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DERRIS BED CHARACTERIZATION AND THERMAL
BEHAVIOR MODELS FOR SCOLAP

1. INTRODUCTION

During a severe accident in a light water reactor (LWR), two general
processes, either individually or in combination, are expected to result in
disruption of the core. The first process is the progressive liguefaction
of the core components and the subsequent redistribution and solidification
of the liquefied materials. This process may result in a debris region of
frozen masses. The second process is the extensive fragmentation of com-
ponents along a coolant quench front due to rapid, guench-induced thermal
shock of embritted components. This process may result in a debris region
of loosely bound fragments.

The above two processes may drastically change the geometry of the
core. For exampie, fragmentation of a l1-m length of the fuel rods in a
pressurized water reactor fuel assembly into particles with an average
diameter of 500 um would increase the contact surface between fuel and
coolant by a factor of 50. Also, coolant pressure drop across a 0.5-m thick
porous debris bed with a coolant flow rate of 0.5 kg/m2°s and a specific
surface area exposed to coolant of 8 x 105 m'] would be a factor of
105 greater than that of an intact (rod-like) bundle. Obviously, the
constitutive relations (loss coefficients, heat fluxes, etc.) for models
normally used to analyze core thermal-hydraulic behavior must be modified
to analyze disrupted core regions with such significantly different
characteristics.

The Severe Core Damage Analysis Package (SCDAP) computer code] is
being developed to analyze severe disruption of LWR cores. The initial
version of SCDAP will analyze disruption of only a single fuel bundle. The
models which have been develcped for SCDAP to describe debris region
characteristics and thermal behavior are described in this report. The
models treat both conglomerate, or cohesive, debris beds and rubble debris



beds which are formed by the liquefaction/redistribution/sclidification and
fragmentation processes, respectively. The models serve the following
functions:

1. They define debris be¢ characteristics which include bed porosity,
bed height, equivalent particle diameter, coolant pressure drop
across the bed, and whether a rutble bed is in a packed or
fluidized state.

2. They calculate debris bed and ccolant temperature distributions
and the state of bed coolability.

3. They describe propagation of a molting front within a debris bed.

Because of the paucity of data on debris beds for LWRs, the models described
herein are considered preliminary in nature. The models wil be assessed
when appropriate data become available and will be refined accordingly for
incorporation in a latter version of SCDAP.

Section 2 describes the development of the debris region characte ‘za-
tion and thermal behavior models. Section 3 describes the structure of the
models and implementation of the models in SCDAP. Lastly, Section 4 pre-
sents results of the acceptance testing of the models.



2. MODEL DEVELOPMENT

The debris bed characterization and behavior models described herein
are, in general, based on LWR and Liquid Metal Fast Breeder Reactor (LMFBR)
experimental data, porous body thermal-hydraulic anzlysis, fluidizea bed
thermal-hydraulic analysis, and the Post Accident Heat Removal (PAHR) dryout
heat flux analysis performed for LMFBRs. Because of the lack of an
appropriate data base for developing models sp<cifically for use ir LWR
severe accident analysis, the following assumptions were required during

development of the models described herein. The assumptions are:

1. Debris bed is homogenous and consists of particles which can be
effectively treated as spheres.

2. Within a debris bed, coolant flow is homogeneous with perfect
mixing of the liquid and vapor phases.

3. Melting of material within a debris bed is an equilibrium process
such tkat no superheating occurs until all of the debris has
melted. The melting proceeds with infinite axial heat conduction.

Because the models assume homogenous flow conditions within a debris bed,
some additional modeling considerations will be involved when the models are
interfaced with the non-homogeneous bundle thermal-hyuraulic models to be
included in SCDAP,

The debris bed characterization models are described first. Then, the
debris bed thermal models are described. Finally, a discussion of the range
of applicability of the several correlations used for the model development
is given.

2.1 Debris Bed Characterization

The models described in this section characterize both the cohesive and

rubble deuris beds for subsequent thermal analysis by the models described
in Section 2.2,
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u s coolant viscosity (kg/mes)

G = coolant mass flux (kg/m“ss)
(1« ‘C)‘ 1
Gc = ]50 3 ?
¢ O
1 -¢

x ¢l
BC 1.75—3—5— .
‘C €

The particle diameter in Equation (3) is usually obtained by direct
measurement of particle sizes. However, for a cohesive debris bed an
equivalent particle diameter, DC, can be derived from the definition of
the specific surface area and the assumption that the particles are
spherical:

§ @ surface area exposed to the fluid
c total volume of solid material

_°§ .6
¥ ¢©

. 5
O * 3 (4)
C
where

Sc = surface area of debris exposed to coolant per unit volume of
solid material in the region (m'])

D B equivalent particle diameter (m).
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b characterizes the diameter of the particles in the cohesive debris
bed. This approach has been successfully applied to Equation (3) as
agescribed in Reference 5.

In Equation (3), a. and 8 _ are constants characterizing the struc-

ture of the porous material; . is the viscous resistance coefficient,
and 5. is the inertial resistance coefficient., A character;stic length,
lc, of the pore structure is calculated from the definition

o

-
1 > (8)

where ‘c is 2xpressed in units of meters. The characteristic length is
used to determine the volumetric heat transfer coefficient for interfacial

transport of thermal energy between the solid and coolant. This will be
discussed in Section 2.2.3.

2.1.2 Rubble Debris Bed

The debris transition and propagation models discussed in the previous
section also consider formation of a rubble debris bed which may result
during reflooding if sufficient component oxidation (embrittlement) has
occurred prior to reflood. As in the case of cohesive debris, the debris
transition and propagation models calculate data which are required to
characterize a rubble debris bed for subsequent thermal anal_sis. These
data are:

1. Rubble debris region height and elevation with respect to the
fuel bundle

2. The masses of the individual constituents of the debris bed

3. The average particle size for the rubble debris bed.



Theoretical analyses of random packings of particles have been under
development for the past several decaoes.7’3 Debbas and Rampf9 treated
random packings of irregularly shaped particles with different size distri-
butions by means of statistical methods. In a systematic assemblage of
uniform spheres, the lossest (cubic) and highest possible packings (rhombo-
hedral and face-centered cubic) correspond to porosities of 0.43 and 0.26,
respectively. For the initial version of SCDAP, the models which describe
the thermal-hydraulic behavior of a rubble debris bed are based on the
assumption of no variation in particle size along the axial direction of the
bed. This simplification allows use of data from the Post Accident Heat
Removal and fuel melt experiments performed for the LMFBR‘O to derive a
debris bed packing model for SCDAP. Measurements of fuel porosity, based
on radiographs of a fuel particle bed that was heated to sodium boiling and

then cooled, provided the following correlation for packed bed porosity,
1
€_:
r

¢, = 0.593 - 1.23 x 107 8, (%)
where

8 = debris bed loading per unit area (kg/mz).

The value of BF is calculated with the expression

Muo., * Mzro, * Mzr * Mse * Map
o o > o
F T

A = cross-sectional area of the rubble bed (m2).

It is noted that Equation (6) is valid for sodium coolant and bed loadings
from O to 1000 kg/mz. For water-UOZ, water-steel, water-lead, and



aceton-steel systems, correlation betweer bed porosity and bed loading for
particle packing can not be derived due to the scatter of experimental

10
data.

Since a rubble debris bed consists of loosely bound particles, the
fragments may settle on the available horizontal space as a packed bed or
be suspended in the upwardly flowing coolant as a fluidized bed, depending
on the coolant flow rate. Furthermecre, the debris particles may move cut
of the rubble debris region if the coolant velocity exceeds the terminal

velocity of the particles.

For the packed bed configuration, the rubble debris bed pressure drop
is calculated in the same manner as for the cohesive debris bed
(Equation (3)]:

APr
= q +8 06 (8)
uH, P r
where
aPr = coolant pressure drop across packed bed (Pa)
Hr = height of packed bed (m)
) =¢ )2
a = 150 4 -t
r 3 2
€ D
r r
1-¢r
Br = ].75—-—3-— U_
€ r
r
Dr = average particle diameter (m) [input from debris

transition and prcpagation models].



As was the case for a cohesive debris bed, a characteristic length of the
pore structure in a rubble debris bed can be calculated as

o
-

)
"

. (9)

-
-
-

The frictional pressure loss (aPr) in a packed bed of solid par-
ticles increases as the superficial velocity of the coolant flowing upwardly
through the bed increases. When the fluid velocity reaches a value that
induces an upward drag on the particles egual to the weight of the par-
ticles, the bed becomes weightless. This condition is defined to be minimum
or incipient fluidization. Any further increase in the fluid velocity pro-
duces an upward motion of the particles.

The minimum fluidization velocity can be calculated by setting pressure
drop equal to debris bed weight per unit cross-sectional area and solving
for velocity, as was done in Reference 13. This yields

s ey 230 (o - s )08
up = 9.2975 x 107 o]* “ofas f (10)
where
ug = minimum fluidization velocity (m/s)
o, = density of debris bed material (kg/m’)
b = density of fiuid (kg/m3).

The density of the debris bed is calculated using the expression

Muo2 ’ MZro2 Wt M * M
Ds- . M . . (‘])
"o, o 20 M s M

®uo, °zro, "zr st "

10






H = zero-porosity debris bed height (m)

0
M M,
o, 2 M s M)
) X
vo, ®zro, "zr P®st "av)"r
g = gravitational acceleration constant (m/sz)
= 9.8,
14

Porosity of a fluidized bed is calculated as

]
‘f’(ﬁ?‘";f); (15)
mf
where
€¢ = porosity of fluidized bed
Re = Reynolds number of fluid flowing through fluidized bed

Remf = Reynolds number of fluid at minimum fluidization velocity

€t = debris bed porosity at minimum fluidization velocity (Set
egual to ¢, based on the assumption that bed expansion
will not occur before the pressure drop has reached the
buoyant weight per unit area of bed).

In logarithmic coordinates, n is the slope of the line which represents the
relationship between Reynolds number and fluidized bed porosity. According

to the analysis of Richardson and Zaki,]a

n = 5.0, for Re < 0.2

12



U 2
(4.35 +17.5 gi)ne Ol 0.0 ¢ R
B <

n s
n = (4 a5 + 18 D")Re'o" for 1 < Re < 200
. 'D't_ . S
n = 4,45 Re’0*!, for 200 < Re < 500
n = 2,39, for Re > 300 (16)
where

0 = diameter of the debris bed (m) [input variadble].

The fluidized bed height, Lf. is then calculated as

H
Lf’T‘-_oﬁ : L)

The height, Hrd’ of the rubble debris region is specified by the
debris transition and propagation models in SCDAP. To prevent the fluidized
bed height from exceeding Hrd' Lf and ¢ are adjusted as follows if

Le is calculated to be greater than Hrd:

. (18)

2.2 Debris Bed and Coolant Thermal Models

Debris bed and coolant temperatures are determined by simultaneous

solution of the following two differential equatians:]5
Ty o1
(l-c)ppcpn=(1-c)kaz-§-hv(Tp-Tc)+Q (1-¢)

13



aT azT ol

€ Lo TEC * ek, azC”w (Ty = Te) = Gec 57 (19)
where
€ = debris bed porosity
o P = density of debris bed and coolant (kg/m3)
cp, C. s specific heat of debris’bed and coolant (J/kg*K)
kp, kc = thermal conductivity of debris bed and coolant
(W/meK)
Tp, Tc = debris bed and coolant temperature (K)
hv = volumetric heat transfar coefficient (w/m3'K)
Q' = volumetric heat generation rate (w/m3)
2 s axial coordinate (m).

