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This study completely analyzes the feasible technologies and
implementation examples of dry storage loaded with damaged fuel in the
world. In order to provide technical analysis findings and regulation
suggestions related to the Dry Storage Systems (DSSs) with damaged fuel
can (DFC) a set analysis methodology for DSS has been developed to
evaluate the impact of radiation shielding and thermal hydraulic
characteristics. The research results indicate that no any obviously adverse

effects on radiation shielding and thermal hydraulic can be found for a cask

1



loaded with DFC. On the contrary, the shielding and thermal hydraulic
margin will be slightly increased on both analysis results. The results prove
that properly planned dry storage facilities can indeed be effective and
safely store damaged fuel. The important findings obtained through
international information collection, technology analysis and hypothetical
case studies have been summarized into regulation suggestions, which will
help the authorities improve the capacity of domestic dry storage

supervision.
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ABSTRACT

In order to further study international regulations, shielding analysis, and thermal
hydraulic assessment information on dry storage cask loaded with damaged fuel(s), this
study fully collected various international damaged fuel can (DFC) design information,
revised safety analysis report, and even notification about Arkansas No. 1 nuclear
power plant during dehumidification process of dry storage cask. The study has
completed the research and analysis of the HOLTEC company documents, Arkansas
incident investigation, dry storage plan of Ignalina NPP, and licening update for NAC-
UMS. All information collected and technical findings from thermal and radiation
shielding analysis have been compiled into regulatory recommendations for the

authorities.

Keywords: Damaged Fuel, Damaged Fuel Can, International precedents,

regulatory recommendations
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SNF for specific application (intact,
breached, damaged)

Breached SNF
(pinhole & hairline,
gross)

Any cladding
penetrations?

Breach large’

Not grossly enough to

Fuel Assembly breached release fuel
Defects . v fragments?

Can SNF meet
all fuel-specific
and system-
related
functions?

Grossly
breached

T

*Grossly breached SNF is nof readily refrievable
Therefors, for slorage purposes, grossly breached
SNF must be classified as damaged.

B 3~ % B’ NRC ISG-1 125 5y }238 17 20 o 55 2 5427 & Bl

% 1~ INL v # % R B PWR 22 BWR 224 % 3521 6][8] -

(US.)

PWR BWR
Fuel rod failures per fuel assembly (world) 1.6 1.1
Fuel assembly failures per 1,000 fuel assemblies (world) 13.8 44
Fuel assembly failures per 1,000 fuel assemblies (U.S.) 20.9 54
Number of fuel rod leakers per 1,000,000 discharged fuel rods 86.8 64.7
(world)
Number of fuel rod leakers per 1,000,000 discharged fuel rods 131.6 78.9

*PWR:E -k ;8 F & 2B (Pressurized Water Reactor)

*BWR:* -k ;8 F & B (Boiling Water Reactor)
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTOMN, D.C. 205550001

September 20, 2021

Mr. Wren Fowler, Director

Licensing Engineering

NAC Intermnational

3930 East Jones Bridge Road, Suite 200
Morcross, GA 30092

SUBJECT: AMENDMENT NO. 8 TO CERTIFICATE OF COMPLIANCE NO. 1015 FOR THE
NAC-UMS STORAGE SYSTEM

Dear Mr. Fowler:

As requested by your application December 18, 2019 (Agencywide Documenis Access and
Management System (ADAMS) Package Accession No. ML200060D749), as supplemented on
April 24, 2020 (ADAMS Package Accession No. ML20122A201), and August 7, 2020 (ADAMS
Package Accession Mo. ML20227A066), enclosed is Amendment No. 8 to the Cerificate of
Compliance No. 1015 for the NAC-UMS storage system. This amended ceriificate, issued by
the U.S. Nuclear Regulatory Commission (NRC) constitutes the approval and conditions for use
of the NAC-UMS storage system for storage of spent nuclear fuel under the general license
provisions of 10 CFR Part 72, Subparts K and L.

Amendment No. 8 to the Cerificate of Compliance No. 1015 revises the NAC-UMS certificate to
add the storage of damaged builhg—water] reactor spent fuel, including higher enrichment and
higher burmup spent fuel; change the allowable fuel bumup range; expand the boiling-water
reactor class 5 fuel inventory that could be stored in the cask; and revise definitions in the
technical specifications.

Bl 4~ % B NRC 2,8 NAC-UMS < 3f BWR ¥l & 5 Fhis vl 2 3% 7
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Spring Loaded
Locking Pins
(4) Places
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M2 57BF & © <1 (applicable cask dimensions)ip % » & Hp p 4R > H 2
ﬁ—&%%ﬁé°@ﬁ%%@’ﬁ*ﬁﬁ%ﬁ*%fﬁﬁi@?ﬂﬁﬁﬁﬁﬂ
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# Batac 4 | PRXF
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*EL AL 3] &
#NAC 2 P 2 AR A #T 4 PB4 2 DFC £ 4 40 r b £ 2 1L i > 357

DFC 2 33 3 % A4 4 33 &
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3 HOLTEC 2 & &% 2 A 47302 [16]7 2 T & » S4F e 5 0T
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Z2 FAFé 5 HOTELC 2 P2 ¥ /2% it 2 2 W o
B ACfR # FINRC #3743 16 1 1E£2 § 41> Bntergy & 4.2 10 CFR 72.7

2 Y 4 TS A (Specific Exemptions) » 3% 7% < 4p B N 5 ff 40T

The Commission may, upon application by any interested person or upon its own initiative,
grant such exemptions from the requirements of the regulations in this part as it determines are
authorized by law and will not endanger life or property or the common defense and security
and are otherwise in the public interest.

Page Last Reviewed/Updated Tuesday, August 29, 2017

Source. https://'www.nrc.gov/reading-rm/doc-collections/cfr/part072/part072-0007. html
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¢ Ker 17 3% €3 0.95 » ;% & NUREG-1567[22]¢ 4.5.3.5 7&
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(2) 4-¥H A o Entergy;fﬂ MPC-24-060 2. § "% # { 9 5 15kW
B T WL EGEKW) o F BB kST i
WRIRLSIT2Z 55 E ] L CRASAR  mE AR RERERMIN R
FSAR ® %38 A 478 % o
A - Y EEA AT T AN R 48 By R Holtee £ ¥ticf itk 2 % 2 4
% > P B AR %i"‘{f FEiute 15 kW 2 #
FRTOERRENI R ARL PR FH - 2
AT B A A TR R R TR -
B: 4 @B LI L w Ly f onBpracl (TEF P
Fa P o Entergy a2 Eu ki EHPIVRS R
& 1%z A 3R o gt b s A B A AR
BEEP > AEATRRAFLERN 0 RS S

24
e

ole

%*@Q#i%@ﬁ?&%°§ﬁ§ﬁ$ﬁ?ﬁﬁ§%i
B NRC 3! * 2_ % p| NUREG-1567[22]6.5.1.2 & ~ NUREG-
1536[26]: 44 5 ¥ 2k 2+ /& 4 (Cask design cavity pressures )*c
YLE ] e A T » ¥ 51 % & 37T % p] NUREG-

2215[6]2 4.5.3.1 Normal Conditions *7 & #i& {7 ¢ I2 o

NUREG-2215 .5.3.1 Normal Conditions (paragraph 3 ; page 4-16)

Internal pressures result from hydrostatic pressure, cask drying and purging operations,
filling with nonreactive cover gas, out-gassing of fuel, refilling with water, radiolysis,
and temperature increases. Temperature variations and thermal gradients in the
structural material may cause additional stresses in the canister, closure lids, and

associated welds. Coordinate with the thermal reviewer (SRP Chapter 5, “Thermal
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Evaluation”) to determine the enveloping values and combinations of the cask internal
pressures and temperatures for both hot and cold conditions. Use the temperature
gradients calculated in the SAR chapter on thermal evaluation to determine thermal
stresses. If the confinement system has several enclosed areas, all areas may not have

the same internal pressures. In some canisters, enclosed areas consist of the canister

cavity and the region between the inner and outer lids.
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ABSTRACT

The dry storage systems are now widely used for the interim storage of spent
nuclear fuels (SNFs). Regarding the handling of damaged spent fuels, canning in some
form is adopted by many countries with the use of the so-called damaged fuel can
(DFC), which is a metal enclosure that is sized to confine one damaged spent fuel
assembly. The can, with its contents, must be designed to ensure suitable mechanical
and chemical properties under long-term storage, and to be readily retrievable from the
storage system using normal spent fuel handling methods. Some dry storage systems
have a limited number of slots that can be filled with DFCs. However, the DFC with its
contents is apparently different from those intact SNFs in the cask in terms of geometry
and material details as well as some source characteristics. It is therefore of interest and
importance to investigate the influence of the DFC on the performance of a dry storage
cask. In addition to collecting information related to handling damaged spent nuclear
fuels, this study explored the decay heat and radiation source characteristics of various
nuclear fuel types (such as GE8x8-1, GE8x8-2, GE9B or ATRIUM-10, etc.) under a
wide range of burnup conditions. Accordingly, this study analyzed the heat flow and
radiation characteristics of a typical dry storage cask filled with some DFCs, so as to
explore the possible influence on the thermal management and radiation shielding of a
dry storage cask, compared with a normal storage cask filled only with intact SNFs.
The results and experience gained in this study are compiled to provide an overview of

the problem and technical support to regulatory bodies in a review of the related issues.

