT S ARSI P RRE S 5 S0

F}
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500 m

] Air
B Vacuum

[] Soil
" [] Concrete

163.5 m

B 4. 10 ~ Case0 % &) B 3] (5 % = )

100 m

Bl 4. 11 ~ Case0 % b B F 2] 7 & B
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[] Air
B Vacuum
] Soil ‘

[[] Concrete

HAAE HDEED

Bl 4.12 ~ Casel % &) & feticd] T & B

[] Air

B Vacuum
[] Soil
[] Concrete
Bl 4.13 ~ Case2 % &) & je -3l 7 & Bl
[] Air
B Vacuum

[] Soil
[ ] Concrete

Bl 4. 14 ~ Case3 % &) 5 3] 57 £ W)

4

Cﬂ
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Bl 4. 15 ~ Cased % b| & frficd
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FIRCZPIEITESRAMEENI RELIELE2EG
ML FpF i

AR BRI F S R for e RO FIA AT 2 BRI
AeEEEwm oSl &L BEREFEERA R RMES A F > QLB ERITL TG
SR AT B 5 52 8 G B ROE IR SRR TR 0 L 44 & 2
B E T T e A4 B NREBROSAE TR 53 & 5 MaE
Br 1 IFA R R E R G3H, o 152 &2 % IJQE_?ET)’%F’HO

AR EHY DB ERSE AN 0 ¥ 5 SCALE/MAVRIC A 71 > v6.2 % H 5
RTEA o b BRI * CADIS ik » V pd ity A4 T % B § - RIEDEEL &
AT AT BT F S BN ERE AR R R MBI 8

SHL B B2t N R R By S8 R AT re L B B B 4 B HE T 2 CADIS
B IR G LR 7 - deed e 735 4 8k $E(Discrete Ordinates, Sn)3t & 0 d
SRR A B RS RER I RE MRS T R WY e R
B BB B S I N (8 T - A GE L Flens % - MAVRIC A 5]
Denovo # i f-le (-T2 5 A 4 ¥R 2 88 #5% M 4 8® »> = % Monaco
o B TR B R (5 A 43 B O MAVRIC #24 B 72 5 40 54 i e
BB H LT EY f5 BT AR 51457 o

# 5.1 ~MAVRIC #2384 * 2 4+ (7% £ 5 T

Code package Hybrid method Cross-section data

ENDF/B-VIIL.0
multigroup 27n19g
(Denovo) +
ENDF/BVIIL.O
continuous-energy
(Monaco)

MAVRIC-v6.2.3 Sx (Denovo) + MC (Monaco)
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£ 4431 e ipan g BE B B A P R R 068 R AR
RETWAR A2 S0t 0 4B e Fenst R R AR e A F > (T L 5
£ F A F 4t o et > MAVRIC 5 73 FW-CADIS 3% > p* 323 5 — 2 # en
CADIS %3 > 2 & £ B % FW-CADIS §:8i7a St L2 hiz 3t B L ey~
23 E od XA @/ BREY > B - XSy E P s T R 4L
IR ARE LR PEEY 0 R4EFel ¥ o0 CADIS Ik 1Ty 0 L3 jEen
BELIFTUR S BIARRA- XA TIRTEY - RSB

BREHARBESFLAF 2 TAFEFA SN REF A (Region Tally)fr
¥ gkt &~ (Mesh Tally) o & & % & * &5 p & 3+ & * /2 (Total Track Length
Estimator) k . % F @ £ F > LA AL 22 HEERHTFFE S % FEHE o
Bt AR 7 E % 02 ICRP-74 538 2 3 ik cn% ] % »o@| £ #& 4% 5]+ (Ambient Dose
Equivalent) H*(10) ¥ 2 3+ A cn SR S BB 34T B £ 6 chd By
Pl R ERRE Toma BRZ IR FRE ¥ - 5T
FEVATRAERTIN om e RIHFREEEFRIPN o BB A TR L
ERREENA G L om ke RIEREFLSREBERNE S R EFTE A

TEINFLBEL S B B LT n S kT, 2F B 52

SHEE B (R 4.7) & B34 8 8k 3562 O R A
28 hEERA G RE R S1 W RH PO UERSENBBEIN LT
BT EA GRS G st A o Denovo BB B e tic 3l 3l 5 600,000
(100x100x60)#% 2k > 1% =< (Forward Sx 22 Adjoint SN) i i -2 2h 2348 > 224
TRV e Y F e R TR :'(;% s - rkﬁfi ER RS fgljegfrfagrz

ERLESLY R S VIS » £ il 4% Monaco ¥ + R 47N (TR -
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DENEEEE TS SRS ]

;LA L AR % Windows 10 173 % sudy ﬁ\- 3.40 GHz i7-6800K CPU
fr 64 GBRAM & {7447 » = Bt %k ) | B EPEFRFY20h Bl P & 2
S E TR R oA 520 Mk B RERT 6 % Syt E 9P 12mine @ 2
B3 HERREY A S kT 8 fheS T p BERE Y 60min 54 & uE e
FER R o A TR P BT R R OB BT A AR
WGSBS B P G St G AR A
FEd K (vPs 0 FIL R 31~ CADIS SLhinp i $FH + R it

4

o

o

253 5B RPEIINFET L LR RIBHEF T LI I 3

(n:1.21x107 > y:2.83x10") » @ kF WA x L w12 FGfrFN 5 1 & ?/’% » Fip)

WHRBPATELIERAG AT o A FG 2 FN SR EH 30 B8 > et B
FEREFRRPALRME RRE S SR TR EFR Y LR R
(n:4.56x102 > 1:323x107) > 4 B 48 B Fhcalm & Washe Rk REr

3 &£ 5

-

1

KN
c,

_:j_p}'u]/{«%j‘ , TE‘-‘«K ]3»; ; % : ,J_ﬁ{‘ ?‘T’E'* PI ;;gtgj,{, , 2 —;—E%TS\:‘ 3
> 37

