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Sodium Pool Fire Model (SPM)

Osamu Miyake*, Hiroshi Yamazaki**
Ryuhei Kawabe*#**, Yoshiaki Himeno*,
and Kimihide Miyaguchi#®’

Abstract

For the analysis of sodium pool fire accidents in the LMFBR
safety design, the computer codes SOFIRE-MII and ASSCOPS (the latter

evaluate the pool-spray combined fires) have been utilized. In regard
to the combustion phenomena of pool fire, better understanding has been
obtained by experiments since the time of development of above mention-
ed codes. On the other hand, for the purpose of rationalization of the
present LMFBR plants, the detailed analysis code is supposed to be
required which can evaluate the sodium fires and their thermal effects
more accurately and can remove existing conservatism of the present
codes. Therefore, considering the requirement of the current status
and trends, a new sodium pool fire model (SPM) has been accomplished
mainly aiming at the evaluation of sodium fires under the air-filled

secondary system condition.

To model the actual phenomena precisely as possible, SPM takes
account of the combustion flame above the pool surface, and the com-
bustion heat and the heat transports to ambient and to the surrounding

structures are estimated.

To verify SPM, the comparisons of calculated results with experi-
mental data obtained by the U.S. HEDL's CSTF and the German KfK's
FAUNA facilities are presented. The comparisons with SOFIRE-II and
SOFIRE-II are also discussed. Results show that the SPM predictions
give reasonable agreement or somewhat overestimation, though, the pool
temperature predictions are greatly improved in comparison with those

of SOFIREs.

*%  FBR Plant Safety Sec., Safety Engineering Div., OEC.

*%  Nuclear Data Corporatiom, #%% Hitachi, Ltd.
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UsE7 V—Lp5F b YD A ~DHBERE, qevld 7 L — &5 0 BEEEM~ O KEEKRK
RTH3, w
(1) MMESEAE (Qu) SRR TRbE N,

4Na[g’ + 0O (gt — 2 NazO(sJ (AHgss)l = —1266.6 [K.U """ {2-32)
2Nag + Oz(g ~—=NazOys) (4Hips)e=—722.0 (KJ) - (2-33)
2 Nafgl + H2O€zl ‘—’Naeorm + Hz(g) (AHgga):a: —391.47 [KD """ (2-34)

TT7T, (2-32), (2-33), (2-34)Rc@ALT, £&, {BE"1", "2",
"3TRNUTART LT EE, MERBBQRIXATEDT T LHBTE 3,
Qs = (—(dHSes )y + Hpy) (1 — Frazoe) " Noz + [~ (4H3o )2 + Hpe) Fyazoz * Nog

+(—(4H8s )3 + Hpe) Newo e (2-35)
Hpi = 4 Conatgas) ( Tt — 298D + Cpoz (Te — 298) — 2Cmaz0( Tt — 298) -+ ( 2 —36)
Hpe = 2 Conatgast ( Te — 298) + Cpoz ( Tt — 298) — Cpuazce ( Tt — 298) - ( 2 —37)
Hys = 2 Conatgas) ( Tt — 298) + Cruzo ( Tt — 298) — Cpazo( Tt — 298)

— Cpnz ( Tt — 208) - (2—38)

LT, B3 Qe (KJ/m%ec), Ha (KJ/mol), N[ mol/m2sec), Ce [ KJ ~
mol-deg ), T(K]IThb,
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2) 71—k oFEKORREE (g )
Qta = hga * (Tt —Tgas )+ Fra * 0(Tg* + Tgas®) e (2-39)
22T, Fult7 - AORHBMERICET 5HE, 01 Stefan—Boltzmann 5 K
(=567 x 10" { KJ/m*secK')),hua [ KJ/m’sec-deg ) i3 R HAEERITHD
ha i3 (2—7 )Rk,
hea =225 - Ny = 2qir - 0.16 -{g'ﬂ'P“Tf_Tg“'}m ------ (2 —40)

L . V.'n‘r2

8 ZV—abhb 7 ~OEFE (g, )
SRR FiE TR O

m‘
dxr lx=2

LDRATEDLEN B,

dTa
dx

Arp = Fgs -0 (Te* + T*) + I

=4

cee, L2 uca-s0)resions,
4 7 L — b5 AREEM~ORAKK (qiw)
7 v— a0 0 FAEBED~ORRIE, RESOAEELS, BROBENZEAL, BF
JTRDbT L,
Qw =% Fewy o (Te*— Ty e (2—42)
(5) 7V—A@1%w#—ﬁayzﬁ
(2—-31)Rc (2-35), (2-39), (2-41), (2-42)KEHRATEL, K%
B2,
(— (U342 + Hps) (1 — Frazoz ) Nop + (— (4H3ss )2 + Hez) Frazoz Noa
+ (— (4Hise )5 + Haa ) Nuzo
=hep(Ti— Tgas )+ Fra v 0 (T¢* — Tyas*)