Keywords: radiation field; thermal field; damaged fuel can; spent nuclear fuel; dry

storage cask
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Table 5.2.3-2 Key BWR Fuel Assembly Characteristics

Fuel Type 'BWR/2-3 BWR/4-6 BWR/2-3 | BWR/4-6 | BWR/2-1 BWR/4-6 | BWR/4-6
Label 07a 07b 08a 08b 09a 09 10a
Array 77 7 8x8 8x8 9x9 9x9 10x10
Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 |-0.2037 | 0.1855 | 0.1996 | 0.1723]| 0.1979 || 0.1946
Table 5.8.1-4 BWR Fuel Assembly Geometry Data
Core BWR/2-3 | BWR/4-6 |BWR/2-3| BWR/4-6| BWR/2-}| BWR/4-6BWR/4-6
Label 07a 07b 08a 08b 09a 0% || 10a
Array 77 =7 8x8 8x8 9x9 9x9 10x10
Nominal Number of Fuel Rods 49 49 63 64 79 79 92
Fuel Mass (MTU) 0.1985 | 0.2037 | 0.1855 | 0.1996 | 0.1723}| 0.1979 |} 0.1946
Fuel Assembly Height (in] 171.125 | 176.200 | 171.125 | 176.200 | 171.290}} 176.161 [|176.200
Fuel Assembly Width [in] 5518 5518 | 5518 | 5518 | 5251 | 5518 || 5518
Lower Nozzle Height [in) 6.760 6.760 | 6.760 | 6.760 | 6.940 || 6.760 || 6.760
Upper Nozzle Height [in] 7.500 7.500 | 7.500 | 7.500 | 7.500 (| 7.500 || 7.500
Fuel Rod Height [in] 156.025 | 161.060 | 156.025 | 160.551 | 155.5200| 160.551 ||160.551
Top End-Cap Height [in] 0.160 0435 | 0440 | 0346 | 0345) 0346 || 0.346
Bottom End-Cap Height [in] 0.625 0625 | 0625 | 0625 | 0355 | 0625 || 0.625
Active Length [in] 1440 146.0 | 1440 | 150.0 | 14524} 150.0 || 150.0
Upper Plenum Region Height [in] | 11.240 | 14.000 | 10.960 | 9.580 | 9.580 || 9.580 || 9.580
Gap Fuel Rod to Top Nozzle [in] 0.840 0.880 | 0840 | 1.389 | 1330 ) 1.350 || 1.389
Rod Diameter [in] - ~ 0.570 0563 | 0493 | 0484 | 0424 || 0441 || 0.404
Table 5.8.1-5 BWR Fuel Assembly Nonzirconium Alloy-Based Hardware Quantities
Core BWR/2-3 | BWR/4-6 | BWR/2-3 | BWR/4-6 BWR!2-3| BWR/4-6 | BWR/4-6
Label 07a 07b 08a 08b 09a 09b 10a
Lower Nozzle Hardware (kg) 4700 | 4700 | 4700 | 4700 | 4530 | 4740 | 4740
Fuel Hardware (kg) 2030 | 0320 | 0330 | 0330 | 0245 | 0246 | 0.120
Upper Plenum Hardware (kg) | 2830 | 1848 | 2858 | 2812 | 1684 | 1706 | 2132
Upper Nozzle Hardware (kg) | 3520 | 2.080 | 2.080 | 2080 | 2.000 § 2.080 | 2.080

Table 5.8.1-6 BWR Sample In-Core Characteristics

Variable Value
Fuel Temperature 840K
Clad Temperature 620 K
Coolant Density in Lattice 0.446 g/cm?
Coolant Temperature in Lattice 562 K
Coolant Density Outside Channel 0.743 g/cm?
Coolant Temperature Outside Channel 553 K
Assembly Power 45MW

# 4- 1 ~ NAC MAGNASTOR #f k3% 4 477 BWRO9b 7448 g 345 23 4p o 5 8c[9]
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Void
1 uo2
2 cladding
3 cool_h2o
4 med_h2o
5 tube

EOCEEEC]

[T T T P T PP P T I PP T T

6 can

&l 4-2 ~ MAGNASTOR 09b #-7|

# 4-1~ MAGNASTOR 09b %t 4= fF 4%

¥ ¥ =t | Power (MWD/MTU) Burn Time (Day) Down Time (Day)
I 23.8757 628.2464 60
II 23.8757 628.2464 60
11 23.8757 628.2464 1461

# 4-2 ~ MAGNASTOR _09b &R 78 38 & 3505 5% % L iR

Fuel Neutron

(n/s-assembly)

Fuel Gamma

(y/s-assembly)

Hardware Gamma
(v/s-kg SS304)

Ref[9]-SAS2H 1.138E+08 1.489E+15 3.861E+12
Ref[9]-TRITONG.0 1.144E+08 1.488E+15 3.855E+12
TRITONG.2.4 9.167E+07 1.577E+15 3.930E+12
Difference
(TRITONG6.0/ -19.85 % 593 % 1.95 %

TRITONG6.2.4-1)
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Neutron spectrum (n/s/MeV per assembly)

Gamma-ray spectrum (r/s/MeV per assembly)

Gamma-ray spectrum (r/s/MeV per kg ss304)
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4.2 B ¥ DFC # 35’}“’5—’5— J:;’#;FLIE-,;E%I_%

k- RO L enT 8% R4 2] (GE8x8-1 ~ GE8x8-2 ~ SPC8x8 ~ GE9B
{e ATRIUM-10)12 SCALE/TRITON /A 15 $£HF3E (7 14 2042 45 & % 3 P+ 2L st R
BTG AT e
54 % 2AFTRA[8]Y £ 6.1.2-1(R 4-6)* 3 PR Ak & ol B &
B pREY R PUA RS R L9 wi% > 4 8T 7] 7 i DFC %
2 4L & 0 1 GWD/MTU » 5 GWD/MTU ~ 10 GWD/MTU ~ 15 GWD/MTU »
21 GWD/MTU ~ 30 GWD/MTU -~ 36 GWD/MTU - 12 TRITON 2 ¥ 2 7 &% 4F
4| (GE8x8-1 ~ GE8x8-2 ~ SPC8x8 ~ GE9B {r ATRIUM-10) 7 3] i A & 3% )
4-7 1 Bl 4-11 -
B TP - RITA IR ER chd s #MEFhe Ay [10)8F2
HEf - - PIcprd 24 WFE FRraL » @h 5 Bk BT e
AF 0 F BB I4KW ERE L FOUER 0 AR EET A4 PR R
A AR AR
(1) ©2 GE 8x8-1 4] 742 (% %41 & 186.271 kg » L 4 fE%HL? heE ¥ ) & T
¥ 3E R 36,000 MWD/MTU » 2PU 4+ 4% 30k 55 R 3.25 wt% » T 384 fr
PR 10 & B 05 > AR BV R P AR T G kS SR

(2) ©2 GE 8x8-1 3’4t » & T 3au4e & 36,000 MWD/MTU » *PU 4= 4T 352
RAER 1.9 wt% T304 frpEF 10 & % iF R GNP EV # Rk R
gkl e 3 bR H v -33*#*;' be B B o

gl 2 ERRE R TR SR R R A% 2 AT Y B
AATER DAER > VRS RE 14 kW KA R P TRl AT FRT
TR R L ¢ I ARG R S S S b SRR

e T - RGeS R AR kSR G BB F A e g [I04R2 ¢ &

15 GESx8-1 ] 44 & 5 iR 37 3% 1 & % #7 A £ 3 12 SCALE/TRITON A 45 $£jbvs
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WA E et GE8x8-1 AWl f sHRIE IR S % b > F|3t 4 4.3, H ¢
SCALE 4.4a/SAS2H % % > 4 45382 ¢ $* 2. 2453 ;% - £ 4-3 3L SCALE #&
FUSRAGEAR o LS T Rl B e d B e d SAS2H(® % SCALE 6.0
P A% )i B % TRITON et £ 5 3 dgcy o R & 2 474R L 45 7 27 HH 4
3 2383 o 4 4-3 R A5 SCALE/TRITON A 45 Hihes® i % % 27 T - Fuit
FPTHRRIREE LA e ME ST (103 2 AL SR R
FP AYEY FRAFESEEFRMGZH o VRN FeFEe -
A2 3 12 SCALE/TRITON 4 45 ¥ 2 T 48 %442 #8 4] (GE8x8-1~GE8x8-2~
SPC8x8 ~ GE9B fr ATRIUM-10)% & ™ 5| 7 &8 DFC %tiflz i & @ 1
GWD/MTU ~ 5 GWD/MTU ~ 10 GWD/MTU ~ 15 GWD/MTU -~ 21 GWD/MTU - 30
GWD/MTU -~ 36 GWD/MTU ° B 4- 12 I Bl 4- 14 & 8] 5 T fa2R R %kl d 3
WAL T 2 RS SR R ERA R T A RF 412 2 F 4-13 Gk

MTU §im™ » T 2 e e ™ B % P35 Wik s - &> & 7%

[e=3

el

20k Bk A B S bR 5 SS304 417 M4k 0 I P S 1.2 g/kg 197 Co

AReA g R e BB 4140 FLS T 4R L 5 & 2 AT

do B bR 300 1 kg 7 B4R R P 3 BRE AT E 0 EFIE A AN G T
P RIE4-14 7 BHEET RTRAEZ LR

B 4- 15 3 B 4- 17 5 GE8x8-1 #B L fF— i gl 3~y b+ 2 g sk
FERAH - CAHTRAAR T R AHAS R LR AN FHA
e Bl 4- 15 TR MY S B 01 1 10 MeV ac#E Y B A
Fo g R R Y R - LR G EAAE(an)F ke
FHOF R AL DRI TR o Bl 4-16 LR AR P 2T 0.6 1 0.7MeV(YCs i fE
YRE®RR) VR AR § R AR o B 4-17 FRHERT AT
OCo z i glhecr B A i m £ 8 - Bl 4- 18 2 B 4- 20 5 T fEA%R & L
Pk 2 B kS RS E o ¢ U E R AE = MTU if

T T AR AN E AL R R AR S - Koo
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Fe 4-3 ~ ¥ - RrichT% > 4 1738 2 &2 SCALE/TRITON 3+ & GE 8x8-1 % b] & 2 2 if 54k crvt i

Hardware Fuel
. Fuel Neutron
Control Cross-section Gamma-ray Gamma-ray
Code ] Source
Module Library s/ bly) Source Source
s/assem
Y (yls/ke) (y/slassembly) | FN HG FG
SCALE 4.4a SAS2H 27BURNUPLIB 1.2680E+08 4.8039E+12 1.1130E+15 1.00 1.00 1.00
SCALE 4.4a SAS2H 44GROUPNDF 1.3740E+08 5.9139E+12 1.1130E+15 1.08 1.23 1.00
SCALE 5.1 SAS2H 44GROUPNDF 1.3450E+08 4.8250E+12 1.0956E+15 1.06 1.00 0.98
SCALE 6.1.2 TRITON 44GROUPNDF 1.3929E+08 3.8277E+12 1.1483E+15 1.10 0.80 1.03
SCALE 6.1.2 TRITON V7-238 1.3796E+08 3.8244E+12 1.1601E+15 1.088 0.7961 1.0423
SCALE 6.2.4 TRITON V7-56 1.1889E+08 4.462E+12 1.122E+15 0.94 0.93 1.01
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3= g GE8x8-1" |GE8x8-2" |SPC8x8"” GE9B™ |ATRIUM™L10™
b 148 em 1.252 1.227 1.229 1.227 1.005
HEN A cm 1.08 1.064 1.052 1.064 0.884
WEH T Zr2 Zr-2 Zr-2 Zr-2 Zr-2
AR (stacked) R, 103 10.32 1026 1045  [10.349
/ey
BhEH L 42, em 1.057 1.041 1.027/1.03% (1.044 0.867
TR - e ]
( peak-planar-average ) jE [1.95 325 3.24 3.69 4372
b FE . wit% U-235
o R S8 GE8x8-1 |GESx8-2 |SPC8x8 GESB  |ATRIUM™L.10
MR RBACFIREER, W% | o) 3.05 3.14 3302 [3.845
U-235
1 L e i ) 8X8 8x8 8x8 8x8 10x10
91 ( full-length :
1L e 63 62 62 60 a3 pm_len;’; g
A #MGER B em 370.84 381.0 381.0 381.0 379.6
BELHE B EE, cm 1.626 1.626 1.628 1.626 1.295
1 ( square water
LS 1 2 2 1 channel displace 9
fuel rods )
Kbt [ Zr-2 Zr-2 Z1-2 Zr-2 Zr-4
A Hs $h L 4E, em 1252 1.501 1.229 3.404 3.50
A A4 em 1.08 1.349 1.052 3.20 3.355
#5FHE P9 #E, cm 13.406 13.406 13.406 13.406 |13.406
BORHE B A, cm 0.254 0.254 0.254 0.254 0.203
BOFLE 0 Zr-4 Zr-4 Zr-4 Zr-4 Zr-2
it E 87430 B4R ¥  |GESx8-1 |GESx8-2 |SPC8x8 GE9B | ™
— 5 408 432 800 172 T~
— ik 408 460 716 112 S~
*1) ¥4 4% 1 GENEDC-20128
*2) ¥ 4B | GE NEDC-25227
*3) F# 4% | XN-NF-86-126(P) Rev.0
*4) ¥# & : GE EDB No. 1939
*5) FH# A : Framatome ANP EMF-2892(P) Revision 0
*6) HEEEAERELA 103 v A 1027

