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SUMMARY

I. Project Title

Development of Safety Analysis Technology for LMR

II. Objectives and Necessity of the Study

The objective of this research and development project during the present period is to
establish key safety assessment technologies for the LMR design. The commitment is
grouped into 4 distinct areas. These areas to be investigated are the development of a safety
analysis computer code system, the setup of the safety analysis criteria, the safety analysis
for the KALIMER-600, and the establishment of a key strategic technology by integrating the
development in the technologies and constructing their dada base.

For the development of a safety analysis computer code system, a channel blockage
analysis code, a transient safety analysis computer code, and models for the
HCDA(Hypothetical Core Disruptive Accident) analyses during the initiation phase and
post-accident heat removal phase are developed. The the safety analysis of the
KALIMER-600 comprises analyses of channel blockage accidents, HCDASs, and containment
performances along with the evaluation of the key safety concepts.

A metallic fuel loaded LMR addresses the assessments of both the inherent safety due to
a reactivity feedback and the fulfillment of safety limits during all events such as a core
reactivity insertion or a loss of cooling capability, in contrast to conventional light or heavy
water reactors. In this respect, the development of a transient safety analysis code plays an

essential role for the safety evaluation.

A high core power density enables a compact core structure design feasible for a LMR,
because high sodium thermal conductivity which is higher than that of water by almost 10
times. The additional core compactness attributed to subassembly ducts, however, may cause
a flow channel blockage. Due to this possibility, a code needs to be developed for analyzing

local faults such as a channel blockage.

Since a reactivity excursion is anticipated during HCDAs, these accidents also are to be
analyzed for eventual safety demonstration. The radioactivity sources must be investigated by
taking into account of the fission product behavior in sodium. The containment performance

analysis which accounts for such influence as sodium fire effect and an estimation of external



dose rates also are required for technology development peculiar to a LMR.

The concept of sodium cooled fast reactor during the period when prototype and
demonstration reactors were built, suffered practical restrains in the economy and non
proliferation fields. Negative public perception on the safety, drawn by such an accidents as
sodium spilling, is another obstacle for LMR construction. The development of a LMR, which
features the inherent safety and proliferation resistance with an emphasis on its uranium

saving, can be a favorable offer to public under this circumstance.

The negative public perception usually seems to be built up by a lack of trust on the
safety. A good way of success to turn the public acceptance may be accomplished by
demonstrating that the safety of a LMR is superior to that of existing reactors with no

comparison.

II. Contents and Scope of the Study

- Development of a safety analysis computer code system

* Development of a code for the channel blockage analysis
in an assembly
+ Integral assessments of the code capability for an internal channel blockage
+ Description of the user’s manual

¢ Development of a system safety analysis code
+ Evolution of the code
+ Development of an analysis module for SFR basic features
+ Description of the user’s manual

* Development of a HCDA analysis model
+ Development of a analysis model for the post-accident heat removal phase

- Safety assessments

* Setup of the safety criteria for the KALIMER-600

* Channel blockage analysis in an assembly
+ Internal blockage analysis
+ Other assembly local faults analysis

* Transient system safety analysis
+ ATWS analysis
+ DBA analysis

« HCDA analysis
+ Analysis for the HCDA initiating events



+ Evaluation for the molten core energy release
+ Development of a conceptual design of the core catcher
¢ Containment performance analysis
+ Preliminary containment performance analysis for the KALIMER-600
» Integral safety assessments for the KALIMER-600
- Integration of the developed technologies and the establishment of their data base

IV. Results of the Research and Development

o Safety analysis code system development area:

A benchmark analysis has been performed by comparing calculation results of
MATRA-LMR-FB, which was developed internally for a damage prevention as well as a
safety assessment during a channel blockage accident, not only with available experimental
data like the SCARLET-2 but with benchmark test results used for validation of such a
foreign code as the CAFCA as well. A validated internal code, which is eligible for the
analysis of local faults including channel blockages, can be owned. The code is rated

comparable to those developed for the same purpose in leading countries.

An analysis of a passive safety due to the inherent safety characteristics in the core
under accidents, an issue relevant to GEN IV SFR, becomes possible as a result of the
development of the system transient safety analysis code, SSC-K. The SSC-K has the

following capabilities.

» Modeling of reactivity feedback due to CRDV/RV thermal expansion by its coupling with
a multi-dimensional hot pool model, and calculation of the thermal expansion applied

separately to the fuel and the cladding each.

» 3-dimensional thermal hydraulic analysis capability by coupling numerically with the
3-dimensicnal thermal hydraulic analysis model.

 Visualization of calculation results as a result of the window version development.

The state-of-the-art analysis for a local fuel fault has been performed referring to studies
for PRISM, CRBRP, EFR, etc. The analysis of a local fault which belong to DBA, becomes
practical for the KALIMER-600 as consequences of defining the local fault, setting up safety
criteria, and improving the MATRA-LMR-FB.

Sodium boiling model development and its linkage to SSC-K, vapor expansion model
development, building an analysis module for the swelling initiating time along with its time
and temperature history into MELT-II, state-of-the-art study on molten fuel movement

= vii -



models, and study for technology development strategy, are main achievements for the HCDA
initiating phase analysis. Besides, analysis models for the post-accident heat removal phase
also have been developed. They are scoping models for debris bed cooling and molten pool
cooling, and have enabled the analysis of the thermal-hydraulic performance for the core
catcher. The analysis results have been applied to the KALIMER-600 safety assessments.

o Safety assessment technology development area:

The safety criteria for the KALIMER-600 have been set up not only by improving the
safety limits and the accident classification, but also by developing the bases for the
temperature limits. The assembly safety for the KALIMER-600 has been performed through
the analyses of design basis accidents involving a 6 subchannels blockage and an enrichment

fault, and through the sensitivity studies to a blockage position and sizes.

The inherent safety due to a core reactivity feedback for the KALIMER-600 has been
analyzed going through the design data collection and evaluation, steady state calculation, and
the accident analyses for ATWS represented by UTOP/ULOF/ULOHS. The passive decay
heat removal capability also has been confirmed by the long term cooling analyses. The
analysis methodologies for design basis accidents of EFR and PRISM are analyzed in this
area. A safety margin for the KALIMER-600 has been ensured from the analysis results of
TOP and LOF. Other achievements have been the analyses of design the basis accidents and
set points for the protection systems after determination of the preliminary set point, and

analyses of the set points for the reactor emergency and the primary trips.

UTOP(0.5 $/s) for the KALIMER-600 has been analyzed as an initiating event for HCDA.
The primary concerns for the analyses have been a temperature distribution in the molten
core, a super-critical core power and a reactivity variation, a temperature and a pressure
changes in the core, the core energy release, and the work energy. Efforts also have been
made in investigation of the state—of-the-arts of designs and licensing, setup of design basis
accidents and their scenarios, and thermal-hydraulic performance analyses for a core catcher

concept.

The containment performance analysis for the KALIMER-600 has been done. The main
achievements have been calculation results on thermal-hydraulic behaviors, radioactivity
release, and dose rates. In these regards, the assessment technology in Korea is levelled up
and the key safety analyses can be conducted independently without a technical aide from

others.

~ viii -



o Integration of the technology developments and Establishment of the data base

An efficient and systematic management of the main project has been pursued. It has gone
through the development of the process control with taking account of interfaces among the
sub-projects, the overall coordination of the developed technologies, the data base for the

design products, and so on.

V . Future Application of the Study

The key safety analysis technology developed in the present project must be provided for
the bases for the key technologies to be developed in the next phase. Likewise, the developed
computer codes system and methodologies will also serve as useful analysis tools for the
assessment of a GEN-IV sodium cooled fast reactor when it is developed.

All developed codes will be applied to following analysis areas:
- MATRA-LMR-FB for local fault accidents and for a large channel blockage

- CONTAIN-LMR-K for the sodium leakage, and for beyond design basis accidents such
as a large sodium leakage or the containment performance analysis

- SSC-K for design basis accidents such as the reactivity insertion accident, and for
ATWS

- SCAMBETA, SWEEP, MELT-III, VENUS-II for HCDA

The developed technologies concerned with accident analyses will be applied to
construction of a commercial LMR or a LMR related test facility for licensing purpose.
Another effect is that transparency and efficiency of the research and development will be
stepped up by participating the GEN-IV international collaboration program based on the
developed safety analysis technologies. The developments also contributes to future

commercial operation of a LMR which may bring in huge economic and industrial impacts.

The integration of the developed technologies and the establishment of the data base will
be practically used for the efficient and systematic implementation of the research and

development project.
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g AIZE WSS kY v S 7 w9 T

5, d|A BAAE w4, FE FoA EFA E9.

S
i
o
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1) x4 339 diA d4REY d5y ®

=4 3749 A BEe SA0 te) A%, £5F, X RE BHNEL 489, 722
of ds) AT WANL ol gBTh W 1-113 1-129) F W REZolA fAl] e A%

o7, A T & WY w5, VE P2 UE WE IR R UE we YUY
ul @t AR G 0

L3 Y
k<
o] .
G £ nE BN

l(AZ] +AZJ ])dwjl =; —; Wﬂ + le _ W]l Wj—lt
EF; i =
2 4y Ay, de ’ ' pJIAJZI pﬂAlzl pﬂAjz Li pj—l,iAj?—l,i
Ap Wi | w; | K, .,._pﬁg(Azj+Azj_l)
i 2pﬂA]21 D)
(1-54)
w.
___Z{ ik _I:th 21: —(1- w,,k) —ijk Jjk
i P A A
Wyi,aWi-vi W Wi
+SWJ’—Lik ——J———-Zi——_(l_Swj—l,ik)— jA A }

-Lift-1 Lk -k

o, “'= =9 FYFAMY FEL AV, pie THEE AZ Y &4, Koye FH &4
A, Swins wraZt Fold 10]3 Fold 0otk f4 9] 3 &2 L5 F A dsgolx, ¢
W 13} 2 &2 Tl E st 3HdA 63 F/E 2 2
Y, UrA FEL 3 ¥ 5o Q% 5% dsHS 474 yepioh

WzhA o] A BE gy

orE

I/cyt pref't [pjl ( 7:' )] = Z w)lnjl (T;n_]t - preft Z outjt out T )Cpref't ¢ ji (1_55)

O]DL chi"E-' [ J_?__/,Iig,] ] -17—1:011}‘1 LgZ}-ZHSL] iﬂzﬂ Cprefji":‘ %E Troﬂj\i 1@2}-;4] H]%, ﬂniil:_: =

= YFeA Y4 2%, T =5 2794 Y44 2%, T2 Time Step 7] 2%, ¢ 4
d, 2 BAE d9FE2 Hi FES Uit 99 AN S WAAE ¢EA FAE T
A
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p,C —d—Ti=——(k r—L)+ 0
Y a rar’ ar (1-56)

olny, & Wigke] AAE= FASL v ool (AU dAE AAES A o7])A
p, C,Te dd859 A HY, 252 42 Yedg, A ¥= fuel, Q= 949, ke IAER
54 747 guisiy, 4883 FAEHA FE A9 Bond Gap AXo] M E 2o}

2] (1-55)9 A gie 4 (1-57)3 2ow, & (1-57)9A o= W EAe} 4 F2E25E Yz
A2 AgEE 4, onis T4} Ao A /M4 E 4, gt o| X BF2oA A
He 43 3f/ S0 HAHE I, doove B2 9 dud 58 247 Jelg o714
P A (1-68)F 2o, wwe FF2 (A k22 AEd W 71884 AR, we GF EF
A z}o] o},

¢ i = ¢cji + ¢y’i + Dscii T Penensi (1-57)

¢scﬁ = ;[ulikkj +uy C,(W; +Ww, )](Tjk T;) (1-58)

2 (1-53)% (1-54)e14 3 B¢ {55 JedE wuns 4 (1-592 EHIY, Keie
Wire-wrap sweeping factor ©]th. Ksikr F-F+ 2 A k29 <4 Sweepingo] &A54 ¢ow
0°¢] #t}.

(W +W+x) 2pA2i |—ﬁz_ﬁ l
Wy = K~y 5 Lik Tt Tk )
2 K (1-59)

=)

71, Sips F2 i ¢Hol ko] dHET AW loja, Wi 1ot}
kil

B3 FRAA A (1-53)lM (1-56)74A1 9] A1zt Ag g 0oer st z2be A
Aol A 2l %Z’r%ﬁ«l <5, 48, 7% S d A AL ARG YA g Aol &
UH, rhAlgte 2 @Azt EdgS BE AT A del ]”‘ s, =4 SHIA JEA NN
BAA F7o] A FAEY. dEE PindM ¥A4AR dEH= 3873 A4 Pin°l
A EREE 2HoR AAHY, Y44 2210 AME F HHUE Pind 7R2EEY 2=& AN
Fidey

2l (1-53)el 4 (1-55)= HAZAHSZ Semi-implicit RS o] &3t} wpetA Nel Ao A3
o disf N/He A3 HAAS 7, NS vAF7F AdET. o]E2 BHEE S o] &34
3+ Time stepoll W3 v XF=E5& T3}t FA A7 A9 Explicit Time differencing2 ©]
L3l JAgA 7l did) & 7)9) Time Step AlAbe] 5P Moz 3=}

o
de %
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o) SSC-K Z=9¢t 4] 339 474 X s A3

o A AAF3 vle} #o] SSC-K FZE¥ Predictor-corrector X)WL o] &3] AA A
5% HAYES 29 duyR HANAE EEE Ay, ghdo =4 33

[‘1‘2
o o fa o

(a) AAHA AT |2 SSC-K& wHEth

(b) 3349 259 AA 2dE& SSC-KIt A|Fdd.

(c) SSC-K¢ Atg A8l =4 &9 &5F ¢34 AsE[H 1-50) ~ (1-52)]2 344
BEA AF

74 (a)el wet 3319 BREL SSC-K9 =4 #&& dX 3t 7[e SSC-K ZEgA =4
HEE AML AAZ AT ¢HE AdE] 9% HE FAAE AYstE g2 R Z=A
AAE 9 321y 252 SSC-K2HE 7 2 &7 89 A HgFs At 33
A 259 $£x sigd wat SSC-KollA Add A (1-60)7 (1-61)2] A7k W3] 1/2 gvhol
Explicit 3.2 ©af2 o},

o
=
H

4

SSC-KellA ¥ &4 FAE 714sl22 92 Time stepoll A A A% §3FS WA g
Ao 2 7HA g wata 33 EEAA 454 FA VA oZ ofke f7F Wyt EASHA| T
ol FA| 3T},

dp,
(t+8)=p. ()+0t—=
p,(t+68)=p, (1) ” (1-60)
dp
t+0t) = 1)+ or—2L
P (t+0t)=p, (1) u (1-61)

F 2zoM AAE Are 3A AAAH AN Fe3 g2y AL FE8 5 XA wgd

HA SSC-K ZE=t AAAH AdA =4 47 2 &7 48, 47 2% 52 34 231e=

=
A9 BEo) AFE o, 349 BEL =4 ETNNYE GTAX G LEE AL o
3 BEOA AR =4 9T FHF SSC-K AT dHH Aol =

s

FA O 7% &7 25, 4 (1-50) ~ (1-52)¢
FAFSHAl A E=7] AR
ojg ;MM dT B ETNAM FA dHE Y =dFEFH AT 25 3A4Y BB AT
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oh 349 REE FPPUAAsh go] §3 BT L%, ASSE SSC-Kol ¥ATh

e A =48 2He AN N9} 349 BEL A FEAH HHAL B, o) o
@ WSE A% 2] o] g} A7) YA 2 L A L5 2 AE, 4%
2 gRelA AolRel 4, =4 45 w7 I B 5o Wz A BSE AR 57
g meistd, dass w4 YAAY Wes 340 2E WA Al FES
Wol, A2 RN Aol% Y EHsh =4 e W
AN g5 ol gl Bt

Ao ) Bl A mA) 2E 502 A% =4 Aol BETH AL TN A4z
§7] Aol ARl Aolz As) Ao Ro] HYHAY AFHE xHE BBk WA A=
8719 do] BFL AN ANAE SSC-KY A4 942 §7] UL wodsjof sfmz
1% 9% ®ho] =4 3% RE TFAUL. A §719 Aol AHFL Axar] A4
el 4 (1-627} o gET,

f

AZ

vessel

= ZO ><aT X (T;essel —T(')) (1‘62)
AI7NX Zpessers ARAE 719 o] ®iglFoln, 7, Toe 271 A4 HA 92 4719 2
o9} XL, arE LE TsaIM 722 HY HFAFo|,

B Bl g WS E AL weshE A9l w4 AR ARoN FRES) WA
G AY G Aol B w4l Ao FEE R 34U ZEIA AsE W
o] Grid Plate®] %% SSC-K¢ Lower PlenumolA] AlArsth, oda}ba] SSC-Koll A AlAkg
Grid Plate €5 & 329 289 7 % 3= A3 2dd F713th

3) =4 33/ d7A AXLE TH @3 HF

SSC-K Z=9} =4 33 /A N =EL T34} T
%3l7] 98] KALIMER-150% tiAd o2 nR3 Al A4S .
¢} SAS4A/SASSYS-1 AARE vaEAFgo 2R SSC-K AA A<l g3 & AFsAh
a9 1-132 KALIMER-150 =49 1/69] 33ty A =42 o P9 o
cR=

=4 32 RES =4 AAE AA IFAS 54 7188E oz mojdh oY
1-139] JFAEANA 284 25 A5 JFA s Fsle= Aol 22
FA= 271A o2 FAE] Qo] AA 4R mod AS 3 A A

A

g 2ol3ked 5409

Ae Rk Bast, ol W B AN AN 2TFe0 Hetd F o AT 522 9
8 2ds 2ol SR A wAH FF ANl Wt el A R52E Fol 607 ¥rEE
wdstgt ojgh 2 PHOR hYHE YFAE A% KALIMER-150 A =4¢ 14709
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AgA et 696 M) HraE2 2P, £ UgoaE 42/9 =2 AEssad. 5 94
8 949 20709 2we w22 Urgornz 3 =g 298 Zol: o 5 cmol @3

- /'"/o multi-channels for 271-pin driver SA

29 1-13 9Ad 2o A9A 2oy

29 1-149F 1-15% 4] 349 A4A BEo] EFH SSC-K AEE o83t A Wn
3 WS E AJALZ(UTOPIAl w8 = AT &3 A 5§ SAS4A/SASSYS-1 A7 ¢} vjwg A
olth. UTOP A3 Aloj% AFS noE Aoj¥o] 4t AFHm A4z A4 A%
of AEEA Gk AL AADY, o] o] GE ATL A WL AL, Aojne) AZ=2
30 Cents®) WEE7P} 152 59 Aoz 4dde 02 AgPon, o2 Ad x4 29
Z7kst g AR, YAA, FEE 59 257 F7450 €k Al o] 2 Fbe Hdge
22 MeE ddm @ fuae) BPoz U WEE, WA UE W A 0
wA AR MANE BHOE A WSE, AfY FE 49 BFOE A WSE S I

=

2

o] AA F Fe AL ANHA WEE H
2 Zasy) A%l Am HA F 50 2
Zaste] Az A F 6002014 B4 229 1054

<A

SSC-K 714 A3tsh SASSYSel A4 Astsh wjme wf #gE
QatA Ak aeit Aol BAD =S WP BT BPoE AT W
B F of 50ZNE ZFH Fol§ Rtk of Aol 7] AR
QYA F] YA 2ol SASSYSIA mel® Fol Hls) k7t A7) wol. o
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Al A AA 4 FokE F RETE AR OEA AMS7] qE oA, AAH oz AN A

= "§ g3EA AdEn e AE ¢ F I

a9 1-162 UTOP 2 F 3 2x7) vehte 1825% A1 9] =4 *o—‘?— HEA &70A
25 BXE AT ed, 99 ARAA H31 FF 2% 508TCo =23t} ojuf 9 gt
A WE ddg 994 ANE L5 BExE 19 1-179 JEi W oy %lzhﬂ Wi Hu

= 676TCo|t}.

H R3S §3F JAAZ(ULOF)E 44 2 33 A5 gz Z7] 2479 F féﬂ %—«1

Aol AAHIL A2 A AT 2ol BT ALE /AT AXAFT HZY A4 A
A2 dAAF FFol FEH =4 A 2= FUskA Eo. 22y KALIMER—ISO«]
A A A Gas Expansion Module(GEM)S 53 A4 AlTA] & &9 HSEE FEIEE o
At oA GEM2 oF -2 $9] v =7t AT o2 Q3 =49 &L 3HA4G FEL
%ot

29 1-18914 H+= uhel o] UTOP AAtdE g8 F ZEdA ALd vhgx #§ gol
2 Fus18 AodA F 229 2a% 2l Folrt AW AXE FFE BolWA o 0xA
oF 200% Atolel N 43¢ FolF Uehdth. 53] 2 ol Holt AT WLE AV v
W Bgor A3 HEx ALL A3 Y AT WG s w2 Be ol& Btk o
A 37 AT ¥ Yehlis ¥ 1-199 YErd diel Zol, F IEdAN Add H=
Coastdown® HZ# o2 JAE A £33 FZAA Zo)lE Bl

ol AAH ez F A=A ALtE AFY <+ A3yl AR d2ve A& rlEe, oj2
Ad 23 1-20014 B nie} o] =402 FUAHE WA 257 A2 et dxgzes
HES T A ge oy o)z} RS R, GEMOZ AF &9 WS E Aol wj$ 27| HE
o ¥ 1-21°] YEd =4 292 F 2= AY 22 AFE BT 2Pk B,
ZARo2 e A% Bdo WE 28 AY FAE AL BA

HIES‘Z FAAL AL E BE F7] 27 AR G AA THol *"é%oﬂf—_ E78t

3, dA % ojAAT e WAA Hxe FEdte AeE AR FUdT € AAdE 95 3
21171 AE Boln, AXRE A4 FL BI 2 FANAA &= A= /M4 ‘I}E}?ﬂ 4z
29 282 e A 7Fol wet At

29 1225 AAYAA AT F3ol @ F 2= A4 e M@ Zlo|th SASSYS
ZEe A AvE Adel BuE NAANE Y F%e 9 %E FASL Y& W
SSC-K ZE9 A4 A= A 7] oF 1002714 A 39 95 % A=Z 443 Fo] 1
HEE A% FART o] £ ULOF AL AN AFF vhe} o] AT 43 Zairt A=
t27] gEolth £ SASSYSelA ANHE WA d §F(E7A APl SSC-K B}
$4s) @7 mdso), 19 1-230) tehd vhs Zo], WA WY SE 43S SSC-KY %
Wo| Bt Wel 453, 2o WHE HSE ABF =4 Y FAE SASSYS RdRT B4
we) WA w

-
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AF}A o7 SASSYS B4 A4E =4 4T 2= SSC-K 2Rt vt} =4 4%
SIEEXR W3 E AF 9o E =4 &8 #A4%E SASSYS Bdo] =oAL, o]& ztolZ 2l
S AN Aoe N2 G2 ASE BolAW, AAAA AFL T 2EIL GAH, SSCK 2
S w4 339 BF] AT ATL euhE wIHT Y& B

ojdol A HHE ul9l Zo] E3d® IF=F KALIMER-150°1 tois) SSC-K =EZ=
SASSYS-1 Z=9] vl AMg A3, F Z=9 &Y Zstd A" AR dgdA9 o+
3o #a) of7ke] ol Z Q3 27 ThE A2H/E BAFAoY 2 AL u$ FAEY, AE
Asd ge =4 AsE AdgozZA 334d Z5 579 8§34 E At

0.3 - WW
1 Line : SASSYS -
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o 014 Total Coolant
= : Doppler
° 00+
o P P LY A R : 7 57 7
Q ho T . .
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1 4 g mespes s sgens ges SR 00 S50
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4) Window Version 7§

SSC-K 10~13 WA AHga7t 98¢ FH4T ALS A5 HgeIN By o

7g
AT & Yu AFHA g WS Aok s BHPol Yok AT ABHS A
3l7] 98] SSC-K 2.0 AL Windows HA L2 /st 19 1-2694 HE kg Zo] 3=
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au piew

[
053, 0025
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. SFR 7|2 EA BARE J

SSC-K =E7} 1115'“3}?‘] Zoh= vldA FFo] YEUE FEAAY Ad £ £43
PDRC &2 A +2 54 4 A188 & =5 SFR 71254 4R ES ML ol&
A AuiEE A& "5‘3}1 FA A 7P ATt ed, HH dYy FEAHF F2E €A
g2 29, dA= 354 2dE AEEith

g

1) FAAH 719 A2

A 25t mde gd 4% fA @ 3349 Rer] RE PPHoRA, AF BE
R4, UX RE BAY, 349 £5F BE PR TAHY, A0 AH J2 oY 35

REEZ 320 FAA F-AE 7| 7|8 BAo 2R & 73 o7l9 F8 F54
FE 4E, ‘%ﬂ%ﬁl 3xr9 E"“Ei %—013}. ol9]of] et AL o] &3t FAQ Hx, 2% ¥
ex 58 3t} o5 WMAAEL Staggered Grid Aol A Semi-implicit E S A& &)
g T3t

1 0 1 0
L= 2oV A+ ——=(pV, 4 )+ ——(pV.4)=0
at +Ax ax p x X)+Ay ay(p y }’)+Az aZ(p z Z) (1_63)

oV oV oV ov. oP 0 —
¥ -2 2, + T+ pg,
ox oOx

(1-64)

ov. ov, ov, ov.
p| —=—=+V.—2+V, —=+7, y]z—a—P+i(r +T)
x d (1-65)

0z 0z " (1-66)
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A BE g

) 10 10 12 L Rt &
2 (ph) s —2 (Vb AN+ —2( oV 4 )+ — (V.1 A )= T
R L e G ey G e i (1-67)

Y 4

D, =0, +P,; (FF EF + Channel Atole] dAY)

AE BA A EiE AoJA A AEF g9 §¢9 L £ 47 Source Term &
o] & SHLE = AMgolt old QEd, £ AN S =R At d#F A
9] Flux &= t3t Donor 34& At ojejg RdL ARAH o2 A&y diixd o
3] AAPTE AR ES AH AH AAANAN SEE dolof ).

BAEANMY Sx= FF HAYNM BAHuz, o AAdH ez AF F GUA AojA
el BAANE &FF AoAAHY FHol HESF 3= Staggered Grid Fef& s o} ot o
ZA A 4 A F9 Scalar MFEL AF 9 QU] AAH 9 FAdA HH
o, $E= FA™AAN Aodr. o]# T /g 324 =] T¥ 1-274 A EH

FAzo] AEF Semi-implicit FAINHS Ao v|R2EA2 AAE dF FE Cﬂgﬂ
Implicit3t Al M2st &9 FAAE & HAFAEY AAZ A st Aot gwrxoz &
I #Ad 9 352 Implicit® A3t 28 oA Implicit 352 New timeZ7}A| ﬁ‘éx—igi
H3lslE Aoz A o9 2 AL Aol AAHAA HE MatrixE 27 Hol ol &
Eo] MFEY @& 7otk S Wy AAAAMY S&5F FAAS A AF E AU
A AAAHE Y & 2o 9 A AN ER FaEHA HHY, FEHFEH] ZE Ao)A
Ao &l A= NxN Matrix® 748 + U}

i+

F1
-~
\\\Q Zitb2 / !
S g 3 3l

RN Y BN e -t ork-1 f’.i‘ Helor ki
M7 A kel "
23 N\ T
-/ e . V.
AX ., Bl
11 I ,:"
Z




29 1-28%} #o], System MatrixE Direct Gaussian Matrix SolverE o] &3l +4&
zZb AAA HZ Aol e ¢ AsHS 78 5 A o] 4 WIEE oA 5% WA
2o g3l New timedl A 2] £E=& T8 ¥, Z Scalar A9 A|Z Matrix®] New time $E&
st dgsy WalFS F}h o] 59 New time FES o] 838t9] F 222 Taylor series
2 gFsHA ¥ AdF 2 oy RENNA HFTHOE FAY Dxg dEHE T, YA
& FH7IEE WSt o SteplE Iy dudEFS JHAL Uth

3
24,
H

Read Inputs:
Geometric, Thermal—-Hydraulic Data

A

y
Time Step Control
v

Wall friction & Heat transfer

<
w

A

Solve Governing equations :
— Calculate Momentum equation
— Calculate Scalar Equations ltelrr;rt]i%rn .
— Make and solve the pressure reduced matrix
— Update P, V, h k=h+1
New Time Update properties and derivatives
Step :
Check Courant
Limit Converge

A

Update Old Time Step Values

End of time
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ZF AojA Ao st A8 AL 4ol 2] 1-6394 1-6774XE AARACTAA G+1, FNA]
I, KA k+I)EA B3l AR d& F Atk 5F FHAEL AAgAFH TN TS
A A H FAZA AR AENAM A FA W n+I'e 42 Old timed} New Times 91
ste, off) HAEL2 AojAA AAWL] HXE e o] E H A g9 2 7R $2 AL
g=& 13U

(1) AF R diAA = A=Y FdH A wf¢ T FEOIH, o5 BT BEA
S FASoE g W] fFA= vl £ %5 F Source(Pump) 9+Sink(Abrupt area change)&
E3st7] W&o ol A FEAA L EHoof gt} ol AF E A= AdAY FF 2
2 Time Levelol A #7}5 oo} 3ir},

o

P

=

il

(2) A% £59 $42 93 Implicit A2l &3HSonic wave) Ao Ffsts 5o o)
Agt btk weba Implicit B7he A% 2 olUR AL FEF 25 nEoly 4 7]
&7 % 2 HE 2 ANAY AARANAY AF L 25T 2¥ F5 AW ol g

(3) vlAE 3FEL Taylor series® 43 5, Ad ggurs uz3o)

de ny AFEL Hedte] g BE YANEL FRaeE e 2o
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L )= (0778), ] (168
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(ph=P)" ~(oh-PY. = [( ), (ki) |-
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V
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AEstd 5% BE WA 4 (z-direction)
(Vn+1 n) . —_n —n
z 2 Tk Vx —n —n V —n —n
y
- Vz 1 ‘Vz + — Vz 1 1 -V z
At Ax 1 kA j i— k=, j+— Ay : Kby jmmi k +1’ j +—]-,i
k+5’_l,l 2 ]Hz’j’,' 272 27 2
n i+l n+l
v, ( sl _pn )_ 1 By~ B
Azj 1 N7 lkii Sl ] ot Az
E’j’l kt—ji
2
Koy , fo Jpyw| o
Az D, z k+%, iz k+%, o
919] Aol A dot( - )= Donor &2 ol¥3tH, bar(-)e BEGS oJul@h. &5

N BEge oen 2.
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(1-70)

(1-71)

(1-72)



—n 1
n n n n
Vol =7 Yk'—"+VY|k '+—]‘+V;'Ik L T et
k'j’ﬂi 4 5 2,: 5 2,1 5f 2,1 5] 2
el 1 n n
Vi 11:5K‘k'1"+"k"'
kil b ot
J—i 2 2
" 1 n n
Vs IIZEV‘k"l-'_xk'l'l
k’. N ,],l+— sS4
Jrits 2 2
Py 1 n n n n
V. =—|V 1 +V 1 +V 1 1
Y T 2 V4=, ji 2 \k—,j,i+l 2 k4=, j,i+l
k,J,H—; 2 2 2 2
7 1 n n
Vs o T T ket T L
k—.ji -1 ,
St 2
A 1 n n
Vx | =Y, 1 x 1
k=, ji+— 2 k.Jj ’H'E kel,j ’H_z_
2
Vi Ly V" 14 "
Loty 4l et T x bk gk Vet T Ly
k,ﬂ—zﬂ 2 2 2 2
ey 1 n n
Vy l]:EV;k.l,l"'Vyk.l.
s S i
Jiod— 2 2
7 1 n n
Vy 11:_2_Vyk-"+yk'l'l
k. . Tk SJA=it
Jgit 2 2
il 1 n n n n
Vz =— V 1 +V I +V 1 1
LI L SV 2 N ka=,ji Z lk—, j+i Z Nk, j#l,i
k,_H—ZJ 2 2 2 2
oyl 1 n n
Vy T3 VoL o+ V0
v AN
A 1 n n
Vi« = Y
ka—,j?,i 2 k,/+?t k+|,j-l—2,l
S I 7 L I v
Pk @l Dt T il T it e
k+—2,1,t 2 2 2 T2
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—n 1
V. 1 P _(V;"
kot 2

n

+—, j i
21,1

z

1
k+—,j 4
2]1

—n 1
v ) ( v
ki 2

V = —( n +V” V" v
¥ 1 | . l
| Yk, j—i Y g et 7 esr Ly ¥ Dkt ol

k+§,j} 4 J 2} _,+-2—,; +1,j 2} . ]"3’1
—n 1
Vz - = — I/z" - Zn .

ki 2 kb ki

27 2
—n 1
" n

Vz 1.1 = - V; k+l 2 k+l i

A 2 > S

Old time &L 452 FH 4 (1-70) ~ (1-72)% &3 2] 8 71e7]e Foz 24
gt

n+l _ B
g kg ’”% =V "’f”% +Jk,j,i+% (5}7"1’# 5B€,j,i+l) 1-73)
At
J | =
k,Ji+— X
2 . . —
P Ax| 1424 20Ty /s vl A7)
k’j’H_Z— Ax DH; k,j,z+E
L. I/ n 1 _ Do
xk-’. xk,"'l x '_'l x ll
i+ k,j,p% il Ay Tl kit Az k,j,i+% kit
' = 2
gk T
T K
1+2A{—ﬂ+ /s J Tl
k,j,l+5
i (1-75)
At (Pk,j,i—Pk,j,i+l)+ Konf N f; .\ . B
pn.. IAx Ax DH YAk jir=| * k= &y
+ k,j,x+5
K .
PRIV A T
Ax DHx k,j,l+5
n+l
Vy k,j+%,i Ty k,j+%,i +Jk,j+%,i(5E"j’i 6Ec,j+l,i) (1_76)
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At

J | =
ko jt=i
2 K _
P Ay|1+2A¢ Ky, Iy Voo a-m
kjmi Ay Dy ko
f/-: —n “%’i_; vy o g |Kodod 17" — k—l,i*-lxi
il Al w, w A P 24
ki Ax ki Ayl TR Az| T ke
' 2 ,,J,%,,- 22 ki ko 2
Vylk.ﬁ—;,i - K. f
142A8) = 4 =2 Voo
Ay DHy k,1+—2—,4
o (1-78)
At (I)k,j,i_'Pk,j+lJ)+ Konf + f;l n n
A" Y k|7 * sk
'Okn—',iAx & D 7 e
2
+
K .
1+2At Ky , Sy Voo
Ay DHy kojisd
k+1 1k —
. k)i =V ks +Jk+%,j,i (6P"’“ 61)"*"j’i) (1-79)
At
J =
ki K, f (1-80)
o7 Az 14+2At ——+—=—= |V |
kg Az D . ktuld
7 N 4 _ kil L i
Vznk’~-+At 10 1+_y Vzn’z.% y anl'
e s~ VA
_ 2
z k+%,j,i - K. f
14248 =y L2y,
AZ DH. k+5,j,l
( ' ' ) ) (1-81)
B..-F.. K
At kj,, Sy | ey /- VA IV
plﬁ—l J iAz AZ DHz IH_Z,I g k+?j !
oI
+
K .
R [ VI
Az D, kmfid
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(i
-
i
firt
tlo
)
ofo
o
ko)

New Timeslxe 2& 2 R o} detvje] F& t}g ol

pm+l =pm +5p’ hm+1 =hm +5h
= p” +(6p) 5P+(ap) oh
oP Oh
(ph)"'*‘ =(p" +30)(h" + Sh) (1-82)

=p"-h" +p"-Sh+h"-3p+ Sp-6h
=p" - h"+p" - Sh+h"|| — | SP+|—| Oh
P p Kap i Oh )

9o AEL F Fo A 9 o ux] HAAES Taylor series® AN &3 A ZFo] A
28 stepdlAe ¢ dgv g P

9Jejo] Azt F7H(Time Step)ol A HE T3t 7IPS v 2o AA 24 (1-73), (1-76),
(1-79), (1-82)& 4 (1-68)F (1-69)° i3z}, o=l BE HAA oS A HE YA S

g3 & 189 ‘Cell MatrixE® -4 3t}
‘f]‘}§a b [ }53‘“ v I:Sl :l
f ) (1-83)

3 o] e e |

21 (1-83)l 4] ZF Matrix elementEL vttt Zo] THE}.

