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To assist the regulatory authority to review the serial operational procedures
during the hot test of the Chinshan Nuclear Power Plant (CSNPP) outdoor
dry storage facility (DSS), and to further clarify the conservatism of
analytical results related to radiation shielding and heat transfer. This study
employs state-of-the-art computational tools to enhance analytical
techniques and modeling accuracy. Specificallyy, SCALE/TRITON,
MAVRIC, and ANSYS FLUENT were utilized to develop a comprehensive

analysis model representative of the CSNPP DSS. The analytical results



demonstrate that the hot test operations possess sufficient analytical
margins, ensuring the reliability and safety of the procedures. Moreover,
the temperature monitoring plan proposed by Taipower Co. for the fully
blockage accident proves effective. However, the study team still
recommends that a rolling update monitoring plan should be performed to

ensure continuous improvement and maintain operational quality.
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ABSTRACT

The Taiwan Power Company had completed the hot tests of two dry storage casks
at Chinshan Nuclear Power Plant with spent nuclear fuels in November and December
2024. After verifying the design and safety requirements of the dry storage facility
(DSF) through these small-scale tests, it obtained the operating license for the DSF at
the Chinshan Nuclear Power Plant on May 1, 2025. The DSF at Chinshan Nuclear
Power Plant therefore officially commencing the operation phase. Given the advanced
international experience in testing and operating dry storage facilities, this research
project takes the collection of regulatory experience of foreign competent authorities.
The study has already extensively collected dry storage facility testing data and
operation reports, foreign regulation rules and regulatory reports of competent
authorities, event records, etc., and compiled analysis reports of the effects of wind field
on dry storage facilities. Besides to assist competent authorities to review dry-run test
results, it also provides facility operation experience to strengthen our country’s

regulatory capabilities

Keywords: dry storage facility, regulatory recommendations
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Dry Storage Canister Number
Horizontal Storage Module Number
Maximum Allowable Heat Load
Actual Loaded Heat Load
Calculated Temperature Rise
Measured Temperature Rise
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Actual Loaded Heat Load
Calculated Temperature Rise
Measured Temperature Rise
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ABSTRACT

The Taiwan Power Company has completed the hot test of its first spent nuclear
fuel dry storage facility at Chinshan nuclear power plant and has obtained its operating
license from regulatory authority. With the experience and measured data collected
during the test, it is deemed appropriate to reevaluate the radiation shielding and heat
transfer scenarios considered in its safety analysis report but with the actual loading
content in the hot test cask. The results could be compared with those listed in the safety
analysis report based on the design basis fuel, allowing us to estimate the safety margin
or to assess the appropriateness of various assumptions made during the safety analysis.
This project intends to use state-of-the-art technology in radiation shielding and heat
transfer to perform relevant analyses of the dry storage cask loaded with 56 spent
nuclear fuels selected for the hot test. Neutron and gamma-ray sources of these spent
nuclear fuels will be considered in radiation shielding analysis and the corresponding
decay heat will be considered in heat transfer analysis. The characteristics of the
resulting radiation and temperature distributions over the cask will be carefully
evaluated with special emphasis on the effects of detailed modeling on the source term
and cask geometry. The main purpose for such comprehensive and detailed modeling
is to compare the results with the simplified models assumed in the analysis report and
to predict the distribution as realistically as possible for making a trustworthy
comparison with field measurements. We also collected operation reports of dry storage
facilities around the world to gain experience in similar comparisons between
calculations and measurements. Overall, the results obtained from this study will be
beneficial to provide solid technical support to regulatory bodies in reviewing the future

dry storage facilities in Taiwan.

Keywords: spent nuclear fuel; dry storage cask; hot test; radiation shielding
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FE IR XSProc A PRFEFERILF A HEG L BT Ra ity o ¢ 7
TRPAAEERT P BENEr o 5N HEHEIBHBF T SET A EAENT

EiEE - 8 SNiBA 4558 XSDRN ~ = & Sy #4258 NEWT fr= 2% & + B4z

5% KENO-Vaa ~ KENO-VI £ Shift 5 % 7 % it # 4.5 @453 4 * wE W+ B
ﬁi;\"’ J& T @‘gsb E‘f f"; ﬁ-r"f_k‘/\@?f%?"-?—rﬁ”ﬁ}/”\‘# ”5@5’:%

Byt L4 £ 5 > TRITON 454 % ## 4% ORIGEN #2;%i& 77 35
742 B ORIGEN & SCALE #25% f ¢ 2 (7 @ 4L 2 R ¥ A 2 # i i o

B AR P A 2 R R R T L S AR SRS S AR e By i

EPBEE P BES PSR RSP AR AL h TR % RN
RO T R R N e 2 R e T MR IMERER R i Pfie s 2

HHcR o R L PURE & LR M I o



End user Application Area Product Example Sequences

Polaris polaris
Reactor Physics ::ZZ;
TRITON el
t-depl-1d
CsAS —
Criticality Safety
VADER vader
ORIGAMI origami
Spent Fuel Inventory -
ORIGEN 4
origen
Activation and Decay ORIGEN col_’ple
origen
Radiation Shielding MAVRIC mavric

tsunami-3d-ks

tsunami-3d-ke

tsunami-ip
TSUNAMI tsar

Sensitivity and Uncertainty tsurfer
tsunami-1d

tsunami-2d

Sampler sampler

Bl 2-2 ~ SCALE #2:% 5 * 4f B $H A2 A &

* Input (.inp) TRITON

* Nuclear Data
Libraries

XS Processing
(XSPROC)

Multigroup
Transport
(1D-, 2D-, 3D-)

doo| younig
doo| days sw|

Depletion
Output (.out) {OI;JIGEN]
FG XS (.t16)
Spent Fuel
Isotopes
(.f71)
ORIGEN XSs
(.f33)

@] 2-3 ~ TRITON #2;% & #2742
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MAVRIC #2:' % # 5 SCALE #23% & P 45 54 5 jr o * AF 28 4258 (B 2-2) -
MAVRIC #2:% £ # 4] % Monaco 5 ¥ + Rf2:% > F pF 5§l £ 35 ¥ (Adjoint)# #
— 4 XSDRNPM #B# #8258 @ :2* = % Denovo & A ¥ & 384 258 8 107
CADIS (Consistent Adjoint Driven Importance Sampling) 5 # + % % £ #c'% i< ok
Ao BB RAcid g7 2RY FERenS A5 e+ B3t B AP 48 MAVRIC #2258 & 2
ALY PR Bl 2-4 0 CADIS % 2 #ic"s (it d J. C. Wagner ¥ A. Haghighat %
Loerde M[18-19] Frd - - tGRiFE R 0 A 2 AR RN R
“%&ﬁé%%iﬁ4é$ﬁ%@o$$@%%%wmmeﬂﬁiﬁﬁ@«ﬁ
PRAApPHCFIRCADISEF 5 F R E 1 B RN pd it | * B
$- REHE B PBHE FAEE SRS PR B SEITHEE B Ao K
AR H S R F R HONE G L T SR A R H H

B E N KR S H T P AR~ F A S R AL

FREFERF A4 P bt R EPE FRT I E LR ML S
AIgzirihEwgs e *g * % »x 5 en CADIS 3+ 8 2% » MAVRIC £ :i&
o devg end SR B R ARE A B PR TR 2 AR s T -

FrE S B e R B MR R E 2 - deit B4 05 i 0§

B R = VIR (= ﬁ’r%‘tﬂ‘y»_l__% *

TG AT RN TR 8

ELU 2F 8 #Jﬁm’Lr‘ % o
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MAVRIC Sequence in SCALE

Input
-PARM=inpcheck-
SCALE g XSProc B . .
Driver (BONAMI/CENTRM/PMC) Resonance cross-section processing
and
MAVRIC
»  XSProc Optional: forward cross sections
Denovo 3-D discrete ordinates calculation
(_ -PARM=forward-
»  XSProc Optional: adjoint cross sections
Denovo 3-D discrete ordinates calculation
(_ -PARM=denovo- )
> CADIS Optional: }mportance map and
biased source
(_ -PARM=impmap- )
> Monaco 3-D Monte Carlo calculation
End <

B 2- 4 ~ MAVRIC ##41# e 42

@ F B A B W /Leh%>t SCALE/TRITON 4 SCALE/MAVRIC 4 +5 # jiFeh
TRBESR MBI BT AR AN = AR AR TR L (T
R Y e A et R SR - AR iR giat SRl B/ S
FFREHEPIRERR Y LR 2 M FLEL T o R %
FOBREBRRET Y EREF VT R R RERF LR R ML

0B A TR R R - RUCRTE 2 A TR B R R AR
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"

2§ KB EPHP- RUEER SRR W IR
IR SR AR M TR

AT 2 SERTRRGE S E R SRS A AT AR M T s 5 B B3R
AR (1) R SERTR SR S 2 B B AR MO B TS P S
R SRR TR RS TR SRR ) P EFE Q) - Rdcrr

éﬁi&’z%f&]‘%‘?&\%‘r#ﬁﬁéﬁﬂ v 4B 44 TSCOL » )% it » 2 p o w f 7| TSCOL

Hie HEFEPR ;(3) 4¢P m B AT A NRC B # 2 ip M ichv& % %

%353 NUREG-2215 4% 4 » & T4 pdg st B ja~ 47 7 1T it o

3.0 B CRTR S ER 1 LGS A i M S TR

- F= fF?Je 4 % B = 4 # 7 Fe(Electric Power Research Institute, EPRI)# & -

B3 MBREYEPTOEFERA LSRR Y- BT EHRERE[20]
W # 7 B NORTH ANNA HBU (High Burnup) £ §* % %:4= * i 7+ %42 TN-32
AT A W3- 5% P T R G A RTE R EEARRE PR S o 2 RITE
FPEE O AR R AFOR R RO RIEE R TR T K A foF T o
DR ECLRPRA L FIE GV Ry 0 RT AR R 2 e
17~ R kg BT kA CERFTRRBLATHATICATREHBY R ITEL 4
TER P FEFEFTEFPRIL DT o

TR enE FE B IS S 2HL(>45 GWD/MTU) tis b i se@ p
TP R HERTA O AR S HAGERE R MEERTRRVAS 3 BB B
KR E (PWR 17x17) 4 & TN-32 340 % B e 2 4540 M % 24> © & TN-32 345
Bt e AR APTRE P TR 4R L PRI RERE ST SR EEF R

R TN-32 o A 1748 2 Bk 0 FIVSR R ii 4e 0 2 WA P R 0 e R R R
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AR AR R AT B e 8 LT RIS i R SRR

e
wE A AT ERITA LD AR PSR P IERT AT

NORTH ANNA T R £ §' % 4% g0kt st TN-32 dhfa > v padse B o
FoRRT AR HERAE SRR Ry S VYHEL F B CERFH TR R
HUR RABE S pFE 10 E (RN A) 0 BfS BBkl (R 2L (7