8efore solving Equation (19), local coolant conaitions and regions of
analysis, heat generation, heat transfer cocefficient between solid anc
coolant, and debris bed dryout analysis will be discussed. These dis-
cussions will te followed by a description of the temperature solution and
propagation of a melt front within a debris bed.

z.2.1 Local Coolant Condition and Regions of Analysis

A debris bed can be divided into the following three regions based on
the coolant temperature distribution in the vead:

1.  Subcooled region where coolant temperature is less than the
coolant saturation temperature at the system pressure

14



2. Saturated region where coolant temperature is equal to the
coolant saturation temperature

3. Superheated region where coolant temperature is greater than the
coolant saturation temperature.

Here, coolant temperature is con<idered to represent the homogeneous tem-
perature of the coolant with the assumption of perfect mixing of the liquid
and vapor phases.

For a given coolant flow rate and debris bed volumetric heat generation
rate, the height of the subcooled, saturated, and superhzated regions can
be calculated as follows:

cce
Lsc == (Tsat E Tin)
Q (1 -¢)

LSd i ocvchf
Q (1-¢)

Lsp "By whge * by (20)
where

LSc = subcooled region height (m)

Lsa = saturated region heignt (m)

LSp = superheated region height (m)

Vc = coolant velocity (m/s)

15
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Figure 1. Possible regions to be analyzed in a debris bed.
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In the subcooled and saturated regions of either a cohesive debris bed

or packed bed, hv is given as}7

]
hy = [(7 - 10 + 5;2)(] + 0.7 Re0'3Pr§) + (1.33 - 2.4 + 1.2%°)

1
=7k
0.7 3] c
Re”*'Pr (23)
i
where
Pr = Prandt]l number
Co
Ke
€ = €. 0re, for cohesive and rubble bed, respectively.

In the subcooled region of a fluidized rubble debris bed, hv is

expressed as]8

hv = 1.28 x 10° (Re Fe)® Pr°'57(t—)°-83(§rtxz—s)z(k7°—) (24)
R r/\We ]r
where
Fe s (1= 120901 - 6 )23
) - coolant viscosity for water at 300 K.

19



For a saturated region of a fluidized rubble bed, hv is correlated

as1?d
2._2,10.84 2 0.5
A fTeasCi\foqu Fe D %pe =9, '
5 -2.la(sat 1)(1 ) r ("f V) ]
hv = 2.2 x 107 Pr < — (25)
hfg Ha?vg ’9 ];
where
o - surface tension of coolant (kg/sz)
= 59.3 for water at 373 K
Pis Py = density of liquid and vapor phases, respectively
(kg/m°).
In a superheated region for either a cohesive or rubble debris bed,20
1.33 Re¥"%%
hy = j Ll = ¢) —_— (26)
- 1

2.2.4 Debris Bed Oryout

For a debris bed immersed in 2 pool of fluid with an insulated bottom
or with a forced flow of fluid through the bottom of the bed, debris bed
dryout is defined to occur when the vapor generation rate is sufficiently
large to preclude an adequate flow of replenishing ligquid. Such a situation
might lead to a sustained temperature rise within the bed and subseguent
melting of the debris bed material. Research on dryout in a rubble bed has

12,21-30

been conducted by several experimenters and has involved water,

acetone, methanol, and sodium with steel, lead, sand, an' urania.

20




Of the several dryout models available in the literature, the model
developed by Lipinski (References 28-30) is one of the most recent. In
addition, Lipinski's model considers bcttom flooding in deep beds, as may
occur in an LWR severe accident sequence. A model (DRYOUT) has been
developed based on Lipinski's research. The model is described below.

Through algebraic manipulation of the one-dimensional conservation
equations for two-phase, counter-current flow in a porous medium, Lipinski
developed a simple guadratic eguation for the debris bed heat flux (q) as a
function of the effective saturation in the bed (Se). The egquation is

1.75 (1 - ¢) 1 N 5 180(1-:)2( ‘y
g hel [o,(1-5e)° 5 s’ % ne. \o (1 - se)?

fg fg

LY % );3.5(1-.:)3 es 178 (1 -e)68 180 (1 -¢)2 10

C Se3 d:3a ]Se3hfg Ckap ]Se3 dYC 30 ]Se:‘I
-(o]-av)g=0 (27)
where
€ = debris bed porosity
d = debris particle diameter (m)
IR = density of vapor and liguid phase of coolant
(kg/m?)
q = debris bed heat flux (H/mz)

21



Se

bed effective saturation

Wyt H = viscosity of vapor and liguid phases of coolant
(kg/mz's).

For q > thg’ the upper arithmetic operation in Equation (27) is
used., For q < thg’ the lower arithmetic operation is used.

Heat fluxes predicted with Equation (27) are shown in Figure 2. The
dryout heat flux is given by the maximas in the curves of heat flux versus
the effective saturation of the bed. As the flow of ligquid into the bottom
of the bed increases, the maximum point on the heat flux versus effective
saturation curves approaches an effective saturation of zero. Physically,
this implies that the dryout heat flux (qd) becomes equal to the heat
required to vaporize all of the liquid entering the bottom of the bed
(qd - thg) and that the penetration of liquid from the top is
precluded.

As discussed in Reference (31), the factors significant in calculating
dryout neat flux are coolant properties and bed ctaracteristics such as bed
void fraction and particle diameter. As shown in Figure 3 (Figure 3 of
Reference 31), dryout heat flux increases with bed void fraction and
particle size for low or zero bottom flow rates. When the bottom flow
rates become large enough that the effective saturation becomes zero at
dryout, dryout heat fluxes become independent of bed void fraction and
particle size.

The DRYOUT model numerically solves for the maximum he.t flux (the
dryout heat flux) predicted by Equation (27) given values of the dependent
variables which describe the state of the debris bed. The calculated dryout
heat flux is then compared with the local heat flux. If the local heat flux
is greater than the dryout heat flux, the heat transfer coefficient given
by Equation (26) is used in the subsequent temperature calculations. If
not, the heat transfer coefficient as calculated with Equations (23), (24),
or (25) is used in the temperature calculations.

22



Bed porosity ¢ = 0.52
Particle diameter d = 1000 um
Water properties at 373 K

__.~ Dryout heat flux

Heat flux, q (KW/m?2)

1 1

s (RS

Sl ety

W= e [

0 0.2 0.4 0.6 08
Effective saturation, Sg

Figure 2. Dryout heat flux from Equation (27).
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Figure 3. Dryout heat flux dependency upon coolant mass flux, bed

void fraction, and particle size.
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2.2.5 Temperature Solution

In the subcooled and superheated regions of a Jebris bed, nd equally-

spaced nodes are used to solve fquation (19). The finite difference form
of Eguation (19) is:

m+]

m

m+1/2 1/2 m1/2 _ _m+1/2
(T _ ng ) " %pn-1,n (T ol

) Tpn - Tgp . kpn,n*l pn+1 pn pn=1
°on “pn at AZZ
hv m+1/2 m+1/2 e
TT-e (Tpn * Ten )+ Q
ml .m m /2 m+1/2 m+1/2 m+1/2)
P Ten = Ten ; kcn,n+l(Tcn+l = Ten ) r, kcn-l,n(Tcn * Tened
Pen “en at o
m1/2 | m1/2
v (+1/2 _ me1/2) cn+l cn-1
. (Tbn rm ) e,y " (28)

where
Dpn) Ocn
Cpn’ ccn
kpn,n+l’
:
pn’ ‘¢cn
m+1
pn * ¢n

1

kcn,n+l

= debris bed and coolant density at node n (kg/m3)

= debris bed and coolant specific heat (J/kg'K)
debris bed and coolant thermal conductivity (W/meK)

= debris bed and coolant temperature at node n and

at time step m (K)

= debris bed and coclant temperature at node n and

at time stepm + 1 (K)
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. m+1 m
i il R T (Tm” s T ) and 1/2 (r + T ).
pn cn pn pn cn chn

respectively (K)

space between spatial nodes (m)

"

Az

at

time step (s).

The implicit finite difference form of Equation (28) with the appro-
priate boundary conditions is given below.

For the debris,

n=]
L PP WS B L) S L I S Ll hy
p2 azé pl at A22 2(1 = ¢) cl 2(1 =€)
. p1,2Y, m |°p1%1 , Spr2, v | oom | hy
p2 \~ Azé pl 4 AZZ 2t = ¢) cl 2(1 - ¢)
+Q 4 20HTLBCD/az (29)
n=n
Tm+1 1 k n,n+1), Tm+1 °pncpn 5 kpn,n+1 " kpn-l,n . hv . Tm+l K n=1,n
on+l Zuzz pn at 2A22 2A227 2\l =¢) pn=1\" 2522
i Tm+l 'y hv L (_ kgnzn+l)+ ™ "Pncpn + kpn;nﬂ
e 2(1 - ¢) patl 282 o at 2A12
+ kPn-lln - hv + 10 _ k n-1,n + 1" . hv 2 Q"' (30)
2522 2(1 - ¢) pn=1 2AZ? cn 2(1 - ¢)
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S k ; k
i+l "pN“pN | pN-;LN + eV |+ ] pN=-1,N ), ;m+]

pN at . (1 =¢) =11\~ az° eN |"2(T-¢)
[ K X
m pN”pN piN=1,N hv m _ _PN-1,N m | hv
- TpN at . AZZ + 2(1 - ¢) i TpN-l &Z? " TcN 2(1 - ¢)
ver 2+HTUBCD
+ Q + + (31)
For the coolant,
n=1
K Gc PN - K Ge
m+1 cl,? cl melf"cl cl cl,2 , hv c m* |
Te2 §° Azf *%z )t Ta 3 Az2 ‘% "%z )°? Tpl
L kee, Sa) e (Pefar, ka2, me | SC
c2 A22 22 cl at “2 & Az
m hv 2*HTLBCC
3 rp] "%t az 19
n=n
Tm+l] . "cn,gﬂ , *Cen o T ”cnzcn s kcn,n<2+1 L kcn-;Jn > %!
i 28z daz - : 282 222
k Ge K
! cn=-1,n cn m+1 hy m cn,n+l
+ Tm+ - —te . + T - =T »
cn=1 94 2° Jaz pn 2% cn+l 2“2
Ge . C k K
=L AL cnen . _cn,n+l | cn-1,n . hv
az cn| at 28 2° 2828 %
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]
b wh - [ T /29
* Ten-1 2522 %z | pn 2 (33)
n=nd=N
] PcNCel , “cN-1,N _ hv GC e+l [ TeN-1N 3Cen
cN at Y4 % az cN=1 Z 3
az Az
C K GC
ml [ hy m [PcN°cN , "cN=1,N . hv cN m
X TpN ¥ :: Tonl 2t * s 20 - il cN-1
K Ge
JCN-1M  “eN), om f hv), 20HTUBCC (34)
&22 282 pN Ze az
where
HTLBCD B heat transfer into debris bed at lower boundary (w/mz)
HTLBCC B heat transfer into coolant at lower boundary (N/ma)
HTUBCD = heat transfer into debris bed at upper boundary (w/mz)
HTUBCC = heat transfer into coolant at upper boundary (w/mz).

The matrix form of Equations

A Ay -
R BT
21 Az

where

{29) through (34) is

(35)
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Propagation of a melt front, as described above, is analyzed by the
FRAGTH and FROZTH models for the rubble and cohesive debris beds, respec-
tively. Based on the progression of the melt front during any time step,
the FRMELT and FGMELT models calculate the velocity of the front in the
rubble and debris beds, respectively. Based on this velocity, the FRESTT
and FGESTT models estimate the time when the melt front will reach the lower
boundary of the rubble and cohesive debris beds, respectively.

