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Improvement of an Advanced System Code for Loop-Type LMFBRs, SSC-L

- Modeling of Reactivity Feedback Effects -

Hiroyuki Ohshima*, Akira Yamaguchi#*

Hisasi Ninokata#*

Abstract

In the safety analysis of ATWS (Anticipated Transient
Without Scram) sequences, emphasis is placed on the thermo-
hydraulics in reactor core and interactions between core and
heat transport system {HTS) are not considered. However, if
progress of the sequence is not so fast, thermohydraulics in
reactor core and HTS should be calculated at the same time.
A whole plant system code, such as SSC-L, is available for
this purpose. Since SSC-L has not been applied to the ATWS
analysis so far, reactivity feedback model in this code has
something to be improved. If uncertainty in parameters used
in the analysis is large, conservative assumptions are
employed. Therefore, the results of simulations are con-~
servative and have large uncertainty in general.

In order to evaluate ATWS sequences, it is desirable to
take reactor core and HTS interaction into consideration and
to improve accuracy ©of reactivity feedback model in S8C-L as
well as decreasing uncertainty of the input data. Grace
period available for mitigating the ATWS by the operator
recovery action can be also evaluated from the whole plant
thermohydraulics. Therefore, reactivity calculation module
in 8SC-L has been modified and improved in this study. Thus
the reactivity feedback effects calculated in SSC-L are as
follows:

(1) Fuel doppler,

(2) Sodium density and void

(3) Fuel axial expansion,

(4) Thermal expansion of the core intermal structure, and
(5) Thermal expansion of the core support. structure.

For the purpose of checking performance of the new
model, SSC-L has been applied to the simulations of ULOHS
(Unprotected Loss of Heat Sink) accidents and the results are
consistent in our perception. This model should be validated
by experiments and SSC-L is to be extensively applied to the
safety analysis of LMFBR plants in future.

*FBR Reactor Engineering Section, Safety Engineering Div.,
OEC, PNC
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Table 2.1 Ko 775 —{%% (Normal ) X107°4K K
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2
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—-6.361 | —5490 —5091 —4399 | —3657 —3.853 | —2888 | —2404 —0.044 | —0012 |—0003
—7529 | —6594 | —5583 —6.167 | —4797 —4038 —0.0609 | —0.020 |—-0.005
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> [+156 +154 +155 +155 +157 +162 +164 +161

> -0003 |-0001 |{—00003
y I—-0177 | —0.168 | —0146 | —0.120 | —0.095 | —0.069 | —0049 | —0.039
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—0044 [ —0012 {—-0003
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+41 +35
-0.069 | —0.020 |—0.005
—-47907 | —4.038
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t=500 sec ZH x1078
r | +282 +281 +281 +981 | +285 +295 | +300 | +294

4 —0003 | —0.001 |—00003
7 l-0177 | -0168 | —0146 | —0.120 |-0.095 | —0069 | —0.049 | —0.039
7 l+227 |+227 | +230 |+236 |[+245 |+251 |+268 | +260 0013 | —0004 | 0001
Bt (| —o287 | —0288 | —0235 | —0225 | —0193 | —0182 | —0.146 | -0.125 - ‘ ‘
0 +40 +56 +78 +105 | +101 +1656 | +148
—0.044 [ —0012 {—0.003
6361 | —5490 | —5.091 | —4399 | —3657 |—3853 | —2888 | —2404
| +57 +49
—0069 | —0020 |-0005
—4797 | —4038
1B +18 +12
—0.089 | —0027 |—0007
-5937 | -5025
+31 +97
—0091 | —0028 |—0.007
i -5912 | —4998
+93 +90
—0.075 | —0.022 | —0005
—4775 | —4024
+125 +84 +110 | +131 | +163 | +159 +215 +214
—0051 | —0014 | —0003
6312 | —5376 | —5069 | —4408 | —3.702 | —3937 | —2957 | —2.462
T7 || +292 +294 +302 | +308 | +316 |-321 +334 +334
5 —0014 | —0.004 {—0001
2 Il —0182 | —0249 | —0.189 | —0.184 | —0.196 | —0.198 | —0.170 | —0.144
b
w || +355 +356 +359 | +360 | +362 | +366 +369 | +369
S k ~0003 | —0001 | —00002
~0116 | —0113 | —0.098 | —0083 | —0071 | —0050 | —0.033 | —0.027
ch.1 ch.2 - ¢h.3 ch.4 ch.b ch.6 c¢h.7 ch. 8 ch.9 ch. 10 ch. 11