KBl HET R T (S SR o

AR REALR T O b ?Lf%#!kl LR i A
FORASHCRT R SRR RIFIO VT L h 2 GeRTR Y i@ AR R u et BT

PALEEE 2R ST 0 4 R B RIR(RIT 400 °C)H B YA L ¢ in

TREEAE R B G GAEAR R RE Y o ST R £ & B

ES
[
3‘,\»
‘-aﬁ\-

FEERE ST EIRfop AF 5 A ERGOTR BHRE L TELRES

Hrida? 2% BEERIENITrag o 22 RNAPRETERENLHE

\*ﬁy
o

Bl B0 5 Rgr RPN FGCRTAR M B 2 0 P S By RY R R
(B 3-2)[21] -

WA A RS Y BT S R R S F e T A R
AR R R Ry BRI AT Ll R i
BAERALT RS2 BN R R LRI E S B D WA

FLpk4E (gross rupture)fo £ B~ 41 ¥ g {4 (retrievability) » 2 ¢ JF R £ - BE & HF I
F5d Tl VOR IR R U R L W B P YO R PR e A
¥R E RFRIE 0L & F1k 50 ¥i4E (burnup) ~ % % #(decay heat ~ i #rpE
¥ (cooling time)fr » J& Vg i& #& A 4% (operation history) o % % #1 R IE % & i
At Pl AR R RS TR R R P Sl dR R R SR STRT D

oo d Aol FR AT R FRfep Ay 222 SR L7 iR
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ERER D L E(R R B F £ 3 (capacity factor) ~ 8 vt ] e PWR 72id) » 22 =
Be Bl RenP g B U]~ & TR e AN M g R o S iR B R T
g‘%{fﬁi*j%}‘igé’% ,}l }E_ s 1) )4» %3336 ;N FT l? /ﬁ éf’b" ’h? ’% ﬁ o

g .

<"

‘\“Si*“ =

e

B e e
ISFSI Concrete Pad at North Anna.

Bl 3-1~EPRI4R 2 ¢ Rl R F FEE2 50
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1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

CSFM DCSC
L 4

ESCP
L

A

)

» X X
& vy &
- Low Burny,
SF Test & DB
——

Demonstration

Pl g for Test & D ion for
High Burmup SF

Initial 20 years Additional New Need for
Us A License 40 years License  Very Long-Term Dry Storage
* *
Based on CSFM data, focus on improvement of cask system
Based on
o own technical standard
CRIEPT INES Utilities for massive dry storage

= 2 X 5 ) 4 R

. X 1 SF rod ¥ 'SFsingle Effect *  Demonstration Program
tost & data Test & DB
Japan Fukusima Metal Dry Cask  _ Massive AFR Dry Storage at Mutsu
? referring to . i
SA standard Tokai Metal Dry Cask

Y g
9,

Korea

Review on
dry storage technology

New Project for PWR SF Dry Storage

Expected Startin,
Low Bumup SF Test & DB elRPGWR SF 9

By referring to 'Dry Storage
Advanced )
Countries’ cases

Fig. 6. Chronological Spent Fuel Dry Storage and its Integrity Evaluation.

B 3-2- 8

Bz R SARARRS

BRI TN 2

VEHRT R R RS ARP SRR B g i 2

B P R E
—;:)]?ea
TR T RS

B3 5 TReik § SRR 2§ 4 0

RS T Y-S RN

=R Sik T TS N A

13 },%J&% K% # 3@*—2-_,_ L;L‘}J_ s fr,—,%{n % 5@;),1_‘}'__

3R TR (R

—_\\
T
e
fen

* %+ PR L a2 (reprocessing) B 2t

< .n"‘

e o shiliz p) Rl Tl CE S

TSC(Transportable Storage Canister) ¥ &

PR ] (R R B S 4

AR E

AW RE o AR LR 8P vk (open vs. closed cycle) o

B AR ¥ % (opencycle) » 4 &

CEE RN REE SRS NS

B
S RER: SOl ELELNCS L N
> 4Bl 3-3

i ji/lj?:‘\:/f "'-‘_r lE; 51[22]

FRoB» &
CENERE I 0 NI WL e ph s d N

IR TEEE: 2 8 o3 N Paoh SR ) ks

>

EAr o BT RS T S AR

4 40-60 ) 5 BB AR EA B TAE S ¢ FRT]
7

FLR A dho DR 4L RS AuE IR o

ﬁi;,gs}#, % % §) 3- 3 INER-HPS & 5L¢ 3 :

P73 4% F ~ TFR(Transfer Cask) @ i% 3£ 4§ -

._.V



VCC(Vertical Concrete Cask)i® 5 2 % 44 ~ AOS(Add-On Shield) t 4¢ B i o B73% 3K
% 3% a(100 m h)& 8 ] 3 0.25 mSv » FoRT & SLB Jik 3t A U RS e S
B e 4 e

B 4 R ¥ (Geological Disposal)#_F" £ e % 24> % > 27 p 2004 &
ACRBIH B R Tl DI R R VAR BRSNS

FEE_~ BB 1 AR L2055 EAH O~ FIE o £ KBS-3 A S EWIER

Bk B R SR RERD A THADEETE |

TEREERSEHR AT ERT AR FOHER AL {6 Tk € i 2 T
KPR FRERM S FRE RGBT LY P -

PR YRS 0 FREF A Newman # £ 35~ £ 2 W~ R BE
SHEP RS AR S ERE[NG ¢ 7T AR bl D HE RIF
WREERG PR @R A2 DM R RE R AR R P e

BRE AT AL Mo § A H SRR - R B AT

b

PRSI g R AN Y R 0% T B R RLE Y

R R VRV REF S EE CH IR EP PR R AR R

FEP FP FHATE PG R R F W R AT R A ARINEE P

1998 # Azdiis iz fe® B4 5S4 5 TRE 2 ERF R MG S a0 N4
#5323 Wolseong ei4/? [ i § # B #(WLDC) » FREAL § 52 R &7 &

RooH RAE RS EE - ST B SR R B v B
PR EAERYE LW b P o hB A LSRR T F AP L LR
R E T LS SRR WEIE SRR 2 S T K

nh—

MRS PRY] - BPEE SRS RELE -
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Canister (TSC) Transfer Cask (TFR) Concrete Cask (VCC)  Add-on Shield (AOS)

Bl 3-3~+5i— - P F highT i b
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32 - RITFTERRIFRMEFEA TN TR

S LR DD - BB AT TP - R EP S RN
AR AR (3] MM FRRGRICETE A F R E R A B Ak

PARBI(R -4 Hp s 52 BRA A FRIRF FEAWE B RRG
TR RRBE R CHRASRERRBRHAO L F Y MR RRG
Hy S s) AT REA TSR AT LR ERE TR PR
Rl @@ T - R T RPRRRM S 2> 8 3 P WAz B i RO 2

HRZ %48

B 3-4 Pr- BREICRT AL 56 A% B P R e B (AT 12 B 18~ C:26)
Bk ST 2P RE AR - R ERRRRA IS O
R SRBIAIT A B35 5 b RGE R A TR T 8 B
T B R R E T e N T A T T £ RN
FEHBE IR R BB RS IR RS R s BER
=

W

CEE
SR ARV RIS O BHATREERES RAIER IR £ G
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HEFERE 310 G4 P M BER L AT RBEERLES RS

F B RS AE R Mo A 310

2 3-1~%- D RARRERGES S EREKESH

BRIH R F(mSvh) | R g | RRIME FmSvh) | o B
F L T 0.003948 F A G T o 0.00005
R A e 5 0.000963 R E e 5 0.00036

gy T 0.00799 B Im T= 0.00005
R lm T 0.00018
BHEE
& o AN, FORMARIR ZREWLRUAT
;@m-‘ SEAARARS i s D
" © Kl
Rl LEHE
BEXK
2.
FHHEHEH FHEAR
SR E ol M 3
R

= & &

AREE «—— EITER

(1) (3)

A3

A A
EHEEREA  WEEE MHEE & BRLEZS LESS HZE  DHES HEBE SNERE
iz Tx BEmLK  HEREE  @RIEE ey SRBEE

Bl 3-5~ - Buicprifa £ i e
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3.3 NUREG-2215 4 ¢ Ap 5 & B fr 2 17§ & f i

7|44 NUREG-2215 % & H R ) AR B B oA 47384 - 18 0 3§ 1 [25]

B e 474250 20 i % 1 INUREG-2215 % & $R|7] 00 % # 3¢ 3 R eife 50

7z MCNP v SCALE 2 H s i ‘&% 3% fo i * e B AR o e $XE e CoC
ez imY kP @ Bt 2 T AL S NRC $3Z sty afiyig > @
dﬂf iy P B AR FRh BB E @ wenT TS LM RHIEE R B
3- 6 - NUREG-2215 % & P+ 3% % & % >~ 1738 4 (Safety Analysis Report,
SAR)shA 45 ¢ i@ % P AT MoAR:S 0 BIBAELY A C AT b 2 ARt ahig *
BERMER DR IRPE TR A AR R RO g R € TA R
AR AR B U4 BB R AR e R A hAR N o AR O 3 T R ehfe st
A R RS o T R R EG RR RS 0 A R0 F A M T SAR

NFBE Y RHELRYBI3-T

The Electric 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):

Monte Carlo codes: MORSE,_ MONACO/MAVRIC, MCBEND, SCALE, MCNP
Discrete Ordinates codes: DORT, ANISN, DANTSYS, DOORS 3.2

Point Kernel codes: QAD-CGGP, RANKERN

Others: SKYSHINE-II, STREAMING

The NRC recognizes that there are other codes available that may also be useful for DSS or DSF
shielding analyses. These codes come from a variety of sources, including government
organizations and commercial vendors. Note that the previous use of these codes (in approved
CoC, license, or amendment applications) does not constitute generic NRC approval of these
codes.

Bl 3- 6 ~ NUREG-2215 B ji 4 47 423" 22 3k
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Regardless of the code(s) used in the SAR analysis, confirm that the applicant has justified the
applicability and appropriateness of the particular code(s) for the SAR analysis. The extent of the
Justification may vary, with codes that are well established, have a broad user base, and have
capabilities to handle complex problems needing less justification than a proprietary code or a
code that is limited in its capabilities. Confirm that the applicant used a computer code version
that is demonstrated to be adequate for the analysis and is valid for the particular computational
platform used to perform the analysis. Computer codes are periodically updated to be compatible
with the latest operating system, correct errors found in previous versions, or incorporate updated
methods. Therefore, consider whether additional confirmatory assessments and review are
needed to validate the shielding predictions by an applicant that uses older or unsupported codes
or code versions. This consideration should include a recognition that the applicant may use
these codes later as the CoC holder or licensee to evaluate changes to the DSS or DSF design or
operations under 10 CFR 72.48, “Changes, tests, and experiments,” and the associated
implications.