B 4- 6 % B 73 vt Ak A TR (Ref[8]-% 6.1.2-1) [8]
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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'?ﬁﬂ;? 0.0012235
0 0.23178
Ar 0.01283
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ABSTRACT

In order to evaluate the applicability and conservatism of thermal hydraulic
analysis methodology as a dry storage cask loaded with damaged fuel (or damaged
fuel can), this study developed a CFD model based on the collected information about
design specifications, safety analysis techniques, and tools. A commercialized cask
system NAC-UMS was selected as the standard target cask. The corresponding
codified axial power distribution, equivalent homogenization of spent nuclear fuel
treatment technology are also developed to support this study under several loading
situation, e.g., damaged fuels mixed loaded with intact fuels or different canning
techniques of damaged fuels. The developed model has been further utilized to
analyze the representative cases with different kind of DFCs. The results shown that
the licensed DSS will still maintain a suitable temperature margin even if the
damaged fuels fragmentation under a hypothetical accident. Furthermore, the result
also points out that the operation time of fuel loading will be influenced and need be
further reviewed before license approved. The various technology findings have been

further summarized into supervision suggestions for regulation body.

Keywords: damaged fuel, CFD, Thermal analysis, NAC-UMS



ABSTRACT .ottt bbb aaarar—a—aara—————————————a———————a—ararrrrrarssssssssssssnsnnes i
B Bttt e e e e e e et et e e e —eeeea———eeeaa bttt e e e bareeeaareeeeenararaeas iii
Bl B e ettt eeeeee ettt ——————atetettatea————aaetattttra———————————tttta———————__ v
e B A ettt et aeat e et e e be e e ebe e e ebeeeaaeeeaateas vii
B o 0 T T ETH ettt ettt bt 1
L1 5 B BB e 1
12 35 B T Bt 2
1.2.1 & 47820 % 35 3 2 3 M 2
L22 P 3020 35 T oot ee e 4

B T By T g T i ettt 5
2 B T T B N ettt ettt ——————————————————————————————————————— 5

A =i T RO 7
2.2.1 DO FUEE I HETC oo eee e e vt e e s s s et enens 7

222 3N ettt 8

2.2 B AR A 3N ettt ne 9

FZF - EMAPT DFCFERTAIM T U EET s 11
3.1 B DFC #0754 M 3K 3 T3 s 11
32DFC B A 4520 30 B BBUEIL e 14
FwF o~ %5 DFC B Bachri a2 #unsa 7 A0 M BE & s 16
4.1 £ A 3T B P HITNIE 2 e 16
41,1 Bt 0 5 P BT B B e 16

412 2 L2 DFCIF M HaNZ 2 8 B o, 19

4.2 FEALFRUEE B oo 25
421 FamE 2 BRI E o 25

4.2.2 5 JRIE L B oot 26

A3 L e 29
A3 BRI HE AL ettt 29

A.3.2 TRREHE AL et 31

4.3.3 WAL I BDHTTU B ettt 32

%7 F DFCH ¥l f Bl 2 #n BB R DT e, 33
5.1 %2 DFC 32 1Y 15 E 2 F AT o 33
5001 B ABEE L EF B K2 BB e 33

5.1.2 % ? NGC #g 3] DFC #} %854 = *g BRI e 40

5.1.3 %% 2 87 DFC 2_ i A B AT ettt 42



5.1.4 £ DFC 2 2 #0217 5 i@ F 2535 % 45

£ DFC & 3 SR 9 4o 2 2R F I 3T 46

5.2.1 ;‘tg“z P #cE DFC #4000 7 5 2 B8 e 48
522NACUMS % 4 BRI 2R AHFE 2 FIL R e, 50

523 NACUMS %17 Ir DFC 83l #R Fi2 B2 585, 53

532w 7 ap K DFC 73R 2 B R R T e, 55
53.1 Aok pEE AL 1-¢#k7é%,,.§é§3 ..................................................... 55

5322 ZFFE AL £ 2 FI B S e 59

533 R F PP AL ER 2 BN s 62

54 % b DFC 2% 35 3 mE 2 20 F T4 oo eeeese e 64
FAEHABRALIE T R F I T s 67
BT R B EETIE IR ettt 68
ﬁ}{v[f& ...................................................................................................................... 69
Mt - S L IFIE P B E SRR R s 71

Il-iv



H OH 3 5 ¥ ¥ H F F FH FH F F H F F FH OFH FH =

5 5 =H

W P &

1~ % ¢ 3 G2 NACUMS K35 e 4
2 ~ Holtec 2 & #73% 3520 NGC 3] DFC...vvveeeeeeeeeeeee e 12
33 NAC 27 22 NGC Z ] DFC oo 12
4~NGC ¢ GSC #f4]2 DFC » # 3 & B35 LHI(H ¢ )i, 13
5~ 4B GNS® 2 7 2. Quiver-IQR = 4F 4L 2. & 25 B oo 13
6 ~ Westinghouse 2 & 7 Quiver ,& Jo?h Bl oo 13
7~ AT BEEH NAC UMS 20 #0704 5] s 17
IR o s T A USROS 18
9~ ATRIUM-10 %542 & 5 77 2 Bl evveveeeeeeereeeseeseeseeseetensesse s 19
10 ~ ATRIUM-10 %85 = 8 % B3] 7T 2 Bl 20
11~ £ovs 24l 4ok 20 ATRIUM-10 = S8 6 BT 2 B e 21
12 ~ GE 8X8-1 %434 = A 6 H30 57 B Bl oo, 21
13~ Zvz st gk #2. GESX8-1 = A& 6 HA71 R Bl v, 22
14 ~ NGC #£ %) DFC #7 — A% 5t 2L #0R 5 2 Z B 7 R B e, 23
15 ~ 8 GSC #7%] DFC = M3 1 H21 75 R Bl eeeeeeeeeneeeiseesieeenseeessneenens 24
16 ~ 1/4 $HAEHEA] P RS 1 BB B AT BB e 25
17 ~ 257 3 3 2. ATRIUM-10 4 b 75 F F] 5 2 F BI[7] oo, 26
18 ~ A# § ¥ %2 GE8X8 & 7|42 fhdr 75 F F]F A F B[ 9], 28
19 ~ ATRIUM-10 %448 F B K3t 2 5 152 T2 B B AT e, 36
20 ~ ATRIUM-10 %5413 4 R P28 B A T e 36

21 ~ ATRIUM-10 #% 2o R FEBCFF R R A T et 37



)

24 ~ GE8X8-1 %l ¥ o Rt 2L 4 iE 2 T2 0 B A T e 38

B 25 GE8X8-1 %417 ¥ g -kt § BHA LB FT N ERAF 38
Bl 26 H* FEREETSHGEF AP E B EF 20 P, 39
Bl 27 ~ NAC UMS %542 F 22988 ® 2. 4 B B o e, 40
B 28 ~ Bt DFC 2o = MHEN 25 5 7B IR B A T oo, 43
Bl 29 » Bt DFC S35 1 5 TR R A T oo ssseessssssssssss 43
Bl 30~ B8 DFC 13 F it md® s > B REG 2 B~ B R FL Y e, 44

=

31~ NAC-UMS * 4% § & 57 4% w & DFC 2 #1754 455 % () £ 3

BB DEFC © oottt b bbbt ettt sens 46
Bl 32 NAC-UMS ## & 4 % 7 2 Bl oot 47
Bl 33~ NAC-UMS 7 2% £  DFC 2B R A T i 49
B 34 ~NAC-UMS 7 fp % %403 4 BEM BRI PEZ E R AT e, 52
Bl 35~ NAC-UMS ** A % % §“ 58 QUIVER M2 2 #7552 4758 % i, 54
B 36~ NAC-UMS *t A T8 4 ol 4 £ R pF > JuoRprpiz 2 FA8% . 57
B 37 ~ INER-HPS I % & 6™ 2 P T EFRFEE L ABF s 57

38~ NAC-UMS ** A 4 4 %4 £ 3P > kB k2 8 B (K)A F .58

o =

39 " NAC-UMS *t A T3 4 sl 4 £ 2 > B T30 A2 2 R4R% ...

40 ~ NAC-UMS >t A B8 4 %l 1 € 2P B3R EER2ZERK)A .61

o =

41 ~ NAC-UMS ** A %3 4 7l € pr > B AR A Ry A% ...