A Ty—T A
+ T c o (Ted — Te*) +ZN2( ) . ! 2 exp( . .f.)
Anz exp A Anz

X -L)—l
G

+3 Fras - 0 (Tet— Ty*) B ( 2-43)
(2-43) %, BESEE (T ), b )0 207 VEEERE (T, ) KBTS 518
B0, £ (7T—nE7 V- LOMOEE) & T (7V—LEE) OBMEERTRTS 5,
T, MHO7 V- aDwRNT v ARBTE (2-21) RRE7L—2DE— F15 ¥
T3 (2-43)REV L LT A L8 TE B, SPMTHREHRICLD, @R
o
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24 FrUDALAT—I, BRASHR, BEDOHEETL

HIFIETT, + v VY 20T HICSES T 2MGERELTEH LY, EBOEIR,
LOficH YT AT -, BEKHR, BEDSCRETIRGEeFVARELLSE, SPM
TR, BERNIKREIGIOA 2 BRHEESUHBRIT 2B L Tv 58, BBATE, 7ho
BRTETH B, Lipl, FMETRT 7 L — MBI HEFVORSEDF 2 » 7, WL D/NT
A=Y OREFHEEEHES 51:0ic, SPM OB~ — U 3 vt 7, R, BEWO
B HEETAMBEAATN TS, BA- Y3 v TOIHLOBFEDRE WL, #RIEoNT
R—REME 7y (—oORERE, B, BEREESTRY, ZRAHEEELEL), 7—
W EREYIC DV TR —RTEORMEEE TR 5o C OH\ i SOFIRE ® one—cell € 5 &
RBEEFOLDT, B2 DF - v 73HHERM L TR F2EEALS, 22 TH, chooitEzss
MDD TR~ 3,

241 F MUY LT—VOHE

FTRUVILT=VEDOTE, ~RLOBMMREFBERDAEML, T68bL, ERicLsH
%@ﬁ%;ﬂ%&@fbuvAmmmA,ggw#—»m%?@%ﬁmmm%momtuﬁﬁ
LEELRV, T v REOBREME, BRA, 71— oL OMOREE, BEH, S5
SR 2 LHEE & OROBBH LD EA S5, 7 — VEROERELEHRROET S,
PEXY, 7~ VOBREHER EEREHRROXTEDEINS,

aTNa . azTNa

at CBwTom e (2 —44)

% . :“i'ia_{lnz%' e + Bl T — Tt )— B o LT ST, Y]
—;mwaﬂm—Tmﬂ—Nm-ﬂg} ------ ( 2 —45)

2%? P . ( 2-16)

(2—45 )ATHEDE 1HIZ, 7V -2 o7 - VETM~OREE ( (2-29)R), 52
HR7 V-t 7 - VEEA~ORKS, $3WH, E4EZ - VvEGHHOBRSH R, Bt
~DBEBEAFRDT, dHgld+ bV o a0ERBRTH S,

2.4.2 FWAKHROHE
CLTEZSBHART RAOHETRBALE— oDt vOBEZTOWNEL T B, -7, TH
[T RAOEEECIRECRDEbODHEES B,
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d‘N_NZZO ...... (2 -47)
dt

dWoq

o '_—_—0_032-N02. Ap ...... ( 2_48)

AWaaso _

dt —0.018 'NHZO-AP """ ( 2_'49)

dWasj_

dt =(1-— Ffall) . (LNNa) {0-062 ) (1 - FNazoz)+0- 078- FNaEOE} 'Ap

2
...... ( 2 f50)
22T, Wi Wo, Wio, Waer WREBEKVAROER, BE, k&R, 270/ 1EL
DEE(kg), AR7-VOERE (m?) Th 3,
fh, FEIHFZADT ZNF -7 Y AARKKXTEDLIN S,

dUtotal

at :{hfa(Tf*Tgas)“i_Ffa' G(Tf4_TgaS4)}Ap +Fsg9(Tsd_Tgas4)'Ap

— % { hgw; ( Tgas— Ty ) T Fawj 0 (Taas® — Twi*) 1 Ay
—{10.032 Noz Toz+0.018Nuso - Inzo b= Ay oo (2-51)
22T, U BHEHEFTZD b — 2 VAP i 4F - (KJ), (255 )XOAEDHE],
2, 3HEWRBLIV— 4, T, BEYEORSTHERD L (hew KOOTE, KRE( 2,
4, 3) T3 ), EEHEEI, BE, KRKOBBCEI zxvF-REKEEDT,
h—7 VR A v ¥ - L BEOMRIRER LD, REATERDLT,
Utotar = Inz * Wiz + Loz * Woz + Luzo * Wizo

Roz
= W, +
(Toa —1) o (THzo_

RH20

R
_Tgas{—Nz'WNz‘i’ 1)'ano}“‘(2—52)

(er_l)

TR BEABI A vE— (K /kg) . RIISETEEH ( Ry =0.29680KJkeK,
Roz= 0.25983 KJ,/kgK, Rup=0.46151KJ kgK), 73kt ( rwe= 1.4, 70:=1.3999,
Tmo= 1.33)Td 3,