Bl 3- 7 ~ NUREG-2215 ¥ *?Ef-ﬁ?}é} 174 P fAAE S T E

NUREG-2215 % & ¥R P §prik s 4 2 A 45 4R 2 B fcip M % & P 151907
4 E E L 10CFR72.236(d) & > T 5 4707 4 o83 £ & &% &_10CFR

72.104 £ 10 CFR 72.106 & Rk jir s % 4474 ic o

GRS NI E T B R REHERIRCGDA L T 4 | g 2
Bl E 0 7 FALE 025 mSv/y(s R A FITH S RLE - B R P Rt
WP AL E N GRS R G oM B S 0.05mSvly) s iy
P HBTREA L AE A peEe A 2 FFERPRFART @ F R F 2
LA ER)E AL T2 5 s R 7 T4 SOmSv 5 BT 3R W 2 ] % 2 BT

()R b BEHLF T 2 5 100m e

3

FORT 5 MR B R e b 2 eRrk w B i TR 4 B R R
BT sy E LI M(ALARA) R B

NUREG-2215 % & FRI{* P 5eprk s % 2 2 174 2 BjripM P 3¢ 7 g
P8 BLE SR8 B Rk 5T ey B GRAT I R ERREES )~ W B P YOG SHROE K

(W E P A SRR RTER S Y SRR R G R

\S

52 A0 B A T BRI R s Y B P RS e 2 LT
2B A 5B AR(E FEA 42 AR TS AR A B 5 B RAER) ) 4o
Bl 3-8 #557 o

NUREG-2215 % & A P fopvk e & 2 A 474 2 B frda i 2 & R @
22



EXEP 2 & L 10CFR72.104 £ 10 CFR 72.106 miﬁ,% » ;85 10 CFR 72.236
SR A e 0 A4rR] 3-9 §4Fhe T
(@FF T RHAN A kRS BRI
(D) 4% 22 M E & Pih ~ 55 2 22 R LR R
(d)#& & X 39 g &4 5 ]Tf—"’f’ B at# s 0 7 & 10 CFR 72.104 4= 10 CFR 72.106
(g)* W+ PO go P75 SLa R 0 Y Greia RN & 2 RT3

*T'i‘ J/’l"*‘ ’ 'P o ‘F‘%E‘.f‘l‘tu-@ m‘ﬁ,% o

NUREG-2215 % & $ R P fopmik % % 2 A 4748 & B Jodp M Jch7 8 3=
B P CACRT kBTG S B a4 i % JF 7 & 10 CFR 72,104 R % enfg 54 £ & 40
FEERIN AR A RIRTIRFAOE AHEF L F E LR EESER
AR E A F AP ERT L Y BB Ap M ek R R B
Forek ARG o A HITIE AR RS B R RS ORE SR
" B ALARA R BT S8 (FBREGR B3R5 g S A e A L F AR KR E 10
CFR72.106 R Z: 447 b LM & 4 g § ik d ek B & Bk (eg.,
FREFPFR R RO BR T ERFE) TRy IR B E (5] B

5 100m) ; §2RT % L2 B ﬁ?f&i""@ﬁ & 10 CFR Part 20 ;2 & f -
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6.3 Areas of Review

This chapter addresses the following areas of review:

L]

shielding design description

- design criteria

- design features

radiation source definition

- initial enrichment

- computer codes for radiation source definition
- gamma sources

- neutron sources

- other parameters affecting the source term
shielding model specification

- configuration of shielding and source

- material properties

shielding analyses

- computer codes

- flux-to-dose-rate conversion

- dose rates

- confirmatory analyses

consideration of reactor-related GTCC waste storage (SL)
supplementary information

Bl 3-8 ~ NUREG-2215 A& je A {74R 4 JF ¢ 3 P %

Table 6-1b Relationship of Regulations and Areas of Review (CoC)

Areas of Review 10 CFR Part 72 Regulations
72.104(a)r 72.106(b)A 72.236
Shielding Design Description . . (b)(d)(g)
Radiation Source Definition . . (a)
Shielding Model Specification . . (d)(g)
Shielding Analyses . . (d)(g)
A This requirement applies to CoCs and CoC applications through the requirement in 10 CFR 72.236(d).

B 3- 9 ~ NUREG-2215 5 jfr & 4772 L& f2 3 < P
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Prd o R EEA N 2

AR EEP - RABGRGRT R 2 R ICRTR SR e E 2 B s
F7 R o & B PR A AT Y S5 (13- 15]4r = praz R U e S T
RGBT AR M B < BAEHRT Y E S VR SRR R B R e 0 AR
3E o #-2 u* SCALE 42;% & ¢ 7 SCALE/TRITON £ SCALE/MAVRIC %
B (AT 0 iBA B HAFRED T4 4 204 BB %2y STATE-OF-THE-
ART 3 % o

PR E RS LA BIRA 0 BN x g T dg A A 0] 4
§ » 2 = INER-HPS % 5.8 INER-HPS(AOS) % o2 B ji A 45 03] - 3% RUERF 4
RHPEPRE TR AL > AR EY 0 F % 34k F (Homogenized
Canister) 3 0 5 jir 2 47 #03] > 2 & 35 R R K Y B4 o0 3146 F (Detailed
Canister)’ B 346 P 355 7 56 Rk A B 0 117 B s 47803 4 474851
AT T Kl 53 - B @RS 2R T B R
AR E[1]5 42 & > 12 TSCOL K2 56 R :E T2 * @9 Pl v L Rag A~
it S5 - R P RN T R R R A e B AR [3] HEE w2

56 &% B PR 0 SRR T AGE AL (IR HRIT A 4T o

4.1 ek 4 5 e 2 47 103

AT G E 4% 02 INER-HPS j2 48 4 3 44 17 5 #8438 44 » INER-HPS & Jup 3% ¥
EP56 LA KN F BEOT B R A SRS B e iR T
ARSI AP - R BRI X 2L OB FTAR[1] e A F L w2
WA B A TR (T3t > § L= % INER-HPS 3 43 B A 74

A ERIGRRS PR R AL TREFFe S PHAEE > P0G e
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o R KA B e 414k | (Detailed Canister) > Hp4tmF rIvEF 56 L7
RSP BT R A TR > B A 3 F e 7 INER-HPS(AOS)R 5
PEBAFTHAIEE o

INER-HPS iR 38 4 4] 2 & & 3 384 1 p 385 7 dhdh M 7 e 344m 2
IR R ORA P ARG R B R BN A 2 e TRhE Eed
Baam A D 5 R AAR F A (L.6em) ~ P AR(6.4 cm)E RS ¢HE(T1.9 cm)F e
S5 phed R F T ALY 5 %A FE(254em) & B jr g (10.5cm) ~ R G

Bt #(3.8cm) 0 112 RS s £ (3.8cm) T o M 4-1 5% 244742

#e o2 INER-HPS:EH# 8w %4 Bl Rl 4-2 b2 matd F e &5
FEHCAEAEL & 24 p % 201 A1) 3 Fp R LS ET R T
PEIAAEL R FRRTH(E R A i LY RIAE )
et difd ¥ FL? AP HRES BRI GHHT) -

¥l 4-3 5 INER-HPS 3% 43 B e~ 47HC3] > A P 385 5 56 & 58im 2L & 54
R F 56 RBE RS HEEA B FA e B AER A R T
SRR T 2 T A T o N 2N A4k 2 IV E Bk N ARG ED G BRP Y 7
FHFE T AR ST A E e BRNFUEE T L 907 &R 4 o Bl 4-
4 5B F wm¥p L B0 INER-HPS & fea 9403 XY T 206 > 7 &
SREIL R AR N 056 LR R N P

INER-HPS(AOS)iR 5 2 48 A 47 H-2]i2 B > #F4c B P 03 403 INER-
HPS i 8 3 i ch B v % (- F 38 8§ @ if) & INER-HPS 5 #{ 4 - & %
#3 B A& 5 35cm ¥ 4 INER-HPS 7383 4 — A R84 & FEB A& 5 30
cm> BEPTELT SRE4-S5 FHEERH A EREIGHEF AT 0 1

Bk Bt e B RIS (] 4- 6[26]) 5 AL 0 2t 1 st il i o B i
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13670 r. b
3 ‘

ALAT wm ] areal |
d 107
_E 1!.'I'ﬂml:r|'|
Stainless Stesl — . T'I[
AT =m
1BERE tm
Carbon steal

@ Steel

[ Concrete

@ Fuel

@ Flerum

Y Upper Nozzle

P Stevl
Gltn:h:r'n'te
5 Fract

1@ Lowor Mazzle

B 4- 1 ~ INER-HPS ;2 % 3 3£ §4 #7)
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BH AR TR 5 F¥a e ") FE (gem’)
H 0.999887
0 53.2120
Na 289923
- X Al 3.39904 2.2426
Si 33.6908
Ca 439857
Fe 1.39962
Cr 18.9995
7 6% 44 Mn 1.00090 -
(55-304) Fe 69.5003
Ni 9 50029
e C 1.00088 o1
Fe 08.9991
§5 Pb 100.00 11.344
H 6.00890
1’5 0.0872125
v 7 RE : 0.383659
NS4FR) C 27.6920 1.63
N 1.98790
0 425007
Al 21.3306
C 0.00012
* i N D'?ﬁ}%? 0.0012235
0 0.23178
Ar 0.01283

Bl 4-2 ~ INER-HPS /R 38 3 452 % d3t4h F e =
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B Effective Fuel Region
M Plenum

M Upper End Fitting

B Lower End Fitting

.~ Canister

B Neutron Shielding

M Carbon Steel

M Concrete

Bl 4-3 ~ 53 ol L Sk 48 B e A7 d)

M Effective Fuel Region

M Plenum

M Upper End Fitting

M Lower End Fitting
Canister

M Neutron Shielding

B Carbon Steel

M Concrete

Bl 4-4 2 o L S 40 B oA 1103 XY 315
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1 4- 5 ~ INER-HPS A j& 4~ 47 #03] fo ¢t 4c B jien & B

MR

KEBE: 7227 KEEE:35A%
HZHMEERL9.5AD K420 AR
S9hR:3.45 AR 5E:6.03 AR
5E:5.70 AR BES:81.20A
Z8E:112.73/ M

AHIEHEEE6.40 D
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42 TSCO1 * i§+5+ WL RA I+

S PORLRIE A 470 BB AR D FIERendREE AT (T R AR T ent i
F PR FREBPIF P S R EREYERY EPfe g

ARPFEYR? T BB FEEPRe LR SE 2 i@y kK p
Pid PR g o 1 RS R R Y RS P il R T L B SRR D
SR B A o AN APk R e anfg SR T B o