+d,-0F _,,+¢-0F,

[ ¥ e | k,j+li

4, '5}’%,1'; ta, '5Bc,j,i =b, '51;1:,,'; 1 +¢ 0k

k,ja+l

+f §Plj,:+g §Pk+l_[,l sl

opY
4, :'dktlj,i ‘{h'alﬂ

%[(f’" ), HPHEA) | HPTTA) AP A), i a) s HpTra) }
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A_( T4 L
ey

At nin
gz V;jl h JmAZ)k+ i

5 :(ph):,j,i "(ph):jf +P =P ﬁx——{f{% (
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=0t
2 (7)), M), 3,0 8), o V) 70, |

k.ji

A 1-83)l A azd A3 A (1-83)9 otef A2 ¢4 71 &7y G52 BIIY. 0|4
< N/RS AgAd ez 748 FH5H AT NAY o] FAH) Direct Gaussian
Matrix Solverg ©] 83t F2& E4 =W, Z} AAAH d2 A7t g ¢ Wszds 78
T 9tk o] 48 WA FES oA A(1-73), (1-76), (1-79)°] AU A New timedl A 9] &£x8 ¢
& 5, T oz 2 (1-83)e A A"y W Fe F& F gtk o]59 New time 5L o] &
stel HFH 02 Taylor series® &332 &e AF & Juyx] REAN FFHo2 F49
Axet dE9E Ty, 44 FH7EE ¢S5 S Stepo 2 A YJ),

A9 HAAES E7) ARAE FAY LET), GO BE AL SHF(dp/dP), AL )
#E UE SHFdo/dn) 5O B S8 $AN5S Baz 9o o9 284 BANEE B
22 ¥ WA, fA9 LEE 02 A% 542 oge AA FT & U

gty #AH

h=—6.7511x10" +1630.22-T, —0.41677-T; +1.54279x107* - T}

YT 374

p; =1011.597 —0.22051-T, —1.92243x107° - T} +5.63769x10™° - T}

7 = % (Conductivity)

k, =109.7 — 6.4499x 1072 T, +1.1728~sz

B] & (Specific_heat)

Cp, =1630.22—6.4499-T, +4.62838x10™* . T

A & (Viscosity)

220.65

log,(11,) = —2.4892 + —~0.4925-log,,(T,)

f

e

H

- 12130.0
" In(9.869%107° - P)—10.51
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deo] A dxo =g ded A Ax =3dyE S o] A

9, __1 LA

= dv.-Cp., - —T 1y . —1 —y L

oP v-Cp, | Pr-ky =1y {f ar, raT,
Op, Op,
—_ = pf._
Oh a7,

A71A v HIAHE ousty, ¢ A3 AE =345 BA YA 52 5 &(Isothermal

compressibility)@} A% 3 & A 4=(Volume expansion coefficient)®] #AIAE 2 71t 5L &
3 7o,

; z(ﬂa'Cs+Tf'vf'ﬂ'{ﬂ+:8a"7})
g (C5+Tf'vf"7'{,8+,8a"7})

dp,
B= —V, %

o & 9 A A = (Adiabatic expansion coefficient)

S 4£(Sound_speed)

a =2660.7—0.37667-T, —0.90356 x 1 0 sz

4
y=P. 1.31132><10 _1.0948_|_1.9,774
Tf Tf
4
P :exp[18.832—1°311%)——1.0948-1n7}+1.9774-Tf
I
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2) #3 444 3§

THHEH 2o 25F RS dux] B&:lAYY HE Tar] HME Wi
Aol vt dAee NE e T4 4RAE2RE Faoqol Ak o] st Hunige
Colebrook— White®] & 33 SRS Mg, of RdE WE AL, FH%Y A7,
dolEE & 5& 189 F7(Re<2200), F7(Re>3000), F -7 (2200<Re<3000) 59
Fdl et vpAg e AT £ gl

- — < <
/1 - for 0 <Re <2200 (1-84)

fr= 1 for Re > 3000

£ 251114 2log,, i+21~023>
D, Re" (1-85)

8250
Jir [3 75— E‘] (fr=s000 = frzzoo0) * frzzom0 for 2200<Re < 3000

AN frems HolEE F 2200004 F/F5 vHE QA ol frawms dols= 4 3000
o A GHFHE vl A golth GFHF uE Ax ZdoA e EWH AAV|o)3, Dye
stx A4S ou] il

HH dAg 22 dF9 SFA9 G AF3AIY AL AA AHAAe dAd v
T 3A A A Z ko gadA Aad dAEL fAl9 dyR] REYAA &% )
QA7 Rk 71& SSC-Kol RRYE Ui % FF GA° 482 o] Poolst 2 A AN
o] A Ae)(Pe<10) EHEE 123t7] 93] Subbotin F#HA S F7ts AT

WiF 99 (Peclet Number > 10) ; Modified Schad correlation

2
Nu = [—16.15 + 24.96(£) - 8.55(£j ]-Pe“
D D (1-87)

23 o9 (Peclet Number < 10)

Nu =4.36 (1-88)
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AAH 5 49 (Peclet Number < 10) ; Subbotin correlaiton

Nu =5.0+0.025-Pe*® (1-89)

3) 9 =8 24

WA s F2E e d¥Y L T2 UY LERE So B ANL FY 5 =S
g F2E 2US ALaAth o] BdS ANHA F2EA date] Ag bsE, Az B, A
A2 D, 37 B4V FE 5 43 /188 deAE, 959, 799 TR dH
2 BAZ & At o5 /8% E FHA AFAHA AABNL HYFHH, Lo g T
2o A=ES AY 983 5 T F4 U2 4847 YIS ok

AL A2 (1-90)9] AE F317] A5 3 AEHL o] 8319 .21, Crank-Nickelson i

& o185 NS AYFTT A5k ALAA 224 Mesh THE GE D), T 3 5
& A48 5 gom, W AAe Ao Mesh 2o we} WHE 2 4 A S A
z7e BW L% UF2d, 99 27 $2 998 £ =S HAh

j (T, x)- —dV+ _‘lk(T x)-2 dA j S(x,0)dV

A714 ke AFEE, AL WA, St R 99, = A, Te L5, Ve Aol A, xe
4%, pe A 9 §% (= x ¥D) 52 247 Jujeth g% g9 489 A 2D g
3 2ol Ao & Ak

oT
H(T)-T(t)+ B(T)- o D(T,?) (1-91)

71 ne& ZARAA qFE oo g WA HHE FAGT. oA it oR g5
T WFEddA HT)e 432 A& dngth B(T)e #2894 dA=E, D(T,H)v #
Ao 2= x G Aot AAAE Al A (1-9D 43 ouE FAst7] A=,
T AAE F ol dF9 AA A tF H(T)E= 0'0] ofojof 3,

238 1-29= 2271 A9 E+= Mesh pointE A3t} AA24s F 2 E o)A Mesh point? 7+3
S o x-WFgo 2 AP, AFFolY FFY A= & WA Eko|th. EF Mesh point
T YR AW, AR & BEAE e £ A} ]-4 dAH, AHEA7E 3 HE Tl 9]
Eia=

_.62_



b Region 1 I bl Region 2—————»
| ] | I ] ] ] l |
] { | PRERY PR | I i ] | | |
dx; Ax, ’
I B i
..... i1 i itD -

19 1-29 @FZE d4E 93 Mesh point

m' A W Mesh pointol 4 4 (1-90)& & 257 919 th& FE 718keH4 Fejo)
we} A o gk,

/\|:7:t€5:1
sp=th, s =B sl =l g
2 2 , Ax,
o] 23
S =x Ax,(xm—ﬁ), 5,‘;n=7r-Axr(xm+ )
4
5[;1 zz_ﬂ(xm _ﬂ)’ 5:m = 2” ( )’ 511; - 27[x
Ax, 2 ]
T3

" Ax 2 Ax, 2
9 AsolA B v, s, b 27 AR, F4, 4% FANY AFEL Uiy, G AL &
£ gejo] Hg90.

Gm = plmgv + prmé‘:m

Im

Alzboll 3 vl 2o W Forward 228 A &3t 4(1-90)¢ A AA & =34
ol AbsHA A

G,

or
T,x)-—dVv=(T""-T"
VIp( %) ot (”’ )At (1-92)
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714 HA} n Old time stepe A1), = '+ At ol me ‘m’ WA =2 Y
2 (1-90)2) F WA &3 A AR F& 7z 4 (1-93) 2L 4 (1-94)%} 2},

or
K(T,x)-S-dd=(T_, ~T )k, & +(T...~T.)k &
J M ) (1-93)

[SGe.ndv = BP@) (0,6, + 0n)
; (1-94)

A714 Pre 47412 £(Z& Table %) B4 97289 9 4480 BANIE AR
oI, P()e Azt W} Wt 5ot Q U F F424, 1) Mesh Aol )
4= AASA T Mesh AR BE 32 7Hd £ e RO e maa 4 (1-90)L
ged ze AR WHAe] Ak,

(7 -17)G,

At = _(Tm _Tm—l)klmalfn +(Tm+l _Tm)k 63 +1)fP(t) (Ql”'5;" + Qm5:m)

rm=rm

(1-95)

Crank-Nickelson W& o83l 4 (1-95)9 $H F=& Ay o] H¥kE Old time
(‘n’ step) #EZE sz, S New time (‘n+l’ step) FEE AHIsd h&7 2L
Tri-diagonal JHE 2t= 48 FAHAE 4+ Qo

o}

rr

anzz-;l’x‘jll + bm]:;:”-1 + ij:::]] = dm (1_96)
a = kltr‘né‘lrnAt
m 2

— n — a—
bm - Gm am Cn

k» 8° At

_ rm%rm
cm - 2
PP

d,=-a,T. +(G,+a,+c )T —c,T, +AtPf—2——

m™ m-1 m™ m+l

(leé‘l:’n + Qrm6r’1ln )

A AE ALddME A (1-95)¢] S ‘02E 31, Fully Implicit *'3-& 2 &3t 74

A" AEHS A7 A= A (1-90)9] F A el A 1-91)2 A &35t FH
£ Aol gt} x=xid| e b3 Zo] Hsirh
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Tn+1 __Tn p’ 5rv kr ] ,
( 1 Alt) — =_(H17; _Dl) Bl é‘117 +(Tz _-’Z;)knsn "'PfP(t)Qr1§r1 (1-97)
2 (1-9N .25 A= ZAHA ] FE3dE 4 1-8)S d& & Jeon, 5 FA-
(‘M HA Point)oll X ®E 22 A& AL&3d 4 (1-99)9 A& H34E 45 5 do
BI™ + M = d, (1-98)
n b
bl =pr”15rv1 +M_ 1
1
kl\o" At
¢ =—"-—"—
2
n5bDAt n+l + n
4= (o1 +a )17 —aty + S22 L up, T 0, 5
1
aMTA;tll +bMTA;+I =d, (1-99)
k. o, At
a, =— IM 21M
n b
b, = oL, S, +’WL5MN_%
BM

ki 52 D, At s

dy =—a,Tn +( o800 +ay )Th + + AtP, — 0,,6%

AEES A% 98% 5L 29 ¥ A% $42A Mesh point £

=
of ZZelHe) gES T

A4z 28 A%E 2] AANE FEY Rdo| AR oio} Ak AAFEE 54
4 2[4 (1-100), 4 (1-10DJRIC2E AR SHAFTE Zsr]d T2t &

& #% 9 &% Fission product®] $9 < 2 (1-102)8 FAlol Axdzch 2L &
R Ho] HAIEHEA Fission product?] %o Hx et AR 7H&A] SASE 8 o
r 3

= o
of WAt wbdA B3 FL Fission product’} ¥HAME H3E ZAdsbdA] dA 3o}

oy
%

o

_65_



AHES St

do(t) _[p®) - ﬂ](p(t)
dt * ZAC )3 (1-100)

dC,(t) _ pfot) =19 ...
1= +AC. (), i=12,---,N, (1-101)

Aol AEdA t= A7 P = FX4A Flux, G Group i8] A2 (Delayed) A A Precusord)
F, P FE AL SAHA B8, A5 S (Prompt) FAA A A7 p= W25 fi= Group i9)
A FA4A &, AT Group 19 53 4, St Sourcelt}h 919 F HeolA A4 £(Flux)7}
AR H AE F & (Fission rate)F 282 &9 F Ao At 4= o) ol A EA =
AXNA #EE ddd, QF FEET d24E AU MeV)E v}

AEAL(P): w(t)=Z,00)

&

9Py FO=0,v(®)

g digk 19799 ANS ¥F v|& wtgA e e 7}

v, j=1,2,---,N_, a=1,2,3
dt A e ‘ (1-102)
o714 & U, BU, Fru 59 A A SHLLE duisin, U RE EYAaSe) 23
BELE, For 59U a8 EAEEEAN Fool F T2 100 A} Fye 253 AXS 93

A AAEA dutH o FHF Fd wet ta.

Actinide 222 #yo] 24215 283t 2U, ®Np, ®Pu So] AAHE AL Ay,

dy, () _
d}’N(t)
=y, (@) = Ay (@) (1-104)

G714 Fre AHEA7E A4 d8sts oz RE 599459 dvdd PUo F4AE
Zg3to] AAHE U9 °JX}*°1E}. 2] (1-103)-2 *Ue] 942 W3h&S Yehin, $39) 3
AR e U WS, F UA Fe fEIR A% 2P 2zt qugict 4 (1-104)E
Npel ¥stg & ovsn.

A (1-10091 4 (1-10974A) T 7HA Ao slE Fa7] A8 9 A5 AAH gwga
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MeV/sE WattZ #3sl= A (X)E FH3H9,;

d[ Xy )] _[p(1)- Bl Xy (@) , <
. - +§X2f/%Ci(t)+X2fS (1-105)
d[XZ,C)]| BfXw()
T = 4 AXT,C0) (1-106)
dt /1,1,' aj aj (1—107)
d[Xy, 0] _
—= " F, Xw(t)— 4, X7,(t) (1-108)
d[Xy,®)] _
——= A, Xy, () — A, X7, (2) (1-109)

2] (1-105), (1-106) 2.2 5¢ EE YA E, 4 (1-107) 225§ Fission product & <4 £,
4 (1-108), (1-109)ZF¥ Actinide B3 €& Zz 73}t 99 A& degstr] A3, ot)=6
rt), XWUt)=P(t), XZAS/BFS, XZC()-BWI(/(AX), Xyit)=FuaiFZit)/ v, Xy
o )=FuZu(t)/ yu, Xyn(t)=Zn()Z A3, HFHo2 bF 455 =8 & Ith

dy' S

l/;t(t) = %[{r(t) _1} w'(f) +Zlftn/t(t) + S':I (1-110)
aw.(t) _ Ay'@®) FAT () (1-111)

dt A
dZa_](t) — ﬂajl// '(t) _AajZaj(t) (1_112)

dt

% = A, (&)~ Ay Z, (t) (1-113)
iz_cg_ftg_)_ = Ay Zy (t) = Ay Z,y (0) (1-114)

19 453 Runge-Kutta S ol &3kl AZHE JPANA A== 24E& ALE 5 Ao

2 (1-115)E Hex AES A3,

ns nr nf
ZORTEDWAD +Z[Wn‘ ‘R Ap 0} +a, - Twi(t)]+Z[Wﬁ R AT} +a, T, (0] 1-115)
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A71M roe A3 EH 296 dEdte S Uede d8 gtolth rae At ©BE w
SEE At Y Tabledl X T3t3, Rie 73 xﬂowl&l 7o #A dEg #Hdto
Tabledl A A oJstE W& Eolth Wy 334 AJAA Vo = 715 AoH, Twie FA
o 2xolth gus BE H3E XA e 2E AFolth Ry A5 AoAF TolA &
A8 HFLE Tpol el Tabled] X FoJste S =W, a5 Wyt 247 H98 25 AF 4
Az 25 g 7ts ARl nrdt nfe 42 =AdA 2oE £EE AojAH 9 ¥
A8 T2 Folth

4 FEAA HAAEY A AYE 98, 1A I E AHAYLE OS5 2ol & & Yo
n(t) = an(t) + R(n,1)
Q714 a= 949 Time stepoll A Aold, Rnt)= vl WA YA doldt, nt)2] A
F7F Bnt)ebd, a= Gn(0),0]7v H3i, R(nt)= Bn(0),0]-an(t) el FES T Aot}

9 Aol HPAAS Fohu AEaw,

n(t) = n(0)e* + j;e”"-”R(n, A)dA

n(0)e™ = n(0) + f)an(O)e"("”dﬁ.
olBE A n(t)e TeH 2ol dth
n(t) =n(0) + [ e [an(0) + R(n, )] d A
y=ut, dy=tdu @ ¥2o9,
n(t) = n(0) +1 [ [an(0) + R(n, )] du

219 Time stepel 4 & Foh 4 AP A7 Rwe AF) e 2412 Fdshe 2
otk Welshl the BHE Aol Bk

C (x)= Eu"’"e"(]_")du | (1-116)

Stage 1
R(n,A)=R[n(0),0]=Roz}x 7}A38t 1, n(0)Z np= 29, 2832 n(h/2)= 33 2o,

h

n = n(g) =n, +-z—(0m0 +R,)C, (ai)
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Stage 2
R(n,A)7tY RoSt Ri=R(n;,h/2) AtololA Agx oz Waldty 7138t n(h/2)8 e o=
Al 2kge}

R(n,ﬂ)=Ro+—2(Rl;‘R°)/1

oo

Stage 3

R(n,A)7} Ro$t R=R(ng,h/2) AtelelX A@H ez Attty 748t n(h)g &2z
AR

=> Ro+(R1 _Ro)u

R(n,A)=R, +

M => R +2(R,~R,)u

ny =n(h) =n, +h(an, + R,)C,(ah) +2h(R, - R)) C, (ah)

Stage 4

R(n,A)7} Ry, Rz, R&=R(nz,h) AtolollA 22 A4 ez Wity 71483 n(h)E o84
o2 AAksio

R(n,u)= (2R, +4R, +2R)u, + (3R, + 4R, — R,)u+ R,

l

ny =n(h)=n, +h(R, - R)[2C, (ah) - C, (ah) ]

Stage 5

R(n,A)7Y Ry, Rz, Ri=R(ns,h) AtololA 22 91434 gz
2o 82 AL, ole} 2ol 5HAE F3dA 5aF A S AL F Uk

ns=n(h)=n, + h(R, - R,)[2C, (ah) - C,(ah)]

el 4B Co B Ted 2ok 4 (1-116)2 F2a,

Cl(x)=e —1 Cmﬂ(x):w
X
o7l A AAE F A2 FH L AY dF2E ALY Heat Source® J#ER ), wtabA 7}
F HA ARE F EA Bdo] AAR 1 WY Fo), A2 568 98 dlolx] g7 2E Al
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AL FEE FF A2 FAY 7 AL A AL HYE std 48 E oe 7
A2 AZste FE, 27 ALS FHlste FE, H=7) ARE FY5te FU o2 7R
sttt 88 BE A5 T2E FF € duA BE B o] 4HE WFEY 5%
BE BAY ol gH e AFES Z AoAFHd Wt B2 FRIAES T, ddE %
Ao o] LH= MSET TEN REO AlLHE H43Ex 247 0 & Blockd] AAEYEE 8
Rt} °]E WFEL FORTRAN-909] Drived Type& A3t on, £41¢ 2] wa} d

Block® A7|& 92A & F I=EF A4

Ol
S

Mo fre] Ui 2ol A4 £8 £413) PDRC 2 A #2 54 E4E 9
o AL IREY BHEES BHFHS Frhaanh £98 FANEN, U4Z 554, 47
E, 7883 2d9 AAAM 2 AFE I AL KALIMER-150 271 Pin Driver 3
FAolx =4 7= 2 FF2 47} 386.2°C, 3bke/s, 18I FHY L2 655MWEA 502 F =
A E¥AAE /A HAY. 298 1-302 KALIMER 150 A& A9l Nodalizationg e o,
1-1& FEA9 AL D AP e wach

507t AAAE AA T AoJBS AYste AAEE AXA T3, AlojEe] v E
20 221 & 7HA R ‘4 g 1-31 ~ 1-37& AXERE B} :L% 1-318 389

: 2 A4 EA 046 MWl A A2 FA] F oF 028 MWE =5 7+
, AEd 92 %61 MWOM 002 MWZ F3% 4§ 2

mebd A4z g4 Fo GA 2L A UG AuE W Ao vEhon, ojx
v B 54 mdel A% TzagHdvte AL Utk 19 1-02% AFAY BeE
Agozd, £Fe WIE A%t 9AEI JAHUA Fo] WSEI AL W] 2F U
ZAe) W E AFE Wi 3FE vean,

19 1-332 4F WAAY 4T T 2% Ase Hol¥, 2Y 1-3e 7 #F A9y

AN AT 5 AL E W Folth AFLEN &7 25 A33H A o 534 °Colx, 3/
T FE A Aole 655 MWEH A EE% $dE &S UG ole T2 WA
ANA A BE] EOlt Aolth. 19 1-35% 1-36& 44 47 /& A/EF
AN 4 A5& UrEME} T Wshe AA 2A RN AT @S THgEgly] HEe] o
AR ATE Boln, d7FH L &ﬂﬁkoﬂﬂ e, OF, T8 $o2 A% 4HAste o 34 bar
2 AGER.

BN

Fhl
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09 1-372 9dE UFe % 2XE Jed. AR EHOA ddE $4 258 9 8%
°Cola, B4 EH 25+ 546 °CEA Buk WA} 2=xE o 12 °Colth. 2F9 dAdg
EAS etatd FElFel oz woln, giA] WA Sadw o2 YLus} o 150
°C Axe 2ExE BT o447 Zo] AR §F 54 Rdy d 728 24, 353 24

o] B AN oux), A, 25F To| A REHY) o 72HY T aPo] 7 Ho
= Ao= dudE

=
4]
(o]
A

# 1-1 KALIMER 150 #34 Ad 2 A5 AXE A 20x2

Parameters Values
Active Core Height (m) 1.0
Pins per Fuel assembly 271
Pin Outer Diameter (mm) 74
Pin P/D Ratio 1.203
Upper Fission-Gas Plenum Length (cm) 1325
Core Structure Material HT-9
Peak Linear Power (W/cm) 3194
Hydraulic Diameter (mm) 2.5514
Inlet Temperature (K) 659.35
Assembly Power (MW) 6.55
Outlet Pressure (MPa) 0.15
Flow rate (kg/s) 35.0
Flow area (m?) 0.00435
Beta-effective 0.0039732
Prompt Neutron Generation Time (s) 0.2746
Doppler Coefficient -0.08692 x T
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102-15 e
102-14 }m:::t.’l.’ﬁ.':: ............. :

102-13 e s s s ]
Heat Structure

102-12 é (Fuel rod)
102-11

102-10
102-09
102-08
102-07
102-06
102-05
102-04
102-03
102-02
102-01

........

19 1-30 KALIMER-150 H A 3A4-& 913 Nodalization

_72_



Power, MW

Reactivity, dollar

7.0

6_0 e e - ]
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4.0 4
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1.0 4