FEHIERAOSNEDME LTELENLZOT, tLVOREEEVI(mM?) T35 ERATH S,

T
P:‘—;;;E"(RMWNZ"' RoeWaz + Ruso - Waeo) oo { 2—-563) _

2.4.3 HBEVMOHE
BEMOBMGTER, -V ERBR—RTOBMEEHERATE S SPMOBR/N-Ya T
I, EHOBEN (BAR52)E2REI AL LTED, ThERFE ] TERDLT &,

aTw' asz’
81;] = Kuj axal ...... ( 2—-54)
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BRHME, AR (F M) Y A7 - vOEETATHSIET3E ) L2320 Tk, KR TH
5%

8T w
ox

A A
== (P 22 ) o CTet Tag )+ (Fawg 52 ) o(Ts = Thy,)
%=0 A wj ij

swj Ao
W)

-}_tﬂz_]Fww,Ej ' U(Tw,ﬂ4_ TW]} ) + Fg'wj 4 ( Tga54 - ']:‘W_}:‘l1 )
*j
+ hgwj ( Tgas - ijl)}
(2-B5 )VATHITEE 2R BA 7V — L E7— D OO, B3 Fithoksy
oD, F4HIIBHESH X b o0 ERDT,

BOHRFATS R LORFEREZDL L, BEERMEAROBRMKRATIIONE S
D& B,

2 ' _
R = ;*‘f‘ -2 (G; + P, )b
wj

LCT, OuldBENONRRES, a b3 T, BRE ( 10°<GP. <2 X 107 )TH,

a;=0.56, bj=10.25, &LHE ( 2 x 10"<GP, < 3 x 10") Cid, EEEICEIL,2;=0.021 ,
by=0.4, AFEECBL, aj=0.14, b= 1/3TH 2."
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3. M B E R

2BTRLIF ) AT — VR R FAORLEORBED D, FORTRAN Tl L
SPM ( Sodium Pool Fire Model ) (kL. 727 7 L OBK, HRAFELL >V T,
Appendix — AiCE EHTHRT.

LT T, SPMAEFERLTEAOFEFNELERLOT, TOREKOVWTERT . A LD
I, ETH~KT - A EEFIC L BIEGERE, 7L — ABE, 7L - AR SOHERERE
FL, KICKEHEDL EFMKIK TRIESNF P )9 AT - VAKKORERT— 4 & SPM O &t
BEEROLBET 5.

3.1 BREEE, JL—ARE JL—ABX

FRUV LT —ABEDO T V- L/E (T EEET V- LOMDEEE) X, FHY YLD
ESESEO Y, EERNED (~1mmiBE ), Tokwd, 228, 2.3HTRLELDIK
MBEARIEEE L TRA S, 7-VEEORE L FEIN ZOEE, BE 7REREDEEA
THNE, 2.2, 23FMITRLERD SR bIEELEE, 7LV —4BE, 71— 4&E,
BADTRAT S 9 PR, E-b759 7 ARFHEITITENTE 5

Fig.3.1 %5 Fig. 3.6 £ Tit, FAKEEN 100 COBA DL THRERES Y72 -5 &L
T, BRBLEE, 7L ABE, 7L - LsBS0EERES MY LT —VERIKEALTELYD
TG BLZICDNWT, MEERKIEE Na, O£ DA E LGS (Frazoe = 0 ) OFER (Fig. 3.1,
3.3, 3.5) &, NayOp EOHE LIIBA (Frazee =1 ) OFR (Fig. 3.2, 3.4, 3.6)%
BE U /za

9, BEHERSVTIE, EHAEHS (Co: = 23w, 0) T, RIEF Na, OLERDH L RET
2 & 20~ 60 kg, /m’hr OIS D, Na,O; ERDHEKET S & 10 ~ 25 kg m*hrDEFH
Kb, BBEIEF DY 9 LAEBELE LT Ty =700 CORRDWTOMBEEREL A5 &, #9565
kg/m’hr (Na,QEROBHDEE ) &#Y 26 kg m*hr (Na,O, £RDSHDHATH S0 — A,
SKE HEDL O BHA0 7 — VK KERF — 5 T 5 25 ~ 35 kg /m’hr, RUTEMKIK
ORRBERT - ) Th5 18 ~33kg/mPhr &4, 520 SPM T Na.0: £ D 5%
RELEBAOHEMIGEN, &-T, FEMEL S, REOEIEARRIC B 2P Na.O,
ERRIEFRER RSN S,

7Vv—o8BE (Fig.8.3, 3.4 )k20WTABE, 7~ MBEHS00°CUTOERTE, 7V
—LERELT-VBERBRIU AN T ESTE S, LL, 77— VRENE X5 EREH
KBEESELT, »oZOREEREKLIBHAIIEN 850 CTRY - ABERK1100°C
(Na:OZRL) , #1960°C (NagOs £H) 155, KL, BREBESEVRAR, Hbick
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BTORLET - VBELORETOMELSic, 7V-2BESS—VEELDEBAESS
Hbd, THR, 7 V-2 oBRTAORBPBRBERBBLOKELE-TVWET EETRT, L
FERRRIC T = T00CIEDNTH B E, 71— AEERM 1,000°C( Nazoilﬁ) , %¥3800°C
(Na:O; ) Thdo 71— ARERSVTOERT — 5 D0, FZEm i khid
L200K~ 1300 KEBELHESNTEY, R CRRLUETEBROZYMARL TS,
ZJL—4EE (Fig.3.5, 3.6 ) OV TAHBE, ZEEHELTE 1 mm T, Tw = 700°CT
13%9 0.2 mm ( Na,O4£/% ) , $0.5mm ( Na,0; £ ) Th 3.