F o AR YT 0 %0 FG iRt A 0 B A o AR A4 F s

2
WA 1% T AT H N HE 45 FIFGLERIFI N BRI SE 0.7MeV>

KA BRFRILTET NN R &R R s T R R



FOM(Figure of merit) 73+ 5 »25 £ 1 #cfg vt i » FOM & 4™ 25 'R 5 5 %
APHFL > Toimuation » 3+ 5 R > FOM B A% % % £ 32 B oadodddd » F 2484
B G B SHROT BRI R PR BRI IR R KA BB L
BRdRPREES D g S HE T

1

X (TSimulation)

BlS2 s B A2 REFPACETALRE  BS3 FEEEHLGH

FOM =

ek

&

FAt o BS3 i EHRE BS3 LA ERTEN c ERREHEF AT

FHBF TR A IR T ARMEFRF B LAN T REREA

AR R R R RRELS G SR ERAFE Y Tt A K ikl

TARS RERES e ERTEIVHES AT 0 AR BRI
'lﬂj*éﬂwﬁ?‘};%’ﬁ_?wi]‘%ﬁsP”ﬁ%—lﬁ_ & 5 ?ﬂcméﬂ] 138 %
%90 cm ik F 2P 3R E FHCE R )G R R A FER R 0 A T 105 cm

Fd F R B SRS XS R PP A T AR S o B g B
2105 em Ak dh il @48 BcH > 2 i B R 5 B ) 200 R
B 22-470 cm w0 s ¥R INH| E & T;F}*J:g b v EY S REHARY S B
Er ok FRAA LAP R R AR AL AT L LA iR
AT EARE o B S3()RIEHEFAF O RE W L LR R FE G OB R D
FN o FG 84757 ph3f A 5 B4+ 3 4 g A (B 4.6)1 & f ¥ 20 st 5 o
FERES L ERERELT B S3(H)ENMRELT > Do F LN 5 88
cm > A SRR R A AL T 105em kA 4 BB B a & R F G R
PR BRGS0 229 105 em At AR F S T ()
S2)RIEY > B ERE "
Bl 5.4 5 BEHEHLr BEF= ﬁéﬁ%ﬁzf,}g‘u[&hm?‘f% RN E R E

Bt 5 Hes o R A 2R FG 5 A& F 0 FN A2 ehs =

kG 2o Z FESRIE Y EHEH PR LT M E S ,;\,?-}q:, AT s
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HG 5 8i & Fft 0 B a2 FROR LB E T o R0 Bk 55
R G R R A R S EE R S
BTG AT)BRBEENA R TS

5.2 BEHEpTERR

Source Forward Sy | Adjoint Sy | Total Sy MC Total
(min) (min) (min) (hr) (hr)

FN(110x2E05) 32.37 27.87 60.24 21.60 22.56

FG(120x1E07) 6.19 5.98 12.18 20.20 20.37

HG(120x1E07) 5.89 6.03 11.93 21.20 21.38

FN: %4d¢ 5 «FG: %k 3+ ~ HG: S+

Forward Sn: # w & #472 ~ Adjoint Sn: 2484 $272 ~ MC: 53 + B2

5.3 thankfa R A B E

Source Dose rate (mSv/h) Error (%) FOM (/min)
Side n 1.21x10 0.20 191
Top n 4.56x10 0.40 48
FN
Side y 4.86x1072 0.12 526
Top v 5.05x10* 0.69 16
Side y 2.00x107! 0.05 2750
FG
Top v 5.98x10°¢ 7.91 0.13
Side y 3.45x1072 0.10 812
HG
Top vy 2.72x1073 0.21 176
Side 4.04x10! 0.07 559
Total
Top 4.88x1072 0.38 18
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Dose Rate (mSv/h)
[S)

10°

=

Total
—=— Gamma-ray
—— Neutron

100 200 300 400 5000 25 50 75 100 125
Height (cm) Radius from Cask Center (cm)

B 5.3 BRERAHESFASF > ZRF > BN
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mSv/h)

{

Gamma Dose Rate
>
(S

-
o
&

10

—=— Total
——FG
——HG
—~—FN

— 1 1 1 11 T 1T * 1T "+ 1 7
100 200 300 400 500 0 25 50 75 100 125

Height (cm) Radius from Cask Center (cm)
BS54~ BREfaAn ML F b SRT R ZRIE o R
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52&E%ﬁaﬁﬁ%miﬁﬁ

AR BT A 2 F A (Case0) £ BB Fldoie 1 44 &
e ! ey 5 £ Tﬁ‘f’v/w\ $7H058 (Case0-4) 0 12 % ienpe + BRBF L E ot kT A
BB RR S & B enip SRR TRk -

A3 Stk BE R RIS SR 4] SRR FRE T
22 A32 SR B s il o £ S RRTe 120 ek LY YR fE
* i3 S ER(FN ~ FG ~ HG) 0 ¢ 5 e cnsfiRss B a2 b A F 0 %%
BERGE R R & 410 b EEOE B AT R TS AT feen S e R GE R SERTR
*5) ~ AF Fe 3R (FN ~ FG ~ HG) » B FRE R B3R5 B s 17 2- B2 5 40 % 7
R R A R o

AATEERFER S Y WA E F A F > A % SCALE/MAVRIC #25% » f 51t
Bl g oseng BB MBET A RBFRIH T EDERET G ANt E e Y
MAVRIC 425 » & * FW-CADIS 2 %8 73+ 5 » #- 12 Denovo #2387 5 =&
(Forward Sy £ Adjoint Sn)f I /4 T h iz 3+ 5 » MBI RT B jr o
7,240,640 (374x242x80) 1 14 Bk » B-FEHEE %+ 100 m AT 5 4 F1X
B(B 5.5 %3 BH) AR WHIIITFR S e BRBAE
BREHEARESFAF > ¥ R4 (Mesh Tally) » 28 S pr & 3-8 2 2
(Total Track Length Estimator) % Z_d1 44+ 3 £ F » £ k1 8 72 &% 7+
S FEHE 0 AT EHE Y ICRP-74 B3R 2 % en F 5 »oH £ 3% 7]
<+ (Ambient Dose Equivalent) H*(10) 1% & 3+ & eh s dn i@ » §8h3 4 5 o 4 7]
SUWHBRO2m TR B BR s R R L% % 100 m A 4o B 5.6
':'Tﬁ‘ o