B A EROWTTARL Y [13-14] ) BWR 84 % T - Bt i+ ¥oklic
AR EEk AR R AR L 0 ELE R NAC 2 7D
“MAGNASTOR System % 2 4 174F 2 Docket No. 72-1031”*4 i# <57 BWR label 09b
X 0|iT 5 g hBk 7 % b)) PWR #84 %+ “International Comparison of a Depletion
Calculation Benchmark on Fuel Cycle Issues”3F 4 # 1 TAKAHAMA % &) » %% /R
KGVE R EH AN S 17x17 2 Takahama-3 » 4% SCALE/TRITON & 47
oS 2 ek G E R E A R ARG RN R oo R EPT

FA P R PG PR e e v A p B 4R 2 [3] 0 4 TSCOL X
2. 56 i T2 h PG AT L R A 47> f1* SCALE/TRITON 4 45 #
o 2RHE T REE AL T EP S R RRIE =G - B 4-7 5 TSCOI 56
R A AR » AL 5 31916kW» * E o d = R I 2022/9/30 0 6 4
REFHEER AT EF-HFIF AMF-B4-8 5 TSCO156 & 7L L 742 frae
{4 TRITON #25% & % 2% 2 H#-i& 56 £ & f 204 R 4= AR (7R 3E & 47 o

d B 4- 8 ¥ 2 I > TSCOIl #7iE w eyt f )38 & ¢ 7 GE8%8-1 v GE8x8-2
AN R PP R ERRREN TR 2 ERL P 6.1.2-1[1] K ik
TSR R AN S e T A uE g 0 GESx8-1(H 4- 10){r GE8x8-2(H 4- 11)
a8 A 504 0 TSCOL iR Bt & Gl * 1.9 wt% 235U 17 5 Wikl » shis Foga i

¥ 8 A B 5 26.574 MW/MTU 12 2 36 GWD/MTU » 347 = (% 3 sl o5 5% -
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FBEH LIRS S0 % > RSB H B 1S L A 10 # G RS 0 e
WA R d 41 9757 o AR P R Ol 2 — 7 SS304 i (T UL A e
#-4% » TYPE A(GE8x8-1)f- TYPE B(GE8x8-2)i7: #: 2 SS304 v b 4w 4-2 #7757 o

12 TRITON #25% % £ » %p TSCOI(fL# f 5 3.1916 kW » * i 74 4 3=
B R D 2022/9/30) 56 & & kR R AL REAT 0 BT P RALRIE A 78
Fdod 43 977 VIR BFF T FEFEHA AL RN P PR IRE
T oo Bl 4-12 5 TSCOL 56 & %t gz ekl @ 3 5 3% - B 4- 13 5 TSCOI 56 &
WAL R 2 PR R S 0 0 B 4- 14 5 TSCO1 56 & %o 2 B4k 5 i3 o

wede 3 RiE B~ p TRITON A28 2 2 2472 & (G g~ #) 4o+ ¥ R 5k
G Aot sage iR S et E(=1.582 0 54 p & 244748 p.6.44-5[1]) 0 T
ER Y 3R R

PeAl k3 R 44 TRITON A28 2 o458 S (e g~ # )0 4o+ 3 R
FfoT o bth ot B(r=1 %3 p & 2 A $54F L p.6.4.4-5[1]) 0 T E
Lok 3 R TE 5 B o

BHEAS Y p X 2 AL 2 4 6443[1] HRERFAEREA U B
W (Lkg 3 4 )4e 515 5Hi 382 50 B > 2 Lkg 7 dhdw cnde SR 550 B U % &
AT 2 A 6441 RESREALFR L BRI EL > LR BELE R DT
BEEWH(CLF %502 P3RS0 BRERS 10 THERS 015 %

P % 2 AL p6AADNTT REAE L L FLEET RTHA -
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1 e g

DJ DH DG DF DE DD DC DB DA
l «
41W | 45W | 4W | 44W | 36W
2
41W | 45W | 4W | 4W | 36W | 41W | 45W
3
46W | 55W | 81W | 87W | 84W | 57TW | 48W
4
40W | 52W | 56W | 96W | 98W | 84W | 58W | 46W | 41W
S
36W | 50W | 56W | 96W | 98W | 98W | 58W | 46W | 36W
6
47W | 56W | 86W | 89W | 80W | 56W | 47TW
-
46W | 51W | 52W | 53W | 54W | 52W | 43W
SFPLOC
8 FuelID
39W | 4W | 43W | 4W | 41W Decay. Heat

HEAT LOAD: 3.1916kW (

Sk Y
/{}\ 7%

peFRist 5 £ 09/30/111)

DATE: _04/19/111

arsax 2yl

Bl 4-7 ~ TSCO1 56 & %t dpe &
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SNFs in Cask-01

Name | Type |MTU(kg)| Length(cm) | Down(day) | Cycles| Enrich| SP(MW/MTU) | Burnup(MWD/MTU) | Cool(vean] SP1 | SP2 | SP3 | SP4 | UPl | UP2 | UP3 | UP4 |Downl|Down2|Down3]

1 GEBB-1  0.186 370.84 59 2 1.9 11.911801 12304.3 42.133 548  25.25 0 0 697 336 0 0 59 0 0
2 GEBB-1  0.186 370.84 59 2 1.9 12.847083 13269.5 42.133 1.06  24.85 0 0 697 336 0 0 59 0 0
3 GEBB-1  0.186 370.84 59 2 1.9 12.741929 13156.1 42.133 6.96 24.73 0 0 697 336 0 0 59 0 0
4 GEBB-1  0.186 370.84 59 2 1.9 12.577784 12988.8 42.133 7135 2342 0 0 697 336 0 0 59 0 0
5 GEBB-1  0.186 370.84 59 2 1.9 10.517827 10864.2 42.133 136 17.07 0 0 697 336 0 0 59 0 0
6 GEB8-1  0.186 370.84 59 2 1.9 13.421536 13863.9 42.133 13.35 13.57 0 0 697 336 0 0 59 0 0
7 GEB8-1  0.186 370.84 59 2 1.9 14.739595 15221.7 42.133 11.18  22.12 0 0 697 336 0 0 59 0 0
8 GEB8-1  0.186 370.84 59 2 1.9 15.564278 16080.8 42.133 1251  21.9 0 0 697 336 0 0 59 0 0
9 GEB8-1  0.186 370.84 59 2 1.9 15.997958 16524.5 42.133 11.43  25.47 0 0 697 336 0 0 59 0 0
10 GEB8-1  0.186 370.84 59 2 1.9 14.817757 15307.4 42.133 13.38 17.8 0 0 697 336 0 0 59 0 0
11 GEBB-1  0.186 370.84 59 2 1.9 14.765798 15251.6 42.133 1043 23.76 0 0 697 336 0 0 59 0 0
12 GEBB-1  0.186 370.84 59 2 1.9 13.421751 13869.0 42.133 7.94 24.8 0 0 697 336 0 0 59 0 0
13 GE88-1  0.186 370.84 59 2 1.9 13.387587 13826.8 42.133 13.56 13.03 0 0 697 336 0 0 59 0 0
14 GEB8-1  0.186 370.84 59 2 1.9 15.781288 16301.9 42.133 11.67 2431 0 0 697 336 0 0 59 0 0
15 GEBB-2  0.183 381 147 4 2.66 24921026 235994 39.059 2523 17.28 1884 1147 336 368 243 365 45 57 45
16 GEBB-2  0.183 381 147 4 2.66 26.609819 25197.7 39.059 2696 18.68 24.75 891 336 368 243 365 45 57 45
17 GEBB-2  0.183 381 147 4 2.66 25.782941 244173 39.059 26.06 18.57 2562 7.3 336 368 243 365 45 57 45
18 GEBB-1  0.186 370.84 59 2 1.9 16.457649 16999.3 42.133 11.74  26.24 0 0 697 336 0 0 59 0 0
19 GEBB-1  0.186 370.84 59 2 1.9 13.804297 14258.0 42.133 13.57 14.29 0 0 697 336 0 0 59 0 0
20 GEBB-1  0.186 370.84 59 2 1.9 11.524319 11905.1 42.133 1.65  19.56 0 0 697 336 0 0 59 0 0
21 GEBB-1  0.186 370.84 59 2 1.9 15.069740 15563.1 42.133 10.87 23.78 0 0 697 336 0 0 59 0 0
22 GEBB-1  0.186 370.84 59 2 1.9 16.122176 16651.5 42.133 11.17  26.39 0 0 697 336 0 0 59 0 0
23 GEBB-2  0.183 381 147 4 2.660 29.087213 27545.7 39.059 20.16  23.14 1715 2176 336 368 243 365 45 57 45
24 GEBB-2  0.183 381 147 4 2.66 29.711221 28136.5 39.059 24.67 18.61 2038 22.05 336 368 243 365 45 57 45
25 GEBB-2  0.183 381 147 4 2.66 25.892230 24523.1 39.059 2745 23.64 1049 11.09 336 368 243 365 45 57 45
26 GEBB-1  0.186 370.84 497 3 1.9 12.998265 16999.8 40.181 14 13.51  9.35 0 697 368 243 0 440 57 0
27 GEBB-1  0.186 370.84 59 2 1.9 13.458674 13898.6 42.133 13.54 13.29 0 0 697 336 0 0 59 0 0
28 GEB8-1  0.186 370.84 59 2 1.9 11.880110 12266.1 42.133 546  25.19 0 0 697 336 0 0 59 0 0