=

42 NAC-UMS ** A %5 2 S04 £ FRATFEH T 2B RAKA T

Il-vi



% P&

TN PN I R e s G - e L 3

22 BPME G R esr Ak F BB A B A S EI & 15
03~ 34545304 2 304L)E B A I9] oo 29
4~ B4 (A-36 ~ A-533 2 SA-588)E B H 9] oo 29
N o < = 1 L2 [OOSR 30

AR T N0 10 ) R F = 2l L) DS 30
3o TN ARE & (6061-TOST)EL B E 4[] oo eeeeeeees 30
E T L L) PO 31
E I B T 1 [P O T 31
%10 EF DFC & 2 H2H R E S0 EF 2 B 41
% 11~ NAC-UMS * % 4 § =5 % DFC B2 8 B 4 R oo 49
# 12 NAC-UMS * 7 F#% § = 8 5 2 BHBAPFLER Z R e 52
% 13~ 1% GSC# %] DFC £ 47 %A 2 B B 4 Tt 54

% 14~ 7 I DFC A 2kl #ndp M & 2 B 2 45 F 00 266

I1-vii



$-% B3gpen

1.1 FE#BEP

AR ST 2 FPHT AR R LR MRS E R (R
s E 2E f PR R T REREE) FALHRAN A RF R
17 R Fea BT IORTR S 2 5 SR i B 2 47 PUFT AT 0 B R R S
PrRE RS E WL W RY FEX 2PN ST
AR GERATRAY BT SR GIREHA o AR~ 3 E AT SR Ap B RAT

AR PG e TR 40 EDERDT G RG RLERE
o DGR H TN FHREYERE? > X F L Lo
FIZo e S g L R F R e LA R 2R R A B 4 S 4F o 2 BWR

BA b ARBGT 1 F 8 H A L RS B 0 W S 03%i g

HR T AL BT AT A AT YOR o B B R AR R R A 0 R SRR
FRFEE Y PRI SR ST BRI SRR S R L
AR bl RPME 2 42 23 A FPMF L P ERAE RV ES

R S N
S AR R RRER AR R AR 2 DFC % 6147 g7 4 (1]
B RFe § B23F % B3 vl ~ % 4F %k 48 (Damaged Fuel Can, DFC)s £

y

3@‘ (& gi?*i ’;% l,;"J ° j‘ﬁﬁ% =) Eb 3 ﬂ; I'Z§ﬁ‘ e A ’]"?D}iﬁ‘f /Eﬁ’}fl' n‘é.é ig i "’h’ %LL ,,,13}3—
PR REE 2 AATHIN L R 2 FHIR BB BREE L TP TR
AATICRTE R AP RS B X R L RN F R

SBE M R -

-1



12 #+H 75 e

R WA IS S AL E o A SR Sy e VS CRIER ok BN
ARGEHREFFTIRELAPMTA] fIr RS B ARk

feRARE DRC 2 0 e 3855 B R A5 4 B g & 2 BORFHLR T o 0g

TECRATITEA N NS P AR AT 2 PR R f AR SR AR
FREEEIPE T AP FRTER LB - WL R

W PR R LB ST H TR AR R e G E - PR A
TOREHEFTIIT LB AT

I WEREE G MEREL DFC 2 #n% 2375 k0] 0 ¥ TR B 2

“-’%

SRR TAT 0 T A B DFC K32 & 28 o

2. 2 BEACIFE R DFC 2 £URSHEA 1110 0 12 AR A 1R
e o

3. HHETEEA KT FAFA o =R AR DFC 22 A 45%b] 0 £t
7S R S TR A 1T -

4. FhREMAT DFC #HENZ 221782 P T 2R NG a L8001

LEF -

#

L ies s 1 e Bt R - L TRER AP
DFC %47 ) [1] > {51 * 20 AL L5 > A0 L1 T4 p Mjhd 48
FRoTi § 2 BUREATE (T TR W R BT g IR v A D W AR

B EFRLFEG EERLL S R - X2 VR
1.2.1 A {5 fnz. # i§ 5 3 2l

AEACRE B E AT P YOI 2 dp My e A DS 4

AT 2R EFE RPN LA ED S R ML EARGFDF o ¢ g

-2



PEP A YRR P % Bk w2 S
7 GE = 7 B3 2 GE12 %4 > 822X GE12 #2345 F* T A~ 4o < (initial core)zk 3+
“t%2 GEl4iTi > kv Wi L8 BEBFL - WS RBARFFTHRLL
SFHHE NEDE-32417P 474 1.1 & (57 40 3248904 2 s 75 12 10x10 7]
BLEG 290k 1RG4 RER > <8 4 GEI2 ¢ 355 2
PRS2 ARS8 D BN G P R L BLEET R 16 R # 4 R 2 ko

i

FEMIEP > AF TR PR AR A APk ET 0 2R
HAEE o B A - P 6 A A I 14 0 DFC i {7 E4 > AT & #
B2 BREYEOFHLITRS UBRAREF A CREAFTIEH LAY ER
TR FEER o A LB B B RO R R AR &

LRGBS AR R B DFC e 7 % GIREHL - 04 (T2 %% 1 7 i 7 B

Rtk A TRBIPE 57 B - R A R B2 AR T A
AR NS U DFC B R0 3 SR L& g & & Bl TR A

e

3 I‘WF\% & cb—\/;ﬂ,}\ \FY@B@J;L,}IJ—" 5

Ll BB P 2| RREE A
HEi (em) [PIE (em) |Hde | A(em)
GE 8x8-1 1.252 1.08 63 0.086
GE 8x8-2 1.227 1.064 62 0.0815
GE 9B 1.227 1.052 60 0.0815
SPC 8x8 1.229 1.064 62 0.0885
GE12* 1.02616 0.89408 92 0.06604
ATRIUM-10 1.005 0.884 91 0.0605

*GE12 4 CSHICI6 § w12 # 3ok

-3



122 e fa2 %

AT EREZ RS E6[1] FRER NAC 2 7 ¥ #4482 44 NRC
FEER R UMS b 7% 2A4HRS (AT L HT ERG B

PR A GRS AR AERF LR BAT LN RER N

NAC-UMS(4e 8] 1 #7771 )i% 5 #7  fhehr o

\3

B 1% &5 Bz NACUMS %+

-

-4



E AR ol g P E

AR EEF ARG RSE 2Z A Flz M 5 Frcie i+ a0 &

Ry mn@ipat 22l PP idle) Eapel» @y

SRR G RE S XA WELFAEN (T A 3 AERDE - WP
BHEEFAMET 2 BT HFEAEX 2% M T BB E

FRIVEFEAL 2R AW S AFTEBEY ¢ LY Sk A
Frie3t B 48 4 & (Computational Fluid Dynamics, CFD)4 471 £ » FLUENT 2023
RI[3,4] > 1ig {7 &35 % iR~ 4710505 B o FLUENT 2023R1 ' # & $A] 404
Pz 2 fo TR G e TGN ABERAE 2T T Skl

N e A R AL (T
2.1 Bprs

* %52 ek i NAC-UMS %04 7 45 Bl % 4140 7 (5 5 ¢ 315 B

R E RINRC BATP A2 ¥ @95 SR EPFT o h R R T
RRE o RPEP SRR 28 c R HHFNER TEG 2k 18
BEZE2AFEIORIE > TE R UERY IRELR BN A
TRk A TR $ 3C dc# (Passive Cooling) i #1745 % M £ % 81+ @4 A 4 eh

BREO DI R F O RORBERG BEI PRI F IR FITE A

o AR e R R R R AT B RS2 2

V-(p¥) =0 (1)

-5



He
pritHl R A

R

ek

o

Ef
1

% & = {& (Navier-Stokes) = #g3%
V-(pBB)=—-Vp+V-@)+pg+F 2)
He »pi#ERS pGiaE A,
Faffehd hosthgd A& tha p A3 2084 T4 b %8
B 87 g Gl

T=u|@o+ve")-2v 51| 3)
Hoe o,
JTRFSRIDE. | B % S -
IR 5 H 3% & o
T Al A 2

V- [B(E +p)] =V - (kesfVT) + S 4)

Sy s BRIE

kepph] 5 E o

L

H2oe
kad fhd L b3 BESS

-6



kt Jp/n i’%‘?/n M‘I‘;L’iiéﬁ‘%'i °

2.2 HEHS

bR H B AN AT R F R TRA T L B I
WAl o 50282 S LR e U T A A R BT R AR

Won £ i 2 BciE 078 (Numerical Model) & 4e 12 5358 B2 2R ot —

-n\:y
9‘/
PN
ﬁ_r;
&
r
TF i
e
Lo

W2 fp it P AT EARR S AR B R RAE T HFL IV H PO K
P RGP BEARF T T Y EDEABRER bR R B e T R
B

2.2.1 DO #45 &H5-5%

T AT E R g S iSRS > 2 0 2.1 H I R-grde BB
(Navier-Stokes) ™ #8234 (2)4r M £ I > @ Bdg s BNL > AFFTEH LG 2P &
* 4 5 2. DO #-5% (Discrete Ordinates Model):& 7 #4145 435 & > v pg %47 3 Fjppeen
- R DO H-5N 2R K fRig b %J * #2. ;% (Radiation Transport Equation,
RTE) > M B4 P SGdpdeend Bt ? » B 5 T2 {558 B3] 7rid & chft
(o FIHCRTR SR DR F W5 B s 3 § WP st
PRI A F o F A AP 2P RGN A & A HERAEE RSP (I
A R P R (Ao FRF B EEAR P TR BB BN 25 > BT A
PR AP YR AL 20 L R T g R e AN 2 2 28 g G

V-(W(#,$)s)=0- (6)

He H J(FS)LrB s FSS v 2 g bfop B » 345 5040

I(#,3) = X I, (7, 8) A4 (7)
AR 5 & o

PR RS G E AP R R B S e S

-7



q"=J, ., 15 7dQ. (8)
[(y, ) Zise 3 ri=g 2is 07 %2 %R
Sy, Q) Bl : §55RIE ;

() Plares 2 2R R -

222 ¥Rt
7,\137‘ 0B AEE Y BT RN ETT#&,;J#«&?\—.;}FJ;L#;iilr—g-;sz,'r v 2

AL THEMFELTE DT AR o A T IR T A E B NRC & 37% R

o

R
e

NUREG- 2152[5]# 2215[6] % 47 % ¢ » 7 A $ T iR fist it A 4 - 2 4
EE BT E S DFC 2 WP H B4t - R R 4T

LIFPN IR A 4 0 F DFC R Umfi N 2 i E % R H v - A bRl E AN IR
o & R Bmafun B iRn 4 o ¥ A7 23 NUREG-2152 #¢ 4 ¢
3t ke~ k-0 i ¥ M2 WP > FY g k- F] Wall Function # 34|84 3 & 2.
P EY G R N%Y ERRBE T FI g SST (Shear-Stress

Transport) k- i-5% » £ 5 A8 7 20 FindicE i 0 B3 2587 w47 5 8

L (plew) = o (R 3) + G = i + 5 ©)

—(pwu) (Fwa—>+G Y, +S, (10)

Go 2 W HCHF PR
AY Y, A F A TRk o ¢ g A i SR
Fl o SeB S RIA B R A kS fER Hw f2R 2 RIE

LA R 5 B8 > 2 v it- 2K 5 ¢

-8



rk=.U+Z—;§ (11
Fw:ﬂ‘}‘:—;; (12)

PP o ps AT ik 0B o, 5 K B F #kc(turbulent Prandtl

number) » U R 5

* k.
U=« +% ; (13)
He o FiRIR QT LK S
* Re;—R
1+Ret_Rk
Mok e RS
_pk .
Rer =6 (15)
@ =7 (17)
3
B; = 0.072 - (18)

223 B AREIE

w2 E R B AR A TR 0 BB S R B BT
(Navier-Stokes equations ) = #23% 2. % » Fo g iz prE 4 TR £ #7138 3 ehp &
Hin o PIEGAHBMMA pdieFRETT 5 2 dNES SERGE ¥ #(9.8
m/s?) > Fl R T GERRAE Y 2 R 8§ R TE A 471 & (4o ANSYS
FLUENT)#7#& #e2 # & R L7 ¥ o kgp FLUENT 2 & % £ > 524087 L gy
dOT = fE R RE S R TR & SR