Eg&7@6F@312ﬁ,@ﬁﬁﬁ%ﬁvﬁ@%éwﬂbf,ﬁxﬁﬁ%”iﬂ—&&bf
MBEREE, 7V —LRE, 7V - LRIDHERREI LD LOTH S,

Fig.3. 1355 Fig.3. 16 i3, MEK X 3 RANBHELN L 7 - VL EOLSKES ST E 0%
BiRL-dDTh 5, FROLHBORIS, BERANTHIAOBSEFRE (QGRD ), Hifidh
EREMT (QGCY) | & 57 — v~ OMEHHTH ( QSCN ) RUHRHMHER (QSRD) @
ENTNCESINBZRAEZRL TS, 7 VEEMEVIES (500 CETF I TR, 7v—=a
REREFES, BERRDILA LY 7 - ViEEZHTEDD , 71 )Y 20RREERK
#5945, 7 VRENEL BB L, AMEAEENIE S 120, SAKANOHRBIT (QGRD+
QGCV ) &7~ A~DEHT (QSCN + QSRD ) B8 £ DRI 5, SMOTHRicE, 7—
NMTEDZEH (QP=QSCN+ QSRD ) &7 M v A DEFEITHE SN A2 (QVAP) Lo
#RLIEDTH B,

T = 700 CIEDWTAS &, HIESEREIE Na,O £RDE S 200 ~ 250 kw,/m?, Na,0 &
BOEE, 100 ~130kw/m? ThY, EXTZHKOERF -4 100 ~160kw,/ m* BE & H
B 5 & Na O, ERREHERMNTH 3 T EHHES NS,
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Bo N T L) L) 1 I L] L] L] T ' T 11 L ¥ l L) ¥ T L I T L} r L I L) T !_'_l T T T L i
e = 0.101 liPa ]
70 = To.. = 100°C .
— - F = 0.6 ]
o L Ffa!'l - 0.5 i
 f Fis = 0.65 3
o 60 = Fhagoz = 0 7
e o ]
L] - ]
X5 [ -
j= wd
. : CUZ s 23 wlo :
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Lﬁ : COZ = 15 \'J/O :
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= C ]
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10 ya Coz = 3 wlo A wlo ]
- £ ‘ ]
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POOL TEMPERATURE (C}
Fig. 3.1 Burning Rate vs. Pool Temperature
T = 100° F =0
( gas 100°C, Na20?2 )
80 B ) b L) L] t' T 1 Ll 1 ‘ L L] Ll T l L L] T L I L L] L) L3 I 1 T 1 1 . T T T L i
- ' ]
-p = 0.101 HPa

70 B Tgae = 1007C Z
CF = 0.5 i
o AL .
= - F:; = 0.65 R
55 60 | Fuazoz = ]
N - ]
L) - ]
§E5U = -
m E :
2 m m CUZ = 23 wlo I
e F Coz = 15 u/o ]
L) N Can = 10 R
2w kb 0z w/o =
—t i~ =
= C 3
0 C ]
fam 1 | I -
fas] N i
1w E J
— \ \ ]
2 M T B AT T T M
200 300 400 500 600 700 800 500

POOL TEMPERATURE ({(C)

Fig. 3.2 Burning Rate vs. Pool Temgerature
(Tgas = 100°C, FNa202 = ]
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l!uu _l T L] L] I L) T L) T I T T L) 1 I L T L) L] I T L] L) T I T 1 L] L3 I L) T T T ]
C p = 0,101 HP i
R Tg:: = 100"¢C @ Coz = 23 w/io -
1200 = fF33, = 0.6 n
—_ bRt oa0ls oz = 15 w/o .
O - = 0.65 .
= [ Fid20z = O foz = 10 w/o ]
m 1008 - Cog = 5 w/o 7
% B Coz = 3 ufo ]
2 i } i
of 0 ]
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= - |
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=< 400 -
- - ]
e C ]
200 K N
0 -| PN T T ST ST S U S ST N VS T R AT T M BANE RN SN TN B T T R BT I ]
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POCOL TEMPERATURE (C)
Fig. 3.3 Flame Temperature vs. Pool Temperature
T = ° =
( gas = 100°C, Fyoogp = 0)
1400 —I L] L) T ! L) T L ¥ I L) L] L) L3 l L L] T T I T T L) L3 I T T L 13 l T T * A
P = 0,107 HPa 1
L Tooe = 100°¢C ]
1200 n EfaH : g‘g c -
3 L ffs Coglss 0z = 23 u/o 3
= . a1 E
N ffa202 CDZ = 15 u/o 7
1008 |- -1
23] ¥ = 10 wio

g B 02 K
N L Cgp = 5 ]
EE i c . 0: : -
o~ 800 |- gz = 3 wle -
o - 1
& ¥ ;
600 |- ]
= - ]
£r] = ]
= = i
< 400 |- -
._] - -
fx, - 3
200 = ]
)] C PSS BT N B BT S T T R | SRR T A N T ST U B SR N
200 300 400 506 500 700 800 500