2.3 Applicability Range of Correlations

Many of the equations described in Sections 2.1 and 2.2 have been
derived empirically. Table 1 summarizes the data ranges of these empirical
correlations. Also shown are the expected ranges of application of the
correlations for SCDAP. For the most part, the ranges of the correlations
span the expected range of application for SCDAP analyses. Planned assess-
ment of SCOAP will demonstrate if exceeding the data ranges of the correla-
tions is significant. Experimental data on debris bed behavior for LWR
conditions will be obtained during the next several years. This data will
provide a basis for removing deficiencies which exist in the present
modeling.
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TABLE 1.

Fquation

_MNumber

3,8

10,12

15
23

24,25

26

27

Data Range

Dylm) < 2 x 10-3
< Bp(kg/w’) < 1000

.02 < Re < 1000

0
0 < Red < 102
0.35<¢ < 1.0

e < |

<
x 1072 < Re? < 1.7 x 107

2 x 108 < d(m) < 2 x 10-2
D<e <
0 <

a. Reynolds number is defined in Equation (22).

SUMMARY OF DATA RANGES AND EXPECTED RANGES FOR CORRELATIONS IN SECTION 2

_ Expected Application Range

0.2<e¢ < |
0<ae<g?-mﬁ

1.9 x 1075 < Dylw) < 3 x 10-3
< By (kg/m?) < 3.5 x 104

0
0.2 < ¢

0 < Re < g?uwS

1.9 x 10 <o,,(.)<3-m-3

0< Re < 1.2 x 105

0 < Red < 1.0 x 107
0.2<¢ < |

0< Red < 1.0 x 107

1.9 x 105 < 0y(m) « 3 x 10°3
0.2<e < |}

Tew « 1§

< Re® < 1.0 x 107

10-5 < d{m) < 3 x 10-3
e < |

e < |

0.
0

9
= 4
<

SO -
VAR




3. DESCRIPTION AND IMPLEMENTATION OF COMPUTER MODELS

3.1 Implementation in SCDAP

The debris bed characterization and thermal behavior models described
in this report «ill be employed by the DBUNDL subroutine in SCDAP. DBUNDL
controls ana.ysis of a disrupted fuel bundle. The functional decomposition
of DBUNDL, shown in Tabie 2, illustrates the relatiunshin of the subroutines
(models) which are used to perform analysis of a disrupted bundle. The
models described in Section 2 are contained in the subroutines DBFRCI and
DBFRAG and the subroutines accessed by these subroutines. Subroutines
DBFROZ and DBFRAG serve as the driver programs which direct the logic flow
for the debris behavior models associated with the cohesive and rubble beds,
respectively. The hierarchy of the subroutines called by DBFROZ and DBFRAG
is shown in Tables 3 and 4, respectively. As shown by Tables 3 and 4,
several of the subroutines are common to both DBFROZ and DBFRAG.

A driver program, DBDRIV, was developed to test DBFROZ and DBFRAG. In
addition to calling DBFROZ and DBFRAG, the driver calls three other sub-
routines: DEBINP, DBTIME, and DBOUTD. The general purposes of DBTIME and
DBOUTD are described in Table 2. The purpose of DEBINP is to provide input
for DBFROZ and DBFRAG by simulating output from OBTRAN and DBREGN. Although
DEBINP, DBTIME, and DBOUTD are routines that form part of the SCDAP func-
tional decomposition, these same routines which have been developed for the
driver, DBORIV, are only temporary. However, they are comparable to what
will be used by SCDAP and help define the final requirements for the SCUAP
routines.

3.2 Description of Computer Models

FORTRAN listings of the subroutines included in DBFROZ and DBFRAG are
given in Appendix A of this repurt. Also, FORTRAN listings of the driver
program, DBORIV, and the subroutines DEBINP, DBTIME, and DBOUTD are
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TABLE 2. DOBUNDL FUNCTIONAL DECOMPOSITION
Subroutine Function
DBUNDL Disrupted bundle analysis
L—OBOUT Disrupted bundle output
DBOUTD Debris region output
~ DBTIME Disrupted bundle time step
~ DBANA Disrupted bundle average behavior
— DBREGN Region boundaries
— DBTRAN Region boundary conditions
— DBNTAC Intact bundle region analysis
— DBFRAG Rubble debris analysis
—— FGTIME Rubble debris time step
— FGCHAR Debris bed characteristics
— FRAGTH Debris thermally related behavior
— FGMELT Melting front propagation
— FGESTT Boundary disruption time estimation
—DBFROZ Cohesive debris analysis
— FRTIME Cohesive debris time step
—— FRCHAR Debris bed characteristics
— FROZTH Debris thermally related behavior
— FRMELT Melting front propagation
— FRESTT goundary disruption time estimation
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TABLE 3. ODESCRIPTION OF DBFROZ

Subroutine Function
DBFROZ
— FRTIME Determines time steps for cohesive debris
bed analysis
—F RCHAR Computes debris bed characteristics and
debris hydraulic behavior
— FROZTH Calculates debris bed and coolant
temperatures and thermally-related behavior
— DRYQUT Computes drycut heat flux of debris bed
— |JSMNMX @ Finds largest value in a vector
— REGMOD Modifies region identification number and
temperature distribution along debris bed
— [CSCCud
Interpolation subroutines
— [CSEVU?
— TEMPSR Solves for debris bed and coolan: temperature
LSGECO4 Factors a real matrix by Gaussian
elimination and estimates the condition of
the matrix
LSGESL? Solves the real system A*X=B
— CHEMHTD Computes Zr-steam reaction heat and Hp
release
— NUCLHTD Computes debris decay power
L GASRLSP Computes fission product release
— FRMELT Calculates movement of melt front in
cohesive debris bed
— FRESTT Estirates time when melt front will reach

a. Utility or library subrouti

b. Currently inactive subrouti

lower boundary of cohesive debris bed

ne.

ne.
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given in Appendix A, The input and output variables for DBFROZ and DBFRAG
and the subroutines called by DBFROZ and DBFRAG are listed in Tables S
through 19,
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TABLE 5. INPUT/OUTPUT DESCRIPTION FOR DBFROZ

""""" AR T T T st TS saesTesSImIReI s TeRT R RRTRe TS wemam—-—

UsSt NAME STM3UL DESCRIPTIGN UNTIS

INPUT ARSMHC Mab TOTAL MASS OF CUNTROL ROD MATERIAL ACCUMJULATED KG
IN COMLSIVE OEBKIS REGION

INPUT ALPHAC (1) CFFECTIVE ALPHA~ZIR RcACTION AREA "2

INPUT ALPHTIC (1) EFFeCTIVE ALPHA=ZR REACTION LAYER THICKNESS -

INPUT AREAR A TUTAL BUNDLE CROSS SECTIONAL AREA IN DEBRIS LF

c REGION

INPUT DELTT At TIME STEP

INPUT ELVNC (2) ELEVATIUN OF POROUS 8OUY-FROM INS BUTTOIN OF ann -
BUNDLE TO THE B0TTOM OF PURCOUS BJDY REGIUN

INPUT AITEC HC FROZEN DEBRIS KEGIOUN HEIGHT FROM DBREGN v

INPUT HTLBCC HTLBCC HEAT TRANSFER INTO CUMESIVE DEBRIS COOLANT AT dine
LOWER BUUNDARY

INPUT HTLBCD HTLBCD HEAT TRANSFER INTO COMESIVE DEBRIS B:iD TO LODWER dilme
BOUNDARY

INPUT HTuaCC HTUBCC HeAT TRANSFER xnto COHESIVE DEARIS CODLANT AT “IMz
UPPER BULUNDAK

INPUT HTUBCD HTUBCD HcAT TRANSFER INTU COMESIVE DEBKIS BED AT JpPrg Y.
BUUMDARY

INPUT I (2) INDEX UF CURRENT TIME F2OM TIME ARRAY

INPUT MAXL (2) MAXIMUM NUMBER OF NDDES IN s DEBRIS REGIIN
Hnl%a“COHBthD LIauin, SArunA 10Ny AND VAP

INPUT ND nd NUMBER OF NODES TU B useo IN LIQUID OR VA*QDR
ReGION FOR neaaxa KeGlO

INPUT NT (2) NUMBER OF TIME STEPS IN THE TIME ARRAY
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TABLE 5. (CONTINUED)

e RS . BN | il i e e e e e e
USE NAML SYMBOL DESCHIPTION UNITS
INPUT STRMC Mg, TUTAL MASS OF CORE STRUCTURAL MATERIALS 6
ACCU ULATtD IN COMESIVE DEBRIS BeD
INPUT T (2) TIME STEP ARRAY e
INPUT Uo2zMC M TOTAL MASS OF U02 ACCUMULATED FOR ALL COMPINENTS G
uo, IN COHESIVE DedRIS EBED
INPUT VINC - CUO%ANI VELOCITY AT 80TTOM GF COMESIVE DERRIS 75
0 ReGIuN
INPUT vINCOU (2) COOLANT VELOCITY AT BUTTUM OF COMESIVE DEBRIS M/S
REGION AT PReVIOQUS TIML STEP
INPUT XMASSC (2) TUTAL r_u%g OF DEBKIS AC unmin’so FOR ALL G
CUMPONENTS IN COHESIVE
INPUT IRAC M, TOTAL MASS OF 2R ACCUMULATED FOR ALL COMPONENTS G
r IN COHeSIVe DEBRIS B:D
INPUT IRO2AC (1) LFFECTIVE ZR=STEAM REACTION AREA M2
INPUT IRO2ZMC M TNTAL MASS UF ZROZ ACCUMULATED FOR ALL KG
Zro, COMPONENTS IN COHcSIVE DEBRIS BED
INPUT ZRO2TC (1) EFFECTIVE ZROZ REACTION LAYER THICKMESS -
1/0 BEDTHP Tp 353*%5 BED TEMPERATURE CORRESPONDING TO AXIAL K
t
170 COLTHP T DcBRLS BED COOLANT TEMPEKATURE CORRESPONDING TN v
c AXIAL NODES
140 ELVAY (2) ELEVATION OF DEBRIS AXIAL NODES -
1/0 FGRSC (1) FISSIUN GAS RELEASL DURING DELTT MLES
1/0 FISHC (1) FISSION DECAY AtAT GENERATION RATE dIn3

170 TOREGN TDREGN DeBRIS REGIUN ID NUMBER OF LAST TIME STEP
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TABLE 5. (CONTINUED)

it 5| & £:7 ¥ St 7 % £ i i P
USE NAME SYMadL DESCRIPTION UNTITS
140 NOND NOND NUMBER OF TNTAL NOUDES IN THE ANALYSIS
1/0 OXDAC (1) IR=5TEAM HEAT GENERATION RATE TEF
[/0 vOLGSC (1) VOLATILE FISSION PROODUCTS RELEASE FURING D:LTT Lk

QUTPUT CURTIM (2) CUKRCNT TImc

QUTPLT  DOWNZ (2) 5522{? UF MOLTEN POOL PENETRATION IN COWESIVF -

OUTPUT  EFFDIA D, EFFECTIVE PARTICLE DIAMETER DERIVED FROM -

SPeCIFIC SURFACE ARcA

QUTPUT  ELVMC (2) MOLTEN CORe REGION ELEVATION AT LOWER BOUNIARY -

aTRUT ESTOT (2) ESTIMATED TIME OF DISRUPTION S

JUTFUT  HYDGC (1) HYDRUGEN GENERATION DURING DELTT LRI

AUTPUT  IMT (2) COMESIVE De3RIS REGION TYPE

2JdTPUT KTERMC (2) FLAG TU INDICATE NOKMELITY OF RUN

JUTFUT  POROPC AP PRESSURE DROP ACRUSS THE COHESIVE B3ED ®a

WTPUT  POROSC €. AVERAG: COUMESIVE BED POROSITY

QUTPUT  RBORPT (2) DISRUPTION FLAG

QUTPUT  THAOTC (2) MULTEN MATERIAL THICKNESS -

QUTPUT  VELFTC (2) VELOCITY OF MOLTON POOL FLOWING DOWNWARD “rs

NUTPUT  YCHRL 1 CAARACTERISILIC LENGTH OF FROZEN BED -

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.