1325 M,

2 - # % R 5.(Boussinesq)iT i ; 14 %

3 AR R SR 7 RJT

-9



GO AT R TR R [T 11 12]0 &AL Y ERY

PhE TP FF AT LT AR LITNEERGFTAT o

111-10



PR ERA{L DFCRFARMENTH UL AR

3.1 A% F DFC #irip MR35 47

yh A2t 4 2 B T 454F 2 1] » AREVA ~ NAC ~ GNS « HOLTEC #
Westinghouse % 2 & #73k 3" ent Jp oA ' * s DFC» 7 indp il # it 4t
FaRg o A G (DEF R~ W R eiiE 2 ¢ #H7F BT B
Non Gastight Can, NGC) » 12 2 (2)& F Rt~ T v ppak el 4 £ R84 2 ¢ 447%
% (1T A Gas sealing Container, GSC) o %0 i 7 & ehtt 4 £ PR % 24y >

PR EE A RE SR R AR BB AL R ISP RN - A

\

RERZNL BEE 2 BPFLEA IR AT RERN A
RRFFELFNREL >0 HEL T 2 kR m &2 RE 2078 S 4l
Fod FAADFCH TG 772 o NGC 2 & tha 04l d & 00 g vl 4
PV a2 2R A GSC BT R VHE AR L FLERA R
H I AR 2 R e

d A kEma NGC 7 Biae B p 2R 4 R 7B
#Emokid oBl 2 2R 3 7)) m RASEASEREHET X S dyied o

4oBl 4 = RIPTF 0 R ENGC # i 2 DFC F a2 L Fle B- Ko it A

e
beit
=
i\4

Py
ik
—

N

fie
3
gy

B A PR EAE R kR - LT S

FURS A E AT A E 04125 BT 2% DFC % » & A w2 2.8 #n

SHTF o2 3 NGC 7 Bk £ B L GSCRF & RPF > RrGFHRIE- B
2R AER kg% DFC § %120 712 &% 23F 0 AREVA 2 HiE43¢ 4>

2 §_GNS & Westinghouse E H > EE LK -2 P f B3I (0B SEB 6977)

+b

EN

FARF REER TR Ro K HARE L ¢ B AR %k

ol K e BRERHE AN WAL ERREE L o M GNS B

I-11



2
\\?{r

R 4L RF AR F o 5 GNS 7 B3 E H DFC S»afl d #iep
W00 R4 22 DFC 2 i (P00 L RFHE 2 Soa 5 o

FE P2 ) T o B R DFC K3 AEIRA T IEY DV
AR e IR HITIE T 1Y o ffp >t GSC 7 B ek it 2 NGC # it 22 DFC
Bl A ede YR 7] § 2 & pE(pitch) ~ KR =B ~ PR W AR o TR Ree R
20 PRI KGR T R o

Metamic "Box"

B 2~ Holtec = & #73% 3*+2 NGC %3] DFC

Photo courtesy of NAC International
B 3 ~NAC = &2 NGC # 3] DFC

1-12



— 32 loading
s O D positions

Welding
seam

Monolithic
base body

T 12 loading
. E_:)‘\ positions

Internal
basket

6 loading
'\ positions

Footpiece

Helium Filling &N
Leaktightn

121 ()

Bl 6 ~ Westinghouse 2 # ¢ Quiver , %t ¢ o

1-13



32DFC 2 fa#im A2 o § ke

T AR IF 2 s al ¢ 55 - GE8x8-1-GE8x8-2~SPC8X8~GE9B ~

GE12 ¥&2 ATRIUM-10 ¢ F & % — Se MR T F PR AP 3 £ kB2 P58 %

FEZ 12200 0 T RfRIATR S L TR R R F(5-20°C 2 570°C) ~ 7t
BRBHEEE B XD RFRT200 B2 F G RS NG U T P AR
PR FRETIFET RN EREAITL R R RF L R LTI E

AP DL 7R E 0 PR R R L Kb

AL RN G R 2 A BWR R v Hg g 0 0 pORRE L 20
AR e SRt SR AR E R 2 e A S TR REEE
ktpo P A B R RN R PR pE o R m e p il 2
Bed SR L R (grid) T E R L R F L e L A
PR E AR R B S 2 g BT R 2 R S
o ARF R R

B wba o G E AR TR LT F Sl IR L EKE
FPASKBREEAEEEAIHE S F P L LR R LR S
EASRELApFHER L LR REF 2888 PRSP ERE
F LB nE s BEM > Fok &2 7 Sandia National Lab. /55 3% (02 ™ f§ #£ SNL
BER)ZE T LRRERE > TR EN T e R SR EE RS

1.2y 24

2 e

3-&EER

4 HpBIE R

1-14



WSl STV A MR R e o o B R T AT T AR

SHOT R 2 PR AR D RO K R LSRR (T B AT o)

bt et i E M G R R A W TR ) YRR E 2 MR S

o
-
F_*
o~
<

TARIT P E f8 BWR %0k P PR eniz 58 Bk B0 B VO E ~
S0 R AT B E A2 B BRI - PR U ARG e 0 -
TRt 2 % Bl B chdo ] YR E & o B R (L)E 30wt ™ p peX)/(2 R 12 71
BHEN) G EEFENT (L) - B E AP LR G RTE-H
d vl BAS R R Kbzt R o X REFH LG o @ SNL 5% 3¢ chdaAd £
PEA TG E S B AR M iR S R R R L R 8
$ Bo] FUE e b4 M4 BT GE 8X8-1 # %42 4 Ap ¥ | e ATRIUM-10

5 &% b(limiting cases) > ¥ R HGHK T L AR E o AFY
SR HERL A BRE L D ARG KT R R e

HU N2 RRBEEITL

2SR Y G OR O osr RN F BRI R FE Sl £

e WL B | BREEEE | FE &N
(cm) % (cm)
GE 8x8-1 1.057 0.086 8x8
GE 8x8-2 1.041 0.0815 8x8
GE 9B 1.044 0.0815 8x8
SPC 8x8 1.027 0.0885 8x8
GE12 0.8763 0.06604 10x10
ATRIUM-10 0.867 0.0605 10x10

I1-15



¥rd X7 DFCBEfrERZ £ F A 1T 1M &

e

4 1 ’s"/n'-&'\*ﬁ')g‘ lﬂ ﬁ‘\‘ﬁh i

JedR 2 % 122 $ 90 0 75 ¢ E 202 NAC UMS iF 5 257§ 2 e 46 -
£OR TR 2 A TR [O]Y PR TR L RGBS 0 4T e -

i} i \!E’FE]’}'E— \‘L§= - @%E.ﬂ Z_ FE? L "’b" IF)‘\"/L: b f’l’ ny}ﬂg o
4.1.1 FeoE BB PR EF R

AT ETUINACUMS i1t 5 29T 2 e 0t - e 55
EULF M EATER L AET o RP AL BRI A BREFT 5%
FEEE ST e G L ER B LA TATER Y 2 R A T H g ot R
DFC z §zpv 4 » 7 BIFE S RALE LB LA PR 2 Bk > F %7 i
ERAF 2 BRERIL S 2o N EANFAERE 2 BT B HE
30 i * A DFC 2 % ) A 47

EEEEE LA E-¥ NAC UMS 2 4p 123K 3+ 2 3 48 (4 INER-HPS) 3 ¥F % 2. 4 45
6 APTHRIFETHEAFGITENZE AT 2 B0 HEG

Le27p p R FRFgop 2 s LR e AR Ap ol > w s it st e

AR g

2.7 +4% BORAL £H 2 Hdh 5 A b2 2t P gl 4@ » T 41% %ok
LRI AN CNES W B =] B

3. RN VBTS2 e N EIBF 82 DFCy ¥ 2 4 g B Ak
2 3 f &0

4 - Eok A T2 %4 B 2 (Basket Supports) £ 4 -k F & 2L ALl 2

I1-16



S A A kT A DFC & - btz = § v H X B R g2 fr
Bderliyedl s
HiE P AR ST F 2 NAC UMS EHIF s 2 e s # 4 blicE 7

BE 8 o

,,,,,

,,,,,

A M A MM AN NAMEAAAARA AR ARARNAAS M A A A M A MMM AN N

A

B 7~ 27 7 ik NAC UMS 2 #0m 4 45 #503)

1-17



. e T

Bl 8~ #4732 e nr

1-18



412 #FELE DFCHF I HN2 > R

Eyp 411 &0 GO A TR E B 2 R ERP > AR NN 2 2
2 7 4w R A DFC & - 4l =% > @ L4l d & £ DFC 35
it 28 St S I R RN AL Y 0 R - BT T L
FRiEE > MEEH LG DFC 2 EREFRRA TR £ F i e
B e g AP EP ARG DOREE . A A KEL 2 32 DFC ¥ %
ISR BN AR R .

SR BREGEBFL S EL I RBEE BF L 2T E Y 2R
Sandia National Lab. (SNL)#7% B en/5 5 = 58 ¢

029468 x ¢ X a?

VUEGRIE AL SRR G T E M AR AN T KRB s 2

FARAIE Yt - B BRI R R LY LR E R A AV RFER &
MR BER L PR 9T ) - R R FRIEG Bl s 6
FARE T AEI Y A B ARV REL EEEAFE LR
o R R R LR TR S AT 0 7 E R Y VAP DFC Sk i

FIL A A W0 F a2 AR BT o

LLTRATLOW MOK-¥AMED SPACER ©16.65314 22,81
€36 BC0M34 AT |
|

| en6.gmi1es 0,81 | 12,18

(77.17) (938,81

197.281(24 70,81 |
17434 2982,6] LEVERETIE PLATE
1137, 990 3484 A1 |

| |
| L s oA |
l i 113,57 - 55,21 |
LA MAT LBy (5,260 PLERLI 50,000 ACTVE FUEL 208 (5001 HAT LHIg 451
T T3] 2288,00 [E] R 20

wanpo - (149450 ACTVE FUEL TOME 1791
28,21 . e o
iTezes  (43asa
[T R

Bl 9~ ATRIUM-10 24L& & P 7 % Bl

111-19



WHEGEA T EEY > TR 5] SNL 55 2 N RSB Tk
(W/m - K) » s 2 8 A 2 5" (W) ~ 22 57 a (m)r2#h > F F v gon s 45
15 el E - R A D e B nRBREY T B R R L
AT(°C) ©

PR F G PGS B BREE S B ) B T ikip 2
RGP RT AR FEE B2 ORFEFREARST R H Y AR £ 0
FIE A ITIEREETR T b BEERT RS R AR AT S g
REERBEF A FFRET A EYETE G 2 B ha, & okt s s
SR SR o S S i S B LS R AR O W EX S ¥
(ATRIUM-10 ¢ GESXS8-1)= A#3] » % ke¥h %= Bk 3 ¥ o kth2 b BfEd) 4