Bl 4- 8 ~ TSCO1 56 & 44 & %442 fr 42
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Name | Type |MTU(kg)] Length(cm) | Down(day) | Cycles| Enrich| SP(MW/MTU) | Burnup(MWD/MTU) [ Cooltvear) | SP1 | SP2 | 8P3 | 8P4 | UP1 | UP2 | UP3 | UP4 |Downl|Down2|Down3]
29  GES8-1 0.186 370.84 59 2 19 10497402 10848.7 42133 734 1705 0 0 697 336 0 0 59 0 0
30 GES8-1 0.186 370.84 59 2 19 14338848 14811.8 42133 958 2421 0 0 697 336 0 0 59 0 0
31 GES8-1 0.186 370.84 59 2 19 16213391 167433 42133 123 2433 0 0 697 336 0 0 59 0 0
32 GES82 0.183 381 147 4 266 29.093277 275523 39.059 2516 17.25 1851 2261 336 368 243 365 45 57 15
33 GES82 0.183 381 147 4 266 29.693451 281222 39.059 2278 1976 2006 22.8 336 368 243 365 45 57 15
34 GES82  0.183 381 147 4 266 29.693598 28118.9 39.059  22.86 19.67 2025 22.68 336 368 243 365 A4S 57 15
35 GES8-1 0.186 370.84 197 3 19 13.033012 17050.6 40181 1402 1351 948 0 697 368 243 0 40 57 0
36 GES8-1  0.186 370.84 59 2 19 13287073 13723.5 42133 1317 1353 0 0 697 336 0 0 59 0 0
37 GES8-1  0.186 370.84 59 2 19  10.558565 10909.6 42133 741 1709 0 0 697 336 0 0 59 0 0
38 GES8-1  0.186 370.84 59 2 19 13.548839 13994.1 42133 839 2425 0 0 697 336 0 0 59 0 0
39 GES8-1 0.186 370.84 59 2 19 16.159238 16696.7 42133 1144 2595 0 0 697 336 0 0 59 0 0
10  GE88-2 0.183 381 147 4 266 26385748 24983.9 39.059 1993 2473 24 92 336 368 243 365 A4S 57 15
41 GE882 0.183 381 147 4 266  27.157359 25716.9 30.059 1998 2593 2387 10.03 336 368 243 365 45 57 45
42 GE882 0.183 381 147 4 266 24559928 23259.9 30.059  19.67 2146 1857 11.62 336 368 243 365 45 57 45
43 GES8-1 0.186 370.84 59 2 19  16.168824 16705.4 42133 1316 2241 0 0 697 336 0 0 59 0 0
44 GES8-1 0.186 370.84 59 2 19 13611581 14060.8 42133 1354 1376 0 0 697 336 0 0 59 0 0
45 GES8-1 0.186 370.84 59 2 19 13.266427 13707.4 42133 1339 1301 0 0 697 336 0 0 59 0 0
46  GES8-1 0.186 370.84 59 2 19 14779757 15270.9 42133 1036 2395 0 0 697 336 0 0 59 0 0
47 GES8-1 0.186 370.84 59 2 19 14876263 15369.3 42133 1338 1798 0 0 697 336 0 0 59 0 0
48 GES8-1 0.186 370.84 59 2 19 15296014 15803.3 42133 106 2504 0 0 697 336 0 0 59 0 0
49 GES8-1 0.186 370.84 59 2 19 15.493377 16006.9 42133 1255 216 0 0 697 336 0 0 59 0 0
50 GES8-1 0.186 370.84 59 2 19 14938615 15434.6 42133 1171 2164 0 0 697 336 0 0 59 0 0
51 GES8-1 0.186 370.84 59 2 19 12525141 12935.2 42133 1353 1044 0 0 697 336 0 0 59 0 0
52 GES8-1 0.186 370.84 59 2 19 11326397 11694.8 42133 538 2365 0 0 697 336 0 0 59 0 0
53 GES8-1 0.186 370.84 59 2 19 12573424 12983.6 42133 792 222 0 0 697 336 0 0 59 0 0
sS4 GES8-1 0.186 370.84 59 2 19 12.596643 13009.6 42133 1354 1064 0 0 697 336 0 0 59 0 0
55 GES8-1 0.186 370.84 59 2 19  12.804124 13228.7 42133 801 2275 0 0 697 336 0 0 59 0 0
S6  GES8-1 0.186 370.84 59 2 19 11.841060 12239.5 42133 543 2515 0 0 697 336 0 0 59 0 0

Bl 4- 8 ~ TSCO1 56 & s g 23 4% ()
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R ek s 4 GE8x8-1" |GES8x8-2" |SPC8x8™ GE9B™ |ATRIUM™L10%
s 4% cm 1.252 1227 1.229 1.227 1.005
HENAE, cm 1.08 1.064 1.052 1.064 0.884
HWEH T Zr-2 Zr-2 Zr-2 Zr-2 Zr-2
g (stacked) BR, )53 10.32 10.26 1045 (10349
/ey
#EE i L 42, em 1.057 1.041 1.027/1.03% |1.044 0.867
EXTOR = R o |
( peak-planar-average ) iR [1.95 325 324 3.69 4372
b B wi% U-235
LR A GE8x8-1 |GE8x8-2 |SPC8x8 GE9B  |ATRIUM™L.-10
MR BACFIRERL W% | o) 3.05 314 3302 [3.845
U-235
1L s i ] 8X8 8x8 8x8 8x8 10x10
91 ( full-length :
Rk e 63 62 62 60 a3, paﬂ-leng%ltl 8
¥ R B cm 370.84 381.0 381.0 381.0 379.6
1% s 9] 2B, cm 1.626 1.626 1.628 1.626 1.295
1 (square water
Pk 1 2 2 1 channel displace 9
fuel rods )
Kis# T Zr-2 Zr-2 Z1-2 712 Zr-4
KM 48, cm 1.252 1.501 1.229 3.404 3.50
AR HEPY LA, em 1.08 1.349 1.052 3.20 3.355
#EHE M B, cm 13.406 13.406 13.406 13.406  |13.406
#EFHE B B, em 0.254 0.254 0.254 0.254 0.203
R Zr-4 Zr-4 Zr-4 Zr-4 Zr-2
$#3tE 87/4/30 ok Bt |GESx8-1 |GES8x8-2 |SPC8xB GESB | ™
— ik 408 432 800 172 S~
B 408 460 716 112 ™~
*1) ¥# & : GENEDC-20128
*2) F# 4k ¢ GE NEDC-25227
*3) F# 4 ¢ XN-NF-86-126(P) Rev.0
*4) ¥ # 4k : GE EDB No. 1939
*5) F# A& ¢ Framatome ANP EMF-2892(P) Revision 0
*6) #5EEERELA 103 HE A 1.027

Bl 4-9 Pi- R * BP5 A & T Ref[1]% 6.1.2-1)
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Hardware gamma Spectrum (r/s/MeV/kgSS304)
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Z4-1~ PR ARG E F g

Operating Conditions
uox density from ISFSI(g/cm”3) 10.412
Burnup(MWD/MTU) 36000
U-235 enrichment(%) 1.9
cooling time(years) 10
uptime/downtime(days) 451.57/50
Power(MW) 26.574
Cycles 3
T-fuel(K) 840
T-clad(K) 620
T-mod inlet(K) 553
T-mod ave(K) 562
density-mod inlet 0% void(g/cc) 0.743
density-mod ave 40% void(g/cc) 0.446

% 4-2 ~ TYPE A(GE8x8-1)4= TYPE B(GE8x8-2)2 SS304

e !
Fuel Type TYPEA | TYPEB
Fuel length(cm) 370.84 | 381.00
Water rod cladding area (cm”2) | 0.315 0.340
# water rod/assembly 1 2
Fuel rod cladding area (cm”2) 0.315 0.293
# fuel rod/assembly 63 62
Total clac(l;{lg/lfs:crng}ll;/;ssembly 49,05 4715
Cladding weight(kg/MTU) 260.68 | 255.51
MTU/fuel length(g/cc) 507.37 | 484.32
Total MTU — add kg SS304 0.188 0.185
SS304 (%) 0.382% | 0.390%
ZIRC2 (%) 99.618% | 99.610%
Density of Cladding (g/cm”2) | 6.5653 | 6.5654
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# 4-3 ~TSCO1 56 & * i +%+ ¥k iR 7g 5% &

®RH a5 e ik
(kW/assembly) (n/s/assembly) (y/s/assembly) (y/s’kg SS304

1 40.03 1.525E+06 2.159E+14 2.625E+10
2 43.45 1.912E+06 2.312E+14 2.799E+10
3 43.04 1.862E+06 2.294E+14 2.777TE+10
4 42.45 1.791E+06 2.264E+14 2.730E+10
5 34.84 1.085E+06 1.908E+14 2.255E+10
6 45.46 2.188E+06 2.383E+14 2. 777E+10
7 50.42 2.981E+06 2.615E+14 3.133E+10
8 53.51 3.599E+06 2.749E+14 3.293E+10
9 55.11 3.962E+06 2.825E+14 3.419E+10
10 50.70 3.032E+06 2.619E+14 3.100E+10
11 50.54 3.001E+06 2.623E+14 3.158E+10
12 45.59 2.196E+06 2.407E+14 2.911E+10
13 45.33 2.169E+06 2.376E+14 2.764E+10
14 54.31 3.777E+06 2.788E+14 3.363E+10
15 80.04 8.369E+06 4.199E+14 5.055E+10
16 85.79 1.082E+07 4.453E+14 5.383E+10
17 82.79 9.524E+06 4.324E+14 5.184E+10
18 56.82 4.383E+06 2.900E+14 3.518E+10
19 46.89 2.394E+06 2.447E+14 2.860E+10
20 38.54 1.389E+06 2.082E+14 2.479E+10
21 51.65 3.216E+06 2.672E+14 3.218E+10
22 55.56 4.073E+06 2.846E+14 3.453E+10
23 95.11 1.571E+07 4.865E+14 6.186E+10
24 97.36 1.712E+07 4.955E+14 6.310E+10
25 83.37 9.715E+06 4.336E+14 5.180E+10
26 58.16 4.576E+06 2.931E+14 3.764E+10
27 45.59 2.205E+06 2.388E+14 2.781E+10
28 39.90 1.511E+06 2.152E+14 2.617E+10
29 34.78 1.081E+06 1.905E+14 2.252E+10
30 48.96 2.720E+06 2.555E+14 3.081E+10
31 55.89 4.150E+06 2.856E+14 3.447E+10
32 95.18 1.573E+07 4.863E+14 6.172E+10
33 97.30 1.710E+07 4.958E+14 6.334E+10
34 97.28 1.709E+07 4.958E+14 6.332E+10
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35 58.35 4.626E+06 2.940E+14 3.7T7TE+10
36 44.96 2.119E+06 2.361E+14 2.751E+10
37 34.99 1.097E+06 1.916E+14 2.264E+10
38 46.04 2.261E+06 2.426E+14 2.928E+10
39 55.73 4.111E+06 2.852E+14 3.457E+10
40 84.97 1.046E+07 4.427E+14 5.389E+10
41 87.73 1.176E+07 4.547E+14 5.569E+10
42 78.78 7.908E+06 4.152E+14 5.023E+10
43 55.74 4.116E+06 2.846E+14 3.417E+10
44 46.17 2.288E+06 2.415E+14 2.816E+10
45 44.90 2.110E+06 2.357E+14 2.742E+10
46 50.59 3.014E+06 2.626E+14 3.165E+10
47 50.93 3.075E+06 2.630E+14 3.113E+10
48 52.51 3.390E+06 2. 711E+14 3.278E+10
49 53.23 3.541E+06 2.736E+14 3.276E+10
50 51.19 3.124E+06 2.647E+14 3.167E+10
51 42.07 1.763E+06 2.229E+14 2.566E+10
52 37.85 1.320E+06 2.057E+14 2.491E+10
53 42.41 1.790E+06 2.261E+14 2.714E+10
54 42.35 1.794E+06 2.241E+14 2.583E+10
55 43.28 1.895E+06 2.301E+14 2.766E+10
56 39.79 1.502E+06 2.148E+14 2.612E+10
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A#1 7 & * SCALE/TRITON #3 TSCO1 ¢ 156 & * 5+ Wflie (7 %4
PE B S SR R A B PRI R > WY S6 R
PR RAE R RE c FREFHR AR 4 152 kean 6B L
TRITON #n® i B % 2 Spig2 - B 242 7 enf B <30 10% 0 H 42 50 3%k &
PIER S 3 4% 6135 LA R R4 B4k 4-4 977 » £ B & 5 hE_E %1
R ABPREE S Y R $H 5 36Wr A & TRITON ¥ #4352 #iciE 5 50.7
W > TRITON ;%5 crfic & @ B3 #PEFTEL 941 %o 285 - RBEE G
F D BRI O ROV R E B A G 4 B 5 14.82 {0 14.78
MW/MTU £ 15307 4v 15271 MWD/MTU » $#£fie t & 43554 4 2§ 49 fe chid 4 22
PR P B B~ 4 4rpE I B kS5 A 1 22T > H TRITON 3+ 5 % % & #pl 35t
EZAB7HEE 241 % 2R EGR 5-1% 4ot chEL B ¥ il iR p 374
B A TGP R TR R T AT R R LR DL AR
BB PR G AR Y RS B A B R TR 2 B
B e A AR Y g L2 0 L AR 4- 150 i
BEREL SO AZ RRAREF TH R > BlY (iRie i 235 3,192 W