INPUT

INPUT
INPUT
INPUT

INPUT

INPUT

INPUT
INPUT

INPUT

l"Pu

INPUT

INPUT

INPUT

INPUT

INPUT

FORYRAR™""RITH
STHS UL

ALPHAK
ALPHTR

ARELAR

DELTT
ELVNR

HITRG
HTLBRC

HTLBKD
HTUBRL

HTJUBRD

TAL MASS UF CONTRUL ROD MATERIAL ACCUMULATE
RUBBLe DEBRIS BED

J
¥

EFFECTIVE ALPHA=ZK wbEACTION AREA
EFFECTIVE ALPHA-IR REACTION LAYER THICKNESS

TUTAL BUNDLE CROSS SECTIONAL AREA IN DEGRD
ReGION

TIME STEP

ELEVATION OF RUBBLE BUDY-FRUM THE
BUNDLE TO THE BOTTOUM OF RUBELE BJD

FRAGMENTED OcBRIS REFION HEIGHT FROM DBRcGH

HEAT TRANSFER INTU RUSBSLE DEBRIS CUOOLANT AT
LOwtk oCUNDARY

He AT TRANSFER INTO KRUBBLE DEBRIS BeD AT LCO4ER
BOUNULARY

HEAT TRANSFER INTO xUBBLE OE3RIS COOLANT AT
UPPER BOUNDARY

HeAT TRANSFER INTOU RUBSBLE DEBRIS BED AT UPPER
BJUNDARY

INUDEX OF CURRENT TIMc rkJIM TIME ARRAY
MAXIMUM NUMBER OF NUODES IN THE OEBRIL. ReGIIN
WHICH CUMBINED LIQUID» SATURATION, AND VAPOR
REGION

NUMBER OF NUDES TO Be USED IN LIQUID UR varOR
RL\JIUN FUR uL.’*Rl) REGION

NUMBER OF TIME STZPS IN TIME AKRKRAY
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TABLE 6. (CONTINUED)

RN R R R SR AT AT R T Rt e a——

USe NAME SYM3JL DESCRIPTION UNT TS
INPUT SIZAVR D AVERAGE PARTICLE SIZ: OVER ACCUMULATED MAS; AND »
v CUMPUNENTS IN RUBBLE DcBRIS> BED
INPUT STRMR Mg TUTAL MA3S OF COURE srauc:uag MATERTALS KG
t ACCUMULATED IN wUBSLL DESRIS BED
INPUT T (2) TiME STEP ARRAY
INPUT UD2MR Mu0 TGTAL MASS OF UD2 ACCUMULATED FUR ALL COMPINENTS K6
2 IN RUBELE DcdRIS BED
INPUT VINR u COJLANT INLET VELOCITY AT BOTTOM OF DEBRIS M/S
0 ReGION
[NPUT VINKQD (2) CUOLANT }NLE! VELOCITY AT _BOTTOM OF DEBRIS “rs
ReGIUN AT PReVIOUS TIMe STEP
INPUT XMASSK (2) TOTAL nas§ OF DEBRI> ACCUMJULATED FOR ALL G
CUMPUNENTS IN RUBBLE DEBRIS BED
INPUT IRME M, TOTAL MASS OF ZIRCALOY AECUHJLAIEO FOR ALL KG
r COMPONENTS IN RUBBLE DEBRIS 3ED
INPUT IZROZMR M TUTAL nA§s OF énnz ACCUMULATED FOR ALL G
Zr0, CUMPONENTS IN RUBGBLE CEBRIS BED
INPUT ZRG2TR (1) EFFECTIVE ZR0U2 REACTION LAYER THICKNESS “
1/0 BEDTMK Tp DcBRIS TEMPERATURE CORRESPONDING TO NONR NIDES K
170 COLTMR % CUULANT TEMPERATURE CURKESPONDING TO NOUNR NODES -
170 ELVAR (2) ELEVATIUN OF AXIAL NUDES IN OeBRIS
1/0 ELVMK (2) MILTEN CORE REGION ELEVATION AT LOWER BOUNDARY -
1/0 FISHR (1) FISSIUN/DECAY HEAT GENERATION RATE W/ins

170 IDREGK [DREGN REGION TYPE ID



JUTPUT
JUTPUT
JutTPUT
Juteur
WTPUT
UuTPuLT

ouTPUT
JUTPUT
WwrTrul
WTPLT
JUTPUT
JUTPUT
WreurT

CURTILM
DOwNR
eSTDT
HITEK
IRT
KFLUID

KTckM

POROPK
POKUSR
PBORPT
THRUTR
VELMUT

XCHEL

NUMBER UF AXIAL NODceS USED IN DEBRIS REGIDON
ANALYSIS

IR=STEAM HEAT GENERATION RATE

CURReNT TIME

LENGTH OF MOLTEN POOL PENETRATION
E>TIMATEC TIME UF DISRUPTIOUN
KUBBLE BED HEIGHT

DEBRIS REGION TYPE

flalllibllbﬁ FLAGs» =0 PACKED BEDO» =1 FLUIDIZED
okt

ABNUORMAL TERMINATION FLAG

PRESSURE DRJP ACRUSS THE RUBBLE DEBKIS B¢l

AVERAGE RUBBLE B8tD PUKDSITY

DISRUPTION FLAG

MOLTEN MATERIAL THICKNES

VELOCITY OF MULTEN POUL FLOWING DUWNWARD

CHARACTERISTIC LENGTYTH UF THE PARTICLE IN
DcBrR1S BED
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TABLE 7. [INPUT/OUTPUT DESCRIPTIOM FOR FRTIME

""""" S S L T
USE NAME SYMBOL ULSCRIPTION FIN A
INPUT DELTIN (2) TIME STEP CALCULATEL IN THE DISKUPIED BUNOULE S
TIME STEP SUBROUTINE
LuP LT NoTP (2) NUMBER UF STEP> IN JHICH DISKUPTLU bUNULE TIME
STEP WILL 8¢ BRUKEN
UuT PUT DELTLY (2) TIME STEP TOU 3t USEu IN DEBKIS ANALYS I S

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.




TABLE 8. INPUT/OUTPUT DESCRIPTION FOR FRCHAR

g T FORTEAR " "RATR™""""=°=°°° B R iR e

ust NAME SYMBUL UESCKIPTION UNITS

INPUIT A oML M TUTAL S OF LJN[V.)& kKUD MATEKIAL ACLUMULATED KG
Ab DR ST A 3 AT 3

InPUT ARE AR Ac ;?I%Nduwu CKUSS SECTIUNAL AKEA IN UeBKRIS M2

(5]

INPUT DelTe At TIME STEP FUK CUMHESIVE DEBRIS REGION S

INPUT HITEC H. FRUZEN OtBRIS RKtGIUN HE IGHT FKUM DBREGN M

INPUT KOABS O ab &tN§6rv OF CONTRUL ®KUD MATERIAL FUR LEBKIS KGIMS

INFLT ROCGL . Pe CUULANT OENSITY AT BUTTOM OF DEBRIS KGNS

INPUT RULTR pSt DENSITY UF STRUCTURAL MATERIAL 10K UeoklS keGluN KG/in3

INPUT rRUVLZ Puo VU2 DENSITY KGrn3

INPUT RAZK pzf IR DEN3ATY KGN

Inruld RULKRUL2 erO IRUZ DEN>ILTY KG/M3

INPUT  STRMC M..2 TOTAL ¥A3S OF CURE STRUCTURAL MATERIALS K6
St ACCUMULATED IN COHMESIVE DEBKIS BED

[NeulT JJeMe M TOTAL HASS UF UO2 AZCUMULATED FOR A.L CJI42JNenNTs <G
U0,  IN COMeslve Deskls BED

InPLT VINC u Eggkeat VELOCITY Al BOTTOM OF COMESIVE UeokiS M5

INPUT VINCOD (2) CUULANT VELOCITY AT BOTTOM UF COMESIVE UEGRIS Ml S

kcGIUN AT PREVIOUS 1IME STEP
iNPuT XMASSC (2) TUTAL MASS COF UESKIS ACCUMULATED FUR ALL KG
CUMPONENTS IN CUreSIVE UEBRIS GED
InPUT XMUCOL U VISCOSITY UF COULANT AT BOTTOM OF DEBKILS KGZSEC /M
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TABLE 8. (CONTINUED)

T Tt TFORTRARTTTREYRTTTTTTTTTTET S T e e T S N N T

USE NAML SYMBOL DESCRIPTION JNLITS

INPUT IRMC M [UTAL MA33 OF ZR ACCUMULATED FOR ALL CUMPUNENTS 50
Ir IN COMESTVe UESRLS BED

AINPUT ZR0OZNC M IOIAS MASS OF ZKU2 ACCUMULATED FOR ALL KG
ZrO2 COMPONENTS IN CJHES.VE DEBRIS BED

uul PuT ErFLIA D cFFECTIVE PARTICLE DIAMEVER DERIVEUD FRUM M
C SPECIFIC SURFAZE: AREA

UuTPuT KTLRMC (2) FLAG TO INUICATE NURMALITY COF RUN

JuTPuT PORUFKC AP PRESOUKE DRUP ACKUS> THE COHESIVE BED Pa

JuTrPul PUROLC CC AVERAGE CUMESIVE ©veD PUROSILITY

OuTPUT Yo HKRL ] CHARACTERISTIC LeNGIH OF FROZEN BtOD M

———————————— -

(1) Vvariables that are currently inactive.
(2) Variables are not shown in Section 2.
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TABLE 9.

R FORTRAR™ " "REYR~"""""="~ T P IR, o

USE NaME CYMBOL DESCRIPTION

INPUT ALPHAC (1) cFFECTIVe ALPHA-ZK KEACTION AKEA

INPUT ALPHIC (1) FFFECTAVE ALPHA=ZR KEACTION LAYEK T4IC¥NE>S

InpPuT BEDTMF Tp 3685%5 BED TEMPERATUKE CORKESPUNDING TU AXIAL

INPLT COLImP T DEBKIS BeD COULANT TEMPLKATURE CURKESPUNDING TO

C AXIAL NODES
INPUI DELTT At TiMe STEP
INPULT EFFULA D tFrtCllgt P KTICLE OIAMETER DERIVED FxOM
C SPECIHIC FACE AKRCA

INPUT cLVAY (2) tLEVATLION OF DEBRI> AXIAL NODES

INPUT ELVNC (2) ELEVATION UF PUOROUS Y=-FROM THE BUITUM UF KOD
sUNDLE TOJ THE auvrun o PURLUUS BOLY REGIUN

INPUT FISHC (1) FISSIUN DECAY HEAT GENERATION RAYc

INFUIT HLITEC HC FRUZEN LEBEIS REGIUN HEIGHT FRUM UBKReGN

INPUT HTLBLC HTLBCC HEAT TRANSFER INTU CUMESIVE DEBRIS CUULANT AT
LOWER BOUNDARY

INPUT HTLBCD HTLBCD HEAT TRANSHFLK INTU COMESIVE DEBKIS BtD 1U LOUWER
BOUNDARY

INPUT HIUBLC HTUBCC HEAT TRANSFER INTU CUMESIVE DEBRIS COULANT Ad
UPPER BOUNDAKRY

INPUT HTUBCD HTUBCD HEAT TRANSFER INTO COMESIVE DEBRLIS BtD AT UPPER
BOUNDARY

INPUT IOREGN IDREGN DebrIS REGIUN 10 WNUMBEK OF LAST TIME >0ep

INPUT MA XL (2)