Scram reactivity insertion

—— Total Power
————— Fission Power
- - - - Decay Power

T

S e o o o

0.0 T T T T T

Time, s
¥ 1-31 HEA 28AF

100

— Doppler
~~~~~ Coolant
- =-=-8cram

Time, s
Y 1-32 F8 WEE AF
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Temperature, °C

Flow enthalpy, MW

600

Coolant temperatures
550 - Inlet
- e am o o——— - - — - - = Qutlet
4 I “
500 _ﬂ' i
!
i
450 - \
1
\
400 - M e
350 , ’ , . . . : .
0 20 40 60 80 100
Time, s
249 1-33 &% ¥4Ad 2= A%
7.0 -
6.0 ‘
]
5.0 -
4.0 -
Total enthalpy difference
30| _between inlet and outlet
2.0 -
1.0 4
0.0 , , , I : l
0 20 40 60 80 100
Time, s
a% 1-34 &2F Y4A 4.7 +5 d29 Aol
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Flow rate, kg/s

Pressure, bar

40.0

38.0 -
Inlet Flow
36.0 4
34.0 4
32.0 1
30.0 7 r T . T y T
0 20 40 60 80 100
Time, s
a9 1-35 9T+ #F
10
8 —
Coolant pressures
Inlet
6 - = Qutlet
4 -
2
0 T T T T T T T
0 20 40 60 80 100
Time, s

ad 1-36 4.&=T 48 AF
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Temperature, °C

900

Fuel
800 - J
700 -
Clad
600 Gap /
500 — Radial temperature distribution at fuel top node
Full Power (6.55 MW)
— — Decay Power (0.27 MW)

400 T T T T T T T e e e e e . - - ——-
300 T T T T T T ' T T T T T T T

0.0 0.5 1.0 1.5 20 2.5 3.0 35

Distance, mm
1Y 1-37 2F 444 2= A%
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. AHeA ARA 24

SSC-K =S dAE =4 339 d#A A4 25e ddg, N84, F2Ee 2Eg W2t
A % R 4H Sol BF FAT AN 9T 5 Atk o] ZEL Single pin JAE 2
2t ohzt 252 w9 Ao} AHR YARE S 2P & glow, 7]E SSC-K ZEnT
JAY WE AT 2AF AYY S A

e FAF AL ANAE GFE Aol AZHolol Bh w4 34Y DA AN =
e VA A A3 WL 1A AYT 48 B4 PEe THE AER AAAE
A4tk E® SSC-K ZEZ ol g3kl AT 4L Fa57] 98 A @AV A: 22U
4449 44 #42 KALIMER-600 47 AR 7122 sdsd 2209 H4AANE A
st

=432 A BEY ARSA (AN E A ARELE YUY 18 =4 339 #4 &
9 o]23 |3 & 7143 Theory Manual2A], A9 A8 HES o2& Y& AA A
gt HE7|A] g FA MY, 71E SSC-K =g 942 W8 58 £33tx 3lon, 28 & 3=
g o] &3 AL AAet =9 Memory 7%, 987 &8 @3 H9 58 £33 392 ¢
g v dEA 2= 48 Z4L A% 72 i E Aygsiz gl

29 1-382 =4 3Ad d4 REY BEAE Yz ok SSC-K ZEE ZE Yol oy
e Rdg JtA 3 gloy, v E Edo) @3 UAE AMNE Fs7] g E 44 z=
WellA 2 desijx = oA JZsE 2AYPS dlof ) o83 AR S Hsta, =
T =4 329 REF 7)€ SSC-KE 943t 4% 484 7M53le% 2=8 A%
rd = 243t [Ha, 20071

Mathcad £2ZES & o] &3t AJYME AAstAth
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1.0 Steady-State and Transient Thermal Hydraulics in core assemblies
1.1 Introduction
1.2 Multi-D Channel Approach
1.2.1 Axial Mesh Structure
1.2.2 Radial Mesh Structure
1.2.2.1 Core and Blanket Region
1.2.2.2 Gas Plenum Region
1.2.2.3 Reflector Regions
1.3 Pre-boiling Transient Heat Transfer, Single Pin Model
1.3.1 Core and Axial Blankets
1.3.1.1 Basic Equations
1.3.1.2 Finite Difference Equations
1.3.1.2.1 Fuel Inner Surface, Node 1
1.3.1.2.2 Inner Fuel Nodes, Nodes 2-NN
1.3.1.2.3 Fuel Outer Surface Node, Node NT
1.3.1.2.4 Cladding Inner Node, Node NE”
1.3.1.25 Cladding Mid-point, Node NE
1.3.1.2.6 Cladding Outer Node, Node NE’
1.3.1.2.7 Coolant, Node NC
1.3.1.2.8 Structure Ir.ner Node, Node NSI
1.3.1.2.9 Structure Outer Node, Node NSO
1.3.1.3 Solution of Finite Difference Equations
1.3.2 Reflector Zones
1.3.2.1 Basic Equations
1.3.2.2 Finite Difference Equations.
1.3.2.2.1 Reflector Inner Node
1.3.2.2.2 Reflector Outer Node
1.3.2.2.3 Coolant Node
1.3.2.2.4 Structure Nodes
1.3.2.3 Solution of Finite Difference Equations
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3. 9dg IR &3 AnFH =g
7} 72133 B4 FREFAT B

AHABLEEE 22 RASHULE Xz =4 U ZEF &40 dAsE A4S dds,
g5, 28 YA g4 2% F7HF vEd o 53], 5 o
Autso] FUEd JEA 2 =4 E4HE dIALE AANE 7ol Ao
& F ¥ opg 43d WA FER oojF & e FANE 7M.

AAZIEAL T &8s = -i%* Atne ¢Hd AA 29 St} Aba Gl @ A
A el ZHoF ATk HPE IF S AR RH dx}i~ H3357] A% dA2 HS
AT A 2 B8 ASFA Fol A AAE Ay e SFEF AL A 2 9%E 3F
3] sofats Zlo] oSttt &, FF S Atne WAHAE A —'¥°§ AHSHA B9 + 3
B AR e et Atz 9% W, &3 A% e, Gl ARA 23 AR E A
7teted of dot.

FZAAPATLE JEA R F2HH02E 4T &+ 9= MATRA-LMR-FB d4t=
EE Ad #E3 st sto 2 dFede 5 AAIEE I ddam FRESAA 8
Aol A &3] A8A Z AT T B EE B @S Fotsta, desitdy #dHE 7
$ 2o A A ELE st u do gy FrhHos 27 HE HRELE REET] 9
34 KALIMER A5 34 2 =4 HASHE W3 245t 24 7h5d dd8 =5 &

ic

ddz 242 ¥ & A 4N AnHoz g Al A WFZ U 5 Aok R 9A
t YARF AZYY) T295 (random) AHOE ARY W 27t PEH S FEEY
2 2% 9 APAYE S aelth T WA 39E AZEY % 23
2% % ARY A S49E A2 YAEY EE JARY WEY 33

e A% AW £F 29¥2 2%, 492 A9 A5 Fol Az
o ot

AAE YE7F SR §§HY &4 J53E 53 UEY A5 FHo] JFA WP
o FE2EF FRFYoZ AHAZA F Jvh AT Be= AAAT N ol EF o3 HAFEA
WHol A ddgszte] E427t JAHAY AxZFoZ dASHEA 24+ FE7F HAH
= AlnEA &5 Z2RA o7 =713 A std W oA g v So] Bt A S$o|r)

KALIMERON A WA 7158 ghofst 2B &AL WA Q013 Al Ax AL 19 1-39

o] = slelgtt Quidon TREATE 7 HAYL S v£d 422 AMEH 2
3 AL F2e fFRAAR dstd YAA FFol Has 29-FF] EF Il 294
th. KALIMER #dg53h &4d3e dlo] He EHE A2l 98 7] F(mechanism)e th7

2.
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2) §&9d=s B2

N9E 2 YPAY AxAFol 49o] Hol AEAD F F2H AAA FFYOE YARY
o WEIt FRHoE 48 4 Atk YARAY FF AAA BFYE FUF G4 =E
AA FEE A3 okl Enh AT YL FAEAY $FE AP} GAR 277} A=
A AzxHE A LA, AAA A4 2FEE AP AARE 24 A HEH 94
2834 93 FRHYo Re2st AHHE Feol

s 1¥5%E ZF(enrichment error) FET & Ags FH2EY Jda/9 &
# AALEE o7l 1EEHE A2 ddR AXNFAA Fod dss82lug)e F53
A Al w52 AFeAY, 129 YIEHFA FFd 155E JAdgFo AHAE 7
S-o] dAgTh AR FF AT T $AFRA BRIz YASJ AT =4 FHH
Aol AEMEe A, AHFAAE Y HvfEAHgamma scan)E &3 NDE, 18]I neutron
integrator technique 53 22 A% FHAAE &5t A% F Ut

ddg AzY 5 F2A0 IH2 EBR-II$} FFTF 98 AZFHAA AL L F
Jow, FHHYA n5F 4] = AAsHFA = 27] in-pile testd] &5t A 7hs
AbRe] gXE Ao d#A Uk

FE5YAEE AIEstE KALIMER 9A2 5 HASAN 2555 4 aA 9gsix &
o 250dg7} AsEHAdR Yt GHERT A7) Y Hdg FHLET L%
(solidus temperature)o] =€3}7] ¢l A8 s 2v) o] nFHEE 7IAof 3t

e

o

¢
P

Ll

K
3

XL
=

A g/gBA7te] AASE TR L X (eutatic temperature)ol] 9357 YdiME o =&
1FEEE A8 s7d wEtH FH5AAsY AAY, Az, Ad5E 2 AJdsJJFAY FH
Al AT F e A5 202 A FHH 12 o5 279 3 5H &4o] 7|d=HA
T AR AT = A A28 BT E4EHE B9 v nR AR hdd a3 o

o
oh =3 FARGA Y o] T A4-E AT & UV WE HAFELS wf$ vtk EBR-II
Mark 1A A5 A3 st HEE7I27E JEH B 5 S7HAA I 5] E4H=
Fote] Afo® F7H3 <l AAs &4H T glo] cover gas AT T AAFAH A AFo 9t
of A EA =AY

AlnE nEE F e 2FEE 29 teAS ddaY AFEET Ay 23HA e
4<%, &8 bonding cycledll A 2 A<, 27] A 5H &4 A 2FEEV AHEE A5 24
g g Ao 28y A5 &4 AdE EG7taE ddR 50 loAA Edde &Y ol
oA 7] MR = ddgw WEZ2 o] £FHo] glom, £ YAAAFTY LFdEHe dd
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& W hagEnT B AHEE S48 EAS B9 AFES0 449 A4 e B

Mark 1A 2823 ajXol] oJstd HAgE AA Zold Z2H AFEE AT o] e A5
AAZ9 16X E AAdsE §8HA Fdth o]+ TREATS EBR-II A @A A=A
on AEE EFHAAY slumpHAE ggitt ety AFEE A4S 2 ddsgo] 94
2o A" JbeAde v Ror 12 A% Anda 9 mrjsita dddd.

—

3) FHFQA 2 F294

KALIMERE A9942 Ade Adstn gong 97 2 2749 f2a47t 324
=% 47499) Atk KALIMERS 2& E(poo)d A2 WAAAE FA77 w$ 2e §
%2 2 QAR S3E AAHo) Yo YAAE WY & RS wo2 FYH]
Mol FPo2 Aste] AR syrigoz YAHnE B} AFHAI At

£33 KALIMER A8 AFAE T A=oz TA" ¢y X(orifice stack plate)7} &
Fo] glomz 94 A7) o) g9 PAgel mi YRILRE o2 F9d & vk woF w4
Wl &8 ddRRRy $EHE 498 Buo) JeXtE o5 YR ATt ETA
AT §AHA de=vhd 2 $2 n$ 2An. &49 ddgE o AN g e By
29 7184 gEAo] Zad & Yo 1 HPL u$ =gk

FrE FEAHE 3E dATE FHEH {F2EE IE Ao|BE AREAY A9 ¢
FE2AFEE AAY F gl FEAHOE thFH(porous) FEE FAFEE AAH oz AlnF
He g3 E S

4) KLAIMER S 5-&3A0 B4 A4 2 A& 4AAAE

KALIMER =42 v344Q &S ofrlste dds JEA Fd AFE $A357] 4
3t )@ © 2 Mechanical Discriminators, Identification Notches, Inventory System, Low-Level

Range Flux Monitors$} 2 AAE zF3

EZ UM A FE Yo E o)y FEo] flv AAA dAPEZ AL HUF F2 YT
742 A 5 R 3HA] A A, wire wrapped rod bundle 3 2 HAEA ) 93t dAs A
B 7H5dE AAAZT oled AAIEL L XA BE AANFEHEE A
Ao 2 FRAAY AFA FALAFE A 7 IAA EFFH 22 A2

e Yo,

of

=
=
)
%]

o 1o

o Zo
> 2
i oo &
ox, o i
= ore
i

H

2

KALIMER A& AAESS 2% Y44 HeY AAFAALA A% (Delayed Neutron
Monitoring System: DNMS)¥} 7}8}7} A (cover gas) W e #AEYG W71 A 7 A A2 (Cover Gas
Monitoring System; CGMS)2. 2 FA4 o] ot CGMSE 77 o] 48 A8 2 1y

Hed gtz EA4E FAee ATl
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dutg oz CGMSE ME A4 S4& #x A= g2

1} o
o},

AAE BA902 BASEA BEH REGn FeA A T A9 Ay ¢
ARE £4o] BAsy] ol SRV CGMSE o83l 248 AAre 5E 24 715

st}

DNMSE 4% W4A WA FAHAXE WEste A3 (precursors)s A Fo2ZH AR
5o EEARE dFE 4 vtk DNMS7E AXE ZF AheA o2 HY d&EE A7)
(fission counter)& A}&3stH Hroh B2 AWE Ao ¥ & 9ltt. KALIMERE [HX Wil
drywell FEE A3t 8B o= 3719 DND(Delay Neutron Detector)E #=0|7} t} & ¢
2o AR ok A =4S A AT S o) 1 DNMSE dA8 3
871 Ytk

CGMS<t DNMSE o] &3l HARE ZHA51E vjd 3 ~ 5709 ARz B o] &4=7] Azl
A AL&LEAl sttt v 4 o s Ro] £AHE GARE 3 ART FA A
o] gt}

o E AR Fdss A4 2EEXE 4 29 A

FA el g F8F AEA UE F2 A H4s f8 B AFoMe
MATRA-LMR- FB Z =& 7 6]—04 AFE3a ok o] == HEA W oheks A4 3
29 BE 58 9% 5 genz APA A G40 AN G AA A Am WE
REAAT 4ol 488 4 g Aoz waEd,

r°*'

FAT F2AA AN WAA 25 WE 3
B} sdge] AMAY AEE RO o oG AR U A
Fo| A= ot

53] KALIMER-600% Zo] §&8Aq8E AE3te dATE2c 5= 9 v 5AALo]9
T2t AUAA e A dAme} AEAY FEo] TSt DAL AT Ak 29
D SR EA AL NS AT AT ddas E1D Byol FEE] dAdas | 44 &
= 2EES AT 5 glojok At o] & e E A= MATRA-LMR-FB 3=9| dd3%
L= X A 715 ¢ #4951, MATRA-LMR-FB =9 #¥d Z2IHE £4 R4sdn

19 MATRA-LMR-FBZEZdA AR E ZAAHL lumped resistance technique W o]
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E

1 1
" OH
£ c

o 714
N =345 g9
N+l = 3 53% 939
Hc = 34 85-9E 3% gap conductance
Ye= 958 74
kc = 958 431

A9 4L obd) 43t o] FA}W FE# WA 2EE WAL Joz FE & gk

Jw | T

_<c

1
H, ky k

4

_k 00,
°“ Ror kv,

+ Ty

of 7] A
YNna =
kNa =
a8y A2 n2zAMA dige WBFs dAdse FJEAL LAFJEI gap
conductance’= 10000 Btu/hr-ft>-F& 7}43stgth. 19 1-402 $AHY AARE &% A 29§
9l 34 &str] 913 KALIMER-6009] A3/ H =4 AA A5 & AHEste] 343 Al
AFE Rolx vt AN AT EY 25 BX A 27 dd8E A9 HYxEs ¢
653Co) T, NAE EW, F2P FWe] LE= 27} 608 C, 595 T} REZ 7Hatt o] 9o
A I EAA oF 13 TY &% #FHA7F TAsE A& & 5 A

b

fl el
g ©H

rzi B
i

2

ft

=

b
o

¥ 1-41, 1-42, 1-432 edged d, middled d, centerd F, z} A oA o] =4 JFgA &
T2 FWgo g AME dAE, 98, YA WEg 2xEFo|t) 0T A4 Ane
Az% yo e® B2 g3 ANsE Aoz 2AHN MATRA-LMR-FB sldgi
CE AL B o] ATH R Fa 5 o] st S REGAT A AMEE F ASE 9

3},
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4. HCDA &4 xd 7]
7. 27194 EAR4d g

HCDA #4& 93 Axzz AAl= %7194 (initiation phase), & o] @7 (transition phase),
£4 H7td A (damage evaluation), 282 A% A A @A (post-accident heat removal
phase)d] 42A2 E/FE F Jdot. 2794 242 ek FY 5L W% Zihd & 9
A5 F4Y, HEA dryout, AAE && - AMA F, A5 JFAY 7127 FAHE AH
742 8] HCDA 2713885 B4 8t tEx4Qd 27|94 E42 =24 ANLo| 723 SAS4A
9} HEDLe] 733 MELT-II Z= So] U}

HCDA z7]g7 &4 53 & ikgx *J?J%ol AA 71€A & z#3t= UTOP Aty 54
gHno flow coastdown) ULOF AL A], &F H|Solv A5 &&o] TAsHegE 55U
Mo §8d59 o5 e FuldE FHE AHANSEE AYA ded £E3t7] Ao A
st Atavt Z7)e FHAEE B Fe Aotk ol & st 4AF HT 29, ddssdl &84
Fol% 2d 9 A3 A& A5 Bde sde] dAH|o} gt}

Fa A AT HELS HCDA =794 48 mechanistic 2= MELT-III ZE M=
< JfAdste Aottt ol 38 ULOFZ 1% AL 4] 28 & 4| HTEDS /MEst
I, MELT-III i 8 =45 L& /fdstgen, ddass W 88495 oe522 WES
3t A3 2 [Adrde £4& F335A.

I 11

1) 3744 vle2d Ad

7hH AL
AFWZ 1529 AR FHEHE WAAY 4% FF o] 2T A9 =4 W9
AFo] HEeA Ho] AFEERtS: Adage oz F(+)9 e AYE 72 o &
ol & Wgx HAdgH g ()Y WL FHT AAX FHY ¢ HEETF =4 AHY
He 5 =4 282 UM d =4 89 U1 wet dds 9 959 2=7 A
3t olE9 AAAFo] APES & don, A AR 5 T IYdg 8FEY olF

s

uw}2tA] HCDA Z7)19Ald i3l ehdA HohE el s 25050 e =4 9859} o]0

FEh old BHoz Awd 4F wTELL 1

ANLd]| A H%r& SAS Al€e H5EdH J5 AEATOA 7123 FRAX Z =9 HOMSEP-2
“E*‘Ol x|t e} o] REEL AAE dA EXo] 75 Al B, 48 Fa 9

Fafo 3t BT 7RG o] & R3] 93] BNLA A

L—Gi}% U!eﬂ._!" 7HH‘8}92%H], B Ao BNLe g4 fdl o228 722 Ex30 A

H oo

oy
I

o[n

n@

to !
:.\é
_o‘d
32y
_E
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) Qg
9% fEHAel Ud A%, LR A Y@ REJe e o] WA
A%

dp 1w

+
o0 AoX (1-117)

o x=ap

2
1ow 10(WJ+ / WIW]+pg+a—P 0

— + — " =
Ao A X\ p 2pD A oxX (1-118)
ol ] #]
0 1 o
—(ph) + ——(Wh) =
o P+ g = 2 (1-119)

= dgy e oy A W, h & FE2HF, FF d99E 474 el 4
(1-119)8 ZAHREAI 25l v REY FH (Non-conservative form)2 U ERNA

oh W Oh

4+ —— =
Por " aax - ©

(1-120)

2 Apan AT F2UE, Ao #2 IR, WS ol8aw st} = 27, A o
4% 2 $EF RS O 2ol 24T 4 AT
a’l -~y _w,
dt (1-121)
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W W & ¢j f;‘ AX.] 1 Kln KD ¢0 - -
B ———_z__ ) r T 2 (1-122)
Al A5 2p; De 2| p 4 prA4,
71 A,
Pin, Pout = ‘rgri ?:}%:T_L ?:}gﬂl
¢,, f; = Two-phase multipliers} ¥ v}z A3
0.25
v
g, = (1 +xj—£}(l + x, —l—llg—J
Uy He
De = Hydraulic diameter.
L = Channel length.
v, Xj, 4 = Specific volume, quality, viscosity.
Kin, Ko = 2 4.7 dA4&EAA4(Form loss coefficients)
A, Ao = T2 YJ.ET H=29H
g, = fE &7 Two-phase multiplier
= [1 + ﬂrg—x”]
Uy
Xo = F2&7 quality
(o) = ==jo 97 259E
p,=U-a)p, + @, p, © Junction O|AFE L&
x; = (h; —h;) h, © junction °©]’-fr%F quality
a8l &2 3T FHY 2xe 47
1 ¢
W =—| W(X)dX
AASY (1-123)
5= [ pdx
p=1[r (1-124)

2 Aot a9 -4 Holxo] FZE tA] B d
(post-boiling region)o.& U%o] 2 AA Gy w&
O&3 Zol ZAt"Tha 7 s

o (Pre-boiling region)@ o]A+ed <4
ddxe g9 d ol Lyl 2



W~ (LW + 1-L)W
ARLCIRLE) (1-125)
. 1w
p=— p;)AX;
L Z( 1% (1-126)
A REA (1-1200% FA] FRHAH o=z
(p)th"“ =W(h —h,)+ 0O
1 dt s (1-127)
2 & F 9= d, o7)A
{W,-,, X<IL,
W =
W X2, (1-128)

Q= hcA(TC—<7}>)—EE— Uebdoh aan (1) == FF 50w, =9 %2 Junctions®]
e ggel Agdath F (1) =T, +7)/2& Agsin, 2FLE: dguwy 45
T, =T(h) 2 B3} dALASE SSC-K9 Aok’s Correlation [Guppy, 198318 a2 A}
#3335,

Nu = 60 + 0.025(gP)"® (1-129)
o 71 A
7 - 0.014(1—-¢77'3%)
X

o]il, Re, Pr, Pe= Reynold number, Prandtl number, Pecet number®]t}. Laminar region$!
Re < 3000 A%l Nu = 4360] Atgdct, e v 5o BAe #H$o Agst I
GAFE o4 FX EJormZ AAMEZAN = 4 (1-129)8 22 BA A @aH(Single Phase)
thAl o] A 9 % (two-phase density) & AF& 3t}
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) A 84y

LdWw " 1 R A = VY
s = (B - B) ((p F o) g2 (i) AX,

pret | ksl N2l 6 fAX p
PR, 1 Ky Kb
| 4| 4 S200)'D, 2[(0) 4 (P4,

n’}kﬂ

o] Aol Atk izt ARHA W and W e A (1-121)F (1-125)28H

k+1 Ak+ o
R I A Ay ey
in L At

Wk+l — Wk.H _ Lbk+l.A_éfi_:——ék—
At

k
P V . + + +
< ;t> (hjl'cﬂl - hjl'cﬂ) = wt l(hlk - hfl'cﬂl) + Qik

o] A& thA

hy 14
(l g = A otw B,

2 479, 4714
Qik = hvo(va,i - TZI’C’)

i =% j+19 270 Junction& AAZE & 7H == WUE

h, = dALAF
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(1-130)

(1-131)

(1-132)

(1-133)

(1-134)



T} = i WA xTo WA 2%

of daixde AW 53 £X4 433 FAE A8 A 1-133)F 1-134)E

k
4
<Pj> (B - h}k) _ Wk+l(hf+l By 4 o

At J J+1 (1_135)
1514 4

P = g B

WAt WAt (1-136)

% (e W =W, <0)2 8]50°] Upper Gas Plenume°] otld g 99 (L, KL)
of AT w F2 didEth & FRA BTl TSl A 7 time stepd] AlFAANA ZF
Junction®] WZAA2EE T32E4 Hluste HF2H HEARE Rt o] 272 24
A2 7Y A B X3} (Superheat)E Aok st H, B Rl E & RdoA FZ A3
+ 10 TE A3t . [Dunn, 1974]

SR YA 4HETE A (1-130)904 QR A & Ag5t] 4] (1-137)¢ E3 A
Az, AdE F2ET gel Fojd AAzRA 7YY ANsH @od oA A
(1-130)1 A A2 wr' e Axss T4 ¢go] AXE wr7px] W2 Aarste] Fatc)

Ldw 1 1\W Ny
P =P - | — | NAX .
X in A dt (px pi)Az g;<pj> J
U218 WA AT AT [P
A| A% 2p, De 2| pd P4y (1-137)

of oM X Ny ¢48e AdstE A8 1 Aol 8 == F8 £k 191 Be

DERERDIES

Upper Gas Plenum W3 He 71419 2% H3E vt ouyx] nE&Ea oz Ao
Plenum AAME 3 79 #2252 7148ty 48 & ol A7A BAYE o] &3] 1 250 o
3 E3E S Az,

C VdTg = hA(T - T
PV~ = AL L) (1-138)

q714 p, C,V, T, = 714¢+=, 8] ¥, Upper Gas Plenum®) A%, 7| 5¢ FJRlA)LEE
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Zrzh vebdch, aea hy, 4 1.5 71A9 A5 A iY-EE Alele] EAQASF, EddHA, 95
AL=d BATT. 71ARER d#AYE $3l Upper Gas Plenum 999 & % 24 ==
&84 255 Upper Gas Plenum A Aol dis) Foste] 3 /Mo 223 A ST

N
T = )T Az/L
¢ Z‘ c (1-139)

T & 2 =59 984 exeln, Az; & [ WA =29 Zojeojth.

) 29 AE AL

Mid 59 2dS o] &3} KALIMER dAA sjM == 37FA 9 ¥4 Fx=7]8 HAs
o 2de 23 gFAPdS AFsAdd. AP 3712 H$-E UTOP(Unprotected Transient
Over-Power), ULOF(Unprotected Loss Of Flow), ULOHS(Unprotected Loss Of Heat Sink) 4]
717} ddE e A2 WY IF 283U FEYT 4HRLEE A8 AL, FEYA
WAL= ok tig =7 Eolth

O9 1-45¢ £ A@AL AMgHE FE HAd8 7 Yo i 2ol A F ABE
vebdth F 1-28 KALIMER =42 29387 9% 712 d8A50H, & 1-32 A1t AHE
d A2 Slug W SHETE 20 I 1-450A Rolko] A5 RS FAsE 471 49
Lower End Plug Shielding, Fuel Slug, Sodium Bonding, Upper Gas Plenum$¢] doj&= Ztz} A
A AAFQ 1.1170, 1.20, 0.250, 1.1379 mE A&t F24ole FAHA S A3 £ 30 /19
222 Uy o &) 31 719 junctionS 7ML =2 4709 d9e 242 6, 12, 1, 128
H ot

ddg 297 $Z& JgAE 1 £8€¢ 543 MW/Assembly 9t o] I Ao HHF EF=2
2 0.0359 kg/sE A€ FATHIOC-CD-013-2004]. S =2] AAAHA S Azfzz 2dyr] o
ol dR%Ee wigke]l WA Wslte 7AstA dok 2EiA HAEEY 99 Fod e
10 x 10" W/m® 7} Ak ¥ 1-39 9% 9y ExE 9 SSC-K 948 [LMR/SA
241-AR-01-03]ell A 7} sk},

SSC-K AlArA 3} [o]-&, 2005]° 9&tH UTOP Al A =4&8e gt 29 0.036 (&, 40
27 1452 Z7D)9) vl &2 Zrhstm, =4 479 27dEe 247 230 x 10° Pa 3 13139 x
10° Pa 22 AXNFAL 281 =4 4T 2AFSEE 65085 T2 7M. 18 1-46€ HE
A FAAM Y YAA 2EFTE RAFH I3 g Ae i @I e=s
= FAE RAE

o

L E

ol
2L

WA =38 255 Fuel Slug G 9olA S8 S71e &7 343 FolAA v 5x2A
(10 T JxshH& T5sd ol F d2 Aol Zasidate A9 AR EXE BAY 279 vl5



< ggo] g & {FE FoA TAZFAE A7to] AUHA WA ZHE Upper Gas
Plenum W9 7l22 A o] A& YA 571 2olx A Fuel Slug®l FdoA thA] H)
ol HAZH (Y 1-47).
¥z o] HlZHE HE 7|E o] 7} 3
S & 5 ok Lyt gastds W e G230 JF8% (W) gadt vy W, 2 g
aJr A Gubgo 2 Jepdoi (Y 1-48). 1Y 1-499] A3 E v]|E Yol %
06 & B¢t AGHo] 7|EZ QAR E AL BAF

o3
Hi
flo

n- OPH

#RGAE DAF QRIS 2 ATGRE 100 2 5F AL DA ST G 23
). Over-power H=7| A4 A B} FASE A5 E BHoErh 7[EH o2 & AL #5271 A
Pt g ¥ AE2Y AE7Y AFH & Hole 2AHA Feoh & of 71271 AA)
28 A5l AL FE29 459 2o 28 1-50014 1-532 FZFFAA ALLERE RS
=, 471 E JA H5E {2 oA AE BASA R A dEAEo] 2 FIA 2

o] 92 Azt

AAALAAA LY 2E ) YT+ FAALEE 23 10 CTE F/MNFHS. 92 Rx7)9
A FAH AS S Roln, Axte 39 1-54914 1-567H% YEbde

rlo
>
r.}i

o4

o

0 AFH5E 99 A48 93 AW SSC-K =2 £

SSC-KZE+x 7|2A 02 A% Y EgE 93 Aol & AF 5%, oduA BEW
A2 v AE di4 A2 (Nonlinear Algebraic Equation) 0.2 A 33l a2 73} =7 B
SN XA AHAELE A ATE A5 MY F OAFTFLE o] 7 F AT o
Time-step Z71& @28t3, dAd5E e dAx HAA & 37 dairdes &9 FIFAEHY
(First—order fully implicit finite differencing scheme)< ©] &3t} HEE oA A4t = g
2 8e 5.2 Prompt Jump Approximation®] A&-Eth 2 E Time-step A 2 o=z
A AFEATE HAG AGEE BHEE] 98 AFHLE T3 238 F %
At

Z2ade REFPHE HEoA 4 EE I HTol5S COMMON blockel] 93 o] Fo]=]

3 4+ JEF Variably Formate 2 F45e] o}
¥ ] A% 1249 Array 2 FA|H0] 3o o]l AR g
= ¥, AlE9Y A8, 2 3E ALEAdE d#HA SI @9 E AFS S

X529 3F

SSC-K Main 213 718 WA Subroutine ‘MAINIT A %71Z7AL A=
INITOT ¢} #=7] AAES =335 DRIVIT'E AdZ R E¢) DRIVIT'E A A% W &2



S AAMetE DRIVIT'S WA degye) ddg 22X E AlAstE FUELST' & X 33st9

71€} Subroutines 2 T4 o] Atk 19 1-572 olo] & AAEE BT o IHNAN 47
2 FA1Y B2 7% (Subroutine) 5L AFH ST A 98 FAHEL 713 ASoly. E35] y)
SAANE 8l AEEHE FEZ2aPE9 7|58 19 1-589 g2 =24F o2 eyt o]l B
Z2ad i Ay 49 g3 2o

(a) COEF6T

o] Hﬁil%fﬂw—t— 2o 97 % 79 v, A, T A &g Fst Aljtel 2
3 S AA AN 2 e R ZF F2 H Node AA 9] F5vz, 34 (Form), 89l
o] 3} gaﬂo}e AXgTr, 714 ¥4 (Index), ‘L6BOIL (1IL6BO+K)'E K-424] v S o]
P o™ 1, 1 9ol 002 FAEG. whef ‘L6BOIL(1,ILEBO+K)’ o] 13te] olUd Hl5#&A
FE AMNS AT JALE FH FES ANEY o] gL FUELTT A BSHF @
o et Gt o] B ZRIYA ALEEHE Fo UFES S 2

FKIN : 29+ d44g 243t
FKOUT : #2&7 #4487 s)
FGVIN : #2247 FH¢H438
FGVOUT : F2&7 T84 A st
D6COOL : Junctiono| A2 4% Y&
F6FRIC : ==& wlgdA S

TAVG : ==43 Hd 2%
RHOAVG : ==4% Hod=
FFRTOT : W52 & w3t 2s)
FMFTOT : R 2 F gA44HE33
FGV : WEF=E & THIHAS}
L6BOIL(1,IL6BO+K) = 1¥ A%
VidgAg 52 79

Z6CHAN @ yztA] 2 o]

C6X1 : Junction Quality

C6TPF : Two-phase Multiplier
PHIOUT : #2&+9 o|4f5 ¥4 Multiplier
Z6L : 2 (1-125) 9] L,

P

oy

DRHO : ™' - p

EXPAN : V(0™ - p")/ At
W6eU(IW6U+K) : H] 5 ZPost-boiling) F=. =, 4 (1-132)9 Wou
WEL(IW6EL+K) : @A Z(Pre-boiling) % =, 2 (1-131)9 Wi



(b) INTGIT

T3 TS A8 4 729 YUK, K-#2)& 780

(c) ‘EQIVIT(1)
INTGIT' 94 73 YI(K) #t& W6CHANS 2 F=th

(d) ‘FLOWIT'

'VESLIT' 22388 83 & =443 44, 2 §248 27439} Inlet Plenum ¢4
(Pinv)& Ao, o] #2232 oA} 'VESLIT ¢} 'FLOWET'E #-&

(e) 'POW6T’

o] R AN E Z 28 =4 A (FEE YA + 59F)& Al ddg
Z8 X A Al Time-step(SIDELT)H ¥FS =& u# 3t 4 8D olyx] AAF A] AFE3}
Time-step(SSFUEL)S A & 21 S5FUEL < SIDELT #A9 th 2822 x4 &
oA A4t Al SIDELTS WAatsi A AL&-3it) o] 2O ¥ A= F5PMPL% F5PMPTS
WAitete F5PMPRS f&d AH85HE F8 AFE g% 2.

e rr orle

F5PMPL = Fission power fraction at t = t,
F5PMPT = Fission power fraction at t = t, + SIDELT
FS5PMPR = Fission power fraction at t = SSFUEL
F6PTOT (JPT) = FFRAC*F5PFIS(IF5PFI+K)

+ F5PD(JFPD)*F5PDCY (IF5SPDC+K)
F6PTOT (JPT) = =4 AAdA K-F= & 424 v &
FFRAC = FS5PMPR = Fission power fraction at t = SSFUEL