POOL TEMPERATURE (C)

Fig. 3.4 Flame Temperature vs. Pool Temperature

(Tgas = l00°C, FNa202 = 1)
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Fig. 3.5 Flame Height vs. Pool Temperature
T, .= 100° =0
( gas 100°C, FNa202
v
1 T T E] l T L} T 1_’ Ll L] L] 1 'l L L] Ll L] l T L] T L) l T L] L] L3 l T T F T
P = 0,101 liPa
O A S TN L Coz = 3 w/o
= ;;:H - g:g Cgz = 5 wlo
- F = 0,65
4 FEEZOZ =1 Coe = 10 w/o
E. Cgz = 15 w/o ,
I Coz = 23 w/o é
L F qﬂ" .
E 3
-3 B T
E E
—‘ [~ T
E|
-‘ l
E
-1 \ r1i|;||la|:||Lljliulnllnljllxnxl—
200 300 490 500 600 T00 8§00 900
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Fig. 3.6 Flame Height vs. Pool Temperature
- ] =
(Tgas = 100°C, FNaZOZ 1
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Bu B L) 13 T L] I L) 1 1 ¥ I L L] T L) 'I L) L] L) T ' L) r L T l L2 L] L] 1 I l" L) T ]
C p = 0.101 HPa ]
gas
- @ 0.6 1
10 = P21 Cgls -
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0 - -
i ]
20 .:
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i} [ TSP N WSS S S N R ST RS R R B R B 1 ) 1i
200 300 {00 560 600 100 500 900
FOOL TEMPERATURE (C)
Fig, 3.7 Burning Rate vs. Pool Temperature
= = 0
(COZ 23 W/O, FNa202 )

80 5 T 1] L} L I |" T T l L) T 1 T I L) 1 Ll L ' T L] L T I F T T T I T T Li T i
. P « 0.101 NPa ]
gas -
- Fraiy = 0.6 .
L sl 50 = 0.5 -
[ Fi, = 0,65 .
B Eoz = %3 wlo ]
50 - Ha202 i
50 [ ]
T I
- Tgas = 30°¢C .
0 |- ]
w b Tgas = 100°¢ -
] N
1 . -
Tgas = 200°C Tgas = 300°C ]
0 — | | T T BTN B T B 'l BN A T B R R
200 ano 400 500 600 - 7100 800 800

POOL TEMPERATURE (C)

Fig. 3.8 Burning Rate vs. Pool Temgerature
Co2 = 23 w/o, Fyzpqp = 1
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Fig. 3.9 Flame Temperature vs. Pool Temperature

Chn = 23 F =0
(Cop = 23 W/0, Fysopp = 0)
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Fig. 3.70 Flame Temperature vs. Pool Temperature
(Cop = 23 w/o, Faope = 1)
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Fig. 3.17 Flame Height vs Pool Temperature

?I LENL I N AL L R B N ah B e | LA LML S L S T 7 T~
S = 0.101 FiPa
- gas
-1 Fray1 = 0.8 j
E“ FfS = 0.5
= ng = 0,68 3
- (F:oz = ?3 wlo =
- #az02 = ' Tqas = 300°C |
E— gas -;
a b T

T

200 300 100 500 500 700 800 900
POOL TEMPERATURE (C)

Fjg. 3.12 Flame Height vs. Pool Temperature
(Coz = 23 w/0, Fyappp = 1)
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Fig. 3.13 Heat Balance Diagram at Flame Zone

(Tgas = 30°C, Pgag = 0.701 MPa, Cgp = 23 w/0, Fygpgp = 0)

(QB = Burning Heat, QGRD = Radiative Heat transfered to gas,
QGCY = Convective Heat transfered to gas, QSCN = Conductive
Heat transfered to pool, QSRD = Radiative Heat transfered

to pool, QP = Total Heat transfered to pool, QVAP = Heat
of Yaporization)
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Fig. 3.14 Heat Balance Diagram at Flame Zone
(Tgas = 30°C, Pgag = 0.101 MPa, Cop = 23 W/05 Fyyo0p = 1)

(QB = Burning Heat, QGRD = Radiative Heat transfered to gas,
QGCY = Convective Heat transfered to gas, QSCN = Conductive
Heat transfered to pool, QSRD = Radiative Heat transfered
to pool, QP = Total Heat transfered to pool, QVAP = Heat of
Vaporization)
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Fig. 3.15 Heat Balance Diagram at Flame Zone