PR R AR E S 3,132 W[28] -
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DI DH DG DF DE DD DC DB DA

s
3
46W | 55W | 81W | 87W [ 84W | 57TW | 48W
4 .
40W | 52W | 56W [ 96W | 98W | 84W | 58W [ 46W | 41W
5 4
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ABSTRACT

This study primarily investigates the thermal characteristics of the outdoor dry
storage facility at Chinshan Nuclear Power Plant (CSNPP) during hot test and various
operational conditions throughout the actual storage period. The improved thermal-
hydraulic analysis techniques aim to provide sufficient supporting information to assist
regulatory authorities in facility operational inspection. The research establishes a
simulation model using computational fluid dynamics (CFD) for the INER-HPS cask
and improves its capability for simulating convection within the cask. By incorporating
thermal loads from actual fuel assemblies and the thermal source limits for loading, the
study evaluates the thermal flow characteristics and permissible durations.

This research completed the development of models and source terms for CSNPP
outdoor dry storage thermal analysis. The thermal-hydraulic concern during operating
license review, including the effectiveness of temperature monitoring and inspection
suitability, and the appropriateness of the allowable operating time for cover welding
are also investigated in the work. The results indicate that the heat flow analysis of the
outdoor dry storage facility at the CSNPP has sufficient time and temperature margins.
Furthermore, the study confirmed the suitability of the existing VCC blockage detection

mechanism through a full-field model assessment.

Keywords: outdoor dry storage, CSNPP, INER-HPS, CFD, hot test.
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B vl R T RS R 9 4T o A H s R
o] 10 977 5 R LB B S 2.99%107m ~ B et t < 5 1.57x10%m’

B L 200 A F 0 1936mP BB o
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B 9 - 1/4 INER-HPS 2 % ¥ £ ##4) 7+ 2 B
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B] 10 ~ 1/4 INER-HPS ;2 % 2 £ 6 o3 e o B
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4.1.3 Heink a3 P pF s 7]

AR - R AR R L ERE PR FERT LT Aok
NUREG-2174[4]#7§ i3t » @ * HF ALEREFoa% 2§ Zi&- HhPPIF r 2
TRE . AT H N - BiEdETd R P R RSB B A
2% o A A MR F 2 F BT REF N AT Y T EH A R
2 b ow FOREFHH A E 9% % JF NUREG-2174[4]#7§ 4 F b w (F 5 S8
FHh FLFESBELPRE -

P 2R S RIS A 2 R R R R A & ) g R B 2 R
ZRomZFmERr N Fr AL SRR E- b ARG SR
RoBEE g2 SR FONHAE R 2 AU B % 43 A28 S0cm 17 & K ik
Ppoo STo R LFEET 0 2 - £ 100m -~ 7 S0m ~ § 1om 23 B2 o] e
4% 1.44x107mP s Bt Rt 4 L 1.25x10 ' mP el L 1270 § oo i

WAl d R Rl A ulae B 11 2B 12 9757 o
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Bl 11~ 72— F higRT 2 Rl

B 12~ 71— F hagRT 2 R et s



H 2 AR AP R Y R RS B T RS

AP RERLAAMBAEFRERELG T R FHAE(F §

BB L) M e b R L B B LR 4T

t2[14]> =

4.2.1 R

302~ A 454(304 2 304L)%: @ 1

o B (K)
Bo® BB
296.72 352.27 463.38 546.72 657.83
# ¥ % (W/m-K) 15.05 16.09 18.00 19.21 20.76
% B (Kg/m®) 8016.37 | 7994.22 | 7949.93 | 7908.41 | 7858.59
v (J/KKg-K) 483.98 503.24 533.38 550.13 567.30
3 G bt K 0.36

% 3~ B4 (A-36 ~ A-533 2 SA-588)#u i 4 {4

. B (K)
B o B
296.72(352.271463.38(518.941630.05| 685.60
#F O a8 (W/m-K)| 41.36 | 41.59 | 41.88 | 41.01 | 38.77 | 37.54
% & (Kg/m®) 7861.36
v (J/Kg-K) 473.10
2 5 bt 0.8
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2 R (K
#0B P B
392 572 752 932
#49 Af (Wm-K) 1433 15.16 16.61 18.06
% B (Kg/m®) 6560.36
L4 (J/Kg-K) 301.44 309.82 318.19 330.75
% G o5 0.75
%05~ w4 (UOy) % & 4513
2 R (K
FoB BB
296.72 [383.94 [508.94 [633.94 | 758.94
# 3 Al (Wm-K) 7.89 |7.20 5.75 4.90 4.40
% B (Kg/m®) 1578 |1716  |1855  |1965  |2021
L (J/KgK) 1658
3 G bt K 0.85
% 6~ 4R L £(6061-T651)%: @
N« )i K
£O@ # = ®)
366.45 | 422.05 | 477.55 | 533.15 | 588.75 | 672.05
B Al (W/m-K) 1713 | 1740 | 1763 | 1763 | 1763 | 176.3
% A& (Kg/m?) 963
L # (J/Ke-K) 0.22
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4.2.2 83

TREAFARERNEL SR Y B LA EE S &F Y Y AR

BRBALEF (A DERGLEF (R 82 B R T E R o k(R 9)

275 FHGEE

2R (K)
300 400 500 600 700 800
o
a )§3 0.1625 0.1219 0.09754 0.0834 0.06969 0.0611
(Kg/m”)
Ll é‘n
(J/Ke-K) 5193
AL | %t 1.99¢-5 2.43e-5 2.83e-5 3.20e-5 3.50e-5 3.82e-5
(N-s/ m°)
(W/m-K) 0.152 0.187 0.220 0.252 0.278 0.304
F 8~z F BB
£ (K)
300 400 500 600 700 800
Y
a )§i3 1.1614 0.8711 0.6964 0.5804 0.4975 0.4354
(Kg/m”)
R 1007 1014 1030 1051 1075 1099
(J/Kg-K)
ZbiF ik
5 1.846e-5 | 2.301e-5 | 2.701e-5 | 3.058e-5 | 3.388e-5 | 3.698e-5
(N-s/ m”)
A ik 0.0263 0.0338 0.0407 0.0469 0.0524 0.0573
(W/m-K) . . . . . .

O KA BT

, £ R
ROo®oE R D26 21.1°C 93.3 °C
# @ % 5 ((W/m-K) 0.6023 0.6854
% A& (Kg/m?) 996.5 968.8
o (J/Kg-K) 4,178 4,187
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423 R LBF R

g P 9riE 20 INER-HPS k3 AL 8l > o 4"&*]%’5‘,L BN AR (8 S71E 2
Ere R F A ulded 10-% 12 47 o

bR %

- L

LU BB L B R A RASERFE SR 0
i 45 7 £ ## £ i (mass-weighted approach)£: # f4 ## & ;2 %’ﬁf d ik ez 2 CFD

AATHER R bR A TR P E S HEST R

C Z Cpl X Mi

p I S—

off ~ Mtotal
D= Z pi X Vi

eff Vtotal

£¢ o Cperr = PR E

Cpi = R E AR

M = BRRAEAEFE;

Miow = %HEALTFE -

S e 0
pi = YRR EAERAS
Vi o= R R RS
Viowr= 28 L SR8 F7 o

F 10~ Lo RFRFESEAL L IBFT I B B

w R #18 H % #i(W/m-K) TR R 2 R
(X) ViR 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
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A TN T TR ST AU ST aTYIR o

B R 1% H % fic(W/m-K) TR A %R

K) £ b | w o+ | (keK) | (kgm)
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

RPINE R SRS Sk Sl AR T e

R # 18 E % #(W/m-K) A % R
(K) FR IS (kJ/kg-K) (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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4.2.4 TSC 357 f 50

NPT D ACRTRE A PR S IEE T 2 AR EFF L TR
Rl IR R D E R R LA 2 R Ul AP T~ - TSC
B2 AT AR TR o W - (T E M-I T £ 2 (mass-weighted

approach) WAL 2 4 FEF 24 Re g3 RERREE-H 5>

AR GETSCPRE i oribtlify » R S AR s BEST RS

% Cp;XM; |
Cher = 5>
€ Miotal
D= XXV,
eff Viotal
_ XkiXV;
Kegp = =
total

% 13 ~ INER-HPS 2. TSC * % § P2 30 it % s @ 2

B OR & o S % R
(K) REFWMO) | aee) | kemd)
300 631 19403 24373
400 6.47 1948 1 24373
500 6.52 1954.6 24373
550 6.50 19573 24373
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4.3 Pl R

4.3.1 ﬂ E%E-»’#‘wﬁlﬁa

SRR EATTEAHTEERS ERC RFER e R LR H ?“'ﬁia
oS AT Y E 22 INER-HPS s 483K F (4Rl 2 %77 )7 4vo %5
YUL/A HABIKEERCRE > P56 AT 01 Sx4 kS g ok 4
MR o B A B % 5 &2 @ % ¥ f 57 a9 di(User Defined Function, UDF)
P T £ LS F R b 2 BURE 0 X8 L = AR R o UDF ik
W CHZRFHES > R X_FLUENT 2 %38 £ o B 4o r & R B2 2 97
7o HY AT R R TR AL P 4o
1 - real Fxz[5][4]
SRR Y Bk LR B T LA e A E 5
BP0 RTSAPEE I F IR R BRI o 2t M TE 2 IR IE AL
F 432 & ¢ i 2 H vk f B8R % BcPrye (W/bundle) -

2 - p0
S E A - B B Y s R AP Tk R R
FeREk MR A RERLITY > F A E# 7 F B 42(Elevation Level,
EL){® 5 F Bh2 k% o

3 - pitch
PREGHEXZ T e 2 ALHRENNE TR 2 A I CEZ AEEER
Bz 3t R BE - RTIF R L T eRTE G BRI -

4 - shift x & shift z

CRICHHXZ TG REFREIETS LAY 7 B R SR

o

kL]
!