FSPFIS(IFSPFI+K) = =4 AAoA K-fr2 &gl o I v&
F5PD(JFPD) = Decay heat fraction at t = SS5FUEL
FS5PDCY(IFS5PDC+K) = =4 AAA K-F= 594 &4 v &

(f) ‘PREST’

A7 E HAAE, d8A, 7229 == 245, @AY ANEDAME HAR 8/
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(g) 'PROPST’

Az 9 FBA B2AX Ado] o|FojAt T2 YL FASG HBA G&F AN
HT-9¢] gtol oAl = A},

(h) "XPAN5ST"

o] REZ YA E 2ERSY g UGS 18T Ho|HSE At w29 AVIE
Ao}, ghek WA dAds Ao B EA YF HAFRY AW HAdE-EA L flojd A
o2 3}

(i) ‘GAMAST’
A2 259 Aole dRBASE AQ B,

(j) 'FRADST'

YAds ==l E4 Hles AT

(k) 'SGMAS5T’
Adgl vEAG WA FREAA LA 49 F, @

L

g dudee A9

(1) "COEF5T’

YARR LERE, JBA S, YA &%, F2F 5o to) A=Y 2 ovix nE
Hge HE Ta A% FLA) AFFE ANAT,

2B AU BEHL

T'n+1 _ ]—-Tn
STRUC STRUC | _ n+l n+l
At - UASTRUC (Tcool TSTRUC) + QSTRUC

pC I/tS'TRUC

2 FolAH, #4e) == Reldn fAARIY LT 2

pCV, S UA ot CV, UA
( AStTRUC + UASTRUCJZ sm‘uc - SzTRUC = =£ AStTRUC Tsnnwc SzTRUC T3 + Osmmuc
7] A,
P =FJz2F 4%
C === H<
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At = Time-step
U = 3Z4A-F2E9 dAGAS
Astruc = 728 Hd9HA

I

I = g2 = g7ex
T = 2 x= 27e%

T, =T, +T,)/2

YA el o nEAe Aesd gL 2.

n+l n

(Pcp) V. (%] = ’hcp (T;H - TCZH) + UASTRUC (Tsr};luc - ]:JZ:;)

+ (NRODS) g5, AZ
+ Qcool I/cool

c )WV, . U4 - 3
(pApt) +mc, + %}'[;ﬁ” - (NRODS)AZ([§F'+3

c )V . U4
_ %1’; + {m c,- _Szmi} T+ Qoo Vi

st
- UASTRUC TSTRUC + {

AT A= A4S A 22 dd5 SlugE NF/H9 NodeZ 1, A, 54 @2
A, R FEES 42 3 719 NodeZ UEPATH LR 1-59). AAd 59} 9 EA 9 443 E 18
o wbAWske]l Node: ¥ e 555 ¥ (Equal Radial Increment), £ S944H 4 (Equal Area
Spacing) ¥ E 57} 7} sio)

s 2 AR hF GAEHL e & F¢ ARGl AgAT F,

T(r0) ~ T(r1) = TOF,() + gu®F, ()
+ T2 (E) Fy(r) i=1,2,000,NF,ees, i=NF+2
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(= 1) = 255, ln(r / 1)

i’l(r) ) I 2rt+l 112

() = A~ r) = 2lnCr/ 1)
i,2 Zﬂkl I 2r;+l I; )

E . (r)=- (r _r+1) 2,+,€n(r/r+l)
N I 2,;-*-1 112

2z FoAEY, =09 Box=

E’,l(r) = 0.
12( ) - (r _2r+l)

E,s(") =1

o ol ReAh Al I ghEe

, _ =Y -2 - )
il 2(r+1 _r)

L _(r _r+1) 2?‘ En(r/ H)
i,2 2( +l _ r )

2 Fojn. o]5 A5e A4 'COEF5T’
A= 7Z'(r - )

i+l

I = ("2 - i’ii)/Z
12 — M 0'5
(2 =)

(’” _”) 27‘ En(r/ +1)
1, -2t I,

i+l

F =

oF _20 -1, /n)

or I, -2r1,
1

E,= [ F, - tn(r/r,)

} In(rir,)

REzaPdME oS
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F,= _F:',l +1
o2 ALg3Y FRE JUA REYS
ggo] 7&ds el S84 e de
) L y:|
e g T, =T
2 28 g3t by 2
qzsvp+3 = 9 EBA9 WyztA) Alo)e &

TS

vy = HEZ THEE
54
27rye b, At 2ntye b, At
'gap NF+1"%gap +1
- y Topa + (pcp) + Fypioy o T, A7F+2
NF4+2 NF+2
At 27ryp B, A
{1 + 27, NF+1hgap Fype 2} Grrss Tore

NF+2 NF+2

L

dag Y ==

(pc.) + 27k At OF
P 4 o

T a+l At 3
(pc, )1 + — %

i

= (pcp)'T]" + QA

A5 -YBA Gap 2573}

— 27 ryp b

ap Ly T+ 2aryp b F

¥ "4 l
Gnrn ap L NF+2,1 T, NF32

+ 2ﬂ.rNF+lhgap Fypios Qyrss + 2”rNF+1hgap Fypias Tiris

AA o] 42 SSC-KelA

- 100 -

. or 1) 2mr
7;”“ + ﬁ 1+ Zﬂ};ki —'2\ (];1 + _ZL_L__
r; Ai 5}’ . 141

rk At OF,,
or

=0

= Ovra

Ay
i+1

=0

1z



UAF = - 2xth,,,
XNIF1 = r,,,,
UAF * XNIF1 = — 271, h

gap

NF+2

Qyr +UAF* XNIF1T,,, — UAF * XNIF1*F,,,., T

rNF +1 hgap

k

NF+2

+ UAF * XNIF1[ Fyp,p, = 1] T3, = 0

5
+ Fypoay * 1 = n(rye | Fypss ):I dnF3

AA8-9HEA Gap Q& A&

OF, — OF, OF, ‘
ez = = 27 ey gy | — 2 Tii, + '_NF_”H“Z‘QV + = Tiras
or or or
SSC-Kel A
UAF =2rk,,,,
XICT =, NF+2

UAF * XICI = 271, kyp s

2 2 2
F = (s = Taras) = 2p s f0(Pyp [ Ypss)

I - 2erm I,
_ai?_ _ 2(rypyy — r13F+3/rNF+2)
or I - 213\2,”3 I,
1
FNF+2,2 = —FNF+2,1 - En(rNF-rZ /rNF+3)
27kyg.,

FNF+2,3 = —FNF+2,1 +1

, oF, — oF, ‘
%S/ﬂz + UAF*X[CI*_gFiZ\:ﬁz + {'M*] - ;]q‘u?z

r or > xIcI

oF A
—UAF*XICI*—gf—*—z—’l—T’ =0

NF+3
7

2 45 qok
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$8 A2 A5 NF A9 942 Nodeol s T, @, Tl 3749) sz 7452, 924
of sl 7_}~/1~*+2, q;/ns, Twag gated % 3WNF+) A% fmwc, oo 2708 vatd %
3INF+1)+2 718 A= —7-’“51 = (Implicit) ¢} F221& A&t} of Ao NF+l ==& iz

9} FEA] Alo]9] GapolE & Tyrw Qe Ty = UeElh}A 9=

(m) 'SOLV5T’

#% ARNE2 T4 24 Eoh

(n) 'PUTST’
TAY A AFEE B2A MRS e o7l 2d SSCK AtEdE nen
2 £FERE B} g

Ac)

(o) 'FUEL7T' 9] &®HT AL =

AFVEY BUL UG Foj wto] HFY EAFTE FAWT o] HFo] EAW =
Sold thg =EZ olFUTh W HSo] EASA Frohd WA FFLEY HER4 T)
o Arhzkg AN of FEH} AT BAE MFEA AFsHe A BUBTh B} vl
$24¢ BFHL o] 257} TRLE Rk EOW HSo| WARDD BT THHF Indexd]
LBOILK = 12 Ael@th o] #4& BE weol gja) A& e o] F4o] BUd ez w
NF2E7 MERY =28 TP e Bus

of F2olA ol | == Qualityh 0 Rt W 71Ee] 1Fo] EHAY x2o|BE o] fE

A

FE2EE 937 Y& ¥5 = Index$l L6BOIL (1,JL6BOI+K) = 12 A3t1 HIE mEA]3

A U2tk Qualitys WEol] 'PROPTT/ A AAHEE & 3 w=oA] v5xd
dets o] Mo ¥]5 =27} ol i L6BOIL (1IL6BOI+K) = 022 33 thg
A& @t |

H]

e U I oln
_OJL e

=
=+
El_]_.
o

BA 1E HEREL A2E HEREE EFetW 1 =S uFo] AgNA ggonz

L6BOIL(LIL6BOI+K) = 12 ¥+t}. weba] LeBOIL(LIL6BOI+K) = 10]9H #2 W Hl5x=E9]
A B P ohe /T2 QualityE ToT Z F WSAF EF 344 B BN

'"PROP7T'o A Al4bgch, 28 1-602 ol g AAl 8558 =48 oz HoFEo,
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A HlE R4 SSC-K 42 digd APALL

2% H5 298 A& A SSC-K Versiond A AAS =33t 28y 71& ATWS Ab
BAAE =40 A S e R YA v Fo] TASA &) “H‘-“’ﬂ THE Abx
% 3% ABARE 7R A S AT HES FFEFAALI] T 24 F, A3 4
oz AAPE #AALH(Coast-down)o] £A4T3 7Hdo] Ay & s}};}{‘:—tﬂ 2 2 gk
%7](Pump Halving Time) A Agte] AF% &Rlo] EFolt}. ulFo] TAse =7 & 3
71 918 o] g ol ANE FAT A7, A HARY 10244 1.8 22 (& 4F =4

W AaFH S0 AU

12 2 AgA ALSE dds B 298X E = HoF RoEt. 19 1-62%
HZE7lo) 2 x4 WS E AN ARE RAFEH, HFe] BT F99 udx
&3] dashs o ¢ Aok 29 1-632 W] 18 29 AS w8k W E RAFEd, 2
852 dAE 9 Upper Gas Plenum A A 237 WFol 42 FAdo] & 7|
F USRI A 4Ud 4SS Holtrh HFdFo] dds SAHLE FUHUEA e
Aadte] HAdE 2§55 o2t 1-64).

of Mol YPBLw: $EAo S2e, Aw vFo| BAHD A
§ 2eIEd. 29 165E @ W48 71T w2 §29 STY 43
AFE d, Ag LA A WS FFE A Yrtm A
o2 AR 5 BAE AFL nelFoh
B JZEEE BFEv, YAR Slugd FuelA AE H5e
Friold, 25 AAE S4& FUAL] 1 NESE B X7

8 W

fo ru
N

L
X
K
o

P S o a0

ARH o HSo WE w4 H2E9 VXL AFdgEo] A5 Ad#AAo| FAHI,
SSC-K A E EAHo] 2AHA &E o2 AP o o] vlgEd] SSC-K = 944
2 3ol AEAS F U
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£ 1-2 22 A FAR ] ALEE A

Parameters Values Parameters Values
used used

1. Active core height (m) 1.2 7. Inlet Pressure (Pa) 2.30x10°

2. Total channel length (m) 3.7049 | 8. No. of total axial 30

3. Flow area (m?) 2.87x107 nodes

4. Hydraulic diameter (m) 2.87x10° | 9. No. of radial nodes for 6

5. Perimeter (m) o074 | ﬂ;\? fuf'fl P*;?;t ; ;

et e . No. of ra nodes
6. Imtla.l liquid flow (kg/s) 0.03594 for the cladding
7. Nominal core power 1.0x10 11. Time-Step (ms) 50

density (W/m®)

F 1-3 Y& ST dgde

Segment No. Fuel Slug‘ Node Normalizeq Power
Center Position, m Fraction
6 0.05 1944 x 10
7 0.15 8771 x 107
8 0.25 0.0024
9 0.35 0.06527
10 0.45 0.32916
11 0.55 0.35938
12 0.65 0.23966
13 0.75 9.305 x 107
14 0.85 9.305 x 10
15 0.95 6.316 x 10™
16 1.05 4157 x 10
17 1.15 1432 x 107
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Boiling Zone |

Pre-boiling
Zone

1Y 1-44 A FYE FEANN 2E

J=31 i
Upper Gas
Plenum
1.137m Sodium
Bond
J=19 Fuel Slump
=194 .2
J=18" 0-25m Lower End
0 e
3.7049 m Shielding
120 m

J=6

Channel Control
1.117 m Volume

}

a8 1-45 AIFAR 94A wE ALY

J=1
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Temperature, °C

Temperature, °C

Cl)\ — 1T 1 T T T T T T T
. N .
950 - 7 C~0000¢ -
Saturation
900 - —
i Wall i
850 -
Over Power = 1.45 for 40 sec
y T, =650.85 °C T
800 - Q" = 1.0x10* wim® -
750 4 —
i Lower End Plug i
d Shieldi
200 g an ielding i Fuel Slug I I Upper Gas PlenumI i
1 Sodium J
650 Bonding i
1 - 1 > 1 1 7T 1 T 1
-0.5 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5
Axial Position, m
O3 1-46 852N =4 EEEE (Over-Power)
1 1 T T T T T
1050 Over Power = 1.45 for 40 sec ]
' T, = 650.85:C 1
1000 " 3 —
_ SN Q"=1.0x10" W/m _
950 — —
900 — -
850 + —@— Sodium 7]
iy —g— Wall A
800 - =14.825 s {2 Saturation .
750 - -
700 H —
650 -
600 I N B e B S A m e
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Axial Position, m

a8 1-47 dZ3A] =8 X (Over-power)
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Flow, kg/s

Axial Position, m

= = = - Channel Average

Single Phase Zone

''''' Two-Phase Zone

Over Power = 1.45 for 40 sec
T, =650.85 °C
Q" = 1.0x10% wim?

T
12.5 13.0

I
13.5 14.0 14.5
Time, s

Y 1-48 YA 2 5393 (Over-power)

T
15.0

4.0

3.5+

3.0 1

2.5+

2.0 1

1.5 <

1.0 1

0.5

Over Power = 1.45 for 40 sec

T, =650.85°C

Q" =1.0x1 04 W/m3

0.0

12.0

I
12.5 13.0

g 1-49 7%

T T ' T T T
13.5 14.0 14.5
Time, s

£ A3}t (Over-power)
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Flow, kg/s

Axial Position, m

0.10 +

-0.05

o R R R gy P

~ - = - Channel Average

Single Phase Zone -
''''' Two-Phase Zone

Dant, e sy o e

LOss of Flow

Depressurizatioion rate = 1x10° Pa/100 s
T_=650.85°C

Q" = 1.0x10* Wim® ]

295 300 305 310

I 1 I
315 320 325 330 335 340
Time, s

a9 1-50 WA f-F¥Hst (Loss of Flow)

LOss of Flow
Depressurizatioion rate = 1x10° Pa/100 s

T =650.85 °C
| Q" =1.0x10* Wim® |

0-0 L) I L l L} '
295 300 305 31.0

T T
315 320 325 330 335 340

Time, s

a9 1-51 718 A3 (Loss of Flow)
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Axial Position, m

Void Fraction

I ! 1 4 1
3.5 -
3.0 -
2.5 4 -
2.0 - -
1.5 -
] LOss of Flow l
1.0 4 Depressurizatioion rate = 1x10° Pa/100 s 7|
] T =650.85°C ]
0.5 - n -
] Q" = 0.4x10° W/m’ ]
0-0 l L] ' L ' L) ' L l
70 72 74 76 78
Time, s
a3y 1-52 A& A 71E& A3} (Loss of Flow)
I ¥ ¥ v ) 4 I ' ¥ ' ] ' ) d 1 v ¥ 4
1.0 5 o -
] o % ]
@/ ...‘“...
- | ® 4
0.8 i ]
f [ )
J L)
. ] .. .
i ®,
| O,
0.6 - ] ® -
i I LOss of Flow N
0.44 t=3364s { Depressurizatioion rate = 1x10° Pa/100 s |
| ; Tin = 650.85 °C |
| Q" =1.0x10* Wim®
0.2 4 ] .
] | ]
|
0.0 4 &0 200958 -
I ! I ! I ! I ! I v | ' 1 ' I ' I '
-0.5 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5

Axial Position, m

1Y 1-53 71E8& X (Loss of Flow)
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Flow, kg/s

Axial Position, m

1 ' I ' I ' I ' ' v I
o H
| |
0.10 - 1
4
1 | - = = - Channel Average
i )
0.05 4 ] — Single Phase Zone
E ————— Two-Phase Zone
)‘\%W“W”‘”h— ez T ST A
0.00 -
4 LOss of Heat Sink = 10.0 °C/sec
T. =650.85°C
-0.05 — in
Q" = 1.0x10* W/m*
-0.10 -
I 4 ] v 1 v ] ' I v I
11 12 13 14 15 16 17
Time, s
a9 1-54 2 F%H3} (Loss of Heat Sink)
410 l L) I L) I L] l Ll l L3 I
3.5 -
3.0 -
2.5 1
2.0 -
1.5
0 ] LOss of Heat Sink = 10.0 °C/sec
o T =650.85°C
0.5 Q" = 1.0x10* W/m®
00 1 ' I ' ] v ' ' ] 4 t
11 12 13 14 15 16 17
Time, s

¥ 1-55 2 F3¥H3}t (Loss of Heat Sink)
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Void Fraction

1.0

0.8 1

0.6

0.4+

0.2 -

t=16.83s

Do,
§
® ..‘
/ (]
[ ]

|
."—-.——.——Ouﬂ---.-—.‘..i

~osesseq,,

LLOss of Heat Sink = 10.0 °C/sec
Tin = 650.85 °C
Q" = 1.0x10* W/m®

0.0

T T

1
0.5 1.0

T
1.5 20

Axial Position, m

25

T

T
3.0

35

a8 1-56 F2W 71 EEXE (Loss of Heat Sink)
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INITOT

MAINST

DRIVIT

DRIVIT

——p| COOLET

LOOP1T

LOOP2T

Y

y

STGN3T

REACST

INTG1T

—»| DEFNIT

PDFG1T

Y

—» RESIT

PUMPIT

EQIVIT(1)

\

PLOSIT

EQIVIT(2)

FLOW2T

POWBT

PRE5ST

XPANST

FRADST

SGMAST

| | savesT

PRNTOT

a9 1-57 SSC-K Zg21d %
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INTR6T

INTA6T

Y

- GVSL1T

! VESLIT

——»t UPLN6T

—| FLOW6T

PRES1T

F——— FUNCIT

——p»| EQIVIT(3)

X &t Subroutines



Yy

FUEL7T

L | INTGIT
L | EQVIT(1) |  Set Equivalence (WBCHAN = Y1(K))

SOLVST

i

PUTST

TSAVST

i

=
ot
r
e
%
%
~
1z
13

Total Reactivity Calculation

Coef. For Flow Equation
(Friction factor etc.)

Integration of Differential Flow Equation
(Find Y1(K), K=Channel No.)

Core Pressure Drop & Pinv

Time Derivative of Flow Equation
(D1DYDT(K))

Channel Heat Generation
(Fission Power + Decay Heat)

Number of Node Determination
(NF, NC, Nstruc)

Physical Properties of Fuel Slug,
Cladding, Structure

Linear Expansion of Fuel & Cladding

Thermal Conductivities for Solid & Heat
Transfer Coef. at Clad. Surface

Fractional Heat Generation for Nodes

Volumetric Heat Generation for Fuel,
Clad., Coolart, Structure

Matrix Elements for Fuel, Clad., Coolant,
Structure Temp. Calculation

Matrix Solver

Setting Matrix Equation Variable into
Physical Variable
(TSFUEL (ITFUL +L) =TT (ITT +L), ect.)

Node Average Fuel Temp. Calculation

Enthalpy Calculation in Boiling Channel

Physical Properties for Coolant including Two-phase

238 7589
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L6BOIL(1,IL6BOI+K) = 1

L6BOIL(1,IL6BOI+K) = 0

yes

no

Next Channel

29 1-60 'FUEL7T’ #==233 A4l 3§%
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Power Fraction

Normalized Powr and Flow

0.20

0.18 -

0.16 +

o

o

N
1

o

-

N
1

o

-

o
i

0.08

0.06

0.04

0.02

0.00 +

1 J
Lower T Fuel Slug | Upper Gas Plenum 1

-

Shielding Plug 29
o o
\
?
\
0\ ]
i -
J \
o —9o
v T ' T T T T

/

/o
®

0 1 2 3 4

Axial Height, m

19 1-61 #dsTH E85EX (AFALD

10 20 30 40 50 60 70 80
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Reactivity, Cents

Temperature, °C

1 v 1 ' 1 v ! ' 1 ' I ' |
200 -
- 7,,=18s -
150 - -
100 4 Sodium |
50 =
o .. / Axial Dopple.r_ N _
s0d 0 T AT i
- Radial J
-100 T ! T T T T T T T ' T v T
0 5 10 15 20 25 30 35
Time, s
a9 1-63 &F BlTA =4 vhg% w3zt (AIFAL
1050 1 I ¥ I I
Fuel melting, Hot Channel, 1.7 m (Node #38) _
600 ' L} r T [ L] l L} l LJ
0 100 200 300 400 500
Time, s

a9 1-64 HE RRUIE Y4A 25233 (AP AL
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Void Fraction

Void and Power

1.0

T T T T T T T T T T
_ T, =18s
0.8 12 2.015 m(#11)
0.6 e
i .
!I '\ , _'
0.4 ! i !
7 ! 1.91 m(#10) 1
] : \ 't‘\ //,: 1.805 m(#9)
02 | i D 212m@2) | N
. 4y . 1 I
P 2573 m@#13)y ! ;
J ‘ 1‘/ , 1 . ¢
0.0 b ! 2 ': - _{_ -
T T d T T T T T ' T
23 24 25 26 27 28
Time, s
19 1-65 71X& FXWS (AEAM
1-0 l L) I L] I L) ' L)
- ’0"\0 Hot Ch 1(32.0s)
ot Channel (32.0 s
0.8 9% L .
? yOuter Drive (32.0 s)
P4
0.6 { 1 -
] Hot Channel (24.43s) | 4, ]
0.4 j | i
] i ]
0.2 g i Initial Fuel Melting
] Axial Power Profile ,0”?‘ ‘, (Hot Channel) ]
RN 4
]
0.0 H @ —yr=—8 -4 @ & & O -
1 Lower Shielding Plug Upper Gas Plenum 1
'0.2 l T T T T T 1 T
0 1 2 3 4
Axial Height, m
a9 1-66 AFHSA F29E 7|EE BEWEE (AEAM
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2) dA8 A=A/ EA gE&nd Hfg
7D 71€E9 #AEA] A5 E5AE 4 24
LOF, ULOFS} Z2 §% ¥4 Alne d54T JE5AY 222X 7 JesA JgHez
AgHde F43% B4 o F& A58 &4 I
%59 AE5H &AVFE FE FAANS g% 57 S5 FHd 4¥€Y Frtolth
kA F3F #AH Az O d88 AL 543 A tid Bdo] HQdtA
to] 283 AT 5 .
Ad Alale A8 H3o] 43 dAnE &
] 838ttt TOP AlaAldlE A8A e 87474 7]
x9) 4ol F43) FUlsld A4 AP S fsly oy WL vEFA Y S F 9
B Ay o) szt

T EE BE AlRA A8 d9FL JERY 99UY Ry A58, o3 dHd

52
o
=
mv)
D)
ox
o
0%
fu’
e
b
oft
=
b
oft
o
(R
o
of

b

_>T.1_L
L
2
lo
=="’ o}
B
de
4
=2
ru
ofj
)
o
N
ok
+
%0,
&
2
v
b
fo
o,
=y
1o
=oé
>
=
N
2
I
n
rg
(b
Al
K

of WARTE oW ARY B RIE A% WAYDZ NP §50T BAGX
249 §82 AnFoldl weh BAY FE Ytk REE B AN E B
T AR Aol MEE FANS =@ 1 A} At @ 5 gk

24 WEIG AdsA/0F e 49
71l He A=A Y d84 7

A

LA I A o3

b
oft
i
rb
i to
N
fo
o M
s
flo
= i

7N1AH Rdoe 5 o AZE7AH TS neldte EFFH old HIto du/v5H
Aore TH3 BYPo 2= YAEHIFEAAT}

I % ANLE 27 Ao 93 71ds) 493 xpol& 12 ste DEFORM-II Z =& 723}
Act. o] ¥ L Ay FJERS H-7 3]
3ALL AT ¢ o) daAe Fd B e A Ut
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zev 1977'd9) /idE GEAMS] BEHAVE-SST ZEZ¢ TOP 23 e A84% f8#& o
g e Boz o] AeABeH AP S uHPS ¥ ol A8 FIANY $H/MAY
A5 nsk gl

I % 197089 Zol& Los Alamos 9749 Mast7t 49 &4717E 2% 18stn 1 4
A& =71 w2 LAFM (Los Alamos Failure Model) 28-S 7123 % tHMast, 1980]. ©] 28 &
&S #HEE&H3F (ife fraction rule)s o] &3, 2AAWMF ) i} FEIFF2 = Tresca
71ES A&t

a8y LAFM 289 7%, Tresca criterion® & £34d A4EE7F whE wHaA, von Mises
Z1Ed w8 2 A8 =r dojde 77t 9o [Atcheson, 1977), £3] #&3 AT A e o
T o] B o|8o] AHLHA devta FriE .

B3 FCMI 134 98/9 53 I3% Ao|vts 1njsin
BAE 5 9l WEd 9% FCMIE 183hA] &x itk 43}
Hae AAZ Aol A A &7] Yo F&A 4% FCM
= #iTh

84 AAZ FA3 Besh
AR A4E L7} 2t
98 gholx W T

T
o

a2y LAFM FH 9] 28 598 A8 B A 28T F U #4598
O BaFo] AEds B AZI] AW, 700T ojdel 2 Ao ZHx Aol F43)

Golx & oz deid Uk web 484 Baol HEB e APA Ao Fgat
A$E aefsjol @k

FE5A889 FAxAdy ASHAE s AYE Z=2E FPIN2 [Hughes, 1986]¢+
DEFORM-5 [Mile, 198717} St} o]l& IZ=9 AZHAREE AAAEH =9 AXAAE o] &3}
0 1 AFdE F£9E TREAT AP AEEo] o]&5H Yt

25 7}7 U-Graphite &

TREATE TOP #EAMTE Ro5t7] 98 notE d54x ~dE
AA AAE WA LA}

B2 IEHe A E dx2o|t) wlgt d&5% 9 TREAT Ald& 4
TS 10x ol #FE& FHE2Y AluE B ¢ gt

o] A3 Fg Z3HL dgy & =
g g AFEE E4st=d Uk & dd Jif= 2A, gEr)F B4 gd A
Z HG7 4 A8/ 4A As 59 d3d F Atz W qu|HtE 38 5+ Ao

N

e

ol
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FolA HF A& HF A59 40 kW/m, =4 ¥4A J+2% 630K, 725 780K
=4 200 g 43 Sgitelth BE gd 852 AT FESFHko] 408 ol dedlA I
HAEE ¢ F Utk HT9 923 F5Ad85€ M7 A4 Fd3HA 439 en, A4
48v HAEHAME FEHR Fh

I

¥ 1-4 85d8% TREAT 482%

HAR/HED AT dAE AT AT &Y S
M A4) (at%) S (MPa) 3 3H%)
U-5Fs / 316SS 0.0 3.8 0.6 4c
(M2~M4) 0.3 41 0.6-0.8 16
0.3 4.1 0.6-0.8 18
24 4.]1a 1-6 7
44 4.2a 7-9 -
44 4.0 7-9 4
44 3.8 7-9 4
79 4.1a 17-20 3
79 34 17-23 4
U-19Pu-10Zr/D9 0.8 4.3 1 1
(M5~MT7) 1.9 4.3 3 3
19 44 3 5
5.3 44a 10 4
9.8 4.0a 19 2
U-10Zr/HT9 (M7) 2.9 4.8 6 3

2% 47144 A s 3 AdER o A @48,

. 27) BjA 9 FPIN2 d5¥g 282 A7) A ol xHA

E—:’u gL 9—]3?—?:}3*} e O]-Er‘tq 25 et SzhA e HEL 3lvta JHASstg oY dAE o
s3] AAAGT HYsa ok

=)

B de)7t A&EE 22571 el A54 AA Y] §§22 J¥E 75 JoH, g&EH
g Fo o]gd &¢ A8, JED Y7, JEIHYAE 59 AV BAAS HeEn A8
b W7 2 BAEE A4 Ala 8 e sjob gt

3 Atz o] e =AY AlmajAlE 9sted ANLo] SAS4A [Tentner, 1988] Z =7}
don, #5A5 895 A%, TOPS LOF AlnAl 353 493 A8 Aufx 5& AN
& 9tk o]2 3 SASIA AuEy ZEE FEAEE BEdA Z=2) FPIN29 A#sled & o

uz
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do BEAIDE BAE 4 glod A=%D x4 AES PrhshE SASSYS/SASAA-FPIN2
[Sofu, 199617} 7§%= Sl

ol9} Zol AEAHNA ARG 7 E] AL AuE 4L dEae F2 Fxs}
gr] olo] ¥ EAALL TOP Fehe} F=AH) A% sj4e) A2Ho] dr}.

) A=A Jlx AZRd g

TOPs}t 22 F&5As S8ALA A8AHY 4% BFL2 59 WHgx axE F7) Y&
Ii GAAE BHAAM F8F S o SHE ST AF2

%742 HEPRUT. o2& Fale 84 AA Y B o aFHA 1 % A v 233 =
< golH ol Z7lol dEAW 23EH U AL AIA Y B o3 Aog PriA

FE4H 45 &6 A 84 o "AEHA EAste AELG7IA 71X hEel §33)
7hetd ds4 Ay 2 9 GEIVME HEdy] e ddE g sl & &S FA
Aot 2822 dds AT E4S Yede 940z 45498 7E9F 2d o] ¥
8.38}r}.

712972l FQ mechanisme 7] §§ A A9 ¥4Q 2 3= 9 28z &4 5oz
AA FEA olE 9&FS T3 Grubber °] 22 EU 2 Hot-isostatic pressing 2438 A8 &
qgetd 7| THA 2d S Ads.

ol

A7 AW FA He 99L& AzA 0 mAW 7)Fe] EAete A, YA AL
HHA ALE 7tV FUd e HEHA Reta dds5dd X FHE Holde A¢
2 FEAY. zAWe &8s 7139 A 2 oz A3 My LS 1L g dF, Hot-pressing
A7 2 BE ATE T 242 S g

Hot-pressing A7 A5 FAA dAS 48 S 73t HIP(hot-isostatic pressing)E
dAetA 2Hst 21 AFHE AFsste AFolth AE AT A JEY 7T 4EHS 9
Bot w4 AR89 7189 43S SAS A dSEFse AFelth

F ATNA FA AFHE 1F 49 Be WFe Gy g 4oz veharh

£€=S-K-DF" (1-140)

ol
fllo
o

F5p3E WMol oltt. DFE +

>
rir
Jo
-
g
iy

7], St 7] Fe vtx & 7+4
TPl ngte TEY Aotk

WE 7R A% GddAde A7) HANE A5G $HAHA Aue
o), ol 5ol T3 AL o

, A4

Yol =

4
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DF=p—P—2}—,-

, (1-141)
o] 71 A, pE 71F WESH
Pe 954t
ye EW Aot
R o] g n JEASIH, DF= v2-3 .
_ Ly
bE=p= (1-142)
oluf, MHF4E -2 pored WA E 9 359 o] EH 31A F}
_n
P=25P (1-143)

AT A4, WY, ARz o
e mEe Pz Uygd & o

AA

2ol goiA 7159 7t dAsga 7t s 7139 BAE

1/3

1,
r= —'10 ¥,

p_o‘l (1-144)

$ AE AMEEE g3 Ze DFYS 4L F db
1/3

l_l 2 l._l
DF=|£— |p,-L| L—

_1__ 0 L_l

po pO (1_145)

2498 HIP 2% UHs+ZrH: (hydride-derived specimen)®t U+Zr (metal-derived

specimen) 9 H 2 AZFH U-10 wt% Zr 25989 713 A& 93 B-&

age A7) 9
3 A@ s e,

ARE Hevlel BEEL Yrhsm ofze BN £ANA, FE Az EAste
AED YR LR As) WPSE TS BASREG AR PR AR ARA FHE Sl
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APgd7 48 &L HolFE dAAMA HdH F43] 248 A ol AL 7139 AF, #HE,
Ee] A4 FoE Q% 71F Fxo WM YFgQ Ao AAEY. HolHE HAR WY&
AxS 3 e v 2ol =&

ao 1
104 -+8 (1-146)
o 7] t= A7t (min), A, BE 4

E 155 488 BN 542 g9 mATE Azl

¥ 1-5 McDevitt A8 T3 S8 vlAT+x

Grain Size di:r(r):::er S I::;e Porosity |Zr content
(m) paciig | (%) (Wt%)
(m) (m)
Hydride~derived 34 2.5 10 6.4 47
Metal-derive 114 1.7 7 4.2 94

Z70) dsfAe= d Agst gtk =
2 %%

Aol 23 AR Fo},
a3y A& E

NARHE S4o] 9 Poasde exustel ma dudoz 2 vehd
. E¥ HE edZAzAGNY 2HEFL <

ols) A8 Lx/t mEA Z/8tE, A8
Wel Z7IA71 2] 4837 2 712 AA3S7HE 54 BEel oS5 AXA "doh
238 1-67& FEA BEF
TH O A EPor o] B

SREL R

)]

i

ayA BE v} 2ol

= 23 7]FES 7Y 99 A= Yo
5 d AA7IA 1R AFE Hrbsio
YA P ALY, pE d84 2xd wet 2AED A4 A Bole) 7o) BiE of
B et 2o
14
V,=47zr;/3=l—_g
N P
V,=4m’ /3

(1-147)