(Tgas = 100°C, Pgyq = 0101 WPa, Cop = 23 w/o, Fyyp0p = 0)
(QB = Burning Heat, QGRD = Radiative Heat transfered to gas,

QGCY = Convective Heat transfered to gas, QSCN = Conductive
Heat transfered to pool, QSRD = Radiative Heat transfered
to pool, QP = Total Heat transfered to pool, QVAP = Heat of
Vaporization)
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Fig. 3.16 Heat Balance Diagram at Flame Zone
(Tgas = 100°C, Pgag = 0.101 MPa, Coy = 23 W/0, Fyupg0 = 1)

(QB = Burning Heat, QGRD = Radfative Heat transfered to gas,
QGCY = Convective Heat transfer to gas, QSCN = Conductive
Heat transfered to pool, QSRD = Radiative Heat transfered
to pool, QP = Total Heat transfered to pool, QVAP = Heat of
Vaporization)



PNC TN941 85-131

3.2 EEAT—FLDLE

AT, BREHAS (SREBESES) KBU 5T F Y Y a7 - AKERBRILOOT, &
B7—4 & SPMIC & B ERHBORELTE S, BELTTERSNLT0EF )y LT7— K
BHEAIIHA FOREN S, SPMOEFLVOEBTHE 7V - L0BER(RE, 7v— 433
%)&Mﬁﬁ%méofmﬁwocwtb,CC?ﬁNaﬁ&ﬁﬁﬁ,Mﬁﬁﬂ%ﬂﬁﬁimﬁ
ZBEEEH, + bV LRE, BREEOEMKBOND, WEOHRE LRI, KED
Hanford Engineering Development Laboratry (HEDL) T CSTF#i&% M TiTbir
AB 1 #8 OO Kernforschungszenirum Karlsruhe (KfK) TFAUNAZE = H

Wi bNEF—5, F— 6 EBRTHE

3.2.1 HEDL — AB1 ZROMRIT
Sk D HEDL Tl 1972 £ 5 1978 48 W T, LSFF (Large Sodium Fire Facility )
= 4[@, CSTF ( Containment Systems Test Facility ) T7 ~ mKE &R 7 L4 KKRDE
BAags 2 EEMBLTHE ™, AB1EBRE CSTF TEM S hic 7 — VAKEBRDS 5
D—oT, 850 m® DEPEIARNIC 44 m? OMENABE, cOhT40kgDF k) VA
RS EI-bDTH D, FHABEM% Table 3.1 1T, HBREE% Fig. 3. 1TITRT,

25)

HEEFMCET BT A — 51T, FEROF P Y v LT — VKRB T FERSFRLTKR

DEHIRDI,
(1) F by o aRUEREE ‘ Frazoz = 1.0
2) RINERDETEE Fran = 0.6
(3) 7 b —&—H RBBEM=ERE Fia = 0.65

4 7 v — s — RS E B REL Fiw = 0.0

(6] 7L—bi— NaliESBRERMEE F. =05

6) Na # Bi— 7 % BHEHERRE Fo =00

(7) Na i E—EEDHRBEERAR Few =00

@ # 2SR R Faw =05

CREDNFIA-2DIB, 5B Fr, & Fre DESBHRSBAE O, Fa= 0.65 XBILF b
Dy ARTMOEREL LT, #EDOSOFIRE # 4 705 E 2 — FIcERLTELETH 5,
" Fro = 0.5 2RD DETH 0 BICBHIRED, £-T, ThoOERERMAIE, SROFRERE
BoONBEND B, FEIERLIATFT—4 % Appendix - BIT/RT .
| mmE AR OREES, F b Yo AR, BB CRRAEEE R R
LT Fig.3.18 2 & Fig. 3. 21 KR T,

TS 2 DEE (Fig.3.18 ) LFH (Fig.5.19 ) OLETR, MEE bHFEHRIER
RIEME & D 2P PEVERER LT 5, BE LR (FIES 50D ) ORKEIR



PNC TN941 85-131

B I BSRR (EB TR S A L TEILSE T3 ) 03,600 ROET, MEMETE 66
CHL, STEERT3CTH5, EHERFORAMER, AEED 204 KPalow L, HE@i
22.8KPaTHBo 1L, EHDE -2 OBRbNAMEIZ, AIETRREELBETE 20
R L, SFETHIL600BICY — 2 iEL, = DRMBEDOHBICH > TEOMLEHE Fos
Hoh i,

7YY LREOHE (Fig.3.20 ) kB Th, FEBROPBASEALSAS LN, B
xﬁﬁiﬁﬁ,%%ﬁmwotmﬁb,ﬂ%ﬁ@nstﬁ%éc@iﬁﬁ®ﬁm(ﬁg&m)
BRI L —BL TV B,