BT RETRE AR EF L FHE AN FIREY g AR E R
BIATIE T 2 St B A S B E SR TR o AFT L B A T
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win7 1T % % s> fe & 17-6700K CPU 22 32GB RAM - FN % ¥4 & & #6384 .5 >
B SN EPERACg L Sh(FFERER 1L <1%)  FGfr HG 4 x5 > &
& SNt E BAcHE 2hGFERR L <4%) R+ BB
22000 24 0 BRAEFEEEELE T )0 4% 0 f FGUp ] ik S
FB)E 10% o SNt E PR R gk B 0 BATR B HAR iR 0 Ap et
BpER S AxfopF > e 4 CADIS 2P > SNt B ehE BEAS R B R AR T 38

A% RV AR HEFOFE F BRI R GHE K o

Adjoint source

B 5.5~ FEHE T EEEIRRE &

-4
2

B 5.6 FAEME ST RS
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B 5.7 A% AL FUEIEGLF > L Casel hEx 35 %% - B 5.7

ZEAMEF(RA) P FHEF (2R BHEF(FR)A T AHE S %

iR 5 1.83mSv/y FR 3 EER % 100m i 0.04mSv/y » B ¢ %% AR H ¥
RS AR TR S G 80% i S EERRELARHEFSF L
FOoERBREL ISR D S AR TR RFROFTES AL H ] T D

R B s e SRS E v L o BIST L 5 Z BRGS0 R
AL kG S TR T4%) 0 B S RHER T (9 23%) ) pk kS
BN (8 3 %) o

4.4 &R K g SR f}f}?k&ﬁﬁjﬁ R % e Case0 #b » K37

Casel-4 % b > i 223515 kT A NIRSE - BT S 2 240

N

BRI S A E RS B ERZATPRRERH B E B % IF
FEd (TRM-BS8(L)E RS W7 Pl BB EHE X EIERE L 5 B
5.8(%) 5 6 ¥ il 7 g SR A R [T FEKF 0050~ 100 m ks #H] R F L B0

Bl S8 7 PG BB /E7 PR GHEHEFE N FPREUGEHZ NS BT 555
FRed o d FHE F Qe d A 75 % BEAE S Om =B o F A 4 SR
TRTEGEH - SHE =5 BEFE 0 BUHL 50% 4% 6% 5 BEHK
50m =¥ o fpEE I B4R T B X 2 AT B AT e AT R BRI
F L 34%42%~10%~10% ~ 3% » FEAEK *F 100m =% #§ &}

501’1’1 vI%%J\ o

R T R B T o LR A £ tr B IO U S B B R o 1ot A
AR 3 B R TG ARGIRTR S A TR 6] BAEPH R AT R H K6
BRO2mMPEHO02m 54 B Tad R HRHARAERP N B

LB e B e RS B RO02m) R A §i ER AL R
AR AT AR AN LA T (@4 F) o ¥ E R - Bow 0w ek pland B angE

Yo R RERE A B L R RITIER(E R G APIE)E R 5 € IR A B 4o



BBER ] AR - EEE R R B o 1R AT RGP o g &
FFFAEBIFRANLFFARAL EATIHIZI S RFFP > 2RE0-
AR TR S R ZACRIT R

B5.8 R bR st PR /Ey +foie 5 HEF IR 59 %
AU EIRY FREF o EREFHL B S59¢ F ot BHE FAp o AR

DEA R TR 2 R SR T A b B 5.9(%) R E 100m s
MR RR R G R E R TR B R S AU X Z A0 B RT SR 6 i
o BT SR IEE A RITR G B AG REFS TR X 2l S
AhT BBERF 10 m e B 5 TR 4 B 2T B R 0 b 6 SR S TR
BB E Bl SOT)HET ERTSEHEEMEING AL R D B EHRE T
B0 R R ATH S B G AT S SO 2 AR T e B RS R TR RAT ) AR
BT RREHEF AR

g L t;ffu,\ﬁfg_;u% 7w ,rz;};tﬁ;;gﬂi&ﬁ;mé‘;q{%_::;f/;k’ AV R A

PR PR GRS )MEF T A R EABREY e

FaHs T o Bl 510 5 & §5 5B 82T A EEHEK*F 100 m &

%“‘
——)\-\
!
é.<
4
.0

Ao BS5.10d AT F e BAR S LT A SIS B

BT SRS T TACL E G RO S AT AT Y LR ES TR

gnk

W OSNFPEAEY 2INIOG § i Him o VR BB B A TR 0 £ i
AEERT R - MGG HF AT T 2R A 5 D) BRSSP BN
2HGHEAERA > 1Y 3 5 6]803x10° n/em?s Y S EF 0 L { P AR
Bor L BAdh R F 24P o B 500 PP F B 3 kIR S

Wic £ 0053 8MeV FFeortfie 2 s Aa B Y wE BT B HEE G FR

FRTEEMNTIE? 3ok I SR 2w 5 1.64029MeV s T SiEHL 8

—En

Kpagard FEPH T2 B pRETE 2 wERTEFHNTEY 3ok

R EANHB RS TR E RFAR IERTEFHET R FL X
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Bochi FIET AL & R PRCHTET o @ B 4RSI % 2 EC S B oa i
S5 TR GBS S SR R H g ST Tion £ RN TY Sk

b AR UR: - L R

L o e o e LA L L WL N
—&— Total
—&— Neutron

—A— Gamma-ray

AL L B L O WL N AL N
—&— Gamma-ray 1
—v— Gamma(FG) | 1
—4— Gamma(FN) | ]
—<4— Gamma(HG) |+

N
o
=)

-
e
|

-
e
N
|

¥y ¥ Yy ¥

Dose Rate (mSvly)

-
<
&
|

f*

10 +--r--r--r--r—r—TTTTr
0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Distance from the CISF (m) Distance from the CISF (m)

B 5.7 5% % QAR R (RMEF ()% 8 SRE STt
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Dose Rate (mSvly)