B 10 = B 13 #77 o

-0.02

-0.04

>:0.06

-0.08

-0.1

-0.12

0 0.05 0.1
X

B 10 ~ ATRIUM-10 %3 = & o #3] 7 & B
111-20



0.1

05

0

)

i

A2

%

-10 =

ATRIUM

Kz

7

3

Wbl

%
e

£

B 11~

.08

-0

g

%}:L

JEAN
o

-1

~ GE 8X8

B 12

I-21



-0.02

-0.04

-0.06

-0.08

-0.1

-0.12

0 0.05 0.1
X

B 13~ 2w g k2 GE8X8-1 = ad o i3+ & B

ﬁ? iR 2 R EER 2 - N2 b Ay Aty 32 & ¢ AEER%E DFC
ZLRFF M R R IR 2 DFC %4 G & 4§ B 2 NGC (Non Gastight
Can) > ¥ £ 5 # %42 GSC (Gastight Sealing Container)= f& o 2 ¢ NGC # %] ¢
DFC &z @A iR L8 » a3 R RFBET I REISEG 7
oo i (hofl 4 9Fm) 0 SR FLET 1T R R AL T

DFC #Mz # § SHF i Sl P > @ g F A2 fiex 3 B 2 Soai i

% o
A0 F > GSC %54 #h DFC & fp A4k 87— Sl 4 e v il 4 B 4 81— 4
FAPIT 2 b 0 I T R AR E P E LA RS e B AT AT e

=

AREVA rod capsule ~ GNS Quiver-IQ ¥ Westinghouse Quiver ,& 523 3 » AREVA
rod capsule 3 31 5F (30 — ALYl 2 WA NEE R o P OIRH T 4R - Al i B

TIE TR o - b GNS & Westinghouse @ 2. DFC {6 > 3 Jp

11-22



Westinghouse £ #7353 2 # 2. P4 8% > GNS 2. A Sp[R 309 2§
A% R SR A AP R T ;Li’-:vgw\# 2GR A BT 2
FEpR > P L FENAFETET R AT HEMITZEBEN - G E 2573 GSC 2
RITHEL  AFETHREIN TSP RN E - BEDFCIFL s frira*
1 - e DFC 2 #F 3% % <} 5 13914 cm > & R p ~ fA Fpribplagalz @ - o
© ot B 2 WHR(GE 8X8 kPR
2+ AN IRE GSC 2 A A R G 0203 cmo £ £ 5C g Y @ B
1 ATRIUM-10 %542 - & ;
3-RMTFRAORIFHBE IR EBFRAIF L HEERAERS
ATRIUM-10 %4191 8 4 2 B 3 2 B & (0.0605 cm)ie 73k & > r g > i
5 ERHRE 3 RESF DFCEMP S22 EE M L5 2 B2
AR ERARE 0 M EF R
4.0 dgd - L% 25 mm2 F A RE WA 0 125 B GNS Quiver-IQ

L N I 3 = R

e
@,
93¢
O
O
93
Q

Bl 14 ~ NGC #73] DFC £2 — St 2 80m % 2. £ B 7 7. B

1-23



VAV TP

[Ty rrrirrr

.

=~

|

[ ) |

L+

-

T

IEEEERRNEEE

T

IREREEEE]
T

|
[
!

|

1
[ ]
I

I

L]
-

11-24




4.2 PR #REE

421 ik 2 HRRE

AETE AR GURIEGHARALE R AP SRS DFC B 27 % &
BTN L EAHEGNBIIZ LR B EATERY ZERAEM o 2d &
BT s BRI PR B RS A EECER)TRAMM G FIET Y B R
MRERE B RN Y R KGR R (4KW)E S A F (L AT .

e Y FRATE R PR e LR RAR AR s A
FEL TR A B BB IR T AR RO M TR A R E R T A2 R
LER S

16 #F7m o % {3 PR (8 DFC)EF T eprifa ® B> #5153k § 9k
A BRSNS F T R ip e AR E o AR H LR &0 B E

CH#7 244 % a2 #ORT -

118

Y=0

X=0 1 2

w
~

Bl 16~ 14 R4 ¢ A8 1 2R B T L

11-25



4.2.2 b BB R

%ﬁﬁ%%@ﬂiﬁ%%ﬁ%%a’%%ﬁﬁmwﬁuﬁﬁa? c¥

BT EFEHRERA AL BT ITHIT N TR T AW DXL ST

o BT AF T P B FRAR 0 A AT ECA R * GESX8-1 &2 ATRIUM-10 = f&

WAL TR AR A ML B (5D L R E S e A
AR EREFERER RS L 2L HFL AL F BB/ PIT HEL
FERLBFLE TR PR RS S F BRSO R RS ER
FHELET R FHF LG > T S WA R S 5
ATRIUM-10

EFEE SV o R%R RS T BT T ATRIUM-10 %458 2 fhe 75
oot LAERACR 17 977 2 RIEL e X% F]F 2R R A o3
ATl RS AR fe it (Curve-fitting) 16 0 H # 5 Fjcd B ,fﬁfamy#{; e

faxisy = —61.266Yg im0 + 168.83Yg i — 187.29Y 5 0 (19)
+109.4Y2 ;. — 38.146Y2.,; . + 8.1456Y,.¢ipe + 0.3738
B¢ Yocrve 41 ATRIUM-10 %0482 § %25 #05 R 8 ©

14

R ———
7 N

-/ \

! \

Power Factor (Normalized)

0.2

y = -61.266L5 + 168.83L5 - 187.29L* + 109.4L° - 38.146L? + 8.1456L + 0.3738 \

\

0 0.2 0.4 0.6 0.8
Active Length(Normalized)

B 17~ 27 7 £ 2 ATRIUM-10 24w 7 5 7|3 2 # B[7]

11-26



GE8X8-1
FeRm A AT IR T R AT BT RO LR Y

PR 1 B 1 R 0 G £ A S R ] RIR S A AT A2 A 4

1T EAREMEALR cZR A KREREAT I E AT HNERY - AEA

BN F* 2o s FAF I o] 18 #7F o %W m 2 A BT fhe #

FAE o GAFP - B de* NAC UMS 2 472 & 513 44 ( INER-HPS)*7:%

P G AT TR AR 0L i e I 0 M A 3 5 F) T L fey A BRER G
faxisy = 8y; 0 <y <0.15
faxisy = 1.0;0.15 <y < 0.55
faxlsy - 0.95833, 0.55 < y S 0.8
faxisy = —5.6y +0.95833;08 <y < 1.0

; (20)

FiE- HM e B FAF A FABET UFRE LRGBS

Zone; = 0.075;0 <y <0.15
Zone, = 0.4;0.15<y <0.55 . 1)
Zones; = 0.2395825;0.55<y <08 '’
Zone, = 0.095833;08 <y < 1.0

LR B 4 T AF = [ farsy = 0.814155 B AR FE 1 %

ﬁbﬁifﬁ%_ 7‘%"'% i‘%‘g %’i’([‘%’ \’_?b,miﬁ,)é\ 5 19% » \?‘{E’r?% - 5”})5@3?’—_ :

Faxis Vmoaigy = LZEL o (22)

P A AR AR S E e B S F I RN AR AL FRE
(W/im®) > @ B RS K 2B oo # FISBH A 16 9TE 2 2 88 Pryer (W/
Bundle) > &3k 3 HEchz B L £ § ?‘— oo Fpt s FUar Ak ﬁifaxistodify%' it -

# % » FLUENT 2 RJf ¢ » & #5452 %344 ?‘ﬁ%iﬁ_’%‘; VSR EEY

2l e (+Y-Direction) 2. B - #8 4% /7 78 (Source Term) > BN
QIII (K) — f . % Pfuel (23)
m3 axisyY axis Ymodify Vruelactive

1-27



7~

1A oQU AR RRTLE CMBRALF P 3 RIFH L PRI T
LAl 4B 4 2 % %A 5 (W/BuUndle) 5 @ Viyepactive P & CFD A 45523 ¢

L oo BB WA

14
1.2
] \
7 \
/ \
1.0 7 \
/ \
/
o \\
g 0.8 / \\
@ / \
2 / \
3 06 /
] \
/ \
\
04— \
1
]
/ \
021 \
i \
] \
0.0
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

Fraction of Core Height

B 18~ x5 3 ¥ 2 GE8X8 k7| %4l z dhe 7 5 F|5F & # B[ 9]

11-28



43 PR

AL S S AR HCA R DFC 07 i 7 S RL R S
BB AT § R R RS A R R R R AR

FETE G LRI B AR R R T A TR B Y 2 MR R
9] -
4.3.1 FHHHH

AR IRGE R $F BB RIS e DFC v g

¥+ 72 44(SNF, Spent Nuclear Fuel)z. 25 it ed® o 5440 & B 73k 48 ~ SNF &

212 DFC 2 ¢ 37 B2k g e > ApM 2 L AN LT 7 & 4o o

% 3 7 445304 2 304L)%E & HH14[9]

OB O B £ A K
206.72 | 35227 | 46338 | 54672 | 657.83
O Al (W/m-K) 1505 | 1609 | 1800 | 1921 | 2076
% & (Kg/m?) 8016.37 | 799422 | 7949.93 | 7908.41 | 7858.59
L (J/KgK) 483.98 | 503.24 | 53338 | 550.13 | 56730
2§ b 0.36
4 4 FR4K(A-36 ~ A-533 2 SA-588)% (B 3 14[9]
o B o FE®
296.72(352.27|463.38|518.94630.05 | 685.60
Ol (Wim-K)| 41.36 | 41.50 | 41.88 | 41.01 | 38.77 | 37.54
% & (Kg/m’) 7861.36
o (J/KgK) 473.10
Fo o bt 0.8

111-29



2 S5~ EFaRBEIEI]

i) B (K
T T - ®©
392 572 752 932
2% B (W/m-K) 14.33 15.16 16.61 18.06
% & (Kg/m’) 6560.36
L (J/KgK) 301.44 309.82 318.19 330.75
% § ok 0.75
% 6~ B4 (UOy)%t @ 32 14 [9]
B R (K
FB B B
296.72 1383.94 |508.94 |633.94 758.94
¥ i (Wm-K) 7.89 (720 5.75 4.90 4.40
% & (Kg/m’) 1578 1716 1855 1965 (2021
L (J/KgK) 1658
T 0.85
% 7~ 48L& £(6061-T651)%: i 4 4+[9]
E RK
P BT = )
366.45 | 422.05 | 477.55 | 533.15 | 588.75 | 672.05
B Al (Wm-K) 1713 | 1740 | 1763 | 1763 | 1763 | 1763
% & (Kg/m?) 963
L # (J/Kg-K) 0.22