2HELUTSPM OHBEHRR, PPBATREIBHBEL Y Lalb— LTV, §
UHEROEEEE >0 T, HEDL TEMS A SOFIRE — T oM 2 spiL <,
Table 3.2 ICR 9 2ffic SPM OFEERIE, SOFIRE ~ 1 08 & 0 ERMEBICE L,
RICFH P )T LDT7 - VBERSOTHE, ELORELSEDOLND,

=il
_!_

3.2.2 FAUNA F5, F6 EHROBT

IO KK TR, 220m® OMSBIAEBTEES /s FAUNART, F1H6 F6ETO
FHOEDF MY YA T LKkREBREEBLTVS P, cho0RBOS 5, F5 & F6
39 T HHMOERARIGE THMFEEFAD SOFIRE - MII = — Fiz X 2 BHi 4 EH LTu
3™, F5 & F6 RMENOBRSRES (F512m?, FoR4m®) AR, BEH—0
HRFMN T, Table 3.1 CEHAREBETY. £/ Fig.3.22 It FAUNA R AH51 3,

SPM TOFRIEEL, fEEFVEDF 2 —5id, 3.2.1 /AL HEDL AB1 @&t
RICMRA L b D EF—OEEB L. IHEOAHNF~ 4, Appendix — B IKRT

AIREREBEL T, #REE, + ) v ABE, BREBKSVTHE, EBRAEHES JIE—
ﬁ?%@,&6h@¢?ﬂktﬁofh%oEﬁK%LTﬁFS,FG&%#EDﬁkﬁﬁﬁ
RREML TR, HRAOBE, K, BR (BREE) OMicI—RREMESRT 4
L1, LOXIKEHNDHEHEL GRS REBEBNTVLI0R, MEBICSFELD
BAREMEA D B0 KERT, WM (~204 ) O RBE, EHOREMICASHE#HD DI,
REFFELEORET mm OV 2 ZvipbF b ) o a2 MEICEAS ST 370D TH 5,

RICF6 TRMBREM LD b ) o ABSHED (BMBEIMERSAE ) fo0, MENETr
MO LABROUH- L & EL o0, MEBRAEL -7 EEE LTV 3,

LUk S, F—5, F~ 6%RID\ Tk SOFIRE - MII THBIiAEiEL 20T,
TORR DA DY T Table 3.3 K FELHAEKRETY,

SOFIRE - MII & SPMA#E & &, EHER &, EREE FIF—HNT 3 EBRLEL T
VWEY, WADRE, EALDOTIISPMAPDPAEL, + 1Y) v ABE I SPMOF HHE
EBREITAY,



PNC TN941 85-131

TABLE 3.1

SYSTEM DIMENSIONS AND INITIAL CONDITIONS
USED FOR HEDL AB-1 AND FAUNA F5, F6 CALCULATIONS

Vessel Volume [m3]
Vessel Wall Area [mz]
Vessel Wall Thickness [mm]
Burning Pan Area [mz]
Amount of Sodium [kg]

Gas Pressure [MPal]

Gas/Wall Temperature [C.deg]

Sodium/Pan Temperature [C.deg]

0, Concentration [vol 7]
Duration of Sodium Filling

Duration of Fire [min]

[min]

850

520

4.4

410

0.125

26.5

600

19.8

60

220

176

16

2.0

350

0.101

25

480

21

20

110

FAUNA

220

176

16

4.9

350

0.101

25

480

21

20

60
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TABLE 3.2

COMPARISON OF SOFIRE-II PREDICTIONSZZ) AND
SPM PREDICTIONS WITH HEDL AB~1 TEST RESULTS

SOFIRE-II  SPM Experiment

Gas Temperature Increase [K] 100.4 fra 65.8
Gas Pressure Increase [KPa] 27.2 = 22.8 20.4
Sodium Pool Temp. Increase [K] 500 175 150
Sodium Reacted [kg] | 273 121 154
Oxygen Consumed {kg] 129 84 83
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TABLE 3.3

COMPARISON OF SOFIRE-MII PREDICTIONSZS) AND
SPM PREDICTIONS WITH FAUNA F5 AND F6 TEST RESULTS

F5 Test (at time = 60 min.)

SOFIRE-MII SPM  Experiment

Gas Temperature Increase [K] 94 105 93
Gas Pressure Increase [KPal 17 21 11
Sodium Pool Temp. Increase [K] 312 270 127-200
Oxygen Concentration [vol 7] 10.8 9.1 12.7

F6 Test (at time = 120 min.)