¢¢1-L8 OTV6NL-ONd
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Table 2.9 MEEEREBICEEEL BEZEL C
t=1000sec B x10°°
Lt

z || -o0177 |{—0168 | —0146 | —0.120 | —0.095 | 0069 | —0049 | —0039 [ —0003 | —0001 |-00003
v
T
wy | —0287 | —0288 | 0235 | —0.225 | —0.193 | —0.182 | —0.146 | —0.125 | —0.013 | —0.004 |—0.001
i
~0044 | —0012 {-0003
0069 | —0020 [—0005
G
0089 | —0027 |[~0007
—0091 | -0028 |-0007
L
—0075 | —0022 |—0005
—6.312 | —=5376 | —5069 | ~4408 | —3.702 | —3937 | —2057 | —2462 § —0051 | 0014 |—-0003
T
2 || —0182 [ ~0249 | —0.189 | —0.184 | —0.196 | —0198 | —0170 | —0144 | —0014 | —0004 |-0001
Ve
b..
w
wr || —0116 | —0113 | —0098 | —0.083 | —0.071 | —0050 | —0.0338 | —0027 | —0003 | —0001 |—-00002
ch. 1 ch. 2 ch. 3 ch.4 ¢h.5 ch.6 ¢h.7 ch.8 ch.9 ch. 10 ch. 11

¢¢1-L8 OTV6NL-ONd



Table 2.10 BARFEERBBELTEELL BEEL T
=1500 sec HE x10°°
Eo | +407 +404 +406 +404 +414 +430 +441 +429

4 —-0.003 | —0001 |—00003
J ||—-0177 | —0168 | —0146 | —0.120 | —0.095 | —0069 | —0.049 | —0.039
@ +315 +314 +329 +330 +344 +354 +384 +371 0013 0004 0001
&+ -0.287 | —0.288 | —0.235 | —0.225 | —0.193 | —0.182 | —0.146 | ~0.125 ’ ' ’
—0.044 | —0012 |—-0.003
—-0.069 | —0.020 |—0005
il
—0.089 | —0027 |-0007
—0.091 | —0028 |—0007
IE‘\
—0.075 | —0022 |—-0005
+145 +82 +123 +156 +206 +200 +291 +289
—0.051 | 0014 |—0.003
—6312 | —5376 | —5069 | —4408 | —3702 | —3937 | —2957 | —2462
F7 [[+422 +425 +439 +449 +463 +470 +494 +494
3 —0.014 | —0004 |—-0001
o [ —0182 | —0.249 | —0.189 | —0.184 | —0.196 | —0198 | —0.170 | —0.144
Z +531 +532 +538 +540 +545 +551 +556 +556
Bk —-0.003 | —=0001 |—-00002
-0116 | —-0113 | —0098 | —0.083 | —0071 | —0.050 | —0033 | —0.027
ch. 1 ch.2 ch.3 ch. 4 ch.5 ch. 6 ch. 7 ch.8 ch.9 ch. 10 ch. 11

¢¢1-L8 0TV6NL-ONd
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Table 211

74— FNy 2 EFBIMNC X B HRARIGENDEE
(t=500 (sec))

CASE] CASE2 CASES

( BUEAT) (REBERE) | (2E70)
Fw 735 —%h B — 8.2 - 87 - 7.2
wmHMEESS R 5.3 5.3 5.3
RN 75 1A R 1.0 ~ 0.4 0.9
BEHEED R i 2.8 2.7
170 B I A i 1 — 4.0
é&)\&fﬁﬁ - 1.9 - 2.0 ~2.3_
e H A1 (%) 43 45- 42
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Table 3.2 ULOHSEHKEIEIZTF v REDLK

Case 1 Case 2 Case 3 Case 4
N 1HX SG SG SG
(0 sec) (40 sec (40 sec) (40 sec)
2 IRk - ERIRE AR HARTE R
EFEHA " 42% 66% 56% 53%
AOT(650CT) 186 sec 390 sec 276 sec 258 sec
B AR B E
Foy75—" —12¢ —~4.9¢ —5.6¢ —6.0¢
Na®E * 5.3 ¢ 3.1¢ 4.0¢ 43¢
R 0.9¢ 0.7 ¢ 1.0¢ 1.0¢
F R IEE " —40¢ ~1.8¢ —2.8¢ —3.0¢
s 2.7¢ 1.6 ¢ 2.0¢ 2.2 ¢
& %’r*. ~2.3¢ ~1.3¢ -14¢ —1.5¢

* bh00escKBHAETHSB,
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Fig 2.1
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APPENDI X