2R R B2 R
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DEFINE_SOURCE(NAC_INER_HPS 23KW, c, t, dS, eqn)

{

int row, columes;

real x[ND_NDJ;

real Fxz[5][4]=
{

[*ZEh> B —*/
/* */250.,250.,250.,0.0, /* NSC11312093L check*/
/*X */250.,250.,0.0 ,0.0, /* NSC11312093L check*/
/*#h*/250.,250. ,0.0 ,0.0, /* NSC11312093L check*/
/*=*/250.,250.,0.0 ,0.0 , /* NSC11312093L check*/
/*%*/250.,0.0 ,0.0 ,0.0 , /* NSC11312093L check*/
R

real A, B, £, p0, source, height, Maxpower, act_length, pitch, fuel map, axis_x, axis_z, shift z, shift x;
C_CENTROID(x, c, t);

height=x[1];

p0=0.0762; /* NSC113001L check*/

act_length=3.818128; /* NSC11312093L check*/

A=(height-p0)/act_length;

Maxpower=1.0/(0.018136439847*act_length);  /* NSC11312093L check*/

pitch=0.260858; /* NSC11312093L check*/

shift x=19.177E-3;  /* NSC11312093L check*/

shift z=19.177E-3; /* NSC11312093L check*/

axis_x= (x[0]-shift_x)/pitch; /* NSC11312093L check*/
axis_z= (x[2]-shift_z)/pitch; /% NSC11312093L check*/
row=axis_Xx;

columes=axis_z;
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(2)

LRI ¢ 250W/H

Team sk LR
Fuel A:164W/ZE
Fuel B:

Fuel C:99W/5

(b)

58W | 61W | 62W | 60W | 58W

41W | 45W | 44W | 44W | 36W
63W | 89W | 96W | 97W | 98W | 91W | 62W

41W | 45W | 44W | 44W | 36W | 41W | 45W

67TW 102 | 118 | 119 | 113 | 102 67W

46W | 55W | 81W | 87W | 84W | 57W | 48W

a6wW | 75W 107 | 122 | 123 | 122 | 101 67w | saw

40W | 52W | 56W | 96W | 98W | 84W | 58W | 46W | 41W

102 | 123 | 123 | 123 | 103

36w | sow | sew | oew | oaw | sew | sew | aew [3ew || 2 [V w | w | w | w [ w | W] BW
47W | 56W | 86W | 89W | 8OW | 56W | 47W 65w 1\2!2 1\.rl\f 1\nrl\,'8 1\116 1\?\/2 e1w
46W | 51W | 52w | 53W | 54W | 52w | 43w 63W | S0W | 97W | 99W | 96W | 8SW | 61IW
39W | 44W | 43W | 44W | 41W 60W | 60W | 63W | 61IW | 57W

W13~ it fas BRI 7 LW % 24978 REER L U)R R

§ipe ¥ (01 caskl 2 cask25 % B1) o
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4.3.2 pho RE R B

AEFTEREUP - T AL TEY 2 N AR RE LT (0B
14 #1571 )i% 5 fhe 7 5 F]F 2K k';'ﬁ} » Ho 5 q*fournupp MR BRI
B

( 7.866Y + 0.04;Y < 0.15
12.857(Y — 0.08) + 0.5; Y < 0.15
fypurnup =1 1.22;Y > 0.15 and Y < 0.55 (19)
1.18;Y > 0.55 and Y < 0.8
—5.7(Y — 0.8) + 0.4;Y > 0.8

P AR A A R A F 2 L F|S NS BB B 5 1o

LEE BRI RAL FELHEA B FLG N F R R LR Gk

T2 fhe R AR 14 o 2 K F]F A E(0.9995) 4 11 ig

1
finodify = 555z = 1.0005025 (20)

SR iR E (S > AR AT R 2 fhe (FY-Direction) 2. ik 78 (Source
Term)¥® 11 € & & °
QUW/m? ) = Pruer X faxis X fmodiry (21)
e o QUAEEMBEAEL T Prye s ML EREFR L EERTL G

2.7 % % 4 # 5 (W/Bundle) ©

433 3F 1+ TSC AH# R

TR AP - BT EEBRARE R RS RRY ER N F e TR
AF g R DIP IL e  2 g B G R @y P 3t TSC @iﬂ’}?ﬁ’lb
2ZBRE T HER T EFREFTEIL o L N L RARET Vi
#H i

Q”,(W/m3 ) = Prse/Vise (22)
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He o QUAHETMBRAEL T I Pyes -2 Bf 145 ViP5 TSC 2

WA o
1.4
1.2
/
/ \
/ \\
1.0 I \
/ \
/ \
e \
g 08 / \
H / \
£ / \
g 0.6 I
/ \
/ \
\
0.4 I \
/
/
/ \
0.2 I \
/ \
/ \
0.0
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0

Fraction of Core Height

B 14 ~ INER-HPS 2_ 2% 2+ 5 8 54 piy i 7 % F] 5 A % )
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FIF A ERGRHPE

e H e 22 Z fEAATHGY 0 A W) % 1247 33 INER-HPS 3 60 %

~EZ
FESFTRERMUE LD eEERARD EFHI RS e it BRa TR LA

\

FEYRAT A EFT ARG R DE o m AP R A BRI R B2
o, uﬁe EARBORR O R 2 b 7 RHE B 0 cask25 ~ e AN E(ThW) 2 2
WA P (4kW)E G BB b2 3-8 ’Kﬁ:‘ REEP N SR f AU S

FERETLHEARRLPHI AL T S BPL B LT R R R

%
f’rﬁ

JIJ)’LE’ “L-ac';f_,-% d\—ﬁ-r;r' ]:—l';o

5.0 BEEHER EPLBNS0PE

N«
A

|

Bl 15 5 cask25 mybftys pomoa Kt aied FEROFE RS Y2
BRI BRI E P g Ukt 2 AR E P E RS R KRR
TR RGBT EL AR R LT S AT R BT TR AERE Y A
PORLS B IR L R T 0 R A T R A G B Rk fr kiE B s
ST A oo B R ERAT T P EER F YR Tt R
P REFIE RS R RN D e RBEARSS
(AT<2°C)> g+ — 18% 7 & pIRRRT L h i) G L7 00 8 B3 (ATmax<2°C) °

’%mlﬁﬁm{ﬁ—%%éﬁ—&ﬁ%%éﬁ%?%%ﬂié&sﬁé
Pk wBERAIERLEBERREFTRRZ R F (£ 14 d
Eraprged ipuDEKMSﬁﬁﬁﬁ%%ﬁﬁﬂmmﬁﬂ?%éfﬂ%w)

R HEEF I E 2 AR A ERITERE SR R RE933°C) -
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Temp.(°C)

B 15 %= F8 T INER-HPS » %l p 2 8 & Ao #
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% 14 ~ INER-HPS @& B AP F 2 BRFEZTF=REANE
93.3°C)

A W) % & (°C)

Hot Test 49.50
3.8kW 50.26
4.8kW 53.0
7.0kW 60.20
14kW 76.02
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5.2 @i

AR A2 BNk B E

B 16 3 gk fa & 5 cask25 2 4 f 1 (4.77kW) L § »° S R %E ¥ Fites

2B kbR AR AT 0 T &8 kK4 4r % i(Annular Cooling Water

System, ACWS)R %Z# i & i #ac 4 > { BT B IRA I AT ARFH R

A=
3 o
7|

‘s\ IS
by

T‘i'—‘—.
N
LRy v ALH

SR NESECNE ]

ol g N R TR re (Aol 17) W A N R § 8 R
e B R e 2 e g - Ak g N JR2 iR s Tt BEREE

B *‘S* ARl o e F)@iEE G P INTR T %ﬂ 4 %’}“f,ﬁ@r‘r%{%‘u » 1 3R

Ry

N FRECE E B (78.5°C)M B A T 5.1 & erik % 6|2 KR 78 fra B % (53.0°C) -

H Ao oo
Rk Rigi7

B R

SRR AP R EATR 24T AT TR E(93.3°C) e LA F -

ER e TEP TR E A BRENES YRR D R

BRI N SRR it ok g S - LR A § % 25 R

&“’é%15£a¢#ﬁﬁvﬁg%é$“4%wa$%’ﬂw%£$w

;_ﬁ‘z Ebglé

# 4 $(14kW)2

BB R RALE TR FFIUE o F BT At ? B (7kW)e2 & 2+

L

LR R RS R VS S SN

(:cr’r

EY
4

B oo B %o 0 A INER-HPS 2 (¥ 4] rap » H B 482 (02 14kW 3 b))

4 0.2°C(AT/h<0.02°C/h) o &L Fl 5 b 0457 £ Benif AHTRAL 4 0 F oo

L P AR R - B LA B E RN R T ES AR rF L
R 5 0.8°C/h -

Botso sl S SO EHTEE kY D RE YRR AR L E A

BiFE 437

PR BERT HEBEAPERF VL 933 CLAFMG HF

ARAL BB R RS KRB R S B R AR RELEREAT ¥ REAT

AR ITE 2 {7

f o
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521 BEEH L AT F 1L BIFES

Zeg AT R EPFFERFEL R LAY A AR E AT

Lo 15 BRASTET » TREPEPDRF G Ze iFE2ER - 87 Rig &
EHERAGER LR 2 KR
2 EEAFEEAEY TR ESES LR SRR A EREL > ¥ K

N33

PR (P 2 F PR BB

’”\?ﬂ
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Temp.(°C)

LY st = 450w Av\ 'ﬁ,‘
Bl 16~ % & f #%Hs2 INER-HPS 3§48 &
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Y Velocity

0.01
0.008
0.006
0.004
0.002
0
-0.002
-0.004
-0.006
-0.008
-0.01
-0.012
-0.014
-0.016

B 17~ % & p A¥n2 INER-HPS #% i A (m/s)~

4 15 INER-HPS @4 S b R4 % F8B2 B R=6 -

#h W) % R (°C)
Hot test 63.5 (F815)
3.8KW 69.0 (F& i)
4.8KW 78.5(F8 k)
7.0kW 68.82(% f& )
14kW 76.15(% i)
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tmax

Ansy:

349.3750 2024 R

349.3500
349.3250
349.3000
349.2750

Max
of 349.2500

temperature
[K] 349.2250

P O S ST I IS I o e (e

349.2000

s Erensr Do i

349.1750 -

349.1500 T
0 5000 10000 15000 20000 25000 30000 35000 40000

flow-time [s]

T T T T T T 1

RIS~ & g 45 14kW pr2 i fi g = i 534 8
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S3E¥REsima#indoty

BRFERERM R BRI 0 ik L K2 45 0 AFFEHE Y cask 01 -
cask25 ~ AT EOTKW)L R 8§ F(14kW)iE 7 0 ¥ prig 2 F o3t 8 > 1u3®
PR L Y e R T 2 RRA R s R PR E T R
ERZAFCRERECBRAETRELSY G

Cask01: Tou=43.27°C; AT=11.27°C, Mass flow rate=0.25(kg/s)