INPUT /OUTPUT uESCRIPTION FOR FROZTH

MAXIMUM NUMotR UF NJDES IN Iu% DeBR1S keGiON
WHICH CUMBINED LIGuiDs SATURATI

s CNoANU VAPUR
REGION

w/h3

ni WM

W/ M2

w/iM2

Wikt



IS

TABLE 9. (CONTINUED)

""""" FORTRAR " RATA . ~ = T T e T T T E T EEE
uSt NAME SYMBOL DESCKIPTION UNITS
INPUT nb nd NUMBer OF NUDES TO 8t USED IN LIQUIU Jrk VaPUR
KEGIUN rOR UEBRIS KEGION

InNPUT NuinD NOND NUMBER UF TOTAL HuDES IN THE ANALYSIS

InPUT DXDAC (1) ZR=STEAM HEAT GENckATION RATE w/N3
INPUT PUKUSC €. AVEKAGE COHesIvE BED POKULSITY

INPUT VINC uy COOLANT VELUCIIY AT BOTTOM OF COMealve UEBRIS MZy

KEGIUN

INPUT YCHKL 1C CHARACTERISTIC LENGTH UF FROZEN BED -
INPUT Ir024C (1) EFFECTIVE ZR=-STtAM REACTION AREA M2
INPUT IROZTC (1) EFFECTIVE Zr02 REACIION LAYEK f4ICKNESS 4
UUTPUT  BEDTHP Tp gﬁgggs BelD TEAPeKATURE COkKESPOMUING TU AXIAL

QuTPUT COL The T VEBRI> BeD CUJLANT TcMPERATURE CURKESPUNUDING TO -

c AXIAL NODES

QUITPUT  LJwNZ (2) tgg%{g UF MOLTEN POOL PENETKATION IN CUMESIVE "
OUTPUI  ELVAY (2) tLEVATIuUN OF DEBRIS AXIAL NODES “
JuTPRUT ELVMC (2) MOLTEN CURe REGLON ELEVATION AT LUWEK BJUNDARY "
UUTPUT  FGRSC (1) FISSIDN GAS KELEASE DURING DELTT MOLES
UUTPUT  FlaHC (1) FISSION OECAY Hcal GENERATION RATE w/M3
JUTPUT  HYDGC (1) HYDKUSEN GENLRATIUN DURING DELTY MULES
JUIPULT IDREGN  IDREGN UEBKIS REGIUN 1D NUMBER OF LAST TIME STef

UutT PUT InT (2) CUMESIVE DEBRIS KEGION TYPE
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TABLE 9. (CONTINUED)

“““ BN 213 %% SR - % 1
UsE NAME SYHBOL DESCRIPTION UNETS
JuiPUT NUKD NOND NUMBER OF FUTAL NODES IN THE ANALYSIS

UuTPUT  DXDLAC (1) IR=STEAM HcATl GeNEKATION RATE WiM3
JUTPUT THPUTL (2) MULTEN MATekIAL THICKNESS "

UuTPUT  VOLGSC (1) VULATILE FISSAUN PKODUCTS RELEASE FURING OeLTT HULE

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.
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TABLE 10. INPUT/OUTPUT DESCRIPTION FOR FRMELT

""""" FORTERAR . T RRTR T e e e e T T e e
St NAME SYMBUL DESCRIPTION UNITS
InPUT DELTL At TIME STeP FUR COMESAVE DEBKIS KEGIUN S
INPUT ELVAY (2) ELEVATION OF DEBRI> AXIAL NOUDES

invul ELVMC (2) MOLTEN CORE KLGION cLEVATION AT LUWLR BOURDAKY

INPUT INT (2) COHESIVE UEBKLS ReGLIUN TYPE

INPUT NUND NOND NUMBER OF TUTAL NODES IN THE ANALYLIS

UuTPUT  VELMIC (2) VELUCITY OF MOLTun POUL FLOWING DUWNWARU M/S

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.




CUKRENT TIME

MOLTEN CURt REGIUN tLEVATION AT LUwER

Ll!v’AIA

W OF PARUUS BODY=FKRUM ThHt sUliUuUM uUr RUU

BUNCLE TO THt sulTlO4 OF POUROUS BUDY ReCl

]
VfL)Ll[’ gt :‘wll;,h riul 'ldthb

DumwNm é&xD

JF DISRUPTION
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TABLE 12. INPUT/OUTPUT DESCRIPTION FOR FGTIME

""" R N Rl e s S SAEs et Te e eI EeRSERe e ——
UsSt NAME SYMBUL DESCKRIPTION INLG3
INPLT DELTLN TIME STEP CALCULATED 1IN THE DISKUPIEL BUNULLE S
(2) lfne STEP guaaaurln? .
INPULT NSTF (2) NUMBER Or STEPS In wHICH UISRUPTED BUNDLL TiMe
STEP WILL BE BROXKEN
QuT PUT DELTOT (2) TIME STELP TU ot USLD IN DEBRIS ANALYSIS S

-

(1) Variables that are currently inactive.
(2) variables are not shown in Section 2.
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TABLE 13. INPUT/OUTPUT DESCRIPTION FOR FGCHAR

""""" FORTRER  ~ TREYR — o e e e e m e
uUSt NAME SYMBOL CESCRIPTLION UNITS
INPUT AdSMK MAb TUTAL A4ASS UF CUNIRJL KOD MATERIAL ACCUMULATED KG
IN RUBSLE OEBRILS LD
InNPUT ARL AR A TOTAL dUNDLe CRUSS SECTIUMNAL AREA IN DiBrI> M2
r REGION
INPUT DzLTK At TIMe STeP FOR DeokIS REGIUN
[N UT HITKG Hg FRAGMENTED DESKIS Kek ION HEIGHT FRUM DBREGN 4
INPUT RUABS Pab 22"56" OF CUNTRUL KUD MATERIAL FUK LESKILS KG/M3
ol
LnPul RULLL Pe CUULANT DENSLIY AT oSUTTOUM OF DEBRIS KGIM3
invPul RUSTK Pgy UENSITY UF STRUCTUkAL MATERIAL FOR ODtoxiS REGION KGIM3
Invul RUULZ DUO Uu2 DENSITY KG/M3
INPUT RUZK erz IR DENSITY ' KG/ M3
InPUT RULKLe P700 IRUZ DENSITY KG/mM3
INPUT sLZAVK D 2 AVERAGE PARTICLE SIZE UVER ACCUMULATEU MA>S AND M
r CUMPOUNENTS IN RU3BLE DEBRIS BED
ineut STkME M TOTAL MASS UF Cukic STRUCTURE MATERIALS "G
St ACCUMULATED 4N KUBBLE DEERIS BED
Ineul UU2HR MU TOTAL MASS UF vu¢ ACCUMULATED FUR ALL CuMPUNENTS KG
0, IN kUsdLt ULEBRIS dED
LNPUT VINE u COULANT INLET VELOCLTY AT BUTTOM OF ULELxIS Mis
0 ke G IUN
ANPLT VINKLL (2) COOLANT INLeT JrlUCITY AT BUTIOM OF LEBKILS mM/S
REGION AT PRevIUUS TIME STEP
INPUI KMAS LR (2) TOTAL AASS UF UEBRIS ACCUMULATED FUK ALL K6
CUMPONENTS IN RUAELE UVEBKRIS BED
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TABLE 13. (CONTINUED)
DU v 1:3 .0 Ut § 3 1 i i =T
USE Vadtk STMBOL DESCRIPTION UNITS
IneuT xducCulL u VISCUSLTY OF CJULANT AT SUTTUM COF DeBRIS R3ISELIN
INPUI IKMP N TOTAL H4ASS UF Z2IRCALODY ACCUMULATED FUK ALL K6
Ir COMPONENTS IN wJuBlc DEBRIS BED

INPUT IROZMF M IOTAL MA3S COF £RU2 ACCUMULATED FOR ALL K6
0, CORPUNENTS IN RUIBLE DEBRIS BEU

QUTPUT  HLTER LeoH, RUBBLE BED MELGHT “

QUTFRUT KeLULLD (2) :%glUIZAIIJN FLAG» =0 PACKED BED» =1 rLUIlDI1ZED

QUTPUT  KTERM (2) ABNURMAL TEKMINATIUN FLAG

OUT PUT  PURLFH AP PRESSURE DRUP ACKO3> THE RUBBLE DEBKAS BED P A

UUTPUT  PURUSK €, AVERAGE RUBBLe oED PORDSITY

QUTPJT  XCHKL CHARACTERISTIC LENGTH OF THE PARTICLE in RJBBLE -
r UEBRIS BED

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.
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TABLE 14. INPUT/OUTPUT DESCRIPTION FOR FRAGTH

FORTRERT""RATH

NAME

SYMBOL

INPUT
iNPUT
InPurl

INPUT
INFULT

InNPUT
Inbul

InPUT

Inveuld

INPUT

INPUT

INPULT

INPUT

INPUI
LnPuUT

ALPHAR
ALFHIR
AKE AF

DELTK
ELVIE

HITER
HTLEKC

HiLokrD

HTUbKC

HTUBkD

KFLUID

MA XL

ND

PUKOL P
SLLAVE

(1)

(1)

A

At
(2)

Mool
HTLBCC

HTLBCD

HTUBCC

HTUBCD
(2)
(2)

nd

EFFECTIVE ALPAA-IK KEACTION AKEA

EFFECTIYe ALPHA-ZKk KREACTIUN LAYER THICKHESS
lO&AL BUNULE CxruU>S SECTIONAL AREA IN Oeokrly
REGIUN

TIME >TEP FUK OcoskIS REGION

FLEVATION UF RU3GLE BUDY=FRUM THE bUTTOUM uFr x0OO0
BUNDLE TU THE BuUTTudm OF RUSBBLE BJDY EcGlON

KUBBLE BED HEIGHT

HEAT TRANSFHer INTU <UBBLE DEBKIS COLLANT AT
LUWcR BOUNDAKRY

He AT TRANSFER INTO <UBBLE DEBRIS BEO AT LOUmER
BOUNDARY

HEAT TRANSKHEK InNTU RuBbBLt OFBRIS CUOLANT AT
UPPER BJUNDARY

HEAT TRANSFER INTL RUBBLE DESRIS BEL Al UPPER
BUUNDARY

:tng(ZAtIJN rLAGy =0 PACKED BED» =1 rlLUiLLIZED
MAX IMUM4 NUMBER UF NJDES IN THE CeEbk1S KEGLUN
R?&%ﬂNCU““INtO LIQUIDs, SATURATICNsAND VAPUR

NUMBER OF NUDLES 10 8F USED IN LIQUID UR VAPUJK
KeGIUN FOR Dtorl> «=GION

AVERAGE RUBBLC bt PURUSITY

AVERAGE PARTICL: SIZe OVER ACCUHbLAltU MASS AND
COMPONENTS IN kUdoSLE DEBRIS BED

n/M2

wiMe

W/ M

wi M



TABLE 14. (CONTINUED)

“““““ FURIRAR = BIIR & T raeseetorstasmsTpewretTamTeTTeasmTIeymTTaRRTEa TR e
uSt NAME SYhBOL VESCKRIPTION UNITS
L4200 iR u COULANT INL:T VELUIWTY AT 3271040 JF Je3drls. M/
0 REGION
InPUI XCHEL 1. CHARACTERISTIC LeNGIH OF THE PARTICLE iN KUBBLE ]
beBrIS BED