101 T T T T T T T " T T " T " T 7T 797 120
—m— Total ] - Streaming - Direct
—e— Streaming | I skyshine [l Groundshine |
—A— Direct . -1 g/l8ult|sh|ne 100
10° —v Skyshine |3 528 10,12 0%
. —— Groundshine | T 1.73 073 <
. —<4— Multishine | 3.10 . 80‘7’/
. | 10.23 943 %" §
10 3 4 - g
3 : s
] - 60 £
' : 8
107 3 | S
] ] i 2
] ] 408
| 1 Q
' 2
107% 5 _
; ] L 200
10'4 — 71 r 1 1 171 1 71 Tr7T1 ™71 71717 T . : | : O
0 10 20 30 40 50 60 70 80 90100 O 20 40 60 80 100 120

Distance from the CISF (m)

Distance from the CISF (m)

B 5.8 305 % ¥ 7 IF 4 S8 1 i T ( 2 )R £ S R R 1 (3 )EEK %% 0~50 ~ 100

m s SR T b

Dose Rate (mSv/y)

10'

10°

_.
<
%

10"

—&— Total

—@— Streaming
—A— Direct
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—4&— Groundshine
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Ll

T B e e e A R .
Gamma-ray

0

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Distance from the CISF (m)

Distance from the CISF (m)

B S.O~%6% 87 Pigot B0 RE FEIERS L ()7 F(+)%F
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3.0x10° . . . . . . . 1.5x10"
Total neutron (8.03x107%) Total gamma (3 32x10™)
2.0x107% 1.0x10™"!
1.0x10°% ‘L 5.0x102
0-6 ¢ ¢ : 7 ‘ﬁ : —!"‘—wr—?’ : 0.0
6.0x10%] Streaming (3.23x107) treammg (1. 57><10 7.5x10°
4.0x10™ 5.0x102
2.0x10* —L'_"—_'_'h-—-—'—l_,m 2.5x102
— G.Cs t t t t t - t f m4 0.0
T, 45x1077 Direct (1.46x10™) Dlrect (6. O6><10 ) lasx102
g 3.0xi0%] 3.0x102
e
o 15x10° —L 1.5x102
‘Tw 8- P - + + 0.0 )
S 7x10%] Skyshine (1.79x107%) Skyshlne (7.32x1072) [45x10°
2 5.0x10% 3.0x10?
X 2.5x10%4 1.5x102
E -6 —L ; 7 t t =t t 0.0
3.6x10° Groundshine (1.01x107#) Groundshine (1 05><1O‘2) 6.0x10°
2.4x10%4 4.0x10°
1.2x10° —l_,, ’J_LJ_LL]J_L,_H_FF‘ 2.0x10°
"“’; t et i ot % 0.0
1.2x10 Multishine (2.77x1073) Multishine (3.25%1072) [2.4x10°
. 8.0x10%4 1.6x102
4.0x10* 8.0x10°°
o6 ; L e e P P |
0% 107 10° 10° 10* 10% 107 107 10° 10" 102 107 100 10 o

B 5.

Neutron Energy (MeV)
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HAAE > T A A IR SRS T B b D T e P R RS

BR&FIHGERREX M I RTERMAEFELR  fiedfud
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e

FERP O SFR LG AL E o RE RSB FL

A FERFRE N IR bR IE A R (FIEE o

YR PINEE 120 2 A BEH RGP T4 P F THE KL
0.12 mSv/h » 5 % 5% £ % 5 030 mSv/h » WA E F 5 042 mSvh - & Bk i
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ABSTRACT

In order to ensure that a adequacy drying process can avoid the residual water
induced degradation during the storage period. A methodology has been developed to
evaluate the quantified residual water in both selected hypothetical storage cask based
on the computational fluid dynamics (CFD) method. In this study, many parameters
such as the basket design type, fuel burnup rate, decay heat of fuels are considered to
evaluate the quantized influence of residual water. The result shows that the initial
residual water range can be removed by reasonable dry drying process. Moreover, this
study further compared the impact mechanism contained in the NRC report to confirm
its impact on internal components based on the above-mentioned conservative
conditions. The results indicate that the residual water will not obviously impact the
status of fuel or internal components in both casks. Finally, all findings were
summarized as regulation recommendations for the authority body.

Keywords: Hypothetical storage cask, CFD, Thermal analysis, residual water,

drying process.
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D - kT e iR Aok

ZypE 2oL AT ER AL P HeEN R SR A TR
TdmadL > d - LT G kB £ o ki, ik dy Xiang o8 3
[24]7 w5 AR s chd o R & © 2221007 « 500 > 2 £ 7 BB athh F P 2 &
BB (F ZRE R A ARG EURE kiR o kRE FlA G %A
K%iﬁéﬁlﬁﬁ%ﬁ%’{ﬁﬂﬁﬁﬁﬂ%%&ﬁﬁ 2 E B F (4o B 10)
FERBEREG P2 RT 5 T §ARR AR

CART R P E S ERFE  E A TN B AT

KGRIV R (IoB] 16 ) 0 B AT AL L AKPFE Y Flaest- KB R Y
28cm 2 FBAF (M EI Hor)F LB L RFIER S LIS L A FEQLES

Ha)esda X od WP MTEERPEFTNT B2t B R AR Ay

=

FHRLD TR EART B E

.‘\

l.iﬁj‘?&/&é‘:’k’lﬁgﬁ‘ﬁ&rﬁfﬂ;— i&_grﬂi’tﬁmm?\m?'r/n "I‘VY_ jﬁ%ﬁg

2 EET R BRI

2 - %% Benroozi 2 1 3 [25]* ik fk Kk 2 dRfF & R R A B R 2 M
%1 18 y0=0[2(1—cosBc)]? & i T3 E o AR & g ) ARIRT 0 R
FRARGMN Ea 100 2 +F o HRFFAN: 47Tom 2+ - 4 £
o R EGANFARF LA S A RS 2 T KT A R
GAp o Aag S hFEEE G2 2R R B AR RS 2R &
Hibes %o &P RS - BERET UHZETR -

3 I8 A L - REFREAFI 0 TR F A BT R
BE ORI AL LT ET BRGNS KGR 5 T

AEEET EAIKT LN T RS ER AT R LT AN

1=

—=\
&=
"

Bl Ed ez R * CADHHEFERIT 512

!
N
gl
o
=1

X5 2,3860m? > A AR KA 9 5 1,121 ml (0.47cm*2,386¢m?)