111-30




4.3.2 x4t

AL AREREREPE A AL(S R L)2 DFC B $0 fn e
L‘é%“&??f%r‘ ;Z‘:; K//\ )%FE%EI LR LEE - ol ?‘2’? b s 71-"5;;5_}1\ FRE L 2
FM-FF S~ TR o AR RS BRI R o R
sz PR A& DFC 2 39 (VL o AFT SR ™ 2 4 F M E T F 2

Wdcd 8 #14 9w o
%08 4 F BB
8 A (K)
300 400 500 600 700 800

wE 0.1625 | 0.1219 | 0.09754 | 0.0834 | 0.06969 | 0.0611

(Kg/m”)
"R 5193
(J/Kg-K)
W H 9905 | 243¢-5 | 2.83¢-5 | 32065 | 3.50e-5 | 3.82e-5
(N-s/ m°)
FE G
Wiy | 152 | 0187 | 0220 | 0252 | 0278 | 0304
%09 2 F BB
8 A (K)
300 400 500 600 700 800
wAE 1.1614 | 08711 | 0.6964 | 0.5804 | 0.4975 | 0.4354
(Kg/m’)

R 1007 1014 1030 1051 1075 1099
(J/KgK)
W BE ) gh6e.s | 2.301e-5 | 2.701e-5 | 3.058¢-5 | 3.3886-5 | 3.698¢-5
(N-s/ m°)
FE G
(Wimk) | 00263 | 00338 | 00407 | 00469 | 00524 | 00573

1-31



433 PP m s R

e R R L & A DFC s fef im0 A 0 HT R ® 3 RS F 2
kR ¢ ¢ 3449 BORAL~ 2 4545 5 4 % 222 » NAC UMS i sl
FUEERRFIET I S o 2 - TR HEGS e S H- AR 7

ﬁﬂ%i?%%#%ﬁfﬁﬁiég%ﬂ?éL“wﬂjxwf R

Hg 8% & p e

_ Z P; X X;
Xtotal
A9 O PAREHZRIETERA  RAERHESE) AP ¥

B FLRF Xs % 1 WPFTL 0 o Xl 5 &5 Tl 2508 0 55305

Xiotar =2 Xi o " NACUMS # 8 s K Bz 2> o B A F S 0] > 1 547k

-
Zkixti
knorrnal = t— (24)
total
Knormal * 4% § g > ? ZER whE s T
hpt A RES F L HERES
o ESRES L LA
ttotal : ‘ﬁﬁ? = ? ~ vu}%‘ﬁ;
AR R 3R ST R R0k R (Dgverage) B P B E (CPyge) 0 0 M

i

R R  fAPE  ApR TE- H A T

_ XpiXt
paverage Tt (25)
total
. _ XCpyxpixt; (26)
average Paverage Xttotal

~ i E ot A Cp,

ETIAS

#e ’paverageg’;"’," TR p1:‘* LR .}i;rﬁcp

B R

average '

i

11-32



$IF DFCH > 2P LPERL HNPBLE LRGN

AN 4128433 7 5 F B K SDFC ~ 11 2 Pplig 82 Rl H 30
CRSEPITHRP o T A E IR AP - R A & LiEeajt2 DFC ¥
?ﬂ*ﬁkiaﬁiéﬁﬂ%?““f_*iﬁﬁWf#*?*7‘k¢ﬁﬁﬁ

B OAMARIST ( $o0 — LBL g DFC #n LR % 2 B > R 7

Sy

SAF A FREAE AT AR F R ke S0 A B AT
LFEF LT 2 Bl fPﬁ‘,L 2 w2 B ‘é;f- '%il(:l—,} (4\, DFC)E iéﬁ'%—? :

Z{DFC S EMERTEZEE 12 >3- Ao v R PP #0k fdk
5.1 % & DFCF it v ¥2 74

d 3T E B T ETE T2 R 3 R BE R s a2 v
Pl 2 e H Ao e P) 2 Al M AR E A R ERA TS
X ER T QUREA - 1 ﬁﬁﬁﬁﬂﬂ’*mﬁﬁwf*ﬁ&“*H““P”

SR A 47 8 R o

ATRIUM-10

B BWR 24 A 3357 0 2 & G0 R o BT G onl BB R
s FongFEgapep? FRdEwd B kBRP P HES LR
#yp < 47k (Feed Water)$ i 3§38 Yoo (8 2 7T o & Tt o ok efng i@
R FRESRRTE N SREUTRE T AL R EA

boB] 19 477 0 FEd S ARG TR R YRR R A F T v B2
BT LR AT ® 2 (7 B R R W L (TR 2

BER ERAFRMEHOHBEHS L& 1’7‘%%’& IR P AT L2 AR (A

11-33



FREE @R BT RS R L T A TR B R
ZBERT T S S B ] 7R

SRR NI EC PSRN R S S Y S (S
B EReW 20 R0 A FERAF L LB AN 2 Y Rk B 2L
Ao RERP A SRR EAR MR ERE R D L g2 F G iR
A K2 ERLTHER Rk R R R R o A R Rk
BPRY L R RVER A GO AR RIRE  TREF FIA I RS
VR RRRS S L R Lt Lul F ot A LN Y
LMo~ SRHF > BAT2AHY 2L kBT ARSI R X
PR TR H A X a Lokt S B Rl Bt
PB4 B R

AT
P

He RAIZECEHIE P LHFATLZAHEL o 27 pkthpr > P 4%
FZEE 4 By ol A (unit)? R BET R B kR
3 BEH AL 0 TR AR R T Rk S 845 10%(100 12/91
19=1.099) » FHA 7 > 3Rk BHREFDE G R SRIEE

R A FHATEEY DTV ERF A D DR EE L
g oM AEAKEE I L LB BT AR S R R R
G EFEE B MR RT Bk D F L BB R ET 278
FEZY R HE D AT % A BT ATE 21 ZW 2240 21 477 0§ R
KA RIS B d 203 A5 REEsE G EA L MFH SRR BT
FREFIE R RENBEE L RTEFEAPREM L AR FHlA 7
W EZ S5 T RRBEORIEE LY RKBEL R AR RS T
R A SRR 2)E X F@ > 2 d NRAN LS EHHRGH D

B0 AR R D ABH T L 4o AT o

P-4

111-34



GE8X8-1

to g3t ATRIUM-10 £ 4 # 5 cn il B A g & K484 > GE 8X8-1
FrOBXE 2 BHGIE X - BB EE U REERR S RRFR AR
ATRIUM-10 © F]= 0 % & & 24l e fm TRER MNP % > %4 GE 8X8
LY wk 4 3 oo 4o B 24 o 0 GESXS-1 WAL Y & i 2 T ekt AR i aii
MR R o fes FlE kBT REBARSEEC] 0 273 RokB(R 25 R
WO Y gk BE T HEMER S TR EET RATRIUM-10 % o e B8 5 >

3 E ke A R R AT BT N L R R

Fohd B 25 2% a R R RV RTT 8- (A TR & GE 8X8-17 o
fI* F A B R (M) N E et 50 SRET Y i HRlerg

o TN EATP N (R E) AR RO AERAT A R

bOE T A AT L A R A

T

"};;ﬂ,g_;u ﬁ’»rﬁar_}iT?i F'—%L_

e

«;El\ o

FE P RBHA AN AR 2 S EF L LFH AFELET
TR B AL BRI OERT  EF LI RELAEF A kA F 8
B imHm s TRE2F AP 25 23 gk it 73 B T Ao R 25
ZRRA VAR SRR E 2622 NI R G BN EY A 474
Refjad m@iofit TEX RBHE B EF - CHLFPUTTETHRE
SLNLE S R VLR AR R S

111-35



Temperature

-0.02 310
309
308
307
-0.04 3086
305
304
> 303
0.06 200
301
-0.08
-0.1
-0.12
0 0.05 01
X
B 19~ ATRIUM-10 %41 4¥ g kB> L 3 if2 T2 BB A F
0
Temperature

312
311
310
309
308
307
306
305
304
303
302
301

-0.02

-0.04

>20.06

-0.08

-0.1

0 0.05 0.1

B 20 ~ ATRIUM-10 %472 ¥ B kB2 8 R A

111-36




Temperature

304 Temperature
2235 304.5
e 3025
300.5 =02
300 301.5
301
300.5
B 21 - ATRIUM-10 " L KPR ERPFR B A F
ol
Temperature
-0.02 b
220
-0.04 325
320
315
>20.06 Y
-0.08
-0.1
0.12
B 22~ ATRIUM-10*"E Z PP BB E B A F
ATRIUM-10
3
2.5
2
':E ——w/ Water-Channel
"'g-- 15 —wj/ 0 Water Channel
E
[
=
1
0.5
0
300 400 500 600 700 800

Temp.(K)

B 23~ ATRIUM-10 % fi k52 % 2 % rcs =

1-37



Temperature
-0.02 312
311
310
309
-0.04 308
307
306
>0.06 305
' 304
303
302
-0.08 301
-0.1
-0.12 h
0.05 0.1
X
B 24~ GE8X8-1 il ¥ g kP> L f EE T2 FR A F
0
Temperature

-0.02 © ©
0Qg

312
311
310
309
308
307
306
305
304
303
302
301

-0.04

0.06

0.08 © O
o OO

-0.12

0 0.05 0.1
X

B 25~ GE8X8-1 ¥ % 4 jg ka2 2o VB R~ #

111-38



HlL
b

o o
1=

100

200 300

(T C)

AV E R E T2 LR

111-39

400

500



5.1.2 %4 NGC #3 DFC 4% § # % 5 B 2 74

B B 2 R BNGO) &Ry &% B2 S K R
FUHEL i S RS AR 4 R o o NGC R B g
FORH R D YR W R B T R R A R RER AR
HFHE> 55 B B SRR T % 5 433 &9 2 EaR iy otk

el F AR e FR-HEFRPDERETE » NGC 7 B2 B85 > HE3 a4 ¥

%

2 AT RS DAL TR (B 2D A SlcE R

FRERhcd 10 577 - A5 H7 0 @ BE sk § DFC pFo #-¢ 55 "

AL Em g S 2 FHER o A L H B S o d BV A

- FRRFL2ZZ20378EP &% NGC 432 DFC - P& 7 #5944
FOROR g S 7RI

2 B R NGC 2 DFC P > Jsit ' NGC #2035 it a2 3258 0 10l
FFHFE* 3L g NGC 2 Sroa s > k3 i 58 f i §503)

3 RRdbit- 4 b DFC #1030 A i 2 B fa

B 27 ~ NAC UMS %> g 2yl @ 2 5 K g4 <

111-40



% 10~ X3  DFC & T 70 3k & S oot 5 2 L 5F

4¢3 33
% & DFC
w we® | DFC #48 | B i S (P33 E | mEod | Stk
ER |254 2.54 474 0.46 | 3.43 3.15 Koormal
M |4 $S304 5 SS304 | 4 $S304 Yk xt
#ES 1433 |15.05 0.152 | 15.05 |171.3 15.05 o
k;xt; |3640 |38.23 0.72 6.92 | 587.56 47.41 42.54