INPUT LRO2AF (1) EFFECTIVE ZK=>TEANM RLACTION AREA M2
InPUT LRUZ2TK (1) EFFECTIVE ZhU2Z RLACTION LAYEK THICKNESS M
UuTPUT 850 TMR Tp DEBKIS TEMPERATURL CORKESPONDING TO NOUNR NUDES

ULTPUT CoLimg T, COOLANT TEMPERATUKE CURKESPOUNDING Tu NUNK NODES

uutTeul DIwh K (2) LENGTH OF MULTEN PUUL PENETRATION M
Uut PUT ELVAR (2) ELEVATION OF AxIAL NODES IN UEBKIS

JUTPUT  LLVMK (2) MULYTEN CURE KEGIUN tLEVATION AT LOUWER BOUNDARY n
OuTPUI FGRLR (2) FISSION GAS kclLEASE (MOLES) ODURING DELTEK

UuUTPUI FISHK (1) FISSIONZOECAY HEAT GLNERATION RATE WiM3
JJtpul HY DGH (1) MYDR 16N GENLRATIUN DURING DELTK MULES
urTPIT LUREGK IDREGN ReGIUN TYPE ID
OUTPUT  IRT (2) DEBRIS REGLIN TYPt

uutT PuT NUNF NOND NUMBEKk OF AXIAL NOOES USED IN DEBRILIS KeGlow

ANALYS IS

UutTPIT OxDAR (1) AR=STEAM HLAT GeNERATION RATE wW/iks
JulPurl TeSTBE (2) ESTIMATED TIMe STEP FUR LUWER BUUNUAKRY >

BREAKTHRKOUGH ArlErk CURKENT TIME
aurPuT THACGT P (2) MULTEN MATERIAL THICKNES -
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TABLE 14. (CONTINUED)

""""" A e e e i e b e e
USE NAME SYMB UL DESCRIPTION onlT>
JuTprur VELKLT (2) VELUCITY UF MULIEN PUOL FLOWING UOWNWAKD M75S
Oul PurT VOL GSK (1) VOLATILE FI>SIJN PRUDUCTS RELEASE DUKING ODELTR A0LE

- ———————————————— -

(1) Vvariables that are currently inactive.
(2) Variables are not shown in Section 2.
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TABLE 15. [INPUT/QOUTPUT DESCRIPTION FOR FGMELT

""" T R R R R R R T RS R e
USE NAME SYMBOL VESCRIPTION UNIT>
INPLT DELTR At TIME >TtP FOK DEBKI> REGION >
INPUT ELVAK (2) ELEVATIUN OF aXIAL NODES IN DEBRIS
INPUT EL VMK (2) MULTEN CUKRE keGlUN ELEVATION AT LUWEK oUUNDARY M
INPUT IRT (2) DEBRIS KEGIUN TYPE '
InNPUT NUNK NOND NUMBER UF AXIAL NODcS USED IN DEBRIS KeGION

ANALYS IS
JulTPuUT  velLhOT (2) VELOCITY OF MOLIEN POOL FLOWING DUwNwAKRD M/S

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.




TABLE 16. INPUT/OUTPUT DESCRIPTION FOR FGESTT

A LA L A N ST SN ¥ TP ¥ iy~ L LSRR LU e ' ST Y- o
“““““ T e | e 6 e et oL R G R e i e
LSE NAME STMBOL DESCRIPTION UNITS
ineur CunTiM (2) CURKENT TIMt

Lyrut ELVMK (2) MULTEN CUR: ReGLIUN ELEVATION AT LOWER SOUNDARY

INPUT tLVNK (2) cLEVATIUN UF RUBBELE BULY=FROM ThHt BLITUM urF ROD "

BUNDLF TU THE BOTTUM OF RUBBLE BOLY REGIUN

InFUT VELMOT (2) VELUCLTY UF MOLTEN POUL FLOWING DumNwArD Ais
QuTPul ELILl (2) eSTIMATED TIME UF ULISKUPTION 3

- ——————

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.
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TABLE 17. INPUT/OUTPUT DESCRIPTION FOR DRYOUT

”""”'FD?TRl&"’PlTR"""""""‘ """""""" iR e L it e ey A Sl e
USE NAME SYMBO DESCRIPTION UNITS
INPUT LFFUILA d EFFECTIVE PARTICLE UIAMETER DERIVED rRUM [
SPECIFIC SUkrAce AREA

INPUT HF 6 hfg LATENT HEAT OF VAPURIZATION JIKG
INPUT HITEC Hc FROZeN LeBRIS KEGIUN HEIGHT FRUM DBREGN M
InPUT PORGFC AP PRESSURE DRUP ACRU>S> THt CUHESIVE BEU PA
INPUT PURLSC € AVEKAGe COHESIVE 8c0 POROSLTY
InvUT GvulL Q'“ VULUMETKIC HEAT GeNERATIOUN RATE w/ M3
INFUT rRUCOL M COOLANT OENSITY AT BUTICM OF DEBrIS KG/M3
InPUT KJVAP pv VAPUR DENSITY KG/im3
INPUT SURTC o JURFACc TENSIUN Jf CUULANT PA
itNPUT VIKC u CUULANT VE! O TTyYy AT oUTTOUM OF COnESIve UEBRIS M/S

o kEGLUN
ANPUT xfuCuL u] VISCOSITY UF COULANT AT BUTTOM OF DEBXRIS KG/S5el /M
1wpPurl XKAUVAP My VAPOR VISCOSITY KG/SE/M
UurT rut QUTLUT qd DRYOUT HcAT FLuUX wWiMe

(1) Variables that are currently inactive.
(2) Vvariables are not shown in Section 2.
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TABLE 18. INPUT/OUTPUT DESCRIPTION FOR REGMOD

""""" g e e et Dt i i e ) o i i i
LSt NARLE SYMB (L VESCKRIPTION UNLTS
INPUT BeDINP T DEBRIS BED TEMPERATUKRE CURRESFUNDING TU AXIAL £
p nNUDES
INPUT CULTIMP T DEBRIS Bt COULANT TEMPERATURE COURKESPONUING TD K
c AXIAL NUDE>
INPUT ELVAY (2) cLEVATION OF DEBR)S AXIAL NODES
INPUT £ LVNC (2) CLEVATIUN UF PURUUS BODY=FROM THE BUTTJM Ur <00
BUNDLE T¢ THL 80TIuM OF POROUS BOLY REwlUN
INPUT HITEC HC FRUGZEN DEBRIS REGIUN HE IGHT FRUM UBREGN -
InNPUT Lok (2) REGIUN ID NUMBER CALCULATED IN FKUZTH UR FRAGIH
ineut 10RECN  IDREGHN DEBRIS ReGIUN IU NUMBER OF LAST TIME sST(EP
InPuT MAXL (2) MAXIMUM NUMobeR JOF NUDES IN THE DEBRI> REGLON
HHICH CIMUINED LIJUIDy SATUKATIUNIAND VAPUJR
REGION
INPULT ND nd NUMBER UF NUDF> TU BE USED IN LIQUID Ok VAPUR
REGIUN FUK DLBR1S REGIDN

inPul NAND NOND NUMBER UF TOTAL NUDES IN THt ANALYSIS
INPUT 1547 CUOLANT SATURATIUN TEMPLEKATUKE

T K
sat
INPUI XLLiQ LSc LIQUIU REGIUN LENGIH M
INPUT xXLSel LSa SATURATIUN REGIUN LENGTH "
InPUT ALVAY LSp VAPUK REGION LENGIH M
UutTpPul Bt LTMP Tp :5%8;5 BED TEMPcRATUFE CUKKESPONDING TJ AxIAL K
E
LU I PUT COLINMP T DtBKRIS BEU CUULANT TEMFERATUKE CUKKESPUNUING TU «

¢ AALAL NUDEL
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TABLE 18. (COMTINUED)

""""" FORTFER T PAIR ~ - m s e e sssssssssssssssseeTT
USE NAME SYRBUL CESCKIPTION
JUTPUT ELVAY (2) ELEVATION OF DESRLIS AXIAL NODES

(1) Variables that are currently inactive.
(2) Variables are not shown in Section 2.
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indLE 19. INPUT/OUTPUT DESCRIPTION FOR TEMPSR

b R FORYRAR ™ T T RATR T T e T T T e

USE NAME SYMBOUL CESCKIPTICN JNITS

InPul DELTTY At TIME >TEP S

INPUT DelTZ AZ DISTANCE SBETWEEN AXLAL NODE M

iNPUl HILBCC HTLBCC tcAT TRANSFEK INTO COHESIVE DEBR1S CJOOLANT AT Win2
LOweR BUJNDARY

INPUT HTLECD HTUBCD HEAT TRANSFER INTU CUHESIVE DEBRIS BED Tu LUWER win2
BUUNUARY

INPUT h..BLC HTUBCC HEAT TRAWOSFER INTU CUMESIVE DEBKRIS CUJLANT AT WiN2
UPPEXR SUJNUARY

INPUIT HTUBCD HTUBCD HEAT TRANSFek INTU CUHESIVE DEBKLS Ec0 AV ULPPER wih2
BbOUNUARY

INPUT HVSC Hv HEAT TRANSFER CUOcrFICIENT BETWELN B. o AND Wik M3
COGLANT, VOLUMETRIC

INPUI Luvor (2) INDICATOR UF CJULANT STATE

INPUT N nd NUMBex OF AXIAL nUUES

AINPUT N2 2 -nd 2N FUR SULVING CUULANT AND BED TEMPERATUKE
SIMULIANEOULSLY

INPUT PUKDSC € AVERAGE COHELIVE BEVD PUKUSITY

LPUT QvoL e VOLUKETRIC Htal GENERATION KATE wik3

INPUIT TCuLLO Tc c?gghnl TeMPERATURE AT N NOLES AT PrEVIUULS TINME K
>

InNPUT TeEmpecu Tp BED TEMPERAITURE AT N NUDES AT PREVICUS TIME STEP X

INPUT VINC ug % gﬁsul VELOCITY AT SOTTYOM OF COmeSive ODLBERIS M/5S
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TABLE 19. (CONTINUED)

- —_—

ust NAME SYrBOL UESCRIPTION UNLTS
uuirul TCULC TC CODLANT IEMPERATURE ®
uutpPut TEnPC Tp BtD TeMPeExkATURL K

(1) Vvariables that are currently inactive,
(2) Variables are not shown in Section 2.

g (e e e d =y B




4, RESULTS OF MODEL ACCEPTANCE TESTING

Testing of models is a necessary part of the process of code develop-
ment, Deficiencies in logic flow, algebraic errors, and coding errors can
be detected through model testing, For the debris characterization and
thermal behavior models described in this report, model testing began with
a line-by-line verification of all FORTRAN statements. Then, an extensive
set of computer runs were performed using all modeling options to fully
exploit the possible logic flow paths. Finally, calculational results were
evaluated for reasonableness. This was done for each major subroutine.
Results of the acceptance testing are discussed in the following sections.

4.1 FRCHAR

Subroutine FRCHAR calculates bed porosity, a characteristic particle
length for heat transfer, and pressure drop across a cohesive debris bed.
Comparisons of the pressure drop across a porous body calculated with FRCHAR
and with hand-calculations using Ergun's correlation [Equation (3)] for
various coolant velocities and debris porc.ities are shown in Table 20.
These data indicate that the code predictions of FHCHAR agree well with
Ergun's correlation and that Ergun's correlation is properly implemented in
FRCHAR.