P REROBERIL 2VT>
RISE T 4 — 75y 212 B0 BIRLTBRIFENR TR, BRSEEESRESNTOS, L
DL, EECHETIFERE P &> THIAZG B bDEEALNERD, COREDLET
BEISED 7 £ — K5y 7 ( ZOBA, ) BBATHShTUE S TEELSS 5, T,
LT TRIED & 3 BAOMEIL SWTERET, WRREBEYT 57 7 7 4 —47ET 3,
. Fig. A. LORT &5 ETHEEREME CLE r )i, 27, POSHRE TR CF
Br+dR: AREMER) HRELT, BTRDAREFAEEL b
BB L IC KA SN 3D Ol E L,

—— Y 7 meecsssesiaussnasassssasaiasausaeasanstsanaiataTt et e nsnbsbhsbanbannn A._l
Elz P ky ( )
F O—iRfERI,
y=¢e¢ ? (Acos Bx+Bsinfx)+e #* (Ccos Bx+Dsinfx) - (A—2)
BL.
B=t/ KRB Ly wreereiverersoresessemintm st ( A—3)

LFEhb, EEERVICEHEP [N/ m 148e»2158 (Fig. A.2) &, RSl (1=
b+ ¢ ) K ENTREq 5P E5EE,( Fig- A-3), (A.2) ARENETNRDO LT

5,
y = D e TPX ( Cog B+ SIM PR )  cermrrerrerermminnnrrniie e (A—4)
88E1z
-£8b =-pc
y:.E.(l._ez cosb—ez 0055(:) .......................................... (A—5)
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Pr:ah:EhX ........................................................................... (A7 )
r
PRAIT AL EICLD,
k'_"E_}zl ....................................................................................... (A_g)
T

Zht (A, 2)RXDBIE,

3(1-w)

r? h?

R A
—7%, A& (hERNEREI0 ) OFEHERE, Fig.A.4kD

_=Er=—{ar_v(at,+az)} ................................................... (A—11)
dr

u 1

—=5t='—{at—”(az+ar)} ................................................... (A—12)
r E .

d 1

d._v:=ez=.E{ azmy(ar+at)} ................................................ (A-13)

FEGRE(o,=0) & LT(A.9)~(A.12)HEHE L,

1+v r f—v 2 rir
u= P 2{ gpo —1ip1 +

2
E ri— 16 1+v rzl(po-‘pl)} ............... (A—14)

P:.Iﬁ( 1’0=0)'f'ci,

L1853,
PlEX D, PO EROENRE 1 ATXAB LRELIIES, WEEZt &L Tt =pTH5S
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o (A.3)R(X=0L95)BIU(A. 14)RERAVT,

p +1—v P
8B E Iy E t

Table A.1O#EEHKALT,

P=502X10%dR [N oo, (A—17)
£,

Yo 0.0 T 6 AR eeeererersee e (A—18)

Ff, BE1 (=89 0m ! FLERHR SETFEROBSHES S ) THRHT L LEELLEE
i, gl=potWA (A. 4)ABIV (A.14)5KkD,

~Fb -fe 1_”

e
4 1———cosfb— cos fec)+

k 2

-,
y=00624R (x=0)

y=0937AR (X=‘_‘“) ...................................................... (A__ZO)

e Fuickd, POZHEROBEIAEONOCEEENT, BRTHEENAONE T E
iTis 5,

ETAT, Fig A S@IRINS LS IFLEHRER, BETVF AMEBET L F A5
TRBEVMOEANRELENLS, L0wH, BHMOREZLIREWESCEATRDRI
kb, XBFEAHTHAEPELSCEIREE, TITRIE, Fig A 50D XICEET LT 4
A2 (EB o+ 4R) T, BESVF 28050 EAHE (PER 0. HAEEn ) EEELT,
Al FVERR G DAL EEICREE LIEREZ M L TA 5,

Fig.A.5(bHZBVT, prhi=pohe, T/, HBEIOILHERETVF 2 HOEER EFERD
MEMBEERLp=0235&. (A—18)%. (A-14)KLD,

i-v 1+v ropo I=v , he o ho
+ — Frf— t=dR  cererreenenann A—21
To Do B rf—roz{l'i‘”ro T 1 hl} ( )
ZCT
ro=1839m
ri=315m
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h1i=0.256m
h:=0.0 bm
BLTUTable A.1 DEEARATEIEICED

DiEoN 5, ThREET L+ 2BOAREESS AV EVIBRTRES LBE, BllEk
CHATHIER 6 B o5 T &ITiE 5,

PDlE2o0EFACL 3L, FOXEREEDROHEI BT, BREOMIERK
ELTO5%8HY 5,

Table A.1 /¢35 A —4BL0HHM

RPRAREER r=35(m)
EHTHBEHRE h=0.05(m)

AL SRR AR R t=0.265(m)

¥ v IH E=194x10"(Pa)
K7V vk v=0.3

ikl fas Elz=222x10%Nm)
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