AECOT RS R S AT S RE S A B2 ¥ N4 B4cE 19 9
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i
=

PEEZ RT i P ARZERBE TN AL L 00
",fi AN TEINZ 4R T R AR R Bk 2 b RN RN R T F
i P YE R S A S R RF = B TNl A e R U L A A
TR g R RER L B R m RS (e ] 20 o) 0 e w U H R
ERETRIFBRE KA Y
EHARERE B L

(ior #(£ :635x2+ % 1 1.91x2) + 44 % £ (/2 1 7.62

3.14)) X 6 B X 2 i # & 4 (0.47cm X 0.47cm)/2(;% 4 & 4#) =102.55 ml

B ATEREZ B L
(B2 a2 #(3 75 1 1.91x3.14) X 3413 + 4 4 (5:0.64 X 2 +
£ 3625x2)x8 B+ gL E(HE 1674+ N £ 113564 B A 1 1.59 X

8) X 4 1) X i if # & # (0.47cm X 0.47cm)/2 =49.07ml

170
16(}:- ‘ +
— 150} . :
of e e o o

- -
130 - - ‘

(=

120

Contact angle value

* modified Ni coating

100

L ]

i = pure Ni coating
W
0

2 4 6 8
Current density (J, A/dm”)

Bl 15~ ¥R 4gat £ o 2 3579 & [24]
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3| C-C y i

+0.030 [6.5] )
3.760-0.000] “‘1[?(2 ‘ /
o i 31

|
MDA Su SS|E(EN SR G
- AT *

i3

Bl 16~ 4 A2 BR4: it w2 H L35

Oc(deg) | YO(mm)

130 4.910.1

120 4.7+0.1

66 1.940.1

58 1.7£0.1

B 17 ~ Benroozi 7 3 ¥ #7i¢ * 2% iF B A7 LW Z ¥ 2
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Bl 19+ #46B2 R ER -
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s GEOMETRY H-SEAL
‘—— ([15.9 mm]) R oiona ~ SEAL
v

— -

o

#1663.7 3] [eeas0r B 02 B85, 0T

=

=1

JEE

[

1
—_—

I

N

0 H= | F;___;!/

i [5.828]
W=
u 17557 |

(a1, 4] [ 13.884)—=

TP
166.06
BOTH ENDS ()50 man)
< (BETWEEN ITEM
17 OR 18 WITH
ITEM 15)

—
TYP

3 4.66
17.4 [13! .G:nm] (ms.« mm])

6.59.02

[442 mm] [167.4£0.5 mm
mem9
%L_i

B

TP

N )\ ? (62 mm)
SEE DETAIL E-E |
'

(.75 [19.1 mm])

¢
\ ! ([e.i%m])
(to.dm)

B 20~ 34 B E A S %4 a2 b
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3.2.2 g5k

d"‘&ﬁ~ koA nglﬂt,}i,}lrﬁ%%qy;g,[ﬂpg,uz erﬁ“,;\.7$,L4-ﬂ,

She

APPSR R o BT R B AR WY S

o

BAr L adT o WG RBAAM ST EREFTELLF T AT RLY
L F I RET R RB SR e B B R g P et
K2 § 1 KEFF o d Boer[25]47 3 (4rBl 22)F fro ik iERT 0 4
$F P EFERERREEF A AR F kP 0 ¥ A TR R
1 F g ezt o A kI NRC $Meprdfip AR 2T 8% 0 7 FLR
DT iR E gk
® BLLni FVas kA2 Rk E@ZrOC2 - 8H20) 0 f 150°C
T AR 0 B3R R AZIE 150°C 4 B dedc i
® L 4&eng § 04 ZiOOH)2 o fif R &T ¥ i 253 Zr(OH)4 &
Zr4(OH)8 (H20)16
o —,ﬂi‘ﬁ%#ﬁ B AR 10pm AR T 5 600mP HvEE A G AT i T A

1.1~85 ¥ B (0.02-1.5L)k

[
ol

Bic TR 2R EE > 37 et ARl 76 B
HEF PAIARRBEIRL T A AR FRELEELBER
SRz BEMETRLSFRFARE YT RFZTRE
TEUHEROF PR R L BRI el BRECT M 2%
% 35GWD £ 45SGWD -5 B ¥ 2 % e b (8] 6) 0 7 F B & a2 Wl v io g
EILAR S 2 ¥R R 2 T Iavhge » Bt At M bfeiracz 5 P K pF o B £ L K-H
RS e N indhe 2 5 F] S g S e L R (Aol 23) R~ T g 0 U E
#»E oyt ERt(um)Z B R 24) ¢
t(um) = fournup X faxisy (19)

B fousy BUUEe H FL G AT RNFEL Y 43 57 2he R
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b % L T fpurnup Pl & FHFL T 3aviier g v k& 2 B I

fournup = 5.83 X 10-4X§ump —1.8095 x 10-1X§ump + 0.4131Xgumup +5

6667 (20)
Vm-l OHy VDH Otz
CIH-.‘E\ :aé,fﬂl'lz HgO DHM}__\?/anZ
nw‘"f R\“DHQ == EIH""7 ‘::"“GHE
H  OHp z,uu OH
v-:m OHy Tu-\ OH3
OH-\ é,ﬂHz s /O . @
m-r’“:'}r \Sowp an’;f N\ ~0H,
OH OH OH OH
“OH OHg
GH-._::\ .f!:lH?
-::H o PH OH
OH~_} é-"DHE ':HQ‘M\a ,:_i’_,.-ﬂH e Zi anf \‘- DH\F, :JH + 2ZH40
£ + P o e
AT N ~0H, OH /\ OH uw”' St
[l oy O / ok \mq_k
.