4.2 FGCHAR

Subroutine FGCHAR calculates bed height, minimal fluigization velocity,
porosity, a characteristic particle length for heat transfer, and pressure
drop for a rubble debris bed. The same procedure has been used to check the
pressure drop calculations of FGCHAR as was used for subroutine FRCHAR., The
results which are shown in Table 21 show excellent agreement. Predictions
of minimum fluidization velocity, fluidized bed height, bed porosity, and
pressure drop across the bed made using FGCHAR have been checked using the
two examples given in Reference 5. Test conditions of these two examples
are summarized in Table 22. Comparisons of the FGCHAR results with the two
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TABLE 20.

TEST RESULTS OF FRCH/R

Coolant
Velocity

(m/s)

0.01
0.02
0.03
0.04
0.05

0.06
0.07
0.08
0.09
0.10

0.14
0.01
0.02

oo OO0 O oo
- - -
COCO O
W oo~Soy

e A0
rss

.
oo
£ o

Jebris
Bed

Porosity
0.37

AP
(Pa)

FRCHAR
7.775 x 10°
2.254 x 103
4.430 x 103
7.305 x 103
1.088 x 104
1.515 x 104
2.012 x 104
2.580 x 104
3.217 x 104
3.924 x 104
7.451 x 104
4.329 x 104
1.16 x 10°
2.286 x 10°
3.627 x 10°
5.323 x 102
7.335 x 10°
3.663 x 10°
1.231 x 100
1.527 x 100
1.854 x 106
3.480 x 1.9

Hand
Caiculation
7.775 x 102
2.254 x 103
4.430 x 103
7.305 x 103
1.088 x 104
1.515 x 104
2.013 x 104
2.580 x 104
3.217 x 104
3.924 x 104
7.451 x 104
4.328 x 104
1.181 x 10°
2.246 x 105
3.625 x 109
5.321 x 109
7.333 x 10
9.660 x 109
1.230 x 10°
1.526 x 100
1.854 x 106
3.479 x 106
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TABLE 21.

TEST RESULTS OF FRCHAR

Coolant
Velocity

(m/s)

0.001
0.002
0.003
0.004
0.005

0.006
0.007
0.008
0.009
0.010

0.015
0.020
0.0001
0.0002
0.0003

0.0004
0.0005
0.0006
0.0007
0.0008

0.0009
0.0010
0.0020
0.0030
0.0040

Debris
Bed

Porosit!
0.37

0.37
0.37

O
w
e e |

. s = s ¥ &
NSNS NN

.

- - -
ol i S S £ bW W ww w
(LRSS RS SRS ) OO~~~

OCOO0COO OCOoOOOO OCOO0OO0O OO oO0COOo o
. . . . . .

el b ol
"oy o

aP
(Pa)
Hand

FRCHAR Calculation
4.629 x 10! 4.629 x 10!
9.957 x 10} 9.957 x 10
1.598 x 102 1.599 x 102
2.271 x 10¢ 2,271 x 102
3.014 x 109 3.014 x 102
3.826 x 10° 3,826 x 102
4,709 x 102 4,709 x 102
5.661 x 10° 5.661 x 10°
6.683 x 10° 6.683 x 10°
7.775 x 10¢ 7.775 x 102
1.428 x 103 1.429 x 103
2.254 x 103 2.256 x 103
8.503 x 10} 8.503 x 10!
1.703 x 102 1.703 x 102
2.557 x 102 2.557 x 102
3.414 x 102 3.414 x 102
4.272 x 102 4.272 x 102
5.133 x 102 5.133 x 109
5.996 x 102 5.996 x 102
6.860 x 102 6.860 x 102
7.727 x 102 7.727 x 102
8.596 x 102 8.596 x 102
1.740 x 103 1,740 x 103
2.641 x 103 2.641 x 103
3.563 x 103 3.563 x 103
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TABLE 22.

COMPARISON OF FGCHAR PREDICTIONS WITH TEXTBOUK SOLUTIONS

Minimum
fluidiza-
tion
velocity,
m/s

Expanded
bed
height,
m

tE xpanded
bed
porosity

Pressure
drop

across the

bed, Pa

Example |

Example 2

FGCHAR

Textbook Solution

FGCHAR Textbook Solution

4,353 x 107

1.02

0.60

6.16 x 103

3

4.302 x 107

1.01

0.60

6.15 x 103

3

-2 2

2.118 x 10 2.147 x 107

1.99 1.99

0.775 0.775

2.654 x 103  2.652 x 103
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Figure 5. Comparison of TEMPSR prediction with analytical solution.
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corresponding temperature may be changed. The interpolation capability of
REGMOD for various transitions of region icentification number are demon-
strated by the results shown in Figures 6 and 7. The excellent agreement
shown in Figures 6 and 7 indicates that the interpolation performed by
REGMOD is correct.

4.5 FROZTH and FRAGTH

Subroutines FROZTH and FRAGTH compute debris ard coolant temperatures
and thermally related behavior (melting) of a cohesive and rubble debris
bed, respectively. Calculated coolant and debris bed temperature distribu-
tions versus time are shown in Figure 8 for a debris bed with the following
conditions:

1. Debris bed height of 0. =

2. Constant volumetric heat generation rate of 3.38 x 103 w/m3
3. Coolant velocity of 0.001 m/s
4, Bed porosity of 0.5208.

Initially the debris bed consists of subcooled, saturated, and superheated
regions for the thermal calculations (i.e., IDREGN = 6). As heatup con-
tinues and the coolant temperatures exceed the saturation temperature, a
superheated region with IDREGN = 2 is used for the thermal analysis.

The thermal response of a packed bed with the same characteristics as
the cohesive bed discussed above is expected to be identical to that for the
cohesive bed. This analysis was performed with the FRAGTH subroutine, and
the results are shown in Figure 9. These results are identical to those
shown in Figure 8 which indicates consistency between FROZTH and FRAGTH.
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APPENDIX A
LISTINGS OF DEBRIS BEHAVIOR MODELS

FORTRAN listings of the subroutines which are used to calculate gebris
bed characteristics and thermal behavior are given in Tables A-1 through
A-15. Listings of DBDR'V, DEBINP, DBTIME, and DBOUTD are given in
Tables A-16 through A-19.
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TABLE A-1. (CONTINUED)
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tTHENS CCMPUTE LIQUEFIED MATERIAL PFOVEMENT
eNDIF:
IF: REGION BOUNDARY IS5 DISRUPTED?
THEN:
$SET DISRUPTION ¢ A3
ISET N TO I+l
$SET TUN) TO CURRENT TIME
ELSE!:

(FGMELT]

tESTIMATE TIME FOR BOUNDARY DISRUPTION [FGESTT)

$IFt ESTIMATED TIME IS oLTe T(I#2)s 3THEN:
ENDIF:

0} ]
DIMENSION ELVAY ( 41 ) » BEDTMP ( 41 )
INT { 41 ) » ROMX ( 40 )
XMUX { 40 ) » XKMX { 40 )
T ( N )
COMMON ROZR » ROZROZ » ROUD2 » ROSTR
XHg%D » ROCOLL » XMUCOL » ROVAP
SURTC » CPCOL » XKCUL » XKVAP
ROSAT » TMELT » XLATC » ROMX
XKMX » XMUF3 » RODEB
LOGICAL DISRUP
NSTPC = 10
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QE&TE » POROSC 5 PDROPC » YCHRL » KTERMC »
eFFDIA )
INE THE BEHAVIOR CF POROUS BED
( EFFDIA , POROSC » HITEC » YCHRL » VINC ’
IRO2TC » ZRO2AC » ALPHTC » ALPHAC » ELVNC »
HTLBCD » HTLBCC » HTUBCD » KTUBCC » NO ’
HAX% » DELTC » IDREGN » NOND » ELVAY
BEDOTMP » COLTMP » THMUTC » ELVMC » OXDAC
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TABLE A-1. (CONTINUED)

OOmO OO0 O OO0 0O O COcoO
-

[aTa TN = T o

CALL FReSTT ( ELVMC » ELVNC » VELMTC , CURTIN ,
+ eSTOT )
IF ESTIHAI%D TIME OF BREAKTARUUGH éS GREATER THAN CUKR gnr TIM
PLUS AUJUSTED CELTA TIMcs SET CURRENT TIME TO NEXT TiMe INTER AL
IF ( ESTDT .6Te TCL J ¢+ 1 1)) THEN

CURTIM = TC( J + 1)
ELSE

E BT EpATe D T IpE O B RE Ak TN Oy P P o Y REN AN TNEX T YT e
INTERVAL TG CURRENT TINE.
AR S AP BT
ENDIF

ENDIF

HEN J IS GREATER TMAN NSTPC. CONTROL WILL RETURN TG DBUNDL WITH
WEC CONTAIN HE CURRENT TIME FUR CURRENT REGION
2" 1o’ 1o
ENDIF
RETURN

END
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TABLE A-3. LISTING OF FRCHAR
:
¢
3 L SYBEOUTINE ERCHAR (XMASSCH ZRNCS ZROZNC,UOZNC STRMCH ABSHC)

AREARSHITEC,VINCoVINCOOSOEL TE
‘ 3 POROSE. PORGPC . YERRL KTERRELCEEDIA)

EFINE COHE BED CHARACTERISTICS AND
g C RO S e TS DR DN  CEsR YR
g CALLING SUBROUTINE: DBFROZ
¢ SUBROUTINE CALLED: NONE
¢ ENGINEER/PROGRAMMERT STH
g LAST DATE MODIFIED: 8/10/81
¢ INPUT VARIABLES:
& XM ASSC TCTAL MASS OF DEBRIS ACCUMULATED FOR ALL
¢ COMPONENT S(KG)
RM OTAL MASS OF ZR ACCUMULATED FCR ALL

§ L IGRPENEATS (RE 2R AcC
S ZRO2ZMC TATAL MASS OF ZR0Z ACCUNULATED FOR ALL
: COMPONENT3(KG)
¢ UO2MC TOTAL MASS OF UO2 ACCUMULATED FOR ALL
¢ COMPONENT3(KG)

STRMC TOTAL MA3S OF CORE STRUCTURAL MATERIALS
N L thulatiotRaS §
% ABSMC TOTAL MASS UF CONTROL ROD MATERIAL
: ACCUNULATED (KG)
C AR EAR TOTAL BUNDLE CROSS SECTIONAL ARCA(M2)
¢ HITEC FROZEN DEBRIS REGION HEIGHT FROM DBREGN (M)
g VINC COOLANT VELOCITY AT INLET OF COMESIVE
: GESBRIS REGION(M/SEC)
¢ VINCND CCOLANT INLET VELOCITY AT PREVIOUS TIME 5Tep
E (MZSEC)
: DELTC TINE STEP(SEC)
¢
¢
¢
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TABLE A-3. (CONTINUED)

OUTPUT VARIABLES:

OO OO OO OCOOOCOOOOOOOC O OOOOOOOOOCOOION

AT THIS TIME, ALL MATERIALS PROPERTIES ARE ASSUMED
COMING THROUGH COMMON BLGOCK» THESE INCLUDE:

ROZR IR DENSITY(KG/M3)

ROZROZ ZRO2 DENSITY(KG/M3)

ROUO2 U02 DENSITY(KG/N3)

ROSTR DENSITY OF STRUCTURAL MATERIAL(KG/M3)
ROABS DENSITY OF CONTRAL ROD MATERIAL(KG/M3?
ROCOL COOLANT DENSITY(KG/M3)

XMUCOL VISCOSITY OF ZO00.ANT(KG/SEC/M)

COMMON ROZR » ROZROZ2 » ROUDC2 » ROSTR , ROAB
- XHU%D » ROCGOL » XMUCOL » ROVAP » XMUV
+ SURTC » CPCOL » XKCOL » XKVAP » CPDE
+ ROSAT » TMELT » XLATC » ROMX » CPMX
4 AKMX » XMUF3 » RODES

g CALCULATE AVERAGE BED PORQSITY
POROSC = 1.0 = ( ZRMC / ROZR + ZRO2MC / ROZRO2 + UQ2
R * 10 Trhc M Rab T RO ABshE % G akes 2T T aRe AR

¢
C CHECK POROSITY
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POROSC BED POROSITY

POROPC PRESSURE DROP ACROSS THE BED(PA)

YCHRL EHARACTERISTIC LENGTH OF FROZEN BED» DERIVED
ROM PRESSJRE OROP EQUATION, M

KTERMC FLAGs =0 NORMAL RUN, =1 ABNORMAL TERMINATION

EFFDIA EFFE%I{VE PARTICLE DIAMETER DERIVED FROM
SPECIFIC SURFACE AREA(M)
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BLE A-3. (CONTINUED)

A

TA

THEN

C.0C

100 +CRs POROSC LT,

( 6 » 100 )

—

ACE EXPOSED

ELSE
3
13

CALCULATE PRESSURE DROP ACROSS COHESIvVeE DEBRIS BED

L. 7 _DELTC
* 3 / (EFFDIA ** 2)
F
¢ CL * VINC)

= 2

O & »J

A 2O

v}
1
P
1
A
C
BgTA / ( AMAXL(ALTHA » 1.CE=8) )

ENDIF

}ION IS WRCNGj; BED POROSITY IS EITHER NEG
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SUBROUTINE FRQO
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SDPPOSEl TC CALCULATE THERMALLY RELATED BEHAVICRS OF A POROUS
ED.