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o714, PE 7] &8 ¥ (fractional porosity), N& @95 u9g 7| ¥ ol

AR g R Pt 2D YA 4 P G2 22 BAN o2 Yehy

F o

2y
B=P -
1 g n

A7 I 71Ee] gHAZHo|h

Eo o 9 C a

50 o a

7 o 2

FUEL G o 4

A ° o °
FISSION - 645 ~—mflmemo @
susnLe g 0 o N

CLADDING

NN,

_ Hydrostatic
Pressure
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A714 Ve 7139 23, 0= AAANF, DE JAFIAE, o5 YA A, ki B2,
TE SX(), o= AR £28 A% 8, 1= BARY, o= 7139 F§ 04, L2 QA o)
Nl 71X A9 Folnt.

Le g3t o] Ykl 4 gl
L=a—(3+a*+1Ina?)/4 (1-150)

A71N @ 71F0) AAFH Q& dAY BH 2ol
WA (1-149)0] HAA (1-141)¢] FEHo] B3 BA HYAL Fga4d 1L 2o e}

& kTL P (1-151)

A7 P FEYE YA, HREGHI 474 g g A] Aol
B4 (171509 WA (1-140)9) 712 Foo 8% #38 PAYE H&3td 44 /1% &

_]
o]
kel 9% A 2de o83 2 Gruber, 1986].

(ol 12

dr 2Djwsin %9 5
e KT Y (1-152)

P AP B g% AT BFE e 2ok

dr QDy®

rkT|1+d,(xNr)? /3

A7NA r& JE WA, = A7, Dy QARMAS, ok QA FA, G2 A, K Bxw
B, TE RE(K), ¢ NG 24 9 FhlUA &, 0 7 BAF A a4, p
= AsteE g%, Le A WA e F1E7ke) Ao

A9 Aol @ /E BAE J1E BF adlo] (o), % BFo] nejd > Qe FLE Y
qa7) 9% et 2R e 2o

P, > (2y+pub)/r (1-154)

A71A pe Ad @A4AF, b WAL WEH,

A%H o A9 FIE PP/ ANAE A% AUA Wt 0nd Holol Aok AYL
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AL, 94 Fe o7 2
Pg-PX—-2'y/7' = 2ub/r (1-155)

Az % 7|x AFL OF 2o UEd & U4,

dr B 38 n
—d_z-:——2~— - (1_156)
2n[1—(—)3/"]
o714 ¢= Wt re= 71X A NAG = yolt},
w§ A4 B Y pl 0oy 2L FgE wgAozRy T8 & ok
=R (1-157)

A71H e= 7 R E, o= T7F $HolTh

oJES EF THI AEEL 71X A WAYAA FIAND FFd E AEEY 77

r‘—‘TO—I—(req—TO)(l-—e ™) (1-158)

= 2719 71X BAAEERYH 7E 7 Jen, 4718 #AAE mEsta t=0d A5l sk

9 o0& 2k

T=(req—r0)/(%)t=0 (1-159)

o exo] Wil WE oy Adgr Wit AsEeE Teage
ARttt § EddA xRt o3t AP S AAsH] AsfiAe, A 2AsRE BF
2 =W s}l 7]37]7} Wete RS 292 A5t dEAEE AHSstd A

A& ANL9 Alpha-Gamma Hot Cell Facility Weoll 9x]sl™ o]+=
TREATQ‘r EBR-1I @@4 T39S 7AMS] As) ATHAG o] AES JAVE AoAH =
EAME J7HE 2 E ARt JHE A Fo] Jhesiy, g EHA G2 A A5EES 5D & &
Hol A #ZE 5 ot WPF Al 9 ALk Ao 7td& 271 30C/s, HAdl &% 1100C7HA] A
Fol 7k, LOFS ti¥-29 ATWS AHRES 28 F Qv

WPF FM-1, FM-2, FM-3¥ 2%4% ¥ #4218 (ramp-and-hold tests) .24, 7] &%
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500CoA 6C/s ¢ 7194 % (heating rate) 2 Z#do] 820T7 @ W71x] LEE A5A7 &
dA5E ddo] A WrtA] o] LEE FX|F AFPolr} oy AEE HPHe HEH 2
o] Bt} ¢ 10C AE @2 810CE olZHUth. FM-2 45%9 A%, &7 s 9484
A A B o, &40 F8 4L A5/HERY FANST 5T YHe AL
d714 g o2 FAHAY.

FM-4 2% & ramp-and-hold test 24, Zddo] 770C7F & w717 258 A5A7 3
28 gdo] 2T YR o] LEE FX| Aol oy ARF FUFe EHA 25 o
Hr}h ok 20C AE 22 750CE dZHIU dd 9= A84 AGir) obd olur} ¢ 15
cn AE 2 ol FHd FHoA TAAY. o] Rl HEH e A84 Fay
AArTh o 20CAHE 2 70CE AFHAY. Fdoo] Fdd 9ol TAdGHonz FAHu

o FA3%

e Fur|Fo GG vAA gkor Fdd el W2 sute] slejsArt

FM-5 43%-& EBR-II Mark-V 7% #<d&7} LOF UN-1 AA7|F AlZqAM T A EBH &4
S do7A Feve AS U] A% AFAFIUT. A0S BANSH] 93] WPFeI A
g} FAYEEA AolHA Ut &, 7] 2% oF 630°C oA 401k 780C =

400CE JZ= At}

FM-6 232 57 IJ8# 257} 650 ~ 670C JGol A (A8 EHEE= 650T, Zdd 9=
670C) 29719 ramp-and-hold A/ .2 FaA Ao} o2 HAeHA gt 194 = 1247
T AE 7R A5 E S A& AYFE SAAT. 2 F A o] & furnaced] AF Y3t
o 24X 7 Bk 1EE AT o] AFPo EHLE FAANNY &FHE FEARLE 2EHy] 9E
Aojrt.

o] A539 EBR-II A} 9] Zdd ¢gL& 517 CollA 144 MPaZ FAHHN oW o] = 65
0Ce 9F¢8 oz st oF 115 MPa B%7F "tk o] da%d gg g A7 o247,
F=dd HT9 353 gd A4S o] &3S A F 3N de gddvta d&stson, 44
ZHl 274 A long-term T = FHA S o] &3tH v gFe AFAHE JeERS
ok et AT o] 4de] AEATRe] A &E HAPE AN EH gdeEA S o] &dof € A
2 F@rhdr

a9 1-682 FM-5 A3 e &% WH3E s = AR 2o 93 Age yeld, A
ZHEYE 38 A2 FE3 o] 207 MPaoﬂ & 23t McDeavitte] HIP A3 3 /s 712 3
Z 2l Ay gro] FASE AFHE RAFE HY ol

Hydride-derived A|H¢] 7] WXE k3 porosity &2 AF&3lx, 7] E4EE 231
MPa& 38ti, FM-5¢ &=W3E u#dte dPgS Adstd. Ad J=A 7 3 &
oA e isle 259 A VX W38 ZAAaE 3HEHJCT 2 1-699 Yel niel 2ol
EARE WA gEE FPIN29| A# A&} {FAE AFE Rl

e 2

<

_qg i
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olg} Zo] /dE HEA 7E FF 42 TOP AL ®T ol LOF ALLE RAVL 7H5 &
A2 HIHE AT

0.012

0.010

Strain
S

0.002 |-

1 1 L I L | L 1

0 50 100 150 200
Time (sec)
a9 1-68 FM-5 4389 2% WA3tE 2193 3 A 22 AR

26 ¥ ' ) ' T T T T T

241

Driving force (MPa)
o © 8 B
' 1 ' 1 ' I ! 1 ' 1

—
N
T T

10 1 \ 1 ) L . 1 . 1
0 50 100 150 200

Time (sec)
1Y 1-69 WPF FM-5 A3 9 &% W3l b 48zl e 3s 2d)
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.]

ok

19 1-702 hydride-derived specimen® metal-derived specimen®] Adg3 1 7+<

o

fitting 3t d]olEjo|t}. M &L Ao (transition point)E oA A HH FAS) 744 AL
O] AL pored] A, HE, e A2 S22 A3 pore +F9 W3 W& Aow QAL
19 1-712 metal-derived specimen®] AdztE& Ad fittingd dlolEl e /Mdd 7I¥ 9%

=2 A vng vekdo Jigd 3= B& 9L U-TRU-Zrol ti& Aikgtoloh

Ty HIP A8 A48 A8 U-Zr $822M U-Pu-Zr 3= 434S F&3t= o
e WL FA AR E FAstuA s Aotk A2 ALY Ogata 5ol A% U-Zr &
79 AL £EE U-Pu-Zr A4 H8] A3 w2 &S Jetdlon ole U-Zr 339 &
< &34 71498 Az FA} A

oj¢t o] H= FEjA 71E BF &S /NLE7] 3t Grubber o]E R 71T B
dde BAYEL o] 8stgled, , HIP 48 ARE ol &3td AL M A Fx2A 9
75 A8 SUY AL FE3] ZAE £ e AR JrHANG.

a8 1-12¢ A V1 B R ARFYEW VX AR ¥ HxA BEES e
Grubber °12 & 7 2 932 WA= A 71 G4t o B 2dA Aoz Fridd,

R A9 B 97 71E BF R FZ A% VE BFL YA VX S 2 ARYA
7|E EAto] Hle) 4] H42 A2

P

2y

o 2 vEsg

T Jigd VxR Rd s F&5YAR HE5Y] Y E FEIEY JAVE v o
A F=ojof 3t} o] & o FEANAETE A1L5 TREAT 28 AdA] dojz sladg Zursk
WAFS JAVIE 4 2 HF 43 AARAE St BAsAT AtE S AFg3)
o HrtE 44AEE JAZIE BEL ¥ 1-63 2o

a9 1-732 TREAT 2873 o]& ZAG AT ¥ 33 zdo] Azt vUegdt d=
£8F F4%% 9% S AFES Hola o U-Pu-Zry Ho &3 AL oF 374%<l
Ao 2 e

1-6 dAakd WE JAV|EA7

Fuel Failure |Evaluated Bubble
TREAT Test Burnup (at%) Time(s) size (um)
M6 53 18 1.15
M7 9.8 13 1.6
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: - T=700°C
- Hy:n‘de—den'ved U102z
B 20.7 MPa
1E3E ® 6IMPa
: Metal-derived U-10Zr
- ® 173MPa
1E4 F A 105MPa
o
o 1E5F
9 E
© F
S -
£ i
JURTY
2 F
1E7
1E_8 L Illllll i A lllllll i Il lllllll i i | W . .
1 10 100
Time (min)

Y 1770 HEA ZIERE 2 QLS A% AP A% fitting

1.0E-01 E
- [— == AsziA)
1.0E-02 | m McDeavit A&t
_ LOE-03 F \
lo’ i
5 1.OB-04
.g . )
[75]
1.OE-05 -
1.0E-06 E
1.0E-07 — S
1.0E+00 1.0E+01 1.0E+02
Time(s)

28 1-71 71% BF 29 AAzEd McDeavitt 23 H] W (metal-derived specimen)
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Swelling rate (%)

1LOEO1 ¢ - I o
L0B® | B s &
1LOE-04 |
i B UAERESS

LOBOS b | — Zinigd s uisis
LOB06 |
10E-07 L L 1 [ I W S T |

1.0E+00 1.0E+01 1.0E+2

Time(s)
a9 1-72 4A 71E 33 2 AAHN VX B 9% HEA BEE

4 Computed pre-failure elongation for M7
o M7 TREAT data
------- Computed pre-failure elongation for M6
3.5 e MO6TREAT data
S
k=1
k=
g 3+ PR S o
5
I
%
<25
2 L PR L I S S P S ERS
-5 0 5 10 15 20
Time(s)

a9 1-73 U-19Pu-10Zr 5334 & (10807T)
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) H=gs 2l dA 2 AEAAS A4

ANae 34 7Y B3 2dS 8§ F AL 254 b #AEHFS BHE 5 JEE 1
g 1-749} Zo] MELT-II ZE= W ORBIT 2Z&Za#dd dAA34t. MELT-TIoA dojx=
BE2EE 7|E22 F{AHAS A= REE MELT-IIZE o] £3A A

2EZ A2, 20l @2

- INITIAL COMPUTATIONS P =
- SAVE VARIABLES 54833 28 A
- SET UP TIME
e PERE ALREAD OVERSHOT
SYDE A FAILED | CHECK FOR PIN FAILURE TIME OF
ENERGY ORNO | BY INPUT CRITERIA FAILURE
:|: FAILED
IF MELTING, COMPUTE FAILED [+ DEAl 2%, B A o1
Y

AMOUNT OF VOID, GAS,
VOLOMES OF LOQUID, ETC

-FUEL AND LIQUID IN NODES INITIALIZE FCI HOPTIM
-CHECK PLENUM PRESSURE & VARIABLES

] >
GET VELOCITIES, MASSES, '
ENTHALPY, ETC. OF COOLANT COMPUTE LOOP FLOWS,
IN AXIAL NODE EXIT T’S

Te

a9 1-74 #=¥E B 2' 9

# 1-72 MELYT-II Wl %% B4 RS QAR o AHE-=7] sk Agd 712
Z Ede dHE ARE e olF 98 Aze 29 1-129] Hebd niel o] HIP A3 o]
ohd TREAT A3 &E ®ASl7] 93ty 98d Ago|u)

#1-82 AAE A= Bd 24 EES o8, HEA 55 48 ST AL 248 A%
o 71&9 A48 AEse FolshA AHEE F2 4F A5E JEhdd.

EF MELT-II 2== A3h2 989 A28 715 2437 As) Beol sscng,
BEAE ATHe 2 Aol Bk ol & A7) fAst] tg3 o] MELT-II =& +74
sho.

AsE ABdHE B dAERR dstd da Foll W E 2% Fujrt B o)
B e Arvle wet A 22 Wyl dojun, 53 AR SR Bol=Ert FAd
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Initial DF(MPa) 597
Temperature(C) 1080.00
Grain size(um) 7.00
Bubble radius(um) 100.00
Porosity (%) 4.20
volume diffusion coeffient (m?%sec) 0.1200x10°°
bubble radius in grain boundary (nm) 0.1700x10°
product of diffusion coef and bound thick 0.3240x107"°
atomic volume (m®) 0.8050x10°!

£ 1-8 A8 = H& RES o] &3t7] 93 MELT-II 8 949 A=

HE T A 48 A8
RMIN  |Minimum Reactivity Termination (Delta K) -6.000E-03
TQUIT |[Maximum Transient Time (Sec) 1.500E+01
LSTEP |Maximum Number Of Time Steps 168
ANI Initial Neutronic Power (Mw) 2.420E+01
SPREAD No. Of Milliseconds For Liquid Fuel To Reach Coolant 5
Temperature (Less Than 13.)
FRACTN Fractiqnal Fuel Plate Out Per Second 10.000
IFUELS |Fuel Pin Radial Node To Test For Failure 2
JFUELS If Not Zero Test Only This Axial Position (Rel To Core 10
Bot), Otherwise Test All
KFUELS [Axial Level For Failure (Rel. To Core Bottom) 9
TGASS |Temperature Of Plenum Clad Initiating Failure (K) 1.000E+03
TFUELS |Temperature Of Node Initiating Failure (K) 1.300E+03
NBPLEN [Node In Gas Plenum That Fails 10
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F&Adage 28 YEG JA ANEL dF5 FAHARY Hol=2x WHEHY, J]E9
MELT-III 2= WMo FEAdeA] HEE 7 AAAE wE 2 98 8349 IdA4Ae 37

£49 g 23 Wate sk ke Ao AR¥olA S48 3 2

TOTMET =X VMUSH (IAXIAL) - VVOID (1-160)
w5 A%e ndsde 399 $48 2

VLIQ = S VMELT (IAXIAL) / 86 (1-161)

o 714
VMUSH : %% == JAXIALIA Y 98 FAE Rol= Yo
VVOID : %Ml ArFUdA 9 Hol= Yo
VMELT (IAXIAL) : %3 == [AXIALYA &85 948 FA

AR FARY RS2 FEHE JA Fu);

VGAS = V * (POROS + CCPERC ) * TMELTL/293 * 1.013 * 106 (1-162)
o 7] A

V: S0 22oAe 43 948 3y

POROS : EOI | Mo A8 7FE

CCPERC : dauWelAx 9 H24E 7|4 £
TMELTL : 948 24 &%

olgl e A3E A5t BAAY dH AAYNE F& A5 HLE7] %’4%}@1 4 S
=E JAXIALY A Y] A8 FAE Rol= Yolgl VMUSHE 002 hAstg et ®£3 o|¢ #ad
W9l VVOIDE FA 84,

ORBIT ¥ 22238 uUe VMELTE #4980 F&357] 9dtd d59 IHLEE 1300K=
FAsIYoH, TA2EE 2xHeE =28 25 ozt PP

a9 1-75% 48 AEE o459 S 459 825, 198 1-762 Y48 ABE o] &9
73—%94 E£5ES el 29N Yeld miel 2ol dgrt wdly] AR duaE o5 ¥

Fo] AFHLE T/F v A& & 5 3o

a8 1-779 = 7l£ﬁ£ﬂaeﬂoﬂ os AAE &§

U-19Pu-107Zr &< S d8 8§ A, 9= FasA F43 7] B F oF 3%00A
IgHE Ho 2 Jg7}5121t1r.

a9 1-77L A9 ZES 0§35l +33 35 vrgx W3l 3 4 datxe Jelhidd

o ggo] dojite AFAA YElYE gd8e] S48 203 Ao osle], &usF WA
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= LA ¢kE A5l vE FE5A89 54 s E a9t ket AL & & 9.

j?_
ook ol HE A IEBF 5 vehte $8AE U VY SHL BAR 5 9
AR FEQT NRELE ATt £E ATY 1 ERFEIR =
& MELT-IIW 4713k, HCDA 27197 A 24459 348 A& o8 Qoix)
A 23E TFF FE4S A4 A5 HaAT

MELT-II 2=+ HEA 948 #&& 37187 Astd &5, dgy D A7 7|&& AHg3
I 2 A7 AgE A=A 7E BF LS 2E JE0) e BE AE A5
BF7Hd 5 Ao

T3y MELT-TIW 2% 7]1Ed % A8 9&g E8Hez2 Grtshr] daixe 35
o) HEN FE L WY 2do] etk FF o]s RUS fLen FE P& 24
U AstE A8 E B3] 98 Jigd MELT-II ZEWAA 2% 7)&9 98 24
He AFE TEH2Z g & Y& Aotk

D A7 7] MELT-II Z =)o) A /}l—i}%ﬁq AY RS 7|eto 2 s utg o]
o, F& AR HE37] YdAME FEA & A5 B4 L JE2A P& wdo
dasth F 1-99] MELT-III =Y FEA 24 d89) _u,]—..‘:. AZ HAL o8 P& 7|E
48 2dg g3t

d
Al
d

for

iy}
@
g
>

# 1-9 MELT-IIY #E=A] 24 d89 3& A5 S 9
BE Ve R Ee 2l

Failure Criterion ge 24 H] 31
Ix P& HEA 71E BF 29 g
25 4= I& 2d s Fg
Ix ¥y 2d At dg
Aty H= FEA8A A9y |FxA] A58 B
Ak 5 & AT AR AA 28
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1400

1306

4 o

0{o
1386

1380

0.25

0.2

EE (%)

oo 0.1

0.05

! I ,

0.5 1

time (s)

O¥ -5 4 A8 olesue A

0.5 1

time (s)

a8 1-76 4Y AEE o83 S A 29 &8 E
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10 10

5t 15
s T T T T TS <
‘.g O Lttt UL L Ly bbb e b bi b bt p ettt ey e it bt grtel 0 \C/
8 0 5 06 0788 g
= 5t l5 &
> S
s ()
(&)
810 e {108
----- axial expansion ©
15 | | — reactivity(no fuel expansion) | 15
reactivity(fuel expansion )
20 -20

time (sec)

o)
z
ojo
31
rE
o

a9 1-77 &€ F w3 9%

3) Ydsd U §6§9% osnd /Y

FEAAEANA QAR & Mol TSt A UF YAR Aujx] AFLS HCDA At
oA W4 Ta% LS T dAHATF NN BAsha gle MELT-II AUz =s Asked
Auel d S 27]s)4 o] 7hestER o] I=E KALIMER-600°1 #8317 AsiA &
LHAZ T EEAE ] THY A RLE AEste Aol B AT FFHA FHolr

FEAAR B2 T AAR S0 B FES AGvolE} FnuA £ A%
A4 wag use e Bohsst Ul FEUAR 5P VR ANLAMAE #
AstA T =] gton g Fdro= dds W HE £5AAE olsdNd U3 Ad A5
E 242N #Ad AL oldstn HE] ANLS SAS4A Axz=o] X3d #d M
S BEAMSYY. 398 A3 E ddge dAEE U 8§98 olFdAAS RostE MELT-II
o HqELE F4F 23, 7|€ MELT-II 22L 7oz 3o g&3dn fArds e
st wetel Adsttn Brbakac

FEUAEY] B WP FEAAR o] FSA T YA ARE QY] skl B A
AeE EMse dds §§ A IdE EAS gttt ddsA JAY Agde dds
BéGwelling), AU F3Y Y, AL ASW F508, AL shas) 44} 2E, 22
3 §FE FE(molten cavity)?] 7Fgta} 22 2343 dAdo] Futslt) dutyg oz AsEdH4d
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B2E 2299 dds AR AvEZE AAHA T FEHA TN A = AHET}F TAEA] &

. EAAR ZALe] 932 7] F 8 Hporosity migration), B W g JA, JAA A (grain
growth), 3 d7t2 B&, Jddse FHA F& FoAA Yedrh o2 457]7P° T 3
EE g B9 #TstE &2 AR E ol T 237 AR E o3 HEFTME YYTE
FL713k ALl A e ste o] Bttt

FE717E Aot H=7|3 5t dAds gEFe d-v4 7144 AF2(thermo-elastic
mechanical) $Y3EZ FAHHAL AATEA EE gL R HFse] 2y v} A5 o
EAL 259 §8 27AA FrPoz A9 9IS nEstoof st 43 AZH JNAH A
3L o) 93k 2 ubAueke] Wyo] HAZeR AJdS-HEF F5FALLE dAdE A&
oA Fa3A et o gt

PN

i

JAst dF 8] 259 net 9Fe F= AEIHE 24T W WY Fdo] T
O3 7Hg R Fer|7k Foll 2Ry, dedris By, §E8 7HE A 27 713 EE A6
=Ry 5 4§ A 9¥9RS AIen £ e 48 A4sey W T3 A
Eoltt. Wk A8 AvIE e} BAA Azt Al A5 2= H20 AEH BEY
g AAse T4 AAAH Ao

7H ddsd A=54 24

ANLe] 733k SAS4A #Z=o] X3¢ DEFORM-5 &<

2599209 54 FEAF
=olaly) 918 AwE ARtk SASIA AMGAE HA=

& W shEd gE s
AstE A ﬁwc}ﬂu}v} FAg A9 ARFERY DHAD 422 A3 AACd =
zu 2 @9 el A9 & YUA" F=AR 0] AwE A @A bsEtA HAo

i
el AHEPe Y dolee 9L 2ot WA AAAE 4tstel 48T+ 3

= Fgo] oz F4d HYdA AR F&o i AFEE dEHH 02 ALty AEA
e M E 2859 HAazert a3,

Fa 55989 5A4L 2d AP v$ 2 Jd&E v F5AA50 AEHE A5
# A AL SS316, D9, HT90H ol 59 EA4X7F Rdslde Fxyo)t}, fEAHL Y5 Ry}
4335 A AAel2Z DEFORM-5 /e z71gAle fE#9 A4 AFd T4 FAY
53 ASS Altsly] 98 A3 Ee A 54 Zed bl mde Qlgoz Hasit

F2 dakdMe 2FEEd o SdE-vERe 50| An drEIE FUhsEA A
WA 7] FEolo] A2 HAHEE o] o EH FHE FE FHd 499 s v
o stk B A HY e g gGEE gEde e $YHY 25 98 &
AEch wepx Fed 25t %S L] A ol #EE HARMTIE XA HooF
Eia=
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=2 DEFORM-5& $et5-3zt
2 Zraste HER FAE 9 99
o] ARt 2@ AL gas
YA g dIE w3

7] B Bgo] gEFo] g AFolE Bdo] AEH Folx DEFORM-5& SAS4A¢] th
dE3 dAGlE AAdFTH FEANE AS £330 & DEFORM-5% A3 3o
=

W} ddsd i dAdxs AWA

LOFi TOP% & A1/t wgstel g znoln A4sE oluxsh dztaol o5 A7
£ duAe 239 g dasne) /9Uth Auvt GoHE HARA WRE 437 A
a2 ggodas R drtas EFRR AL A e cavity)t 1Y 1-78% 2o Y4 D
o ol AuEE S50l A% "ol wmet 1 277 FuYH wARFoz A% FrhuT

7AHIE W] FAE-TF: EFEL YRV 20 ) g EHT FRAQ 4T JFS
WolM HHAg WFoA ol FstA Hrt AARA WRAA AuE AA AL 459 A5
Ao B4 Ade] dejel w2t g5 F FHe 8§HAR o)Fol AT & Ao

(@ AUE S 3 BFoz s AUE JAdzA FRAA FFHE A9 AEe
e §gEol e Yo stxBddos REde dAnst FA3 AWMLY Ad=
9% Yoz A8 AT Ao} FAHYW o WMSET} ABH] wAEHE Wojma A
B g2g wge AXAAE g WA,

SAS4A9] EX3H PINACLE Z=& 2 sd A 3
A AL B3t} o] RdoM= fih“ﬁff’.

o] g ro 2 A4t PINACLES #2WH3F o]
ol Z AL R5lE= Eulerian ©)4H(2- phase) e dF4 2ol

PINACLEZ LEVITATES®} PLUTO29| A A}8-3l= 5U3$ A4t Mo A0S AL =
E /i EHAG. PINACLE®} 7] F 2439 334402 93] SASIAE A8 &85 A Z oA
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HE 271AH7E FREe AAAR B lE AuA AdE 434 A °GE 5 o
PINACLE®] ALtllA mejdtes JELS &8 das F S79 dEFE 7t=olth

AEH JlAE B YRoA 22 7| Je B ZE)7FA(free gas)E EA3%t) 71X FH 9
AEd 7t ERAH o3 SuEBR ANE 4gd v 9FS ARHAW Zrts
2 EAEte 2 Jtae FHY §8YARE HgAIAY BAE V1EES ATl AYUH A
Ho] A3 ZE|rtxe dFEol o £XH AXE H3str] 93 PINACLES A=z w4
(staggered mesh)E A48l F&WULQ] Ao} dades ZF Ao SN Aosin S+
A BAANA B gt

PINACLE®] 7|¥to g 3t 71314 2d& KALIMER ddgd A8d8 ¢ =% 19 1-80
o £A& 4 F5A48E 98 /Ed PINACLE 94 dd8d 3¢ dd &8 4871 9
YA AuixEgdE S 2Y35t) A= 7] E/-5(bubbly flow regime)S 23t &8
A9 HEII2e FYIA EFEHY onz FUYF £EE JHRGI pA S

AuEt AR oleh o] EARE LAY GHTFHE s AT AR A
7 EASHAR, $FUARS} AR GG F¥AK =25E 2YH 2ol §49ARI A2
Fddoz 2590 /129 98 wE YRE o5t §899RY Fe 4ABNY JH
4 2 $4YARE FEHE GYR| 2 ANB,

PINACLE 22 & SAS4A9 tt& R4 w7t A 2 Ala 218 Aol upet Alabs A F sy
AR AFA AN HdE §§L d=3 PINACLES A4t 5o DEFORM-4¢} kinetics & &
I 2 SASIA 2R3 ARE wFFoEN TG AL Adel dFL nAE e 4L T
A 283 ¢ JEE doh AL HER miE 7]Eo] WEHW PINACLE tiildl
PLUTO24Y LEVITATE Edo] s& o] o] A At
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ladding
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T2 72

Gas
Plenum

72272

L7

Lltii

Fuel

-

Intact Pin

a9 1-78

Voided Coolant
Channel

N\

Cavity Containing
Moliten Fuel and
Fission Gas

NP

722

227222222

¥

2

Gas
Plenum

72

— O em—

o_o—

— O

Pin Cavity Formation

dAdm &gz A3 AHE B
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Cladding

N

Voided Coolant
Channel

Gas
Plenum

7%

72

e
e— TTo
S e

—o o <

o~ o2 -

5 =

-

S © —
2 o
[y
S oo
= =

P
O

%

MBI

_ 11

Onset of In—-Pin Fuel

Motion Due to
Cladding Failure

Cavity Containing
Moiten Fuel and

Fission Gas

MW

N\ ¥

Gas
Plenum

L )

72

N

Onset pfin-Pin Fuel
Motion Due to Cladd
Failure Reaching the
of the Fuel Pin

g 1-79 A5 el AvlE olF
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— ——Upper Plenum—
A — = — == F N
Gas oo ==
Plenum | = =
:__—_—_ — Molten Fuel
—— — Ejected above
-] — Active Core _I
v

aldg
»

Molten Fuel

Active — Cavity

Core

| Il

”Id
Subcooled or
Boiling Sodium

o

N\
Ml
Y77/ =

Reflector

lzbnlﬂﬁNFJﬁhzh

‘
W
il
|
1|
p

—————Lower Plenum «—
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o) s v& A dds QA Y IF

75 HdEdA AAEYE & Ao TASE AHE dAdz QA AFES Aavk A =4
of Al %S el o v T2 L& ot o] AL ASEHAAZANME S0l A
3] T7kske TOP 48 AFo 944 F88h §&3dsst JEL 7122 7AE g
A7)k S7rebd AHE WRoA FEHoR 123 3 IAATH AY 9922 dFd
A% dYAr Aujx 7t TAZG.

Y sl YRl AR AL ARE PN FEHo2 FAgRE oz Q
A UEE £ HSEAS BRE 2R A 9. 5999 4FEAAd] G of
B AT Aol 5E AR 2718 AR AN WelHe g AMAE A S oy
A &He] 2 9L MAA G Aoz YE,

S5HLE AETE WE MR SFEYE 5 S dd §5Yd8rt YARA FH
E2 ¢ glon, o] Agde vt FYdoez BEHE &8ddad 93 AdE AT}
8733 2 WA AT YA RI tA EYUd 2R BEHY dds dYo] 3
Hug 32 Q3 £9 BHS=AE a7t vEido. o] S =Ad 92 AgEYARY 25
I8 =4 EFAAM F8F 4 AT 5AA8V AEHAE B ¥ g E W9
of 44 #AgLe] A

Ayt o2 TOP & of7|8he o %E Adol MEFE ¢ BE £8 AvEN A FFo=
ol EstA Avh. web A WiF AAS AA AFe] AdHe] AR o] HAr AW
wo e 2 5 gl *P:s‘rg?ﬂi@i«l TOP #H-3 % 54& dda A v} 5534 o&
°of WA AL rhedel Eoe Aolth W FEAARE ¥ dAE 5H22 U3 A
El7F Ao} AF FHelM FA4Ho AR AuAst WA 2B JheAdol T

5892 A =44 d3) SAS4AsH S =33 A, TOPH LOF RFolA & i 3d
g AuAZE 2T e xE A&l 01%/%2 TOPY AS, A &% A (hot
assembly)ol Al &8 AdEE 9BA ARt o 12 A A ARg B2 u o] & Q&) o
119 WSt AZEeEN =4AEYH S HAAEYEY oA FAEY AR F43) WA
v 8y gee BAstR] kot

FUE o) LOF A E 3248 8 iy 998 ANH7 9838 2N 2o o
08% A WAKATE A &= YFANN FAF AAR ANAE F -10$ WIEE ALY
ARem 3% 48 wAdEHe ALA FEAA daSA AR dES BYFEAL 2
Wel wgEG B8 7 J 29 FE /1T BX AHA F o 0180
AP 2o WIE

]_
A AGANA BYF D YR HAR AMAL 2 BSES FYHE TOPS F4E BT
P el E I IPANS AAL L2 & AT 5 AR 28 ST s A
WA FA% ABo|ER Wk Wshgo] 2 %
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TREAT-MA 2|2 432 EBR-IIAA 7] 2A1E S5HAAEE 2FFZAA TOP AR =
A3 gol AN 72 de] FEUAE FE EYS ATS APolvh. TREAT-MAP= A4
ANE AR B o T YA o]FOE Aste] S WSEI AYHE BAo] HZHYo
W B4ddad 49 F5E 94T SHOE dstel YR &L QAR W AT oA BAe
Atk

TRAET M A1 212 233} SAS4A Aol 3td tif29 &9 #3=A8L A g2 g
g AuiAZE A= F 01 ~ 1.0 & AtoldlA 2B AT wepAd B R a8 A 4
< AZRSET =Y B E V|7 HE =4S A £ e AlnzddAN =49 gigR A
A AHAFE FANAE + Aok

SEHAR olFo] TRAY o ofof 3t AR {FFo mt AuARst 29 1-819] o}
b wle} Zo] o]yl vk a8 L F&£AAE A A 10¢/sE ¥ E 7 A9 EE UTOP A
A FNSES =AZHS ANLY SASIAZEZ AAe Aot 7133 2749 AnAAS
Aa wf- &L Azt HAARIL £83519, $§H AAEI} 7tAEYY ARE o]FdE ANS
Aol A nEstd F243% &9 W Aoz FHo| F#Ih

5]
——— {1}-COFE Fuel Motion
S5t ——— NG In-core Fuel Motion
4 -
3 - *Ow .

Relative Power

Net Heactivity

ACTIVE POWER AND NET REACTNVITY, §

Time, s
a9 1-81 UTOP A 38 2 ¥g &
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U A3 dAA G4 249 s
1) Debris bed Scoping ¥ =249 7

3A m@A e AU F FE5SA S Ergun B Y0l &89 = g B dFolA 7H ]
=4 998 5 (debris bed) 422 Mcdonald 5ol 93] /19 Ergun ¥A3 o] 21 7| & F

3 vk, Ergun 294 o34 wide] FREAL b3 X (porosity) S YA *—7}3]73°]‘3} 57
Hdog Q3 g 7w @ ARV £% 59 §584¥ ¥4 E Hardeed) Nilsond @3+ 23 =
AR S AdE AHREDE HFH oz AHF AdF sdY 2x zolE Y, fUF
o] Eo], ¥ E(porosity), dA27] H W fA9 2oz FHA

A2 Ergun AL &7 Zo] 4 TdE 5 UHMcdonaldet al., 1979].

B -

3 —
fe a4 180(1-¢)