# ¥ & DFC

KENE gl m R . FA | PFAF | wHoE | Btk
A | 254 7.28 046 |3.43 3.15 Koormal
(ki & 3 SS304 | 47 SS304 Xk Xt
BEF | 1433 0.152 15.05 |171.3 15.05 Tt
k; X t; | 36.40 1.107 6.92 | 587.56 47.41 40.296

&Y 337

+ & DFC

w i wedl@ | DFC 4048 R s | ®oc gk
ER |254 2.54 8.63 3.15 Koormal
B | g $S304 5 $S304 Yk xt
#HESF | 1433 |15.05 0.152 15.05 o
k;xt; |3640 |38.23 1.31 47.41 7.316

* % & DFC

i B R s | % oxfi
A |2.54 11.17 3.15 Koormal
i & ] $S304 _ Xk xt
BEF | 1433 0.152 15.05 Tt
k; X t; | 36.40 1.698 47.41 5.0714

I-41




513 %3l 2 ¢t DFC 2 #im 1 R =45

P oAb fh T2 FAY otk T AREVA chirod capsule i 5 F14E % b2 453K
PToOREEE R ERFA AT EE L > B U 4o Westinghouse 22 GNS 2. %
AT £ P RHL R & DFC F BR REBRIRTNE <AL - A
SEM - B HNBTF ARG AL AR AT RT TR 0 £
412 & FEEDFCEFFT ©

hof) 28 7 o d WP fHEE DFC RINFET F o b 2 2 AL R

Eefh mEMERAT AL R 2 PR T A P R T

\ N

M-I FESF R LFARERRT EERRREN SRR AT D
LA B BB AR @ R g st 0 DFC R B WA NS F
B L MM Ge DFC 2 ¢ ~ 21 B2 8)2 £ EFRiE > 7 R
AEE LR o R TERAT TR G -

EIOF I IR 2 R R AR 29 1o o FIAURIDE I T R LR v (2
A1 VS B DFC)ie 735 h ¥ £ g hz e BEREHEES D

RAZ > REPRERIRL Z2FDRCRAT @ 2ok B 28 c0F %50

k'

CRAFPRT A RN ELRA RS BT R T2
BARSF RAGARLT > BN Kbl Pl jrantt & Bon R E S0 g pe it
THEATS] M L SFIEA

e L 42 DFC 2 B4 T idsh ¥ 4o L & % Gus i g g

* 2% DFC 2 jie¥ > AR EF WA T 07 555 A 300 it b ehi

S

P ¥R RGY BEaEIHEr v i("s"’ﬁ %E%%Z.%‘ o

11-42



0.06 N Temperature
i 305
0.04 | 304.5
- 304
B 303.5
B 303
0.02 B 3025
B 302
- 3015
> 0O 301
I 3005
0.02
-0.04 -
-0.06 -
RN SN BN R SN B BN R R

-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
X

B 28~ B DFC 2. - BN EERER A

0.06

Temperature

304.5
304
303.5
303
302.5
302
301.5
301
300.5

0.04

0.02

-0.02

-0.05 0 0.05
X

Bl 29~ Bf8 DFC 539 it o1 g & &

11-43



1.5

0.5

anzElh
o
o

0.5 100 200 300 400 500

-1.5

-2 i
SEE(CC)

Bl 30~ B8 DFC 13 F it md® s > B R 2 B~ B R FA

11-44



504 XF DFCAZHERAHEF REFRLPTR

Fdowid E o) SRR 2 L3¢ DFC A s S % » o Bt 2 2 v %
# & L DFC 2 #ingFiim 47 > L HFRT JF 4T ¢
- 5511 2 3% 7 40 @R ag A 2L L T i 5 AR | & o e
LB BRI} e fr SNL 2 5% 2 0 B @4 k2 SR ES

20 ARG A KBE T AT B REHEL BT KR
R R AR P el o R aupdt; r T ERY &
ok 3 ke B R R 2 T

3. FH#* NGC# a2 DFC - ¢ B BR/ g vl = ¢ 2 B hE T e o
JF)DFC AL § 4 e BB F 2 2% L WP 2 P HF H %
S 2 T - NGC #1320 pr s B (2 4 90 40 DFO)L 5 — 44
2 HHT A T S &8 512 TR B A%

4- 3% GSC #4542 DFC PF» 3R ¢ G HMER A TP chi 8 > e
EERE A 2 S R AL 0 0 REPIDF ORI R PEG o
FEOTRPRA L P2 ERTHR AR RAL 2 S

A NEEAHER SRR R AR B fhAHEY P AL

F 8 i 7 N (e ISG-1 AR R RERRL) B % NGC 4 (R 281 £ 5
)2 R S AR GSC HA(RLER S R AT AT )Z W el ¥ 70

F AR RSEHTTRTH o

111-45



5.2 X§ DFC £ T ke 5 2 0 L0 FF 47

4ol 31 997 o fi- 0t NAC-UMS 4R 5 05 i (] a)27 & 75 X4
= § DFC(®] b)p¥ » % ¢ % DFC ¥4 2 § 2 915 S EFPEE bl4ei G of
BEF AP DBRFEERFP TR A FRASGEALEFERES S L
EF oo AT 5 DFC g & B F R F7 " 2 FHP e Xk

‘ Gk A L s A B
T ARM o 5 i 43 NAC-UMS #2 7 Jr =8 % 4% DFC pF#7ig & ehdi i 2 5

)0 ¥ #4 2 b DFC
Bl o2 B E A R 5 A (AR 32 477 ) $ NAC-UMS 2447 F #

e

LB e o A A TR BT 12 4

CR B AT S R R T o B RA] A B OEE Y

DFC & » 3 g9 £ > mE* BREAEFHRE Y FRAFRE ~ 18 L DFC» &
B % <

BCREEPFD LS EE » 26 4 DFC -

(a) Tmax=500.2K (b)Tmax=499.92K

Temperature
Temperature -
500 phes
490 Pl
480 i 470
470 ‘E [ s
| 460 15 ] 480
— 450 ' o
— 440 430
430 420
420 o
400 390
390 380
20 | 370
370 ] — 360
0 : 350
250 £ 340
340 i 330
260 i=gi§ 320
20 i ; 310
320 E’!
310

Bl 31~ NAC-UMS * § £ ¥ £ e & DFC 2 #in A 455 % @ $ £ 5 (b)

z % DFC o

11-46



Bl 32~ NAC-UMS # & 4 % = 1. ]

11-47



52.1 %47 F3&E DFC #0575 2 B

RELREF BED LR i 2 NGC # ) DFC(4r NAC 2 7 2
DFC):& {7 & 7> ¥ 3% DFC &% F ;é:i\. AT 2 ;%2_?3041?]%‘] 33 #42 0 d 3 NGC

TS DFC & s fU s 47 R > 04 38 3 2R B end o @ 9 50k 5 340

A RPEEML BRI o B FHMIERASFE AKX DFC 2 8 % b &
LEEf e L DFC 2 2 5)(R 31 #7r)X migF £ £ o

TR AP RO TEL AR N REEED R L RGF 2L
PR BMEMAGE IDEPDFC g 3 eh % LB MAELTF e 5018

AP ARER 2 R REFTUFER 28 A AR BFE CR AL DFC
Mg A AT 7TCr o2 X EC ?v%ﬁ‘ DFC z_ % 08 & B 14 o 15
A F] 5 DFC 7 24veed b Fligfp2 BEAIE > A 30 FlHC % XL
DFC> ¥ M B W4 £ TSC 2 Fenfi i@k - @ ﬂmfé}_@:f‘i\ DFC » 7= %

HEMERZ AR LARAE S 2 FI2 B8

%
w7

Ay

£ Ef A FHREE B2 DFC FR2Z RS HEET L0 E

R

s
A
P

DFC 3 p4tez i

g2

ﬁ‘%@x%ﬁ%ﬁﬁ#%i&ﬁﬁ@;&ﬁfu%ﬁ

£ 1@ chfk s 4 3. DFC 2

’\'é«-

o

énh)

G S gy i K RE1(2 7 DFC g 2 K

o

o

FERR) o TR RGP E R E A 2 AL B

11-48



Z 11 ~NAC-UMS ** % F# § =¥ X3 DFC fF 2§ & 4 3R

Fuel Boral Al Disk 304 Disk TSC
STD 500 497 489 495 403
4DFC 499 495 486 493 403
Zone A 495 491 487 490 402
Zone B 494 488 485 487 402
Zone C 493 487 474 486 401
Zone All 490 480 476 480 400

Temperature

450
480
470
460
450
440
430
420
410
400
390
380
370
360
350
340
330
320
310

B 33~ NAC-UMS #5 % X{* DFC 2 ig & » #

111-49




5.2.2 NAC UMS % # B3k H 3 pl p 2 im0 8

5

gl P ianth T @ e AP DFC 7 ¥ pTaE A S

Y
-

% 25 R F S NGC 4] 9 DFC & B i g b7 b %ol 4 & 32 chish 25 0 e ¥
43 DFC % ?‘E‘*lﬁf@ﬁ“ﬁDFC MORT RO 4 BB AR 2 SRR 7 g o H
MET - KRR L R R Y R R RE T LR
Blx g A vy ERpEE A B

AT RET (R 34 PR E 2 SRR P B R R R R v
F5 A DFC KR3aff - & @ R #2(Hot Spot) B 2 2% o & 47, &l
SORLESE 0 DFC ASVE RTE 52 B0 e BB T g T 0 T B0 R

B G R EREFEL G AR DHIVEE D oA LR G R

lﬂ

L
B

—\

R e SRR R T 0 L F MR R E R RFE N

m‘*

N

PRI EFXAAARNRIVEZ R a AR EE AL R R o £ 1235
PRERECEFA VBB L AR ERAR RS T FH - R
gL AR Bt SRR e AT EFRE 2B
BABAE S SR B LnR T FRERP B g B A s
A BG4 o DR R R A o fe g T POl e PR 2 R R
REPNFRBEE D RADY BFREESHIRE RN - NG
PR § e ez b MR ] R R AR A e @
oo FlApAEIRIERT > TSC A G hh A BN 4§ @ T Bk
B 0 IR R R TSC AR 6 fE M- BIRA Rk 3 2 TSC
DERRBBLY ST AR NRERRF ORI A 128 H R AF KD
ZRRE B RHT Ak i OBEREFRT g 2 4o BORAL & 2.7

PR PR N PRSI e Ry S

111-50

o



I-51



Zone A Zone B Zone C Zone ALL

Temperature
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Temperature

465
455
445
435
425
415
405
395
385
375
365
355
345
335
325
315
305
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Fuel Boral Al Disk 304 Disk TSC
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Zone C 435 432 429 432 374
Zone All 411 410 406 409 362
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Zone A with Fuel Debries
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