SOFIRE-MII SPM  Experiment

Gas Temperature Increase [K] 146 162 142
Gas Pressure Increase [KPa] | 30 37 15
Sodium Pool Temp. Increase [K] 290 269 240
Oxygen Concentration [vol %] 9.3 10.9 10.4
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Fig. 3.17 Schematic of HEDL AB-1 Pool Fire Experiment Vessel
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#&A 2 (%) AAhF-—- %
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TPINT R |#H7—-niBE C
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Appendix — B #HFABEDOALT—%

SPM Input for
HEDL AB-1
(Sec.3.2.1)

SPM Input for
FAUNA F5
{Sec.3.2.2)

SPM Input for
FAUNA F6
(Sec.3.2.2)

[AECACEETE FRTRE PP SIS FRRR: NN SN P S M TR JU N
SPFH VER 1.3 HEDL CHNECK (CASER4r FOR SN REPORT ) AUG. 1 1985

RHIHP :

NSTEP=99999, HPRIHT=-50, HPLOT=20, MPOOL=4, IWALL~1%5, 1TRHX0-30,
IVOCON=5#1, [T1RMXQ=30, 1RUH=1, LPL¥={, I5¥P=0,0,0,0,0,0,0,0,0,0,

TPINT=600, TGINV=26.5, TWINT=1226.5, PGINT=125.E3, XOIHT=.22 XNINT=0,
TOUT=25, FFL=0.6, FHAZO2=3.0,

IPD0L=.139,APUUL=4.4, AWALL=12520, IIWALL=1%.,06252974, HLENG=1=20.3,
WULENG=5220.3, YCELL=B50,

FRDFS=0.5, FRDFG=0.65, FADFW=1=.0, FRDSG=.0, FROSW=ix.0,
FROWW=25=0, FROGW=120,5, FROWO=5%0.5,

RAHNA=6, 246E-2,, RAHWL=185,350E-2,

CPNA=1.2938, CMNAX=1.382, CPHAY=1.391,

CrP0?2=.9333, CPH20=1.890, CPU2=14,441,

TCHA=5.972E-5, TCWloix1,47222E-5, NWCFA=12,0214, HWCFR=1x%.4,
INOCFA=3®,021, NWOCFBa5=,4,

bpr=t, THAX=3600, ERRO=1.E-3, ERRG=1.E-3, Pli=1,
LEND

P 7O U D D P R DU SR TUE S SO SURUDY SURI SR
SPK VER 1,3 FAUMA F5 (CASEA31 FOR SH REPORTY. AUG. 1 1985

SHINP K

HSTEP=99999, NPRINT=-200, HPLOT=66, NPUOL=4, IWALL=3%5, LTRAMX0=30,
LWOCOH=5*1, LIRMXQ=30, [RUN<1, 1PLT=1, 1SKP=0,0,0,0,0,0,0,0,0,0,
HA2CON=1,

TPINT=480, TGINT=25, TWIHT=3=25, PEGIRT=101012, XOINT=,234,XHINT=0,
TOUT=25, FFL=0.6, FHA202=1.0,

HrOOL=.2247, APOOL=2, AWALL=115.5,2¥%30.3, HWALL=3=16E-3,
HLENG=5,919,226.212, HOLEHG=5.919,2%6.212, VCELL=27?0,

FRBF5=0.5, FRDFG=0.6%, FROFY=5*.0, FROSG=.0, FRDSW=3=2.0,
FROWW=25%0, FRDGW=520,5, FRONO=%20.5,

RAHNA=6.246E-2, RAKWL=52,053501, .

Celin=1.2938, CPHAX=1,382, CPRAY=1.391%,

CP02=.9333, CPII20-1,890, CPNZ=14.441,

TCHA=5.972E-5,  TCWL=5%1,47222E-5, MWCFA=,021,2%,14, IINCFD=.4,2%,333,
IWOCFA=. 021,22, 14, IINOCFB=,4,2x,333,

B¥=.5, THAX=6G00, ERRO=1.E£-3, ERRG=1.E-3, pil=1,
LEND

R e N e L L LT L TR TN T Tn s R Sy e
BPH VER 1.3 FAUNA F6 (CASEN3: FOR SM REPORT) AUG. 1 1985

LHENP

NSTEP=99999, HPRINY¥=-200, NPLOT=66, WMOOL=4, IWALL=3xS5, ITRHX0=30,
IVOCON=5%1, 1TRHX9=30, {AUH=1, IPLT=1, 15HP=$,0,0,0,0,0,0,0,0,0,
NAZCON=1, ’ :

TPINT=480, TGINT=25, TWIHT=3x25, PGLHT=101012, XOLHT=,234,xi1HT=0,
TOUT=25, FFL=.6, FHAZO2=1.0,

IPOOL=.097008, APOOL=4.9, AWALL=115,5,2=30.3, IWALL=3=16E-3,
WLENG=5.919,226,212, NOLENG=5.919,296.212, VCELL=220,

FROFS=0.5, FROFG=0.65, FROFW=5x.0, FRDSG=.0, FROSW=52.0,
FRONY=25=%0, FROGW=52.5, FROWO=5x%.5,

RAMNA=6.246E-2, RAMWL=5%,053501,

CPRA=1.2938, ' <C(PHAX=1.382, CPHAY=1.391,

EPD2=.9333, CPri20=1.890, CPI2=14.441,

TCHA=5.972E-5, TCWL=5%1.47222E-5, HWCFA=.021,2%,14, NIWCFB=.4,2%,.333,
IWOCFA=.021,2*.14, IINOCFD=,4,2%,333,

DT=.5, THAX=3600, ERRO-%.E-3, ERR@~1.E-3, Pll=t,
RERD