1-¢ Re (1-163)
o 7] el A
f=- gradP
pv: (1-164)
VD
Re = P
)7 (1-165)

ANAM grad P £ HHZF9 48 Fujolx, V & BR7] & E(superficial velocity), & A& f

/% wAAlTh £ ok # & Azt 259 UE 2 HAYelH, £ & FHFY 71¥E, Do
© 38F 4A9 57 A4S vetdvh a & A9 4H, £ roughness o ®et 1.8 ~ 4.0 A}
ole) g 7hant

BAZF 4 Fuls B\F 25 Aol A FHo o AAHY, g 2o] &
A tHHardee and Nilson, 1977].

~ VP = pBg(AT/4) (1-166)
A AM B = 259 99F AFoln, g & FY AEE, AT & 3U29 AAYFES 2
dote HFREe & ooy the} o] Fojrt
ar =L
peV (1-167)

- 147 -



A714 Q HAZ9 SANYY I TAZo|w], L& FAZY Fol, o= 4F WdL Y
dek 9 Helq Ry % Ve 4 (1-163)F 1-166)014 He o) VP2 2A5Hd 78 4
Atk 1 A, FHARS 2o| 1FES B YA ol T} HAFANE A (1-167)E F& %
Zo) wad & 3ok

AT =4 Q2L22a2(1—g)3 1/3
pgpc’D, ¢ (1-168)
1ot Zo] Mdd RdS o] 859 KALIMER-60001A HI R & 344 =
S84 AFHZE core catcherdll 29 =4 FAZAMY 2F AJdF 9% = wg 253
2 Ao HFe g3 € 94337 E 747 09, 1.8mmet 7HA4 8t 1=
HAFE A BHF FHE 93 A2AAG
KALIMER-600 9 A/34d =4 $¥29E7} 152 W/em® ol22 B3 do] A4 £99 1 %
Q1 A% 152 Wem® o2 @49t 8 %9 ol core catcher? WA 4 lower plenum®] ¥
A4 Z2oa 7h88 o, A =4 69 A F 150 cm E ANEY YEFTEAFAN DT 28
BFolE 512 cm, W7 F5AFA £55HE A 0= 1024 cm & AXA 78 & F
WyZtA e AL g3 2o

58
o

£ = 000031 K*

c =126 J/gK

P =078 g/cm®

K = 000143 poise

#F 1-10& =4 sdo] #d3d EolZ core catcherdl FAHJT 7MASAE A4S 299
H3tel] M8 SHFY 2% A& B £vh =4 JEHF dde 2F d4A 257 854 o
stold HAF-L WZo] 7hssivta stk AXEY 2F EdA9 ¥ S5HL 9 920C o).

T otge 2xE 550CE 7H4E 4, 38F 497 stve 223971 370T ©]

KALIMER-600 x4l dletio] $J X3k lower shield®} orifice ¢ F1 B3 $32 EXNS
[e) =]

a3 & o, 8§ AE7} core catcherd] =8t AR H A3 20 ofE o7 HriEw, o]
Fdete BHLol 2% A=olth. waA 114709 WE 5 AZH A (Gnner driver fuel
assemblies)®] €& HAE A, olv ¥Zo] 7ttt 28y 114709 S A AT 55
core catcheroll =234 & 4%, FHF9 2% ol& 383T A 7IEXE 13 T A3 8HA o
H, dxq &89 AFdeE 8 C o =4



2% fr %

==

o8 yAgel FHHolok Aok AL A7) 2r)9A Atne] FAR Aol
2 oo A7t Fadtth E¥ HBFY A% 271 4 34, BEE 193 FUSY
of B 4BH A7} o] Fol Ao} Bk,

0 24 f5 9B ¥4 ATE AR w4 AATEE © F52 FoplA T
A vk ok EA AYATE vTe) Arlop TY ATAGNDAA FH w0 A
Hol 31 814 A2 Lipinskysl o] ALE #t ek o 44 A} HYudo] B
94 R AR =y FAZ W 54 ANl F§HT vk

o
2
o

# 1-10 ¥ =71 @& Debris bed &% #o] (K)

Decay Heat (%) Inner Core Inner +Middle Core Whole Core
1.0 156 241 287
2.0 248 383 456
3.0 325 501 598
600
hh0 +
00 +  Coolable Uncoolable
U - s
450
|_
P ]
8 400 +
--------------------- 370°C
350 t
300
250 1 ! . 1 N 1 1 . ) . ] 1 {
1.0 1.2 1.4 1.6 1.8 20 22 24 286 28 30

Decay Heat, %

a9 1-82 A &84T ALB5HE Ao @& Debris bed &% 2]

- 149 -




2) Molten Pool Scoping ¥zted 7%

=4 FdZ0] 259 ATl o8 W eow, sHEZol

o} &8 Z(molten pool)Z Ao F 7H5AS AT 3= A "}
H 78 A9 A4S 29 AFEEREH AW v 2o

-88 FAE L3 A (frozen crust) EHE 2Fo29 A3 dAG

-&85E9 AFAE T A=

A

AlZ= Y
o o1

=2

i

F

B 8 ILAR AdFe I 4F dd2

-88% Z9 hot spot S.EX
U 2FoRe 3 dAg

-£8 Y9 hot spot ©.2Z2E} core catcher ¥

§8 BN g 9T BT 4G QP o]
AAE ANRD Gestel AN Ade] nEY FAB
33 gL nsA Wi

3 =
9 H,
Fo29 A% dAdds At dstd e

LEE ASH dAHEd uIdAERE &2 F
Kulacki- Emara &2} o] A&t}

Nu = 0.353Ra %% pr®0% (1-169)
A A
__or
XD (1-170)
L5
Ra= gz’;%k (1-171)
C

Pr= 7“ , (1-172)
s kv & 27y 84 A4 (thermal diffusivity), €%

= $5F SAASTY GBa,

2%o|i, T,+= frozen crustd e 2%ojt} £-§

(1—169)E AEstd &8 EI core
Fojz o}

ilic/
)
gt
oL
B2
2
_|>f H
o x> ¢

_ 0.75 QLi Q(L — Lc )Lc 0.75
L) =T 3.3QL)" + =5+ p +S5A4Q(L-L,)] (1-173)

1ot & Aol A= core

1=}
B>
i
rfo
gt
o

Aol Tg(t)E core catcher 2

Aol A L= nstA e T
A A = &7 259 545CE X892 48

catcher =99 4F 2%
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a9 1-832 Al 7HA] &8 EF e 1A FAY HstE B9 £ 11479 R 75

2 AYFAN F5cme E8ES YHYE A, E8FL F 30AZ B nFH=E AL B F
o = FEY A% 114709 ddEm JFAE Zo] &£85° 10 cm Eol9 §8ES F
g Agole oF 4000 AZH167 &) Fo £8F AAs nstdoh 2y =4 AR (336719 @
AE JAFA)7E 197 cm Eol9 EFES o] AFdE, §§F0] &A3] usHA g= A
£ F Adrh

a9 1-84% $8E v93 core catcher plate 949 AZHAAM Y 259 &F 2599 2=
ztole] W3 E YErdth YR 7595 JAFAZ IHY & 8EY AF &3 §43] £9&
A, =4 AA7 £8FS AT A $ole 195Ce 22471 A% FAES B ¢+ o

to & ox ¥ R

1 I I v 1
10

g 8r inner/Middle Drivers
@
[))]
w »
c 6F Inner Drivers ]
S '
i -
|_
- 4
[72]
2
O Whole Core

2 -

0 _

L} I 1 ' L) l L) I L]
0 1000 2000 3000 4000 5000

Time(hr)
¥ 1-83 E&§E 13l FA W
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Pool-Plate Interface Delta T (K)

300

280 |-

260 -

240

Whole Core

Inner/Middle Driv

Inner Drivers

T T T
2000 3000 4000 5000

Time(hours)

T
1000

% 1-84 £-§F-core catcher plate 3£ 2%
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A 24 AL H7t

1. KALIMER-600 ¢td3]4] 7%

KALIMER-600 AA% AZWo] /ldez AAHNY. AEFE ANE 72 &) g5 %
o/dE A& B ol o]E WolE RS9 o&E UiHete Ao ¢4 93 tdA
(Multiple LeveD) 9] ¢tH/MEE AE8T AA GAGAE 1/ 2 7182 HASATS 38 Hol
& /‘]ﬂ"* RE A, A, By D HAA, gFA, FEARS, dod A9 A A (Fail
Safe) & 33 B4 AAGAE A T2 A £H7)7H f‘f}‘i’i Ax g A 7 A ol
Ae FF9 37| Atadd i diy|olt).

Al A SHAGAE AEH FE7)1 Unlikely Eventsoll thdh oA SHojx o] HAE =4
& YR E A3 AAR AAATY A ZT HFA A AF Ao, t}& HAE =4
B&S A& 4 & Extremely Unlikely Eventsoll g 2o = g gEE YHEolY &

T
& 25 4AZ 871 Wl 7HFe] F& Aolth 944 WA ¢d dAE o Yot Hote A
Folx F9 gIrt oA F& FELE WAL 58 AY H FUE HT ‘}“ Aojt}, whA]
€ g 3EAGC Aol HA &

o8] Hhoto] AAld g ATk @AY AHHAZ, A
%"ﬂ AR o, B3 11X AZAAS FR g3 4R
Lol thuj=o] g} o] F SASS(Self-actuated Shutdown System)
= HFTA 7‘1 A E(USS, Ultimate Shutdown System)2. & &F Ao] Az}t AF A ¢lo] A4
Ao R A5 AFHE JESASo)AA wE =2 AAHE R Yot

KALIMER-600 A7+ 7|24 o2 1-#<#A(Inherent Safety)& 7ZAZ3std], o]
FAG RE FHE=AA FF )Y =4 & HFEE AATS S8 =

==l Oppler) WztAlel s 9%, =4 JAFA H, =4 F2RE 2 AXEY E9F,
Al o] 5 E 2 (Control Rod Driveline)e] d3 el 713te o, o] § BEF Add ol =447
o 9]3}1 AARHBZ ol Fo] (-9 « ML FTHE JINE AL AA nHHA EA @)
IEgcia=

I o= AGAAE Y] 3 AE< PDRC(Passive Decay Heat Removal Circuit)7} 4 A

=

of 350 lth. KALIMER-6002 ©l& AlF& Ab&sha] Atar A A] 39(72 A7H3t &47
o] Aol &8 A4 glole miEAde] wiAlEE Aol & st HAA HRolo. =4E
AHS w187 98] KALIMER-6009] CDF(Core Damage Frequency)® @A) A A4 2 ®Ho}
e 10 Yyrolvd, W WA FEE 10 YyrolL, A&7 BAS §59 HAF fojgolnt

AAA S 750l 2FHE BE }d% o] AAZ|EAILY dAoltt. 53] A Al =
AEG 710A L E AAE AR, ZEAA, HAbs FF Ao AAFHE A BA BF 52 A
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£ A0l WEA nHHolol AL B FFLS T 5 Ak ARH A AABlTt o
AINTES AL dolE FERY, 244 A%, AR AAA ADonyE BAtE )
A4 AL THATH AAZNZAD Aol BiF AAGA HSL PSA HEL F4) o] Fo)
A obgth. PSAE AnATE Helstn daHs BANES 93 zgdd 2A%t FaE
$AEAE ARBG BA2 HA 3O A AW ANe AnAIH} FYEES 2 BANE

£ wofol @k Aol

KALIMER-600 ¢tA71&& 3] AlnEFe 24 27012 Jdoh 44)7) <A} (DBE, Design
Basis Events)$} A A % 3 A3 (BDBE, Beyond Design Basis Events)7} 2R o]t} o] Al & &
EHANE 10%re 71Fe2 8y, AAV|EA nE tA] 1 2N T uel 4hE ARE
9. AAzIHAANRY Aee o BANES AAVIEFAZY b Fe @ A 99
BE(Bounding Events)2 ®/FH3, x4<&Ae 7QAzE 713 EE ATWS(Anticipated
Transient Without Scram)¢t AA| x=A4<&E23e] A% HCDA(Hypothetical Core Damage
Accidents)Z A &¥3}€th

ad 2-12 o8 EFAAEZ 293 Aot} BB == USNRC7F PRISM ¢HA 5 7)o A}
&3 @ HAE AHE o, ANS(American Nuclear Society)®] HF2 7)1%7 AT}, o 7] A
U3 E AME KALIMER-6000] oi3h A E zte 7 d A A BAoA o}2 PSA Fo] o] =
oA A F3k7] W&ol FAA e Heoltk. KALIMER-6009] #AWlE o] %742 CRBR, PRISM,
EFR¥%} 22 3z i Jue 34 AFFHQ T34 ddoz olFolx )

Zt AAZIEA L E 7HH AAnAHTL 2E BRY O AnEe ARE e 3 A9
AFALE Adsta BEH 7S HEe 4o A EHAr|Ee o 4% ddr £
= " Q¥gede] Alde 9A ¥, WAFS FFol USA 10CFRI00NA A Fog AAE AFe

1=
A sfow 33 A el ngAnks AR 2AE £

=]

AA42Z AR 718 w4 ARG Wgol BE HAVFAL A BAFoJo} 3u, E 2-19] A
AZIE2E Agel] AT T 2-2 2
LEE ddE 2 AAATY ARYL fA47] 9D A

o B ARG SRt Atae] wEtdE T JFe] HEHE, se 2xe
ddigel, o2 stue HE 1 258 dugts A&E Az i AlFo) o)

UE(Unlikely Events)®] 3¢ dA42 &7l Hd =4WZ4A 7% 600 °Coll 93 A5
A9k, 30 AIZE o] lell A& 600~650 °C &= ¢71 3-8 8ot XU(Extremely Unlikely Events)2)
3F5 650 °C7F A2 o) A%E 1 A7k o] W] 650 - 760 °C ==& 389t} o5 e
Z} Apa 59 ASME Service Leveld] Wl {3 $8 2 Creepo] A2 A4 wjrix 2
gl ARte] 2% wet 2] WE ol

i JER FHA2E9 A% MF(Moderate Frequency Events)?] A% dldg 4

(Burn-up) Al¥ #& o], I[E(Infrequent Events)?] A$E =& 2% oA HT-9 3249 EA
o Q&) F&53 g do] DA AAAL 3L & Q7] BEojh. 28 UES XU

12

M
3 g
FE olo
(e
rlo
K
2
@
o N
A1
2
&2
o]
£
o
<
&
)
rr
pack
2
£
.
i)
ki
2
e

o

2 ddg, 984, Y244 FFLE
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ol A% JBA4 FALE Uil dds5-9EA HAALEE FF(Eutectic Melting)°] Al &= =
2=2 A3, a7y A= 28 (Solidus) S=7} 7]% o)z, WA A%e H= J1E
Aot AR A =AggEo] Z+zE tr2y) gie H5EE 2 Yol Agdt.

AA7EZHA(BDBE) = HANIEZL ofF Fol MAZIES 2#AT A9 H(Residual
Risk) 22 EFHE Al E Lot} o5 dAs &4o] AT AL 7} HCDA+= o}y A 4t
dEF WAbs FF, =488, WHEE AYE YT 7heAol 719/ E WE
BE(Bounding Events)Z A]¥ 33t} KALIMER-6009] H4¢ &+ BE Aldx 42
AR FA FAbs FE5Y WA ot

olfrE AAld EFaYo] wtIHA g ¥ ol AWAFTY VA Heol AFHA
st =P MFAA SAdNE AT D 2FY SERDV BF BHARAE G gl
o digk BN TS XU HAge® 107/yr 24 @& 7t AnEelth o4 &3t UE

s

1&
7

s
A=
=epa b

o]-x

h‘,

A Ql bzt ATWSelth o] & Alx BA Al A2 E $(-)9 WeEd o afddAdol Fr
gojoratm, FAlol AT AHAAGol FAH WAbe fFEOl WA HoF A,

! BDBEs

[

|
Sodium Spills and

Total Instantaneous
Sub-Assembly

: Blockage
Fire T
Fuel Handling and Large SGTR

Storage Events
1

Other Events

Large Sodium Leak]

a9 2-1 KALIMER-600 Akat

- 165 -

B =
T

F=10" 10> F =102| (102> F 2104 {10%>F 2107 F <107
Moderate . Extremely Residual
Frequency Ing\elzgxte;nt UEr\‘/Ii(:tIg Unlikely Risk

Events Events Events

I
I I
Bounding
Events HCDA
[
Reactivity Insertion
Events uTop
Loss-of-Flow Type |
Events ULOF
1
Decay Heat |
Removal
, ULOHS
Local Faults l



X 2-1 AAZIEAIL 2EASEA
A c Peak Coolant
vg. Core
Event ) ) Peak Fuel Temperature
Catego Exit Peak Cladding Temperature Temperature
gory Temperature D Pump | Pump
on off
Moderate | &% SUESS, | 14 for
Creep Rupture ) )
Frequency . . insuring
Time, Service
Events burn—up goal )
Level A Cladding
Max. Stress, | Prevention of midwall
Infrequent |{Creep Rupture|rapid cladding
Events Time, Service| integrity Sodium | Sodium
Level B degradation Fuel solidus | Boiling | Boiling
Max. Stress, temperature | in the | in the
Unlikely Creep Rupture core core
Events Time, Service| Threshold
Level C temperature of|Fuel-cladding
Ext | Max. Stress, eutectic interface
reme .
XUEMEY | ~reep Rupture melting
Unlikely . )
Events Time, Service
Level D
#® 2-2 AAZIEAAL FE&FATIEA
Avg. Core Exit Temperature Peak Cladding Temperature Peak Fuel ?:ﬁ"(pg:’:tﬁg
Event Category T t Allowance time | 1, t Allowance time | Temperature p P 5
emperature (hours) emperature (hours) ump on | Pump o
Moderate
Frequency Events 560 < 40,000 <650 < 52,000
Infrequent 560 - 600 <1,000 650 - 670 <240
L:Er:’l?:etlsy ‘ 955 1,055 940
Events 600 - 650 <30
<700 0
Extremely 650 - 700 <5
Unlikely Events 700 - 760 <1

- 156 —




2. KALIMER-600 A &4 <A H7)

A R fEA 48y 3o

X

KALIMER-600 =42 S&d59 JALFY -8 QHELE ol &t & A=Y
o g 2 SHYUEE ZEF AAIY, £ =49 SHEXE -7 Astyq ZF AFA
o] 289 gE FFS ATAEE JAFA 22 59HA K28 A% KALIMER-6002 £
227 ¥E FHYARE AHSotEE FEA Y FEV SRR By H8% 2271 4T
& A7 AE5A%Y §5(Eutectic)e B3t Q8T R A =49 ¢ALE AFE 5 W
el A WF FEFAHE S JEAHYA A2 EREY. 2HEE fFEHYE
A 2E=Wb= FEYs] £4ste] A wrgsior g

A WRY F27F ddHe A A3EA FF50] HIAHBE FHF] F43] gardte ¥
of MAsHA =, oo wet FHHE T 5F AFAA A K ol ke éEM 2 e
}sol Hetd 5 Alv} 8Bz §42 358 o|f3tq FEHY AME FIEY] dAe
FEAH Al dehdE o] {5 SAS & BYste FXAUH EFA “5401 B2 359
EgEojof g}

T2 oA HAE RN S It AT EHE THEIH wire-wrap FAE AL
stz AFA= 728 EAZG 671 o)de FEFEIE FAld 38 sbsAdel Rtk 53,
KALIMER-600 A7+ A&A FE29 R 24 FY& TIdH 22 Add F IEF Nose
piece F-i#ol AAHY 3, E3 JAA gF R HF 22927t fA o] Jonz i
EZo) 98 oz /e RFEIF FAC W= A TS ¥y, 2R A JhsA
o] & FE HHE A5 K& & g FEE EHE A FAHE 1~6 oJule &
2o Az F @\ FHsjolr).

KALIMER-600 J&A WelA &5 =& fjF 2l o3 42 47 288 g5 43
3 @k agA §2 HJ4rt doid A9 JFACE A e dAA A AFEE A 9
ANA AEs] gofdd Bago] Aot wetA 67) BRI 3= 45-& KALIMER-6002 A7
71 WE F2H4 A2 AAs 3, KALIMER-600 J&A AAY tAAE H71slr] 9sho
MATRA-LMR-FB ZE=E& A& |4 FadsAth o] Z=& wire-wrapd £34& & 7|&
st AR EAY Rdd GREFELE YT AFS d9oAXY FXF S HAse
o FEHM HAd JFeE E AFolA AEEAT
ARtA 0 2 HAV|EAILE RFAQ Yo s ng 67 527 @3 = Atz o

By 218 AESY 718 B30 20& 7€ 202 AASAY. £33 24 E

Ut e fZ2H Al k% shetslz] A3 #HAEL] 2719 S W& Mg #

A
FAstel HAE W] R

o>' Mo

h=

MW}

do o
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1) AA7ZIE W F2594 253 34

KALIMER-600 A 87 A4&83 4A7E HEAT A 42887128 Ged gk
VIR &4 32 @2F 344 6% FA (24 W) AEAY FA) QLA F2EY 7
A4 g, dds JPAY A BEE £48 YA WAL #AANE Ao, BE
JEA S48 A 5 Aokd AR WAe §XEn B 5 o,

aes HAVIE FEHAY B JFA Uiy ddE8, 9 BA, 728, agan JYzao)
g kA 7)Eo] HEZEolof 3, 53] v HAo AR FAHE Aol Fasith A JF
w2 4 Y 2o ALE A8 g JFAE FE(driver) G0 Qe n2AFA=ZA A
A AEA Adol= oF 3684 mmeolth dld JsAE 27 2-20 B &Y EXA &Ho| 7%
¥< Middle Core 499 MC(86)2o24 HA 8L 559 MWolH, J7 &2 255 kg/s0]
oo JFA e A7 906 mme FAgRo] 271707 AX s, ZF AEE L AE 14
mm<®] wire-wrapol] 9&] Xz At}

o

HAde® FTAH 9 AYA pitche 1057 mmol™, 988 L spiral FHE 2 Y
wire-wrap?| pitcht 193.6 mmeolt}. HHE L B o= Yoy, 2ws 8o /14 &
< AXA JFA T2 REH 16515 mm A F AAANAL F 2-32 AAVE S2HH 4
of AH&E JFAY HA 2B} 7|F 4$ (Base Case)d F& AA 21L& AFYstn Yok

Assembly Position
(%e) Assembly Type

Jow
(Wth)
g ) b oy
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% 2-3 24 Az 295 A% ARA A Az 2 A =4
il

7 @4 &
Number of Pins 271
Diameter of Pins mm 9.06
Pin Pitch mm 10.57
Total Length of Pins mm 3684.2
Active Element Length mm 1000.0
Wire-wrap Pitch mm 193.6

Heat Flux Distribution

Cosine-shape

Diameter of Spacer Wire mm 14

Flow Area of Assembly mm’ 9589.14

Inner Flat-to-flat Distance of Hexagonal Tube mm 176.83

Number of Sub-channels 540

Number of Axial Meshes 145

Flow Rate kg/s 255

Power MW 559

Inlet Temperature °C 390.0

Pressure at the End of Heated Region Pa 163760

X 2-4 RFA HAVE F2H4 34 EHS
Base Case | Case A Case B Case C Case D

=9 (%) 100 104 104 100 104
& (%) 100 98 98 98 100
dT% (T) 390 390 395 395 395

n2E B s 1A 29 100%E 715

k)
g 104%9] A€ AR QA AR =, AT
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EHAE 2% S Pt BRE stEA 2 HAGALH, AT 25E 3BTE A

o o] =
TEFS 54
L=l

FTMY BA 239 F¥L F4 0.1638 MPaZ 4

£ Aoz ARAAY B, 2
A7k Loliks AAE ARA F4 (center), T4 AFA YES) F2 Middle), 2831 744
A9 (edge) A AAAH BAHE AL2 Aol 90 AP UIEE LAY L 24

BEH HAZE FEAY AL AL A TG MEG2solth 2 B9 d

Al 2% 15 e 97aE AL 3549
KALIMER-600 A3 A 8429 718188 nge dgre 735 448 vxz 44
tt. MATRA-LMR-FB &14-& 93] 2% 2-39 Zo] u%d) 27170e] 488 & A e dds

A S 5407) 9] &

32

531
530

529

528
527
526
525

524

523

T2 810 719 gap, 28 3L 145 7} ¢
At F, AFA FHFY & ==9 dolE 25408 mmE ME}sR oy, ¥
& ¢ 17.76 mm’olt}h. 2 FHHE=
sz YXE

Z=Hgko 2 oA ==
a3y 2-39 A" vk} 2o

488 1 489
87

29 297

3842 62

21 219

490 1 491

492 | 493

494 | 495

Zu}af

Edge Blockage

496

49

491

499

Middle Blockage

500

Center Blockage

501

50:

=EE X E Aoz B3
T2 e F2
AN LA He, A= F

503

504

505

506

507

08

509

5190

512

522 521 7 520 519 518 517 516 T 5t5 514

a9 2-3 KALIMER-600 fZ#H4 & A% 252

o,
S
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2] Aol A 4 dE TR & A A $AA 2EC ¥ 5T I78H, &
Fol A4 Frhete B /AT BR ATF2EV 5255 O 2 Ao ¥AA 257
dolABZ z+ WS e 7HAje] 9§ adE flvn & & Yok KALIMER-600 J @A dA =
2o tig AT ¥4 Fie] w2E KALIMER-600 HA7IE F8¥4 Ane 37 2094
Ao 34 BHAEE uad 29 104%, FF 8%, 182 J7EE 3BT 2 7HF Hy
A A%E Bt

a9 245 AEA F4, $43 Hwe $3, 282 9D AANAN 7P 54 Case B
2704 QoW AAYNE f2dd AT AN2HE ZAZANA NNF3e} weta gl
o B5H A9E AAZARG o} 0T AE ¥ AW WA LEF A

3

Z o149 3

wEol A BAH, o= 42 AHE FT o 533 om AA o AFBTh 1Y 2-40) ENE L%
PEE U4A A1 257k dehte 8694 5% ==olA 19 2-39) A-A BEd) FAE
B5ze) £EES YEd Rolt @ AR 54 4% Y& A ) ¥52 4E 98
7 W2 AL LEE 6405T2A 19 ARB e A 54% =S4 Fgsted ot I
4% ¥ o 508 cm AA ol

Rz o9l WA A 2EE 6428CTEA 1¥W B2 86WHA 3%

& o

1100

Sodium Boiling

—— 6-center blockage (Nominal)
1000 —e— B6-center blockage (Conservative)
- - - 6-middle blockage (Nominal)
—— B-middle blockage (Conservative)

» %04 e 6-edge blockage (Nominal)
& -- &-- B-edge blockage (Conservative)
=
© 800 -
@
£
}a_> 700 4. __Cladding Temperature Limit forXEEvents
600 - SR S S
500 T 7 T — 1 T T T 1
487 385 386 ... 123 ... 434 435 513
Channel No.

79 2-4 AN A2 WA ex X

AFA 7 AHAAN 2 A7t DAt 49 e a9l 44 H31 2EE 6434T
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ol 9T FFE 86WAM WY oA TR LT B T A5E B BAA F
I 2EE 38U A58 SBHA S == B 1 2EE 6406Telth 7HEAE 5
e A4S AGA AA o) 2AA FAHE HIF (swirling flow)e] dFoz thE A Ho| 4
HE 7§THE} % 15~20C A& 22 WZ4A 2=t dE=ed, 242 999 3444 &
TE 6281C2A 205W H2 86WA S0 =X Yedt. o] o d3 d5¥ Ht
YA Hi 25E 6204TelH, 2 A& 1280 48589 BHA U ol

a9 2-5 ~ 272 744 J&FA T4, $3 283 /A AACdA F2 40 de By
o dafA SHFSE 5 X 7719 A-A DAY YAA 2= 23X 5 e
Aolt}, agli 1Y 2-8 ~ 2-102 Y A5 disiA HAE ZAHANX 5 &= ¥
UEtd Aottt HAE ¥R TP Z AW F&o] FRtE e A2 Aed Feo FA4H
Az} = Aso] FAHA Ha, Bo; T FUAS ARFE Qo] HRe=M £
el & Aol ety Hof o] 499 FAHANA $4A Ho 1E7} FAREHE A& 9939
& 5 Utk E3F Wire-wrap] G o3 Fr]H o2 &= WAyt el glom A 3
o oA Z3 A3 F (Swirling flow)7} GAH T A& AT & Uk

AHA FHANA F2 AA7L BASE A5t T AQAN BYHE F5o] @ A4 2
$}& wol: 17 2-59% 2-62 A Fule] WA SE REE AT FAR Hw 2A9
ARG F2 AH7 BARE Ao U A 19 278 G F A9 9 L&
ol vEhte doo] Amoz Hom, A LEE A FAHE AL B F Yok ole
AAE 2He) FAHE AYA A 2 2 AAR J¥o 24D 4+ Ao

AAZIE F2 A48 A 344 229 tE0] 83 ¢H 7Eo] He AL A5 9
EAe] 2otk Case B9 2 talA AFA T4 Fr2A49 4% 14 d5889 7834 &
B x2oA 707.1Ce] A A8 2571 A5 HY J5A 25 F

H SUE AAAAN DA = 6424TolT.

a5 F3 AR A Aols 389 A58 A U =N 707.2Te Hd ¥
A8 2EE 7AW, 849 ST =EeA 6425T] A JEA 228 7IXE Aoz o34
o 7hEArE] A9 AN deole 1701 A58 65MA FWE =E2oA A HdE 2%
7040CTE 7HA= ALR AZHH. o] Ao i A A5A 2= 1281 ARF9 84
4% =M dojA & 621.9To| T}

_lem>

KALIMER—6OO AAC e AT GEEA A H7 (PSAZE T EHA &2 e A
gl e gxu 67) BEErt a5 s AAVE 284 AFae Unlikely Events (UE) &=
= Extremely Unlikely Events (XU)Z #F€ & vt & 2-56% AA 7|& F&5HH Aty 9
= BA A g dojy dAdg 2%, 84 2%, 28 Y4 2=E Ad At

o] oA AAE Ho Y4 25t AS8F AT Ho Y4A 2z ol BeAQ il
dojx KALIMER-600 dAI71E FE2#H 4 31423+ Unlikely Events® Extremely Unlikely
Events HF9) Atie] ozt H3: A5 =9 A8A 2% kA E 7]Fo) HE 95T, 70
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0C o sl 2tz 248, 58T A JHEE 7HS & & Yot 2L W44 2E= 44
HE 712U &F H5A daf o 414T9 2 AFEES 7ML B&e & 7 At

Ot

AEA A 27T 25 T3 F 614CTEA XU HF Atxed i@ <A 710l 5= 660TE
238 et AW UE ¥F9 Atad oid ¢d 71 H4 252 600CTE 23staz,
PSA Ao wet A7 FE F2H4 Alnrt UE |52 2FHE ZF5de & 2-29) A€ vt
g} 2ol 600~650C W ol WF= Alzke] 30 AtE 2AGHA] RES 72 H S 7279 o
A2 AR A5 S g #LdE HEV 27E F U

¢

TEMP

650.0
640.0
620.0
600.0
580.0
560.0
540.0
520.0
500.0
480.0
460.0
440.0
420.0

99 2-5 6-R5R 4§24 499 WA L% BT
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TEMP
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TEMP

650.0
640.0
620.0
600.0
580.0
560.0
540.0
520.0
500.0
480.0
460.0
440.0
420.0

09 27 6-%FE ARAY fRdd 49 WA SE BE
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o
TTJA
> o

120
115
110
105
100
095
090
085
080
075
070
060
050
040
030
020
010
005

0.130
0.125

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

29 4

T2 T4

=]
H

a9 2-8 6
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VEL

0.140
0.130
0.125
0.120
0.115
0.110
0.105
0.100
0.095
0.090
0.085
0.080
0.075
0.070
0.060
0.050
0.040
0.030
0.020
0.010
0.005
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E 25 2yH 6-FrE AAVIE F294 A4 23

R T S R S P
Center 685.5 622.9 621.1 606.4
Base Case Edge 683.6 603.6 602.1 596.6
Middle 685.6 623.0 621.2 606.1
Center 702.0 637.3 635.4 619.8
Case A Edge 698.8 616.8 615.3 609.4
Middle 702.1 637.4 635.5 619.5
Center 707.1 642.4 640.5 624.9
Case B Edge 704.0 621.9 620.4 614.5
Middle 707.2 642.5 640.6 624.6
Center 694.9 632.7 630.9 615.9
Case C Edge 692.0 613.0 611.5 605.9
Middle 695.0 632.8 631.0 615.7
Center 702.6 637.5 635.6 620.3
Case D Edge 700.8 617.4 615.8 610.0
Middle 702.7 637.6 635.8 620.1
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2) e Y3t 24949 Ax &4

AANEE 2oae f2de) AL Wl B4z A% 5 RE2o) AN E A
g asg 23 AAYNE ADHNE o)BF WFY AL FUAT HCDAR BRE &
e AAsAel A7) Aol Faw AnE AN o ARA A5 24 4A A2t 4
AZNZAD B35t SAsT AANZALA 67 B2 AN e REHA 23S A48
sgon HAZEe 2AE 24 R4 A4 A5t 54 B2 A A9E FH 248 4
g3t ANHAT HAA ARA 2% HFS 47 100%F A4HQL, =4 4T LEE
30CE ARt

HEA WE da =2 FEHAMA L A3 gFS v b T A 9219 FA4 27 o
g S st H AXE AN Fo R AFA FAoY = AFA s A ¢
A glen £ Aok o Ao EAT 5 Jdo. A 7= WY LI Yol
a3t A Hole ¢ Y AR FS FHOE AHE A d7H A4 7R 240 F