Bl 22~ 43 i“ A48 k2 54
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60

—a— 35GWD/MTU
—s— 45GWD/MTU

Axial Burnup Rate (GWD/MTU)

0 0.1 0.2 0.3 0.4 05 0.6 0.7 08 0.9 i

Normalized Actived Length

B 23 ~ 35GWD £ 45GWD T 32242 2_ghe P42 0 05

—8— 35GWD,/MTU
—a—45GWD/MTU

Thickness of Zr(OH)2

1] 05 1 15 2 25 3 3.5 4

Actived Length (m)

B 24~ ¥ Bdhes P4 A 15 > 35GWD £ 4SGWD T 3avri T 2 E dhE

A
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7 Aok RIS (2 4

FhoAdF L N R RHE BOicR (CEL R BUSRBASKS D

MOA AR - TR 2 BT A A EER A ER 2 e blde NAC
NP BRUE TR ITE R L g AR ik 2 P e @ Holtec PI3S3IRA
T FRIGCEZ FZAGERIRE F 4 B3 F ZOWE S HI-TRACY »

EIRHOTE ] R RBFHER AT TR AR ERA L s ERITE M

PP F A BEMBREE AR T E AL PR E AR i F TERD

PR RS R R D o TR A4 - BRIt R

bldes % E it HER A IFRFR N AAGSEY 2 F -
EEARE 2R EAGR F L0 FRICE LR LB R B R TR
B bR TR 2B REERT § B 0K AR SRR 2
B GF A BRE R T ENEDERZP o
SURE S N E e e LR BRSO S DIl R

HEFRITERAE ) 1R ERA F G

ks
e

FERM2Z T EARFTERY LA
Plde@] 1477 2 NAC B 20k (TR B = ABF Bgm -3 % 0 — o 2 2497 8
FUMBEERZER > LN LA IREF WA o Ity it 4
% 7 MAGNASTOR i sechsksfe b £k s So(ACWS) 7 7 Fi i 8 #1 f ¢
S F 2o LRERS O RT ATERREEEFERZ VKT L
AR > R YA G IR A 2k e

L PRSI RITERE 2 AT U@ o o T2 R 70 8§45
DA S SCE o VR U MoK R AR A 4 AR N R G skchis
WA > TP FE AR I ARG AR R EFAR A

&@;ﬁaﬁﬁﬁa;aﬁgﬁisﬁ’{ﬁﬁﬁmf%ﬁ%@4i%ﬁwﬁ

2 P e @ Holteo 1% pBH 10 30 47 4
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BRCGE R T G MR BN RR cF A Atk FR A4t
SR Bk 2 SRS AR FAR BT A W BT Ap s B 1 H Ry
ZER KA EE B o PR E SRR AR ALY &
EASIF GoR] 25 ffon AR fed MK IT S B w2 kg 5 blde o F L2 10 Torr 1F
PR FEENE TR TE ARE kAR R L 12°C 24 0 &R
BFFEE TV REAEAS 02 AL FERR IR S IER)T S T
T2 BB AT R MRS OR T A T o

180
160
140
120
E 100
o
5 80 —Water
60
40
20

0
1 10 100 1000
Pressure (Torr)

Bl 25~ k3 R4 T2 kol B2

B0 R B e 2T T 15 T T BRARZ T B bRk b SRR
PG BT AL B B d ST @ AL AR s
TRF BT AR A R A n B kR R A G AR IR R P 4o 2 4
Bk AT o @ - 74T Boer[25] M F 2 th F ST av AN K AP 2T

CiY R R E A 120°C 2 (BB 26 #7om )0 2 - R R AP #RAT NRC & 3515 4

™

LR a e 7o 8l % (150°C) 5 1S o 4 & b i 2 potfiaziv R 2 i 1
o AFEFTAEM 150°C TR HEEREPFETFTV AL ZICRTED FA4LG 22

SRALL B o
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Transformations inthe ZrOCl,-H,O system

aqueous 100° C
solution of LU ZrO(OH)z xH;0 = Zr0;.xH;0 = Zr0;.xH;0 = ZrO;.xH ;0
ZrOCl,.8H,0 A T 1M
m?ul:r;hzatmn -+ Zr0:.xH:0 = Zr0,.xH,0
! wit ase 4 0 IVb M
boiling
] [000 C i Wlth &Cid.
Zr(OH)4.xH O - - ZrO(OI—l}z xH;0 - Zr0;xH,;0 - Zr0,.xH;0 + Zr0,.xH,0
A IVe T+M
aging | boiling
drying with base
—bZl"O:.IHzO
IVaT
| 120° C|
ZrO(OH);.xH ;0 -+ ZrO(OH); +7Zr0; +7r0; —Zr0,

LII A 3 A A 14 M

Bl 26~ Boer 4 £ B F 2 L 8¢ I @i RS 42 R R
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34 ERFALASKENBIEF T

AN b 2 FER T e gﬁ;g%ﬁmi%;@ﬁ CER TR FiEE s

o TTEZ ARG Mo AL X 2P ATEY RS BERT N HE 20T

ES S HP GRARER A #ER B LAAMRFFRE @ & ST 4
7 H

,_‘
-
o
:ﬁn
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R
%
';\\
e
Rg
i
A
]
¢ N
o>
™y
>
o
%
1 N
W
lﬁ-
3
ik
il
xd
38
T
EN
(ﬂ}
T
o
=
\'\;g}

2- BT ¥E2 EERA AR EIERT LA T 10Torr 14 AdF 10 4

C B 4 A S 3 R B b L e R

3.Ax%§§~Aapqi,gﬁﬁﬁﬁﬁﬁﬁﬁﬁyﬁ%,ﬁgﬁﬁf

PEV AL R R E Rk A R
4 AT AT 0 FF E AT AP R RREHEHP LAY

Bl ekt i o A AT LR BERTER LA R A

5.0 A BHEBAE ZICRD T LA A TED T R TR
Bulak d S HRAAES kA T 0 FE AMBRT R B L AR 12
CHERR(F 3)TT A EH 0 L R BT A R e AR
ﬁ%—i&ﬁ&:ﬁi’%%ﬁiiiiﬁﬁﬂﬁé’ﬁﬁﬁéﬁ%%
PR B R D] 150°C 2 PR > TR T g R RAESKIC T R -