Cask25: Tout =46.49°C; AT=14.49°C, Mass flow rate=0.28(kg/s)

TkW: Tou =49.92°C; AT=17.92°C, Mass flow rate=0.312(kg/s)

14kW: Tou =60.53°C; AT=28.53°C, Mass flow rate=0.3908(kg/s)

TACERERZIFALENRG KUEGBOC)e ¥ - F 5 o d Fi- AU
R P23 08%  PlEk4d % 20448 E 2 2% T 2 (Methodology
Conservatism) %) 3 4-23°C = +

2162 A EFEAERFUE 2V HESRT oo AmERB I P
AR R ARFHERF 2T G 445 INER-HPS A+ # f §4(Cask25)p* -
R BBERETIEERA G A835E 4177°Cr Bk UiEipt 75 @4 44 &
23°C 2 &g o PR ETT O BRAIAFERE THERPBNMG G 25
#12°Ce FR-HURFBAL27E8% 0 A% 2014 2R ET

1+ (Methodology Conservatism) ¥ % 4-23°C = +
# 16 ~INER-HPS R @ 3 dEfa s\ 2 ¥ pr 3 if 2 T2 2B RE L B

14kW  14kW  Temp. Methodology Design

Cask01 Cask25 7kW

(present) (SAR)  Limit Conservatism Margin
Fuel 97.29  121.25 149.50 218.79  236.8 400 18.01 181.2
Supp_disk 91.37 11423 140.67 207.95 221.8 371.1 13.85 163.2
con_disk 89.53  111.57 137.58 204.32 221.2 343.3 16.88 139.0
TSC 65.78  76.71  90.51 128.15 1343 426.6 6.15 298.5
VCC 4412 4852 5334 67.36 71.9 933 4.54 259
AOS 3940 41.82 4493 5394 71.0 93.3 17.06 39.4
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65.5 10.02 12.3

VCC(Average) 39.41 41.77 4458 53.18  63.2
AOS(Average) 34.11 3479 3559 3810 614 65.5 23.30 27.4
54 irgii él(‘nﬁ&bﬂ])‘l',&
a%ﬁﬁiﬁﬁg%ﬁimgﬁ%mkﬁéiﬁﬁ% P FE R RE 2 A
LY PR R AR EF C R R R BRI A VAT ROTE
TRFEEFAITER D ERLT P o - ROTARE A H L FA1F
ATERERY 50 RUHBL T A TR RRAR 2 TR - B R
2E

TR B(GR 5 @?:F’ C)E L ERNFCRERLTEREERZPBH - RA T
A ] 2 ERERFLDFOARINZERI A s it 8- HRFP- ic
PR & 2 AT Y TR E ARSI E R AP EURY A SRR T

F BT 2 B A AT R AR AR R R 30 o
THERATF T Fl s
CR PRI P

150 112 5.4 & enpr-

2P 2R ETEGYLIES B AL LT T S

=k
(\x
3
k!
)
}

ERAT IR

IR 2 A AT E RIS S B

-z

PrEEF & NIRRT 2RB

B 19 5 2 E B2 EHERA T o d 30 INER-HPS cfk & 4 & 2 2

Seng BAE AR e Se GRS > T TR R E PN IR AN
dRE?P LGP A N BRI RAFRIIEEFRT R NORT LA
FHRE R A A 0§ e Rl R ok s B R R Un

fe IR K PF e E sk o

p

EREAEFARREPEE L 2R
/” ‘FE’FF]T\

AT @2 R A
L By o
ity o BT

L 17 B H -
2R b BB

Z
%5’7 ;L,:’:B_)i&?—r’r'lqlé—l v}élq‘.”—' J_EF”/HLEP\W”

AT E (W p REILR B BRGES BIERFIS R 25 Bk

IHPC R TR AR R T T o & O b B A LS T 5
$ 4 Qiff]lf” )iy

EFRIFH 4 38KW 2

/xr_)ib ‘jb;}: =19 I:E'L.° f‘g_ﬁ‘_{f
B i R 2 BURpe ¥ 0E 2 [3]1 T IR > Cask03-

.LKEl

—\

To TR
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IO - GeRTE R A EE R T TR B M Ay AT A
A T HR T E - R VAR R AR RS T A
FHPRGEAEAT I E R FHSMRAE ST LFY TLRARTRIZFN
VG %- =

Bl 20 5 42— INER-HPS# bt ¥ 2 2 F it T2 i o BAA
FodHTA A BERTERAGZBRLB AR EY N ER o R L
BACIF B)Z2 BB Y D r2 BRI L)L 2T &Fd S1e
FF AT R AT g S v d ey f L I T
B R N A ERTEIN S B F v Ak I
ERGA R EAZFIRBRETERDNF C R EER G oo b8 Fh2
BN F e i 3L S Bd ERHEA G ATA & EEY R R
B EIRAER REH ARY -

TN FrRERR D AT RF LB AEFERPN T E T LA F DR
dAcEh NP R P H PN I R R g R AR AP N R A
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Ao RFER SR P ARFEN TR LAZE 36.6°C A GERKE S RV 2

# 17~INER-HPS /R 3\ 2EEFRT2ZAEERB S E

CaskO01 3.8kW Cask25 7kW  Temp. Limit
Fuel 130.28 148.9 168.4 215.24 400
Boral 124.82 142.4 162 207.8 400
Supp_disk 124.49 142.0 161.6 207.2  371.1
con_disk 123.36 140.6 160.3 205.9 3433
TSC 101.84 114.0 129.5 164.1 426.6
Liner 75.98 85.0 96.8 1246 371.1
VCC 75.36 84.3 95.8 123.3 933
AOS 45.55 49.2 52.1 66.5 933
VCC(Average) 59.02 64.6 71.6 88.8 65.5
AOS(Average) 39.42 41 43.0 48.1 65.5

HE G s AUAF AT ROEERES Y 0 A SRR § R AARERP U &) A SRR -
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TEMP.(°C)
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(b)
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Temp.(°C)

55.0
52.5
50.0
47.5
45.0
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Z 18~ 2 T /P RIGHIFE T - grprRw Lt eE Bz ey ranE CBR

CASK ID
25 22 19 16 13
24 21 18 15 12 10 8 6 4 2
23 20 17 14 11 9 7 5 3

0.354 0.351 0.351 0.364 0.364
0.356 0.359 0.354 0.371 0.371 10.364 0.380 0.370 0.360 0.362
0.354 0.351 0.353 0.358 0.361 0.367 0.363 0.368 0.369 0.364

32.01 32.01 32.01 32.02 32.02
32 32.02 32.02 32.03 32.03 32.02 32.02 32.02 32.02 32.02
32 32.01 32.01 32.01 32.01 32.01 32.01 32 32 32

42.57 42.17 42.24 41.97 41.92
42.46 42.1 42.22 41.68 41.82 41.85 41.65 41.84 41.88 41.93
42.61 41.95 42.16 41.9 41.82 41.71 41.8 41.63 41.81 41.97
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CASK ID
25 22 19 16 13
24 21 18 15 12 10 8 6 4 2
23 20 17 14 11 9 7 5 3

g o g (kgls)

0.580 0.576 0.579 0.574 0.570
0.604 0.615 0.598 0.609 0.604 0.596 0.597 0.597 0.594 0.582
0.600 0.579 0.584 0.584 0.581 0.577 0.581 0.580 0.567 0.586

32.45 32.65 32.57 32.66 32.24
33.37 34.61 33.58 34.39 34.1 335 33.85 33.91 33.83 32.99
33 33.14 33.58 33.27 33.02 33.17 33.22 33.28 33 33.01

52.02 51.09 51.04 51.09 50.72
52.64 53.12 53.08 53.16 53.2 52.54 53.21 53.06 53.01 52.2
55.19 55.85 55.77 55.76 55.74 55.79 55.64 55.85 55.58 54.54
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220 L B PRIEH Y 23 ERF 2 BEEF T 2ERZEEA TS

CASK ID

25 22 19 16 13

24 21 18 15 12 10 4 2

23 20 17 14 11 9 3 1
NF v B MR R (°C)

3269  34.03 3268 3280  32.83

33.06 3218  33.04 3583 3424 3459 32091 33.62 3217 3212

3234 3250 3230 3348 3488 3409 3388 3235 3214 3268
NF v ERBERE (C)

11696 10245 10477 10676  128.57

131.91 10550  104.14 12324 14231 13131 7532 94.87 10828  126.70

99.58 7036 9456 11562  138.63 13296 11845 9229  99.65  86.76

A (°C)

8427 6842 7209 7396  95.74

98.85  73.32 71.1 87.41  108.07  96.72  42.41 6125  76.11 94.58

6724  37.86 6226 8214 103.75  98.87 8457 5994  67.51 54.08
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% 21~ INER-HPS i 584 s faticst ¥ R f £ 7 2 340l & 4Ap

Cask25 7kW 14kW Honap b g 2
Temp. Limit
Present SAR AR S S - 7S
Fuel 121.0 149.5 218.79 236.8 400 18.01 181.21
Supp_disk 111.83 140.67 207.95 221.8 371.1 13.85 163.15
Con_disk 111.36 137.58 204.32 221.2 343.3 16.88 138.98
TSC 76.57 90.51 128.15 1343 371.1 6.15 303.27
VCC 48.35 5334 6736 719 93.3 4.54 25.94
AOS 41.77 4493 5394 71.0 93.3 17.06 39.36
VCC(Average) 45.72 4458 53.18 63.2 65.5 10.02 12.32
AOS(Average) 34.77 3559 38.1 61.4 65.5 23.3 27.4
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4 ~ U.S. NRC, “ Impact of Variation in Environmental Conditions on the Thermal
Performance of Dry Storage Casks,”NUREG-2174, 2016.

5 ~ NAC, “Final Safety Evaluation Report Amendment 11,” DOCKET NO. 72-1015,
2016.

6 ~ Ansys, “FLUENT 2024 R2 User Manual,” 2024.

7 ~ Ansys, “FLUENT 2024 R2 User Defined Function Manual,” 2024.

8 ~ NRC., “Computational Fluid Dynamics Best Practice Guidelines for Dry Cask
Applications: Final Report ,” NRC-2152, Final Report, 2012.

9 ~ NRC., “CFD Validation of Vertical Dry Cask Storage System: Final Report ,”
NUREG/CR-7260, 2019.

10 ~ NRC., “Validation of a Computational Fluid Dynamics Method Using Horizontal
Dry Cask Simulator Data,” NUREG/CR-7274, Final Report, 2020.

11 ~ NRC., “Computational Fluid Dynamics Best Practice Guidelines for Dry Cask
Applications: Final Report ,” NUREG -2152, Final Report, 2012.

12 ~ NRC., “Standard Review Plan for Spent Fuel Dry Storage Systems and Facilities
- Final Report ,” NUREG -2215, 2018.
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Docket No 72-1015, 2020 Oct.
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