T2, A d5E AA d7tX 9 4 B2 fF27F 47 A EHe Pl o AdE Y5
CHAdg Y44 FHEL BaAd B 022 JHAd e YAAT 2 B

e FHstA EehA stk

2 X
o L

I 2-112 JFA A 499 240 Fr27F A== F 9o dg MATRA-LMR-FB =
=] YA 2% AN Aol 67 R-R HAo B9 2ol FE HAHE vlE TP A
e A F5o=2 A3 9380 25 Aol YEvR, Brh S X 2AAQ Hi £
T 949l yetdth T4 K2 H9 AS F4E 999 dAA 3z 2EE 6575CoH, o
B2 ¥y Y44 3 25 £ 6556Tolt 24 B2 H4o s B2 499 FAd WA
25 T AAANAMY #AH B YU 1 25+ 663.0Colt) o] Aol tid Jd8F H
o JUYLEE 6554CE2A T4 #AMG A9 Fdatrt 18 2-12¢9)F 2-132 247k 52+ #H49
74z HA A i 94A] 25 £XE Holn Y

54 B f2 AN ASE U B2 A4 A9RT BUAE do)] U D A4
A AFe AU REz Ao 27 thEA A B4 vele] A A1 LEE 34 f29

B 262 TR 42 W AL Be Fojd Fo AN AAY Aotk A7) RE2 A4
o A9 75029 Aol AAR LE7} 7gAE Aol da) dojATh 2 A YEA L%
= 6576CEA ATA T4 AN Aol Ohs) LojHnk 54 Rz A S A A=
259 WBA SEE PFAY A6 T dolX e, 2 LEE 247 8089T S 700.0C o)tk

a9 2-16= iR #2 A Y AAe 6-FrE dAVIE FE A4 4 Z34d Hd
YA 2= H A5 2=& Hust =A% Ao, AAVIE 2 Aol daje B
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FAA 24 7MY Yz, YR F2 Hgol M EeE €98, 7% 25 5& A4
2102 78t Mt KALIMER—6OO AA AAlE AR 2 A7 2 E A
o % dAZIEATY dis AAE AAVIFE YgRE 1SS o4 5 A0
o, 54 H,2 713 Hde A A1 SEA 2271 tAVIEe] HE 700CH =gstE
2 REAHQ JAEA &4l A F QY. A g o] Aol FHHAT ABA £AL Fulb
H2 & AoR BAHY. JYE2 AAVIEE 298E R FdE B} A4E »
A &g Fd AlnE PHAstx] geEdE AL AFFoz AT 4 i, oE
KALIMER-600 {47 A7 &S 238t 2ANHE 83 HAAES drsta geg 9
) Fhe},
¥ 2-6 UFE w294 4 A3
o : 5 Y dds (HO &4 (H9 I4A (H9 =4
Chi AN AA o g o0 |ex o0 |ex c |27 ex °C
Center 729.3 657.6 655.6 629.2
24-channel
blockage Edge 750.2 647.2 645.1 615.4
Middle 730.3 657.3 655.4 629.7
Center 765.7 691.8 639.8 659.0
54-channel
blockage Edge 808.9 700.0 693.2 643.3
Middle 772.2 691.3 633.5 658.0
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TEMP

660.0
650.0
640.0
620.0
600.0
580.0
560.0
540.0
520.0
500.0
480.0
460.0
440.0
420.0

a9 2-11 24-B42 £4 $2H4 A9 YA &5 B
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TEMP

4

oy 2-12 2
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TEMP

F 29 3

A7)

i

19 2-13 24
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TEMP

680.0
670.0
660.0
650.0
640.0
620.0
600.0
580.0
560.0
540.0
520.0
500.0
480.0
460.0
440.0
420.0




Y : Peak Clad

Fuel Temperature Limit

- : Peak Fuel |---.
AN

7777777

N leleaeay

)

ANty

zzzzzzz;

../////////////////////////,,.

=
Z///////////////////// .

mperatur

Tl

n
k=]

w2

ﬂ///////////////////«//////-

Claddi

)

Z%//////////////////

7 ////////////

vl

DBE

Imh.

=

| AT AN

1000

900 ~

0, ‘@injesadwa |

6-cent. 6-edge 6-mid. 24-cent. 24-edge 24-mid. 54-cent. 54—edge 54-mid.

Blockage size and location

a9 2-156 FEHA A dAds 4 95
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. 718 A FRERAD a4

JAFEZY FREPAT] N I 7$WF BAL oo pAARRY FE &
93 AFANS] BEEF §Fo] FREFNTY 2A7TF7 D F 918l stk gk
2 AT M KALIMER-6009) tE4 SR &34 A8 47 42 A9 g8 3§
A FREgAns AR FFE Al @ ALY FREATA g A4L FAF
.

ARA GTHEAAY GANFATE AEG2AAG S 67) B2 f2dHe A
Fatgth MAZE 2IAARZA U7, 547 52 A4 =3 nAAQT 7o) AR
= AYA 39, 3, 290 ARAYZ TR ARE BAL FAAT

CRBRP9 AEE HtYsto A8 FF5 AT o3 HAZIEAlZE AMNRTG 257}
35%7F & A$E AASAY. ol FEo] 10-4 Bt} FH7) wE F3] sp5Ao] vt &
5 A%s X d8 52 A T4 A58 o2 A Y

39 2-16914 29 2-22& 670, 247, 5470 ZAZe) R JFHEHA Y Aol sl
MATRA-LMR-FBRZEE o] &3t P71 2= AJZAFA2ZA J&FA 34AGL 10 ds87
FTAAGR 38 ARFY Aol A A5 B F UL, /) FFE AFHE A A
i 4859 ¥4, 53 dasdd ddees 47 6173 T, 6181 T, 6799 Tl

2470, 5470 F-2 TR EHAA Y A YA A ExE 7427 6259 T, 641.7 T olt}h. 2
Y 2-232 5% AFe 98 35% FeEH d5%ol TEH A4 Y AgzA, WA,
HE2# d5TYY U2 47 6153 T, 6166 T, 6805 TE d2Hct o] XA+
KALIMER-6002] s A 2A7 a5, 958, 282 Y2449 A 7188 45338
HoZo
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Temperature, °C

Temperature, °C

720
700 /A//’A
680 A

e~ —e—Clad Max. Temp.
660 @ Fluid Max. Temp.

—— Fuel Center Max. Temp.
640 I B
,4.—..—.—-——

620 S
600 | | |

0 10 20 30 40 50 60

Number of inlet blockage(center region)
a9 2-16 47 F4A FEAH 92 AqYZA, fE# d8F SHL=Rod 1)

720
700 /ﬁ/~/‘A
680 A

e —e— Clad Max. Temp.
660 —#— Fluid Max. Temp.

—— Fuel Center Max. Temp.

640
600 | L. | { |

0 10 20 30 40 50 60

Number of inlet blockage(center region)
19 2-17 4F FA FEHA " FdidA, 53, d55F4H425[Rod 38)
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°C

Temperature,

Temperature, °C

640
—A
620 A—rt— =
600 —o— Clad Max. Temp.
—#- Fluid Max. Temp.

580 —a— Fuel Center Max. Temp.
540
520 | | | L |

0 10 20 30 40 50 60

Number of inlet blockage(center region)
a2 2-18 47 FA F2ude BE AdydA, HEH, d83F4 Zx([Roed 271)
720
700 //A
680 == —e— Clad Max. Temp.
660 —#— Fluid Max. Temp.
—— Fuel Center Max. Temp.

640 - o o -
600

0 10 20 30 40 50 60

Number of inlet blockage(middle region)
a3 2-19 QT 27 S2HHd g2 AdAA, JE#, d58FH 25[Rod 1
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720
700 ——
O
° 680 7¢/ﬁ/
S ] —o—Clad Max. Temp.
= 660 ~—i— Fluid Max. Temp.
o —&—Fuel Center Max. Temp.
£ 640 S i
I._
S @
600 1. f | L |
0 10 20 30 40 50 60
Number of inlet blockage(middle region)
a8 2-20 47 7 FREdd g2 AgidA, 953, d55F4H 2ERod 38)
720
700
O —A\
° 680 —
o)
g 660 —e— Clad Max. Temp.
o —g— Fluid Max. Temp.
QE, 640 —s— Fuel Center Max. Temp.
l__
620
o =
600 | | I |
0 5 10 15 20 25 30
Number of inlet blockage(edge region)
a9 2-21 AT PR FE2EH A e HidgA, fES dEEFAH 25Rod 1)
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720
700
O —A
. 680 A
o
——
% 660 Clad Max. Temp.
g —8— Fluid Max. Temp.
GE) 640 —— Fuel Center Max. Temp.
= il
600 : ' ' '
0 5 10 15 20 25 30

Number of inlet blockage(edge region)
a2y 2-22 AT ARAE SEHA e ARELA, A5H A2 8T 2=(Rod 38)

720

700 | o A

680 |-\ —e— Clad Max. Temp. g

Huid Max. Temp.

Temperature, °C
(@))
(@)]
(@)
l

—— Fuel Center Max.
Temp.
600 ,
0 2 4 6 8 10 12 14 16 18
TRU W%
a9 223 FE5o WE HudAA, A58, dsEFH 2%

620 —

- 181 -



3. A= AHY
7. ATWS AbaLa) 4

ATWSE A2 R3A5Y 2302 A3 A2 HAAX A& 7[Hse NEIALR
A BAGE SHAAN AAZIEZIAAL WF AR, A B HALILHCDA)S] 710 o]
7] W&o AHFEHEE AANA AEHoZ dA AFE HIE 8 HAS £33
KALIMER-600 A Aol ATWS ALL Al bAA R #3E 7] Al =49 &) & 1k
T g9 o3 n{AANT A5 FEA T g Yot} A e deEd Alae HjR
% 3}EFHAL(UTOP), H1RE FZAAALZ(ULOF), vlRs A A3 LA 2(ULOHS)o ¥, 3L
FUAA Y JFERAAAT] AA R EHHAA FAs= Aol MY EFolr)

1Y 2-24€ SSC-K ZEZ KALIMER-6009] #=71& Re3t7] $18 At 2ol m
3 AZEL 47 3 Qe AFeRE Y, =AFEE 54 @ e dEy FE2
etk & Inner Driver, Middle Driver, Outer Driver, Hot Driver= 242 14719 &3 =2
.

1) UTOP

UTOP Alile AEY 24 F A8 75489 14 & +4d 4= U3

AR =22 w7tz A& F(+) et A= Alaelt. A& A F AoE
°] Shim 2€9 H3 JA&E&E55Q 29 3 mmZE A5t /AR 7] A%

At obg 2 oF 140.1 mmol 91X 3 #3 Burnup Reactivity Swing$! ¢F 344.0 pcmo] 45 o
A3, Aejs AAAEY HXE 951 mmel™ ok 20713 pemoll sFEZ AF{Hom F 39
Cents(¢)¢] ¥H&=7F A4},

APA L Ao)Fo] HxAHANA A HIA A7 45 mmelBE 15 271 28 €T, ©
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2o A EIFESE BF WE3H, ULOF A= S84 AL Ad3A & Aos By
HAoh A8 &8 € 285 7AAE Hx 180T o4y 04%%' 7}z,

l

Al FH3 A28 Y £+ AT =4 ¢85 = CRDL % 2 A wdws 3
FHSE Ao AFAo] FRE{G BY] dET o]F WS EI ATWS AladAd o uj
T AR A 9FE MNATGE AE 29T 9, FF olEd I ASFH AMe] o FHT

R 2-7 ATWS AlZA] S 5A3HX] ghSo i

Peak Fuel Peak Clad Av. Core QOutlet Peak Na
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UTOP (pump on) 769 697 630 637
ULOF (pump off) 727 706 (40%) 630 694
ULOHS (pump off) 664 597 574 573
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Normalized Power and Flow
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Temperatures, °C

Temperature, °C
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16 4 Hot Pool
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lower power level

19 2-31 ULOF Atz @z 2.9F

- 193 -



Normalized Power and Flow

Reactivity, Cents
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Temperature, °C

Temperatures, °C

| v ) ' I ' ] ' 1 v !
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300 ' L) l 1} | ¥ l R) ' — '
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640 y: =
6204 1! ]
. | i
600 - i -
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Temperature, °C

Level, m
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Temperature, °C

Heat Removal, MW
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Flow, kg/s

Normalized Power and Flow
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Temperature, °C

Temperature, °C

v~ & _— ——_" -
. 3 S —

-’. i
900 - ; Saturation i
800 - o -
Structure Integrity =760 C
700 -
600 4 Hot Pool i
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Flow, kg/s

Heat, MW
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Temperature, °C

Temperature, °C

800

I ‘ I ' 1 ' 1 4 ] ! 1 '
Stuucture Integrity Limit
Eutectic Limit /—\
700
600 -
500
400 -
300
Time, hr
a7 2-499 ¥ &F 2x¥3 (37Y
1100 o -]
1070 € 1,055 °C
} Pump On 1
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“Pump OFf
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_(
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I \" N -
600 \\§ $ =
500 ~ / \ S -
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4 SRR .
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KALIMER-6002 #49 ¢+d 939 5w s /dd mel ¢kl 44 EXE BHEA 788
AAEHAT 7P $8% b AA SXE Al AZAAY Fosts} Atz 43 7159 g4l
olFE EXE AA Ve s AT e AHE AEstH, 4AH Vo] FAHER AL A
HE A4 71 WA FAFo2ZN 2489 5 ok o & 918 KALIMER-600 A& Alx =
< AN AHdA HEE Ao 75E AT & JEE GUdstE A2 Ao] A2"HS Ay
3l 9lh

HEEE Aol 24 8 AZ T2 AT - =3 FRASH F27] A%
g% AYAQA GAA AZEe tEo ¥WEY IAA FXEZA PDRC (passive decay heat
removal circuit)7} AX| 5ol AA 715 FA3}. vt KALIMER-600L Ao wadd
¥ 2 Af A EAoE A JjEY AFE A v F4d GHPS AT
KALIMER-600 Atz 9] 24 wlx7} 107/RY ©|4¢ 2498 4A712A 32 (DBE)Z 2§73l
At

ojd A7 gAY E KALIMER AAld wd® WE5AHAAHS AZFstn AN E wgog
ATWS A& 52 A4/d ASADGH S FPsd o, FF 7= = AAVE A
e 483 A4S 3 Fedzols By PPES FHEstE duANeEA FE2YAln
(TOP)} #FAAAIL(LOF) Y tigk Mg 2 Ndad A AAE SSC-K ZEE AHE3te $33}
At AHEE SSC-K ZEE 20 Ao 24 =4 339 314 ZE7} Windows ZEo] LY
on, 718t &8 REO] AMEAtY HYAE FANINEE HAFHYT

# 2-8& AAI7IE A s F23 KALIMER-6009 AA A28 Aad Ao} SSC-K

iEE 01%0}0:] KALIMER-600¢] A% &S 337 &) =499 N2 759 (Inner
driver), £ 7599 (rmddle driver), 9|8 F+E99 (outer driver), Xﬂoi% YA AR,

4>

2l B27RA 5 EF T d9e2 FRe 2ot 7 g9 8L ¥ 2-84 AW
BOEC e 9 22X & A&-3tHd.

RbS = Ag 54E 243 =29 A, 4F 713 08 E, e A A3 AF 29
F Adg WAAST 59 o8 vEx A =3 BOEC A9 HES A1 8590 1L Zoy
o AT L FEE ALE F AEE 23U E A S RE A HALHEE gigon 1
22dMY L XS EOE AT Aojy 785 NS ANFYEE ) AlojB] =
7] A A4k W& FHu A4axrt B3k (burnup reactivity swing)E m#lstd Aot

AAZVE ALl i ATHE AL I HANS: L XA J3FS udstn
AR BALS 1T F UEF ByHoR Y3 X2 A AAY FHE A
T 5 AANE Al dF S A BEYE SR BIR PRES Mg 1
HES A8 A% A=A E Fdse Ao 87A o2 M e Red 27270
HrEzo] A =ojof s, HAMSF £ RyHoR HEHojof g YRAZAHR] HAR) e
ESAEY AR BEAEE wYgstE Aol Hasi
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E 2-90 = Bed HEAL S-S At LHof st FLUETES YA 2 284
=7} 2o itk EFR % PRISM Al djAlo] oid AES} U4 & F3e ¥ 2-99 W5
€ % Y98 IAEXE, Decay heat, 94x2 29, AT F%F, =4 AT 2%, Ao%7L
Doppler A<, 28] 25718 W& AF 5& AAVIE At 4% vXE 79 B4=
AT 2 At Z A9 Ao W3 g UgdE 24 ;A

HTE 5 A8 93EE, Decay heats 34 ByHoz L3} ddsg =03 4
of 9% kg% W3l 4] Wb whgk wken W3l a#a ABFEE W) 93 Hg e
3 T2 34 FZzo Rde dRolng UnA® BA i TIAANA LUt AREAA
X &= KALIMER-600 A Al A wtedo] A d w4 FAHAE dA4AF 4% 281 =45
2z tislA 2= A

AAZIEAL R A& B3 dQlstdol & Fa AL IdE, v EA, YA ¢k & )
% oo|t}, Hdgo ¢td 71FE LEE 138 25 E J|F22 5H B3} (dynamic load)
B F Je 9B5TE ZAHNLY, HEA A 7|2 EA 9 AANE dPste J=
(stress rupture)& HiAI3tL HE A} HAz ] F§ FAL AT 5= e 222 2HH
LTI QAR F2EY DAY FRAE 98 SFHE =4 FF 2E 71EF Y4A v
A = Qe Hd WA = 7)F0] WS Eojok g}

off 32 H o HN
o £ 8 oy m

¥ 2-8 KALIMER-600 A9 8 X ¥ FQo drex W

Al A}

. o BOEC EOEC
W
HA#&A €3 (ID/MD/OD) 0.375/0.321/0.288 0.380/0.319/0.285
TR AT BE 0.00351 0.00348
B.s; ' :

> dp

Doppler 71557, -1301.20 T2 129517 T2
pcm (Na flooded)
A28 718 A $ 7.36 759
B ukek Al A SR B _
pem/(dR/R) (%) 007 510
Y GAz ATA - -
pem/(dH/H)(%) 1044 104.4
Ao B} $ 16.83 17.10
USS worth, $ 152 159
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£ 2-9 DBE siX& #% Fa Uzx:E ¥ 2 94

T W HoF He e BT
. A8 I Irradiated, 92%
Ry 271 2 e 27
Decay heat (%) 110
A2 29 (%) 96~104
qA W mps AT FF (%) 98~102
=4 425 (T) 385~39%
Aol &7t (%) Nominal+15
Neutron flux trip (%) 1114
AAEZARA HAR BEFHE AAAE FF (%) A4 84%
=4 &= (T) 555+5
Doppler (%) +15
Sodium void worth (%) +20
HSE 2d B3 AE Axial expansion (%) +20
Radial expansion (%) +20
CRDL expansion (%) +20
1) TOP

HEY Atne =49 44 AAd AFEH U DA AoAEol ANE TE AA 27
o2 Q3 dxdHA e Azl TAL 2 AF =4 AREEZE FriHE Abzeldh
KALIMER-6009] Alol% 7-F X< & Wl 3o Aojgo] o] =s Alojstnz, o9
R Akglo]l itEE A% Hd £E2 7% REVL st & AolFe] e S

£ Atatelth. Alels A AlE (RSS, rod stop system)< 52eHA] ¥ o2 HFEHOR
A48t ad. gt 3EE Az 5o AojBe /AR 27 XA A ARAR o) EsHA
€t |

et RrlEE g dbSRe arje A4 NS HIE nAas Fr) &) AdHs Ao
2o 7] A2 n#Hd] AAHAT. Fd) 48T 3440 pemdl HFEH= JAE =4
FRZHE 1401 mme] 9X A, o] A H YA T AjFo] #=AH oz HY AF £ & U}
A3 =4 ARE AEE7] o] RF 344 pem, & 0.98%9] v xr AdEga A st

T3 27 XA 29 3mme X2 JNEHE AL /A E F 467 X A B 9
Zo) AP A =}, o)z s 1A KALIMER-600 AAA 2a8d F g+ 7HF B+4FHQ 7t
Hol "t} WS E Rutol o) F4% 7] £89 b0 wEt w4 FAHAAE B T &%
3

o AxE AA 7} HAsHA Hoh

359 Az A4 208 449 A9 za® F

m)v
ol
=2
lo
-
fo
r |=|

AE WEE AR
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Doppler A7, &% 713t &2 A 59 %E #d A5 942 29, AT 7%, =4
AT == 59 AS Weolth £ 2-102 7P BEHd 213¢ 4RSI 3k 743 TOP
4 Aol

& 2-10 TOP DBE 3id& ¢ vhg&

s i/‘}} . Z]:ﬂ %37_ R %]_Z]'i
Q) 2} %lx}»— #2137}, | Doppler, | Sodium | BT
Case e 0|0 9 2‘%—?‘@ % % Void, % gg;%c gé ;ﬂ]C =8, % /\]?_}?]i

Base0 | 100 100 | 390.0 [Nominal | Nominal | Nominal | 725.46 | 579.86 | 1164 | 6.875
Basel | 100 100 | 390.0 |Nominal| +15 |Nominal| 72550 | 579.15 | 116.2 | 7.125
Base2| 100 100 | 390.0 |Nominal| -15 |Nominal| 72529 | 579.63 | 1164 | 6.625
Base3| 100 100 | 390.0 +15 | Nominal | Nominal | 725.49 | 579.56 | 116.7 | 6.000
Base4 | 100 100 | 390.0 -15 | Nominal | Nominal | 725.58 | 580.28 | 1159 | 7.875
Baseb| 100 100 | 390.0 -15 +15 | Nominal | 726.60 | 580.29 | 116.1 | 8.250

Base6 | 100 100 | 390.0 -15 -15 | Nominal | 725.70 | 580.26 | 116.1 | 7.625
Base7| 100 100 | 390.0 +15 +15 [ Nominal | 725.72 | 579.27 | 1166 | 6.250
Base8| 100 100 | 390.0 +15 -15 | Nominal | 725.04 | 57868 | 116.7 | 5.750

Base9| 100 100 | 390.0 |Nominal |[Nominal| +20 |726.09 | 579.65 | 116.7 | 6.750
BaselO] 100 100 | 390.0 |Nominal | Nominal| -20 |726.24 |579.76 | 1166 | 7.000
Basell| 100 100 | 390.0 -15 +15 +20 | 72594 | 580.57 | 1159 | 8.125
Basel2| 100 100 | 390.0 -15 L**lﬁ 5—20 172699 | 580.76 | 1162 | 8500

N
fo
e
oo
E

5 A1 % 7}, Doppler A%, 222 2F7|SHSE Ase] BRI et
E 2-10°1A4 AEd Hksh o] AAB7rt &5 E, Doppler A7t 2
WS E AS7 AS4E ¥ 5L ddE 59 W4 227 Aol s %}
€ 1t nFAASA A AR FA = FF FH ] 115%00A 2
22 QAR AAE 560TAA Tt Aoz 7Hs A ddnet
gote 71 Au A A 432 AAA S ARAE, A2 ZA 7
B =M A

iy
i
4

>

M
B
Ry F
y 2

i1
o

'go;mr

J

30
S8
Fo o
=Y
e
1
r}om,

m&w

A N oz Ay g
2 o
z 2 K

ox b
uet R
-

A ‘1‘_};
rlo M

X
AL,

=3
RN
FE
X
ko

5 44 Wed Axe ¥ UIAF §9, 2947 w0 dFend B2
Am oA An B9 SR WAA LEE 2Y, 5%, 9T 2w
g2 o 5 vk waﬂ Age elol 2253, 400l 425
S0 2o d9E 259 Y24 2ES JHAA Bk

o

M1
A
ot

of m

it o g
I
nﬁf

2 ole gt Al wet JHE By ARE A Aoj@ S HE H1F H29) 440
T EYS 47 250 e W fFe] AA Hol A Ao =4 BE 2T 257 =4 F
T 2R T2 ZA AAAE 2H5A Hol A 2 F A2 RIAETY AA A 0632
olF FA AARIE AAEA Hol & RFHA AFHR UGS B F At 1 A by B
ZQ1 TOP sy d3t= 9A2 59 104%, AT #%F 100%, 2182 =4 47 %= 395 C
A G2 A9l tisf dojd

M
o
K
17
-
rfo
i ﬁ.
Fir
o
et j}i —l)’ OE —Lw'

=
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¥ 2-11 TOP DBE &4 S 3 AF A7 A fead A 324

A& dAS] =4 5 . i Hi H= Az =
Casel S8, 73| U7, |10 DB TS 85 308w 2,
Al | 100 | 100 | 395.0 |Nominal |[Nominal|Nominal| 729.86 | 584.98 | 1164 | 6.875
A2} 100 | 100 | 3950 | -15 +15 -20 | 730.37 | 585.71 | 1159 | 8375
Bl | 100 | 100 | 385.0 |[Nominal |Nominal|Nominal| 721.09 | 574.75 | 1164 | 6.875
B2 | 100 | 100 | 380 | -15 +15 20 | 72261 | 57563 | 1162 | 8500
Cl| 100 | 98 390 |Nominal |Nominal |Nominal| 727.72 | 58352 | 1163 | 6.875
c2 | 100 | 98 390 -15 +15 -20 | 729.23 | 58451 | 1162 | 8500
D1 | 100 | 98 395 | Nominal |Nominal |Nominal| 732.13 | 588.65 | 1164 | 6.875
D2 | 100 { 98 395 -15 +15 20 | 73365 | 589.65 | 1162 | 8500
El | 100 | 98 385 | Nominal |Nominal|Nominal| 723.31 | 578.46 | 1163 | 6875
E2 | 100 | 98 385 -15 +15 -20 | 724.82 | 579.36 | 1162 | 8500
F1 | 100 | 102 | 395 |Nominal |Nominal|Nominal| 727.67 | 580.82 | 1165 | 6.750
F2 | 100 | 102 | 39 -15 +15 -20 | 72798 | 582.06 | 1158 | 8375
Gl | 104 | 100 | 395 |Nominal |Nominal|Nominal| 741.16 | 592.38 | 1162 | 6.875
G2 | 104 | 100 | *395™%| -15 +15 20 | 74263 | 593.79 | 1159 | 8625
Hl| 104 | 98 395 | Nominal |Nominal|Nominal| 709.04 | 57854 | 1016 | 0625
H2 | 104 | 98 395 -15 +15 -20 | 70896 | 57856 | 1014 | 0625
11 | 104 | 102 | 395 |Nominal {Nominal|Nominal| 738.88 | 583.64 | 1162 | 6.875
2 | 104 ] 102 | 395 -15 +15 20 | 74037 | 589.42 | 1160 | 8500
aY 2-512 HY] ddE 257 A= Case G29) A =8 Wslel $2¢ WIE
23D gloh Ael¥ Aol sl Fo) ST APl weh A2 A HHA ) £D5
= 867X AR EHL2 AH4EY 116%71A] 453 T 5433 24sA Ho, d3AF9
e dXE AR T F #ell Coastdown®th. 18 2-52& AAZXAL 7|F02 &=

Base Case®} 7} B3
SEEEE

QT =

L

19 2-53& G2 A$-9

=
2EE2 &

0]

1

TAE

L84

Z}z} 743 C < 599C ©]

3z
x£z

98 A X, NEA LE, 297

I O 2-54= FUE A9 e r H3lE Holx
ST AYHAIR, &EAQ AoE A&
Case G2+ Base Casedl] H]3] QA2 AX] A H /‘14 =982 oF 03%

2983 dF 257 42 4%, 5C =1,

Adg 259 B

ZH3 dH /s

L=

R = v

A2 FA Rl M =

o oa ¥
ARz AT B E
27} 170, 14C A% £A Yehdeh

A2 o2 KALIMER-600 A A+
43 W B8R FATE

o 71A BHFEAS
of F& 955T s 700Cl tish =}

HAle Aoz Hrhdd

\3]— zsc}:

. T

A 4

O

O
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Normalized Power and Flow

Temperature, °C

1.6

L I LJ l L] ' L] l L] l ¥
] I
144 — POWER|
] ee== FLOW 4
1.2 _
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]
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1000

T T T T T T y
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Time, sec

a9 2-51 BEFA TOP A 283 &3 #3)

900 ~

................................................................................

I 1
Fuel Temperature Limit

T ¥ T L T T T T

- - --: Fuel-Base Case
----- : Clad-Base Case
: Fuel-Limiting Case (G2)
—eemea : Clad-Limiting Case (G2)

Clad Temperature Limit
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Temperature, °C

Reactivity, cents

|_Hotassemblyaxialnodeg '~ '~ "
900 - Fuel limit ——: Fuel centerline |-
. - - - -: Fuel boundary
————— :Clad
800 ~ : -
Clad limit —cemees : Coolant
1 ad limi 1
700 - <
300 L] ' L] I L l L l L)
0 20 40 60 80 100
Time, sec
a9 2-53 TOP G2 A%< A5, Af&EA 2 I4A &5 X
JRNSUPT IR e [ Ao g p P ot P P f p— gy | Py
0 ra‘.é-?-:r;'-:.-’-‘;'-;_;-*:'-?_-—-sf_-——_a:—--_ﬂ;-*fz-‘-:'_r-:1*3*:“_“:1"‘:'_':?:“:':":’:"_':
- {
Doppler
-200 | :
- - - - Sodium i
S N Axial W
7 I8 R i Radial i
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[ ]
! a"
-800 5,_’_,.» i
| ¥ ,
_‘IOOO 1 | —t 1 N 1 1 1 1 1 —t
0 50 100 150 200 250 300
Time, sec

a9 2-54 TOP G2 A-9-9 w3 = W3t
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2) LOF

FEF3E Ane Jzd F3He

A9 44 59 o2 A% AT A 8] FAHE
EAHdolY. KALIMER-6008] %X

=
Aol A9 A 3 R Azre] o 6224

A A 7 =

HAE Coastdown AT 7HAA HER 34 A3 Al 283 39 843 244 77

AL ghHe] Bzl "rh oA d BEF o] BAFA FEE 3] Y3 KALIMER AAE &

A A e YAAT FFol 7‘4751 F o 84%0l =237] oldd dARE HA 7t ¢}

E5 83 vk AAE AR o|A7A = SHo| FFol vl AR A HEE ddg, 7
B 2 439 258 AssiA €0

B 2-128 7H% R5AA FAANT d49 2712 B A7 a5E 248 AE 64
MEG29 )4 ARE AYsta gl TOPS 2 Aoj%rte 4% AFd & 9F S WAA
% Aoz Beado EFe Asst 2F 713 M E ASFE F2 LT BH WFE 45
Atk o] F AFel @ WAE ¥ AEe =2 A7 21, 2F 7% HEE ASst 2
AEt HPAQA 25 AFE Role Aoz vgyth u8E AR AA AFE dRAF &
F 84%cl Mol AFF AAE FA 2 560TAA TAsE =4 725 A2 A2 FA ot

TOP wtA7A & AF #igdd td ME 242 dA2 29, dXAF %, 181 =4
HTF2Eo i FAqsFAT AT WFe 27 2L =4 47 2=V £&5E, 281 &9
o] ESTE B AHE o 24 ¥y T UM & 58 287 259 104%<}F 395TA
H3 HAdE 2= YA 257t dS =Tk 39 dFe BFeA JeEld=d 3o g4
3H &7 25U AsEHE 98 XA HARL FAl Af e o3 A2 ARt we]
AetA Hol Ho &7t Fadte 9 BF YEd.

100% £8<& 71Fo2 3A e 287 93 259 S AT Q3 2T 2x A
FFol A2 A A YR ¢ AA Hol H “51:1_ ddg 259 YA 25E 7=
A B AT 104% 28 2HNA = FFo] B%E F4she 35 TOPAM g vhd7kA] =2
HET REV =4 7 1 AR AA A A =25A Ho| AAR FA7} ] uE
AEA =ol FF 100%<F 102% 7 - vjs) € RyH oI yEhd,