6 SFEIF 2 il FHERE I EF T Fd(drd 4T

A-RER ARG GEER K HU AR R L ARk
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B 4ti-ka &gy Mo A E R 35 82 45GWD (F
EE S R

C:- PR AP A RE LB EWPAIT ST M AP R
FORFR T 2% 2 AR 4 2 1% 10%EU3E 17 3 #F3 2 Sl

D- @ A% T+ 5Bl kil B ARy HERERE

#2m g E R A Rk T R

BREEHA | BEEEHB

FoEm TR FFRARCC) 93.3 93.3

B 7 T ¥R 4 %2 (Torr) 10 10

R EFRECC) 400 400

W E L RW) 14.3 17.0

LA (kW) 7.0 14.0

2

§Fw ik 2 2

3 % ¥ B4 (atm) 1 5.41

O APy B ACWS
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£ 03 it dog A RIRYEE

B iEILAR
PREEN SR iE 1
S #EZF 5
sl & 4o >150°C
s/l QU >12°C
RS <93.3°C | 10Torr 760Torr | >12°C
REKTE >12°C
EESE N >12°C

L4 AART R T Sl N

AR
KERER -]

1L BAR | R g 4RA
wel & 4 G Bond - )
el & N 2R - Un-Bond -
LS - - Un-Bond
BE KT - - Un-Bond
B - - Un-Bond
Y SHGE T 35/45GWD | 1/10% | #+4 A/B
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Fr R tRFERITRTERS SRS H NS

4.1 BirfiE

ik‘%‘\ 3 f]’ *f%“ﬁﬂ"" # lF)g FE’FE]‘V*ﬁ‘ F‘J‘ l—}:i J'F“.Eg]l{ # 19 ) ﬂkﬁﬂ [ E l‘E L—» PETEI
}_'/,,\’}’?fﬁ [2]‘2‘ 7@‘{42"-*3_ Lr'l%? 7 iB 3 KQ’;, T iR — q} 2, FE’FFI#\%E—‘\‘L}' -

WARP 2 YRR TP A F T AR BT AAEA -
411 BEERAZ B PR FE

dOREEER A B R RN REETE RS RS BRI

e AT R W WS F 2 L AT RGP A E A 22 P RIA

PR £ B> Y EZAB VI B FTAIT TS BRI LT ERI R I
HAEREN N E 2R EN T AR BRREE TR TS L 1/4

A2 Bt
Lo RE2Y S AP EAFAT FHRY RIS R ARG
2 - REAITEEZ ARBRIE BMR R 2EM
3+ Tug BWR %0 & 3n2 o 5 4 2 2 R
4. vy BATE BN U F TR E 2 31 § L ¥ 2 (Basket Supports)
et LRI - G RR RS R AR PR R

kg B 2 R R R

(@)}

—=h
5

‘F

ECH AR Y 3 3 Bt LAY R s R
BRFer R R BRI G R KD /2 R e b
Al A T A 0 REF E2 BEl T el BB i Bk g m e
iR

T RAL KT R IRECA BT 4 34 1 4 T (Homogeneous Porous Media)
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TR S L Y S
0D R LR A S AR Y CFD A 5 2 B dun

TEE > TERF IR 27 41 2 TR 0 B H A 1§ R4 R] 28 1T

B 27~ BEER A V45T R E
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412 BREHRB2Z B PHENFE

WEREEAB AESE S RELRF AP IRE G T HAL R
o

R E L e T RGP S % AR AR T EEALR
Tl MEEFRIL XA HFL A LT R GE o AR e
PEHR-ELT LR R T ARIE > B4 H AL 14 i
1-Rg2? 325 ad FANHNY F%F BREHE - 2 L2 F IR
EE Sl
2 REATBEZ ARG IR HBE BE LAY RHE R
3+ Tug BWR PR A2 s o B g 2 2 AR
4« Fovkpdty BN L E 2k ¥ 2 % § L 3F 2 (Basket Supports)
5.9 BERZBAAE - AEFEATEEFRTEFRIETR &R
g B 20 SRR TR TR T

(@)}
~=h
>

‘F

T A FIE P 3 A R S EHLIEI) Y e L R g
MEEEHRER T EEERR G RRO12 PR e ¥ %5 A
Bl iR T 0 d BPE X B2 ELT S 5 o i ek P s
iR

T PR R IRHECA| Y 5 4 FT (Homogeneous Porous Media)
BT Soe B Gl Y

By 2 A B AT YT EE AW 29 orw 2 REE RS B S

PN @ - AR F 2 R Rlhe B 30 S o
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B 30 BiEE B 2 14 s e ek
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42 PR

AL AT RS BB R R I (T E IR L 91 SSCs 2 H g
PRRMcd § 0B 2 AR HRAGER[2] T kBT 2L e
BERFH B R FEP T o
4.2.1 FRHE

2050 G RER BT

OB OF M NS-4
Conductivity (W/m-K) 0.65

Density (Kg/m?) 1630.40
Specific Heat (J/Kg-K) 1335.55

306~ 4 44304 2 304L)E B4

b ow B o A E (K)
296.72 352.27 463.38 546.72 657.83
Conductivity (W/m-K) 15.05 16.09 18.00 19.21 20.76
Density (Kg/m?) 8016.37 | 7994.22 | 7949.93 | 7908.41 | 7858.59
Specific Heat (J/Kg-K) 483.98 503.24 533.38 550.13 567.30
Emissivity 0.36
# T~ B4k (A-36 ~ A-533 2 SA-588)#t i 414
b B o phA E (K)
296.72(352.27|463.38|518.94(630.05| 685.60
Conductivity (W/m-K) | 41.36 | 41.59 | 41.88 | 41.01 | 38.77 | 37.54
Density (Kg/m?) 7861.36
Specific Heat (J/Kg-K) 473.10
Emissivity 0.8

11-49




2 8 BEERBEE

A & (K)
EA U S S
392 572 752 932
Conductivity (W/m-K) 14.33 15.16 16.61 18.06
Density (Kg/m?) 6560.36
Specific Heat (J/Kg-K) 301.44 309.82 318.19 330.75
Emissivity 0.75
09~ gL (UO)#: W i
i E (K)
E U S
296.72 |383.94 |508.94 |633.94 758.94
Conductivity (W/m-K) 7.89 |7.20 5.75 4.90 4.40
Density(Kg/m?) 1578 |1716 1855 1965 2021
Specific Heat (J/Kg-K) 1658
Emissivity 0.85
% 10~ 45 & £(6061-T651 )4 & 4514
i & (K)
AOB F B
366.45 | 422.05 | 477.55 | 533.15 | 588.75 | 672.05
Conductivity (W/m-K) 1713 | 1740 | 1763 | 176.3 | 1763 | 176.3
Density(Kg/m?) 963
Specific Heat (J/Kg-K) 220
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4.2.2 " x4

FREAFTARFEONTF R T A B R Y R

EF 35 REEAP PF F (2 IR R ER(E 12)TF
AN % PER
B B R (K)
- 300 400 500 600 700 800
DENSITY 1 1625 | 0.1219 | 009754 | 0.0834 | 0.06969 | 0.0611
(Kg/m”)
Specific
Heat at
Constant 5193
Colume, Cp
(J/Kg-K)
VISCOSIty |y 9905 | 243¢-5 | 2.83¢-5 | 3.20e-5 | 3.50e-5 | 3.82¢-5
(N-s/ m?)
Thermal
Conductivity | 0.152 0.187 0.220 0.252 0.278 0.304
(W/m-K)
Thermal
Expansion 3.33¢-3
Coefficient
212 ok BB
B R (K)
R
294.25 | 366.45
Thermal Conductivity (W/m-K) | 0.6023 | 0.6854
DENSITY (Kg/m?) 996.5 | 968.8
Specific Heat at Constant
Colume, Cp 4,178 | 4,187
(J/Kg-K)
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423 PR KBTI T

R A IR RS T AR S L

R S R R ST

213~ AokPEESR R BT S B

g R #18 ¥ 7% #5(W/m-K) TR A 2 R

(K) VR o e (kJ/kg-K) (kg/m’)
237.75 0.94519 4.18284 0.73947 4601.23
352.95 1.03553 4.06487 0.73763 4569.12
468.45 1.03221 3.82063 0.74069 4504.9
585.05 0.83927 3.5118 0.83288 4408.85
700.75 0.82681 3.36974 0.9221 4312.53
816.25 0.8266 3.27857 0.88203 4216.48

F 14~ B3 FFE VR R Y Zoaf B F

g R #Fud % i(W/m-K) Ea -2 2 R

(K) oo e (kJ/kg-K) (kg/m’)
332.75 0.05794 3.75189 0.25071 4008.05
395.05 0.11381 3.62270 0.26528 4008.05
486.95 0.22243 3.38822 0.28060 4008.05
592.15 0.40271 3.20442 0.29245 4008.05
702.75 0.66481 3.20151 0.30501 4008.05
815.75 1.01414 3.23640 0.31409 4008.05

15~ G PR A BonR B

2R A B % B (W/m-K) U %R

(K) P LU (kikgK) | (kg/m’)
248.95 0.30904 3.91887 0.2328 4008.05
360.15 0.40084 3.76331 0.2583 4008.05
472.45 0.56595 3.54025 0.2772 4008.05
585.75 0.78485 3.36019 0.2927 4008.05
699.75 1.07126 3.36434 0.3052 4008.05
814.35 1.38840 3.41917 0.3140 4008.05
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4.3 PEFOREE

d TR § R T AL B AT T Ik R e 2 4 0k
B PR 2RO ASET RAFERE P iR PR RR R T
AR R ATRZERF LY AR - b SO R AP T KR -
AEERZBREEEFELRE D 3 R R L BT HA SRS SR

GEE

431 BEES A #RRE

AP FTERES A ZRE 2AWFLNITR AR E R E L
250W 2 T3F R A D pA S L2 % TR EFLEF 164W - 139W 11 2

9OW #ihz @5 (v 5 MM FURER » Hae g kne 43 B 31 97 o

LRI 1 250W/ER

R
Fuel A:164 W/
Fuel B:

Fuel C:99W/ 5t

Bl 31~ AT e E i A ST 2 BRR R
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432 BEER B#ARRE

PRk ABRY SRR K EHE BRI 20 TRZ[19]F @A
Hx3H A H { 200W 2 T304 G2 0 52 @ X H0RAIE { 161W

&2 B g Rinv 43 4B 32 #77 o

Bl 32~ A ik Borie * 2 AR g
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43.3 pho BAFL R

AEG AT - FOTHE B FEE G T fE A AR &= F 1 E2 - S REE: FE A
& B = 2 ATRIUM-10 %3 i® AT @ G K BEAE 2 F E R
AR T R VR e 7 F A 0F o deB] 33 #7or  ATRIUM-10 %44 2. b

PRl - AR TN R BRI R G 0% 3307 5

AN

DE S RMEFF L 12 FEREGIY p g R 107 E2E A RN EY
EFEF Y 55 o
EER phe B R 26 ViR TR AR 2 @ &g fie(Curve-fitting) 1 {8 0 H
fhre 3 5 FF fousy T B S S
faxisy = —61.266Yqyipe + 168.83V g rive — 187.29Y 5 21)
+109.4Y2,,,, — 38.146Y2,,,, + 8.1456Y,,;p, + 0.3738
B o Yowe ™ F B O BEACRE T 3% BRZ fhe JEAE o
oA ST EATE G 2 ﬁ p Z_ 3% (User Defined Function, UDF)
ARG EFERE > TV N ghe 3 R A2 R R
Q"W /m”"3) = Pryer X faxisy (22)
He Q" E R HAE L T Py » H A2 % R85 5 (W/Assembly)
EETRHTEREZBEGAE M e EF LT EL TV SRS B A S

- RRATE ZIRE
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Power Factor (Normalized)

=
B

=
o

[y

bt
o0

o
o
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