174E BAE T3 2o 718 BaAd M 2308 29 104%, =4 AR % 39T, 1
2 FF 100% T 102% 3 9-¢ Case G137} Case 1ot} o) A E 5= 717CEA Case
G129 Aol X, Ao & L% 603CE Case 119 S0 oA}t 1Y 2-559 2-56

of Rel uio} Zo] A g 2% WA 74 BEAQ Case Gl AE 27 £8/6-34)
1B AER dSHH, A2 HA ofF F4% &9 a2 FUHAQ 2% 452 YEht
oA Aok 19 2-57% 2-582 Gl A9 A2FHA Y 25 BX WHgE WSE Ro|
At

4 A3dE T4 £ W, KALIMER-600 E4= LOF Atz Al Adf ds 2=9 54

22 42 717TC 9 603CEA Az AN FEA ) o720 95T 700T ) i3l
7} 238, 97T AL FEE /A= Ao FrtA,

3 w % o

r =

2
r
l
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¥ 2-12 LOF DBE 34 S A% 9 e ey~ 4 2 $£8 A3

s = | =4 Sodium | #HX Hu 5 3 :
A2 | A= Doppler, - 3 Hd Rx Trip

Base0| 100 100 | 390.0 |Nominal| Nominal [ 700.64 | 589.23 | 1.32 225 | 2375

Basel | 100 100 | 390.0 +15 | Nominal | 700.31 | 589.03 | 1.32 225 | 2.375

Base2| 100 100 | 390.0 -15 [Nominal | 700.97 | 589.42 | 1.32 225 | 2375

Base3| 100 100 | 390.0 |Nominal| +20 | 701.11 | 58950 | 1.33 2.25 | 2.375

Base4| 100 100 | 390.0 700.77 | 589.30 | 1.32 225 | 2.375

Base5| 100 | 100 | 3900 |“-15 4 | 7014458070 | 133 | 225 | 2375

Base6| 100 100 | 390.0 700.03 | 588.87 | 1.31 225 | 2.375

Base7| 100 100 | 390.0 699.71 | 588.68 | 1.31 220 | 2.375

Base8| 100 100 | 390.0 700.34 | 589.05 | 1.32 225 | 2.375

Al 100 100 | 395.0 |Nominal| Nominal | 705.08 | 594.28 | 1.32 2.25 | 2375

A2 100 100 | 395.0 -15 +20 | 70588 | 594.75 | 1.33 225 | 2.375

Bl 100 100 | 3850 |{Nominal| Nominal | 696.15 | 534.09 | 132 | 225 | 2.375

B2 100 100 | 385.0 -15 +20 169696 | 584.56 | 1.33 225 | 2.375

Cl 100 98 390 |Nominal{ Nominal | 702.28 | 589.32 | 1.29 200 | 2188

C2 100 98 390 -15 +20 | 703.07 | 589.68 | 1.30 200 | 2.188

D1 100 98 395 |Nominal|{ Nominal | 706.71 | 594.36 | 1.29 200 | 2.188

D2 100 98 395 -15 +20 | 70750 | 594.72 | 1.30 200 | 2.188

El 100 98 385 {Nominal| Nominal | 69840 | 58689 | 132 | 225 | 2.250

E2 | 100 | 98 | 385 | -15 +20 |699.20 | 587.35 | 1.33 | 225 | 2250
F1 | 100 | 102 | 35 | -15 +20 | 70569 | 595.18 | 1.36 | 250 | 2.500
Gl | 104 |- 10074 395" -15 +20 | 717.00 | 60268 | 133 | 225 | 2375
HL | 104 | 98 | 395 | -15 +20 | 7086457899 | 1.07 | 050 | 0625
| 104 | 102 e3%e] -15 +20 | 71675 | 60307 | 1.36 | 250 | 2.500
g1 | 96 | 100 | 305 | -15 +20 | 69473 | 58688 | 133 | 225 | 2375
KL | 96 | 98 | 305 | -15 | +20 |69689]58956 | 133 | 225 | 2.250
L1 | 96 | 102 | 35 | -15 +20 | 69455 | 587.28 | 1.36 | 250 | 2500
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Normalized Power and Fiow

Temperature, °C
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Temperature, °C

Reactivity, cents
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. —semees : Coolant
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r{ .
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f - - --Sodium
----- Axial .
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3) 34T AAA 4

KALIMER-600 9x12 A dAX AL HEL 7/MLst7] 93t KALIMER-6009] &3
ol AAZEALE AANATY. o2 98te EFR B 14, CRBRPY SARS 7I&X3A,
KALIMER-600 92 E@WFo $AE=gE 4. AA7ZIEALE ZA BHeE 444
I, A YA m, TR S4 AF FF 5o FEE = 9o KALIMER-6009] &4 A4
NEALY YAE RS AT AXEARA AAX = & 2-13% 2-149] YEHUA

KALIMER-600 AA ¢ tigt =4 ] 71X &3 A9 v A3 Aoz Q& vhg= 4
Q) Abaol] i BAH L F3E X ggkxul, EFR¥ PRISMo 3 &4 A8 A2 o 459
A e Aol WEo] wEx Al e AT AR B £ ok AW Abe] F5-o] 3
Ne dAL: A9 443 dA4AS HZ BEd &4 FoA A At AFE 5 gled, &
A DBE 3141 93] ALS-HE SSC-K ZE+ HltA @4 #49 Alg 847t Jlemz dAsk
AY A 3 FHFAE A A A i REAF dAA Y BEEE 245

AGA R &4 Aas 2F ¥2 Ane A9 A 35 add 64 yEy nd
Ao ik oy AAe AA AE7F ATHE A, Ao e £71H9 Bao] 3

g % 9 Aol

KALIMER-6009 A AI7|EA 3 sjA oA 18 dXE B3 iFes TS dAZAA,
AR BZA A ARAZAR, =4 2F 1 YF2ARA Folt). P AA VAL <A 3
o sld AAZAA wge AZ7] 23, RAGA 52 1 AAXNE H &34

A4 A% 2FHAS AA2HA D AAYGA ARF A42HA AP 32 F2 A
nsk FA AT A HA 1S 2T] ool 9428 REsy 98 FARAT &
AW mAET 1e AAZHA HPAE A H9lol H3E 104% 9, 8% A4S FF, 39
5C =4 4T S% 2N A2 AN BANTEZ 4X 44NE A 2RRAY 24

HAE oAl AAZ g Aol AlZIH U

1o
o
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® 2-13 KALIMER-6009] A A 71FEAFL

dhbe = AR Az

- 152X A B(CEA) BE
A=
L AZOR AF WSE A

A A MYl

. Q] = E Hix &3} A=Ak
- ARG FE
-d8E g&
B2
ST ARARY F2o4
2F FE - AAAFE AF cold trap FE

¥ 2-14 KALIMER-6009] Alzsj4lS st EE AAA

o = g KALIMER-150 | KALIMER-600
WAL RE VT | Vegagx | Ed 444 i
I FRA & 116% 111% dAdg 4§ 1A
AP 2] A f-=F 90% 84% (A A2z | ¥Z4A A<E 1A
AT e 400C 405C g FAEA &%
SAEF 12 571C 555C TZE AAARFA
1L T AF 2.95/4.05m : o T
(=] . - _
HTS 7 4 25MPa SG()%M};‘ A VIHTSW 25-8 9e A H43
247 HAl% &Y 10" mCi/cc 10"mCi/ec | ¥AMS 39 AHd AR
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4. HCDA ¥4
7}. 27194 HCDA ¥4

MELT-II ZE& 7] @49 HCDA Atz A, 922 &8 2 459 4 S Astd gd
0% A A8 7 Z=ojt. 53 AR #29 AZ(UTOP)A, AL 27158 =4 &
7 (core disassembly)”] A1ZEE AA E& ddg FA(sweepout)ol] 98] Alazl £4€ “H 77]-
219 &Alo] o] A} MELT-II AXe AA AH EES(STEADY), IFHE A8 =
(TRANSIENT) 2 9= &-& AulX)(relocation)5 2 2 A ZEo 23 A4t :r:X]"q
oz PR Walter et al, 1974].

AAFEE A5 AH Y 2 =4 8§ 4 4] Z=<2 MELT-III/TRANSIENT 2 &E&
FAst JE F& 4 xde &3 2.

- 92 §7) U d5Yg 29
- point kinetics 9 % 93 A% =g
- gdg 5 a9 898 AT 24
- 4% A9 g =Y

Astd g =4 o J4gd MELT-II =& %i—ﬂg =41 ¢l KALIMER-600] %

237 9 E FARGE B3 E #A$ Rdo] F#AFojo E

Efo] AiA oz 73k hardening) = Y7l Wi == ELP%E ge] A#ale] WAook

Foh =3 ZF d9d 2 E8 MSEAF 4£F e B¥7L AFARE FolAofdin)
=2

T
5 FEwAe FYA 29

2 AT E 2EY 3, 485 BeE 2 AdRY SWFere Yo

A& v =7t
n#HH AL F57)(control rod drive)st YAZ §7|9 FFoF 3 MEEE 1HIF}A F$t
o x4 A BFLS e AU F F oy FE AAR FEEY BAN #HEo] A
TZREY L 279 250 AHAA 9% &) H&Eol LA a3 YEUA Feth
HAs 2HA 9 wbAd Wgo o] B wlg Zrof WS E MAE FFE FAL vhsitt

=& (Doppler) &3 FAFEHE HJ= A A2 AAAQA 4 R FAA FRo 7+
_9,_6;7} LA K e A aHoltt. =58 A, dk/dT =
A2 Zulf el AH(multiplication factor)e] ¥3E Aol g}, A3} 3
= TR AU 2 EZo] AA(soft)o]7] Wi EEY HEEE 3

x (b oy

BEONN
e

fru

lo
ol

9
of weesA Aok gy = FuAY e JdH Y 45 FAES

- 217 -



_dk _ _aP” _
daTr~ T 2-1)

SHERFEESE PR BRSPS BLENE CEREA S EL N S E
T2 #9A AFHL AT W, £EY BSEE A9 4 LA e 2o

poP_. , DOP T _
p a PP1n( To) (2-2)
e 4; Auge 92 L AP RGNS Zxol U B2 £ FHR 2dE
Ae] golng AF WA ke wet wstA fv. metd MELT-TIA & =538 &
T tig ?e] TAAL &7 2o
pop p i T,
=§Wu[ KD+—p—‘(‘)’—( K y— KD)]ln‘F—f]T (2-3)

W, AR 7tE 3
K, = 2F8°l %3 (voided or dry) =49 =& 1 A2
Ky= 94 &F°l d=(wet) =49 =58 4

8 eSS 27 D7 ZAsd AR AHE” ] 43t l(hardened) =
ZastA g R A BF Fof e Ho] YT 4F dE W BE =58 EJJr
vet doh. QU AN W, Kp, Ky, po 5° 98 M52 Fojhel

74 A8 E A8t KALIMER-6009 A2 E AstA s w=A4d vld] FAA oy A
2 Ego] Z3Hhardening) = 7] W&o 5 HeEE 7 1% o nlHsA Bk g =F

g ASE den 2ol & 4 o
dk

pPOT = 906 POF (T 095 7 005) (2-5)
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Ned vhsh go] EEY 45t AAZ AR FRY AX 2 £F DEY FFolh &
A W] e IS LAy A9 eI o] £EFV) B, X% B Rowo

XY = pxx - p;l’?
" p:?l( (2_6)

A7IA px £ FolA AN Ad K, W == JlAY 4F AxolH Ax & 27 &
5 7)1 dxolt} B, & & 92 K oA 2Fol EAT Wt 12X G Yo =g A
FEt2 Aognd =2 A5 OdFH 2o € £

aXt = PR - Xy) + QX (2-7)

NAE L% Tu & B Ao e FFH LA eI o] YBT

K = ZVUK (2_8)

AN Y & ALK WAF L FUF ] Q =29 20l

W) 25 #3x xd

AAZ FAx Al A, FEE T £2F Y4A 4 522 A3 259 2= 2AY I
& 7} °‘v} o33 AF HHE 1-8—57} Z71ste] Az 28 %%—%Pﬂ AL & A
of 12 927k vk 2F WAAY AR AP ST F b Add RS A oA @
. & zt%‘- A% ZAa2 FAAY FFo] Z716HA Hol ¥ wte% a9E 71X oA He &
H, 474 ~2AEQY A3tz A SR A dHHo] radte] A wgE g3} vERY
A A gt 24 FARGE F S E T A, 24 FHAHE FHAA FEE
o ¥ wew gt Jeldd}

MELT-III Z=olA AF D% W32 A% vrex WAz p"E= oS3 o] Fojzit),

pNa = ZﬂJKMJK +AV (2‘9)
7)1 A



A 5ol 4w BAE Yen)

AV & MELT-TI ZE 579 =59 ¥§
po & AHESty ARG I

Aotk =, A7 step #191A =&Y adE 571 ¥ Rs
A5 9% W3y} RS Ee ZiOIEi step #19] F& Al Al

g} step #1 AlIZF B9 dAF &
A 28 A& p, & AHE3ld EFE EHE AMNEHE o
2LAe 4F JAE % =57 J%E

E]l.

o]l:]- mE A dds % 712 QF & F

L 9 Atelzk wAEA ©o.
o Aolx ¥e WAm Meo|nZ o]F AF B
$E Aol Bt 2 $E WSF AV E B
3 Zo] A¥Hoz @Y + U

AV= 0P =W, K, +———=L(KW K plin ;" (2-10)

MELT-III 7R ZAA & Fo7 AlZE 7HFdM 9 4F 4% BAAE AHEst] aV E 19

g davt 9A Z2ade AT

pr = ;ﬂ!KM.IK (2-11)

2% A WSk M, & oe AT o] Relwn

A K, Y == JdAMe &

MJK = (prux pJK) VN (2_12)

1714
eEoNe) £F WS

P = 715 2

Px = A FEEAe] 2F 9=

BEE WsgonA JUAn FolAo}
WIS 45 /198 Wddon A 482 5 3

t}.
B x= R e (2-13)
JK MO]K
o 7] A

My = JK =29 27] &5 2%

o
rE
ole
k1
B
o
o

[}

Bk = JK ==X &9 &F 71g&d o

- 220 -



] F(negative) B8 % T/ E 23t T8 Aol
A vlE] 54 ddEg =4 2 37 9 ZA Jehd o2 Ad F
2 5 A5 szl e gt dds =V FSEE 9
5 2k Asos dAsT B 49 Folst AA 1 9
42 FEol FUtetAl Hol F vEE a3l YEhYA ok

bako R o] WL - Fof WhgEo) WA E JFL FAY w3tk =4 vk
T gt & 5 doy FE AXRRE F2EY BRH #Ho] L 7+2EY B
o] & AFAQ] FFE 7] o] S2HA E3E VERYA ek MELT-II 2
EoM e FAsRS =4 54 nAHo 1 =4 ARE AF BFddn R Ed
MELT-III °| A= Euler &A1 S AHE-317) W&o, A g7 338 wel == A A7 ¥stA
"t ofol wet defe] == YA MY A8 FAFE A F+E A4

MELT-TIA A8 BFez A% BhgrE 53 2ol 2F =9 499 fAe
Aoz mdEdE

m
oX
to

O

b
=
o[o oY,
ok

AX=§W]K8 M]K (2‘14)
o] 7] A
Wy = =E JK9 Sldg w3 wr)
My = =5 JK9 dds AF AstF
Z wE=dqMe Hdg 27] AFo] M2 AT B s My & o5 A5} 2ol 1
298 5 A

ZQA T,k 2aa T
1+(1A T] 1K ].+(1A T]K

§ M = M( ) (2-15)

EE A 25 WMot mietA 2= W3}

CAY WPAGOH & T, =

o a JK
off e ddn WFe oo e Ao ger
ZJK = [1 +a (TJK - 7:“,()] Z(w( (2"16)

MELT-TI ZEA JK =59 25 T, = dds v wafe dg 2 7t
Aol £3E 917} == 4 'FNODES' 7} 18 o3 Fo]a 4= )} oA} 2ol MELT—moﬂ
A ARSEE AH B 2l AA AAge} yE e 553 B AAAS 7]ws))

3, EWgoge] & g3l nHHK v o|#d MELT-IIIEDS 3AARS E%%}ﬂ
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At} AR ZoolAE FAH AAT GHARE FoiAY,

2) KALIMER-600 Y8 A=

MELT-II &40 E =4 AAE A 114702 WEFEIEA), 114749 TS 5A
2 108709 AR TEARAT ) 9oz FEeS 24Ut BE FEIAE 27149 A
B802 FAH du. Z+ 99 nodalizationS 18 2-599 e} gith oA BnEo] =
W zones AA 8/MZ 2 In o]F =4 zoned 3/, =d'd zoned 5ME U4t 2zt
99 HAsEL WA BFoE F 1279 (1049 HPERE, gap, 2L HEA =)
2 Uro] AxsgT.

1523 MW =4 €& =444 =5 A W F71 9 A 3] 99
of 242 40, 36, 24 % A MEAUT. FABST FFS WE, 37, A% FEIGA FLeIA
742} 93, 85, 62 gm/sE AT =4 AFLEE 663 K, ET2EE 818 K o]t}

H 4

=]
-
\=]
T

3 A4 A3

29 2-603 1Y 2-61& EF Socent®] WS EA HYHUL Ao xS
FEAYA SEWHE vl Frh WA £E 4502 2F HEEE 718w, ddR

=]

T pul

eEgsoz BB NS YARAFOR AT FVEES} SARE B + Ak AL F 15
27 99R S8 e AAE BY W) FAR FA2 w4l WIEE Bashr] A
42 2 5 Uk AT w4 WIEE AA FHZ F2eH, BEE 49 AnE 2700 3
A5E Aol

- 222 -



Pool level

} Open pool —— 4 axial segments
1 radial nodes

} Instrument tree —» 4 axial segments
1 radial nodes

+ Free flow —» 4 axial segments
~ 2 radial nodes

4 axial segments

? Fission gas plenum 4 radial nodes

W,

} Sodium bond ——» 2 axial segments
4 radial nodes

c 10 axial segments
ore 12 radial nodes

} Lower shield — 4 axial segments
4 radial nodes

} Orifice block — 3 axial segments
2 radial nodes

19 2-59 KALIMER nodalization
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Reactivity, cents

Peak Temperature of Fuel Center, °C

140 LB T 1 L I 1

120 |____ Net
- - - Programmed
100 - ~-~- Doppler
80 -----Colllapse
- Void .-

1.75

-80 |- -
-100 | 1 | 1 I 1
0.00 0.25 0.50 0.75 1.00 1.25 1.50
Time, sec
a9 2-60 05%/s 3= AYA =A4wke= s
1 | ! 1
Fuel Centerline
1200 | | - - - Clad Surface -
—-—- Coolant

1000

800

600

400

0.0 04 0.8 1.2 1.6

I 2-61 05%/s WeE AUA =X WE
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Y. =4 ddA gEF it

VENUS-II Z=[Jackson et al,, 1972]% ANLe] 93] A3t A =4 date] ALHA
t}. webA VENUS-II Z=E KALIMER Alzsj4io] @887 gatdses, $4 7189 43
Ao A g AAY B Adso] N FTHA LS NLote] =0 P W
g slejor gt 7]E9] VENUS-II Z =6 ANLT BNWLAA 2z} s)itet kst sl o of
& FEgA el dExes AH8d g 3leu, ANLY BEidAgAel & o AustA HE=HA
.

2 dFdgME AlnAY U-TRU-Zr 84989 4g-dyA #AANE AT Qlof, At
7] =4 ¥SFH A F71e0] Al Rste 315 7] (saturated vapor pressure) | F 3, =4
N7t 94 threshold #t& Wl & W9 Hi(liquid phase)F G o2 FEIFAT. AA F7]
& FANE g9 g 259 AR 9§ T3t ZtHJoseph et al., 2004].

22,379

T 0.946log T 2-17)

log P= 8.58—

oq71A 4He Y& JHatm)oly 225 A= E YENID ddd g e AetF
21 & van der Waal's 220l 7| %39 &3 22 A4 o] ALEHAY.

p=rp(E—E’) (2-18)
. 2/3
1—0.057p’
3

E'=98.76p 5(1—0.05705;))—1 +1,516

A AN p= dauAde 95 F = WRAUXNLAE, E = threshold sy Aot} 28 2-62
E AdE Gl o8 deijAE qHI qux D= 4@ FAE 2ol Fuh adx
VENUS-TI A2+S 913 KALIMER-600 =4S 298 W && thg zrh =48 w7 o
2 A FEA, T4 TEA, 4% TEA S Gen PG, A} w4 L E2 4
=2 zoatgdet. =4 4ol 7A plenumP 59 AHHE @2 2o H YT

z29 A3 27 Z2ACEE 28 2 2YEY 27| BSE 2T EY ol b
2o A% R A9 7HER Fo] Utk AT Z7) o
Aejel 109191 1523 GWeoleh AR stdom, Wy FEAS A7 eE: dodg §§E
1500 K, 2 2=+ 1,800 K& HA3

¥ 2-63, 28 2-64, 29 2-65, 2 2-66< 747t 249 10059 WS %I AAHAL W)
=4 wher 29 2% 9@ gtgle W Zoh UTOP oY ULOF A, AAQFo® =A% 5 9
A IR A8 10-208/s AER FeA Qo B A F o 5y 9rte
g AEHo ALHAY 1008/s o WEEE A AT

i
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9 2-63014 RE npe} Zo], mAMS T = X774 FU8t E&2 v w7 SIS EA
2.85 ms AHH #Z28H, 42 ms Fol & A e o3t 2 #AAEA At o2 e ¥
sbol] wie}, =4 2L 425 ms o AN 6,140 GWe(Z7] &89 oF 40087+ F71stA |

tH1¥2-64 &%) SHEFA 7|7 599 oYX BEFL oF 15400 MJoll o]t}

a9 2-65% =4 7 FHo A peake £ WHE KA Erh FUF =5 4102 4ol
o] =4 4 M (axial centerline)ol X8R, WAE =E4#2,79 & ZF 449 AFo X3
roolth x4 FAR 9XF ==(210)949 25E 4230 K 744 S718HA €Y. o] 2%
ik g9 0 29 threshold BT ©& oz =4 4o FAT F7F 842 dojuH

ozl 4L ¢4HWRE YeUE 28 266004 % B F At =4 FARANY &Y &
& 771 Axo) aXA Aok FF =4FGAME 15 71ge2 FAHY. 97 =4 9

Aol e Wste FAY £ S Aol

10000 — . , 3 1 —
9000 § : i -
] E § ! ]
: ; i
8000 - : i .
] : ; ]
= 2000 —— vapor pr&sasure : i ]
] i o
9 6000‘1 e p:8 g/crn ; i
s 1 |.._._ _ 3 ! !
» 5000 p=l0glcm ; !
é_q J -y p: 12 g/crn g i
40004 feeee p=16glem’ ! ;
7 ? i
ﬂ : ! !
2000 - ' ; !
4 : |
H .
1000 - i ; !
0 - '
0.0 0.5 .
Energy Density(KJ/g)

a9 2-62 #HA7 Gt
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Reactivities

Power(w)

0.010 - . T y | - ]
0.009 g
0.008 — Net reactivity ]
0.007 - - - - Doppler reactivity ]
g-ggg: ----- Disassembly reactivity -
0.004 ] —eeme Reactivity inserted | ..o 3
-0.010 T T | T
0 5 10 15
Time(msec)
79 2-63 100%/s wbgE AYA wHE= W3}

1013 -
1 012 -

3
1011 -
101()?

10° . - .
0 5 10 15

Time(msec)

% 2-64 100%/s 9 E YA EH W)
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Temperature(K)

Pressure(atm)

4500

4000 -

3500

3000

-
|— - o s

- - - -
-

Inner core,Node(2,10)
‘ - - - - Middle core,Node(7,10)
..... Outer Core,Node(9,10)

5 10
Time(msec)

29 2-65 100%/s WS E AYA 2= W3

15

1 d I

Peak pressure at Inner core
- - - -Peak pressure at Middle core

Time(msec)

a9 2-66 100%/s &= AYA oY W
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t}. Core catcher A A 74d 72

KALIMER-6009) ¢tdAd7 874 F9 e =448 Al 24 Al §§ =48 A2 487)
Woll Al ekA3tAl HE(IVR, in-vessel retention)dtE Aot} o2 Fd3}7] 93 £8§ =49
1} ¥ Z(debris bed) & RFEE 4 & core catcher’} KALIMER-6002] 94128 7] 3tvtio] A
2 ft}. Core catcherd] AA 53X v =4 FAZE VA HHE Y3t BESH= Foin.

Core catcher A7AI70d 7WdE 9% Bade A7HEL 4 7|EY AAFEHEZAA 9 "274]
At E HESY KALIMER-6009] digk AA/NIS AAsAL Core catcherd] A4 7)&E
AR e Aot AAFTEE /Y 2715 /HEEA =4 &6 Al ¥, =4 JHF RES -‘?4
e i @ dAQe] =95 gtov} 2AFQ Core catcher’l AAZ 9A2 &7
o] +HH AFZZ = Super Phenix& & F Ath +FF 5 A Y EFR A A oA+ Super Phenix
o} FARSE A AAE “debris tray” AlE el AAZ 7] stdFol G vk

g8 AHH(AA 7.8m, WA 1.97m, T4 15mm) 7}¢d ¥l TUoE AFY A4dUF &
ol FAHY, AR dAHA ATo2 B9 UL shelld AAFREN 93] AAAh J
9] edge Eol¥ 560mm ©] 3L, A A debris trayd =Zo]& 16mol o]Ett dE< JSFR AA
] = Core catcher®] AAI7} X Folt} A GEY PRISM AANME FHAtar ¢+3) Het
o g FA71Ee Ael weh, 4T Fdd 2ol =4 FAHZF S I A 5719 g A A H(backup
plate)& F7hele AR 7had =& HI 8

KALIMER-600 =4 J}{%—«l Wzt s H7HE A% A 71ES B 2-159 =X
%. KALIMER-600 A7 A =4} &&5H AR 7] stdF o] 253 B33t v 3

HAEE 348 5 vz 74 = e Alns XA, 34, ", AlRER] 5oz <3 35 4
AR AAHQ FHAAAIL(M KB E no flow coastdown)©]th. oju] A w=4Alo] &FEo] 3}
H2S FAsY FIAA AZEL 25t Az

Ir

=4 RS Y45 AT T dFE VA E HFERe A9 A7), FH YA

A7) 3 2%, Core catcher?| 3Hepwt3, J2 @3} 252 42 AlF Fo] ot ol5 MF 24
S Yt AT 2V|9A AT, £8x49 AuA AS 2 8 =4 fragmentation Aol o
g o]l Fasth

B ruAM 1) (2) “*} T AAGA SR o) 7]<H vk} Zo] KALIMER-600
o] A 9] ULOF AF3LAl =4 8§ 2= core catcher o] 3AH debris ¥ &§E9 47 EAS
A3t gHFY e 2 A== 22 09, 1.8 olgta RFH o2 JHAEA T 1A
A7y &g AS, debris bed & FHEo] 1.4 % o]s} A W Wzto] 7}E3AT ol Al
09E FHFAE W) FH Lol fdEh. wetA debris bed? Wa AFE &F 4ol core
catcherol E=g@dt= Alzbo) wE} A =, o]e) FA4lo] B3 Ao|th

o2 A

i_‘

A SHFo AFY AAd R s WHAHA Zod @ Zol Budol o A
7tEso] 8§ E(molten poo)ZE Aol 7l5AS wAT = A Hrh a3t FHAAS A}
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g3t §%
e

£9 948 549 ou 24 2%, §
@A) A mechanistic HHE AT FAF B0 FaAH ook e},

[e] hox
T &2

YE = e Aoz Yyt

¥ 2-15 Core catcher ¢HA&HA 712

SRSy 7|& At He == 1A H| 3L
71 A B9 ULOF (no flow coastdown)
=4 gHS A A =N A%
. M < 5 %7] A 0] 1:}74] ?5“’—‘1 g9
AAHYJA 27] (mm) 0.1-10.0 %ﬂ’ii—_’ﬁ% uSAY "Hg
H#H YR FA (Sphericity) | 0.1-0.5 £§9E5-42F 4y Fd
=4 JHEF 7F= 0.7-0.95 SEFE-4F w4y da

97 me

AF 9/2% Addw,
S4Z AAYF

449 2 s4qEd A 43
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5. A494Ads 4
7}. KALIMER-600 3345 ¥4

1) A8

T2 IASEHE

AA Aol WA 2 AHEste AAF4EE HCDAY 2AgE] A
o 7R F2e 22 Adsta FAL Ag871E 8E X gt AR, g5 I
oM B JAFHEE] AEE71E AYstn gler, KALIMER-600°1 A= o] dHt}

b Eold titE Ad4717 AEHR Y

® ATNAE HF A4t ATANE AEr)e) ARHYE FASNH, AnE S3te
o AgEdY B82S dAsts 2o 2EE 94T & A5A AR A, AnA A
8710 2538 AL AT F9 BFAN N BAFL B

E 4971 9] KALIMER-600414 & W8 23 E AGE&717F AYEJA. ole, 2987 Wl
22 I D AFITNS e, gds AFH T AGAAE A V2N S BAE
AEE 871 Y43oltt. KALIMER-600 494719 MEEE 19 2-679 EAsH LR, & &4
oA AgE7] dAES7 ¥4d 'S £ 2-169 A stAT

KALIMER-6009] 4H] AGAdsEAL &3 22 €A% s3d0. O WAz 43 2
AR Al e A @ AR A® 24 2 4F P A4FEY =4 F AnFe AT O
AbAL AgE7] e Iyt @4 R DA 85 2XFS A @ A Ag8) 9
B2 A YL FEF 2 WA AFF AL ol AAHE T8, ATt 48]
o vlale 4L Brrete] A8 dAdd g ¢ =S o, AF AFF HrtE F3}o
A&7 AAZ 71Es wEste AE FAdstA Eo

9 g
o B
=

7]

£ 2-16 4987 AR

3A 4 A
2 H 2] S A
A2 ZIHE + U 29 Foly
=o] 10m 29m
=17] 24X21m 22X22m
Hu 5,040m’ 15,000m’
FA 0.8+0.006m 0.5+0.006m
FAH A 3.22X10-7m’
= 25 ¢ 1301 m* / 1,117 ton
A2F 27EE 510C 545C
AgE7] 27)e% 38C 40C
H) 1 g oy a1
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Upper Containment P S S
Structure with Liner - D

Ty

T @ o
=8
f i )
I {
Qi Fou ;‘ :u \
e b w00
1 T | EEI N z‘ }/'7/ t__‘}

L,.!
PRI = o S T - B 1
; :
T T
7 \. r \
i | | )
AN ,,/2 . e d

Y
\

?

MM T MmN 71 N T (T I
] ) \‘ N\

/ \
Reactor Containment Support
Vessel Vessel Wall

% 2-67 KALIMER-600 28 7]
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2) Ay e 44

ALRA] FAHE UAZE A AZZ L] O gEo] 24 e AHdA, dA2 87 =
o] FHopst FiEof vHuA & R Fo] AUTH, A&7 U7/t Avrta 9oz
d=o], F WU 2FFH HAEF3A 4&F AV 2ASA Eh olF &F F A o v
N2 ALTA] Y22 YA T AHAAd 22 ggo] /HaAgY, 250 d987] g7z &
AlHo] AaE 7hsAde] At ol 2F 2Zdo] A g Y AR E 145
AFo) Yo r &g FEL I3 gormz B AFgNE £2F T IFAWE nd s 4
< FP3FA .

KALIMER-60091 4 €] &% & A Atx A4 AL oS3 2oh o dRiez Adg
7] F=e Fo] AVIH, &AF ¥ AFE A1 Jd4d AWrt2I A9E7UE dEHA 49
(Early phase 32 First phase). oju dg o &4 7Ae A7t J90 2o s,
AWzt A A&7 IUE BE=HA do

£ YA AWstart BF BE2He AL 10207, gzl A F S YAA2
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£ 2-17 A x4

AAMSG s
=4 94£8 MWth 1525.3
LAY A8 5% kg 5411.58
AU ddRe HAFEE,
WT% 14.35
3 burnup, MWD/kg 79

WAL A

Group A} A5

FAAFE | A
Noble gas (Xe, Kr) 100 % -
Halogens (I, Br) 10 % ~
Alkali metals (Cs, Rb) 10 % -
Te group (Te, Se, Sb) 10 % -
Noble metal (Ru, Tc¢, Mo) 1% -
Ba, Sr 1% -
FPs & other nuclide 1% -

Na22, Na24 - 04 %
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Protection Agency)d| A A 3st+=
Al A 87 AR &= o

U,

gong AGEy] Rz WAG EF W
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PAG(Protective Action Guide) 7] gt Bt} vl $ @ & Alx
29 AR e 834 &/ v E 2-21404 3dA%)

49410l 4387 AS5Hr 292 v wstgrh 4449 A 3gA R 3y 36 Foe R
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£ 2-19 A4 8% 184 FUEE

Xe, Kr 1 Cs Te Sr Ru La Ce Ba
K-600 | 498e-3 | 4.96e-4 | 497e-4 | 497e-4 | 497e-5 | 497e-5 | 497e-5 | 497e-5 | 4.97e-5
YGN | 100 | 6.80e-2 | 8.80e-2 | 1.11e-2 | 7.70e-4 | 1.40e-3 | 490e-4 | 4.90e-4 | 1.00e-3
3E 2-20 AR S F A2 (TSN rem)
KALIMER-600 | KINS | 10CFR100 | PAG
A A 0.0124 25 25 1.0
z & 0.0191 150 150 1.25
) 0.0236 47 47 1.25
A 0.0309 300 300 5.0
¥ 2-21 WAl AEFF Bl
3A 47 1
23, m’ 5,040 15,000 ok 3u)F7}
AFEDY M 6.92 6.92 -
Fdgte, MPa 0.146 0.1616 0.0156 Z7}
Adex, C 209 274 65C 57}
Ay Z M 0.00522 0.0124 2.3 71
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