CALLING SUBROUTINE: DBFROZ
SUBROUTINE CALLED: TEMPSR
ENGINEER/PROGRAMMER:S TH
LAST DATE MODIFIED: 8/10/81
INPUT VALIABLES:!

MY

EFFDIA EFFECTIVE PARTICLE DIAMETER CF A PCRCUS BODY(M)
PORGSC OEBRIS BED POROSITY
HITEC BED HEIGHT (M)

S IOIYOOI K IOHOITIIOHIOH

YCHEL CHARACTERISTIC LENGTHCF PCRCUS BOOY FRUOM DELT P» M

VINC COCLANT INLET VELOCITY(M/SEC)

IRO2TC EFFECTIVE ZROZ2 REACTION LAYER THICKNESS (M)

IROZAC EFFECTIVE ZR-STEAM REACTION AREA(M2)

AL PHTC EFFECTIVE ALPHA=-ZR REACTION LAYER THICKNESS»M

ALPHAC EFFECTIVE ALPHA=ZR REACTION AREA(M2)

ELVNC ELEVATION OF POROUS BODY-FROM™ THE BOTTOM OF ROD BUNDLE
TO THE BUTTOM OF PORQUS BODY REGION(NM)

HTLBCD HEAT TRANSFER INTC DEBRIS BED AT LOWER BOUNDARY,»wW/M2

HTLBCC HE AT TRANSFER INTO COOLANT AT LOWER BOUNDARY, w/M2

HTUBCD HEAT TRANSFER INTO DEBRIS BECL AT ULPPEKR BOUNDARY,d/M2

HTUBCC HEAT TRANSFER INTO COOLANT AT UPPER BOUNDARYs»w/ N2
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TABLE A-4. (CONTINUED)

OO CIOOOIOO OO OGO OO OOO OO OO OO OKIOOOOO OO O OO0

ND NUMBER OF NOJODES TO BE USED IN LICUID CR vAPGOR REGION

MAXL 4AX IMUM NUMJER OF NOJDES_IN THE PCRCUS BCODY nHIuH
COMBINED LIQUID» SATURATION AND VAPOR REGION

CELTT TIME STEP(S)

INPUT/0UTPUT VARIABLES:

R R N eDe = N 0 N LIQUID RE N
R EGION TYPE 1.0. =4 VINC G O BNE VASHAC.EGIOR
«3 YINC GT O CND SAT. REGION
=4 VING 6T O TWQ REGsL &
=5 VINC GT O TWO RECGsS & V
=8 VINC GT O THWEE KEG L&Sev
e7 VINCsC ONE LICUID RE
=8 VINC=O ONE VAPOR REG
NOND NUMBER OF NEQES USED IN POROUS BCODY ANALYSIS
INECE o REcNcE3, Y350 ¢ ¢
e3  IDREGNs3
oND+2 IDREGN=4s5
«2#ND+1 LDREGNS6
LVAY LEVATIQON OF NOO R AY ( N
LAY BTN P LGRS YeRESR IS ELVAY LG
BEDTMP DEBRIS TEMPL(ATURE CORRESPONDING TO NOND NODES
COLTNP COOLANT TEMPERATURE CORRESPONDING TC NOND N3DES
OXDAC IR=-STEAM HEAT GENERATION RATE(W/M3)
FISHC FISSION/DECAY HEAT GENERATION RATE(wW/M3)

OUTPUT VARIABLES:

THMCTC MOLTEN MATERIAL THICKNESS(M)

ELVMC MOLTEN CORE REGION ELEVATION AT LOWER BOUNDARY>M
HYDGC HYDRUGEN GENERATION DURING DELTT(MOLES)

FGRSC FISSION GAS RELEASE(MOLES) CURING DELTT

vOLGSC VOLATILE FISSION PRODUCTS RELEASE DUKING DELTT, MOLE
InT DEBRIS REGION TYPE, =0 SOLID REGION, =1 MOLTEN REGICN

TOTAL OF NONOD VALUES
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nnnnnnhnnnnnnnhnnmmn(.nnnnnnmn PO IO OO OO OO OO

CONTINUED)

OUWNZ

DISkKRUP

LENGTH OF MOLTEN POOL PENETRATICN, M

AFTER CURRENT TIFE, S
DISRUPTION FLAG

ALL MATERIAL PROPER IES ARE ASSUMED CCOMING

éH S TIME,
THR oH CCMMON B8L0CKs THES NCLUDE?:

ROCOL
ROVAP
XMUCOL
XMUVAP
HFG
SURTC
CPCOL
XKCCL
XKVAP
CPDEB
ROZR
RCZRO2
RCUC2
ROSTR
ROABS
XMUDEB
XKDEB
TSAT

LICUID COOLANT DENSITY(KBG/M3)

STEAM DENSITY(KG/M3)

LIQUID COOLANT VISCOSITY(KG/SEC/M)

VAPOR VISCOSITY(KG/SEC/M)

LATENT HEAT OF VAPORIZATION(J/KG) OF COULANT
SURFACE TENSICN OF COOLANTI(PA)

LIQUID SPECIFIC HEAT(J/K/KG)

LIQUID COOLANT THERMAL CONDUCTIVITY)W/M/K)
VAPOR(STEAM) THERMAL CONDLCTIVITY(w/M/K)
SPECIFIC HEAT OF DEBRIS(J/K/IKG)

IR DENSITY(KG/M3)

ZR02 DENSITY(KG/NM3)

LO2 DENSITY(KG/M3)

CENSITY OF STRUCTURAL MATERIAL(KG/M3)
DENSITY OF CONTROL ROD MATERIAL(KG/M3)
VISCOSITY OF OEBRIS(KG/SEC/M)

THERMAL CONDUCTIVITY OF DEBRIS(W/M/K)

SATURATIO‘ TEMPERATURE CF CCCLANT OF FRCZEN DEBRIS
ENVIRONMENT»K
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: RCS AT WATER DENSITY AT SATURATICN(KG/M3)
¢ TMELT MELTING TEMPERATURE OF DEBRIS MATERIAL(K)
§ XLATC LATENT HEAT OF FUSION FOR CEBRIS MATERIAL(J/KG)
¢
OIMENSION  ELVAY(4 BEDTMP(41) » COLTMP(41) » IMT(41)
+ . SEOTRGCe]) 2 2GLING(aL) 5 BOMX(ec) - 5 CPMX(40)
M XMUX(40) , XKNX(4Q) ' » TENPEO(Z0) » TENPE(20)
. ‘ TCOLTOL20) » TCCLT(20)
¢
COMMON ROZR ROZRO2 » ROU KOSTR » RCABS ROCO
o UG XAy 5 107802 2 ROVEE. 2 BIAS 2 {40iie 5 hEG
+ SURTC » CPCOL » XKCOL » XKVAP » CPOEB » TSAT
. ROSAT » TMELT » XLATC » ROMX » CPMX s AMUX
: + XKMX » XMUF3 » RODESB
¢
: LOG ICAL DISRUP
: DATA PI 7 3.14159 7/
¢
¢ CALCULATE VOLUMETRIC MEAT GENERATION RATE QVOL(4/N3)

QVCL = CXDAC + FISHC
(;?HP OCO

ELVOC = ELVMC

G O

BASED ON QVOL,VINC, AND COLTMP CHECK THE REGION ID
2020 CONTINUE

2 ¢
B
-0
LI
1l
[slele]

188:
100.

c
¢

LL
L3
Ly
CALCULATE ORYQUT HEAT BASED ON LIPINSKI'S 1-0C MODEL
AL
MU

% RYCUT(VINCanRU :’HITEC*EFFCXApPDROPCoCVCL:ROCOL»ROVAP.
’

LD
+ COLs XMUVAP, HF URTC» QDYCU

IF { VINC <LE. 0.0 ) THEN

o OO0
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TABLE A-4,

(CONTINUED)

E CONMPARE QVvOL TC QDYQur
iF

C

OO0 O On

iogvgta‘ HITEC * (1e0 = PORCSC) «GEe QCYOUT ) THEN

ELSE

I0rR = 7

ENDIF

ELSE

REGION TYPE 1=6 LEFT TO BE I[DENTIFIED
IF i COLTHP(L) «GT. TSAT ) THEN
OR = 2

ELSE

IF ( COLTHP(1l) +EQs TSAT ) THEN
IF igSOLtgP‘NcND’ +EQ. TSAT ) THEN
-

ELSE

g CALCULATE SATURATION REGION LENGTH

OO O O

+

COLTMR(L)

XL3AT = ROCCL * VINC * HFG 7/ QVCL /
MAX1 (( 1.0 = POROSC ) » l.E=8 )

IOR = 5
KLVAP = HITEC = XL3AT

IF ( QVOL * HITEC * _( 1.0 = PORDSC 6
LTe QOYOUT ) IDR = 3

g AT .GE. WITE CR
i theiRbno) TES. Y rsaf®) ® Tor « 3
END IF
ELSE
WLTe TSAT
{ COLTHP(NONO) WLT. TSAT ) THEN
DR s 1
ELSE
KLSAT + RGCOL # VINC % HEG 4 CYOL
ANAXL (( 1,0 = PCROSC ) & 1.E=6 )
XLLIG » XLSAT/HFG & CPCOL » (TSAT ='COLTMP(1))
IF ( COLTMP(NOND) <EQe TSAT )  THEN
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THEN

%00 = PORGSC)
N

i

IOk =
o«GEe RITEC

)

HITEC - xLLIG
+ XLSAT)

4
E

0
L

( XLSAT JLEe O
IDR =
XLSAT

>AT = HITEC = XLLIG

IF

ELSE
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=
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(CONT INUED)

A-4,

TABLE

ra
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TABLE A-4. (CONTINUED)
0O 15 1 e L » NOND .
[F° ("COLTMPLI) +GEe TSAT) COLTMP(I) ® TSAT
LD CONT INUE
ELSE IF ( IOREGN 4€Qu 2 ) THEN
D 60 - » NUN
zr ("COLTHP(I) .GE. TSAT) COLTMP(I) ® TSAT
ALY CONT INUE
: ENDIF
ELSE IF (IDREGN.EQ.7.0R.IDREGN.EQ.8)  THEN
4 XNU ® 740 = ( 103 = 5.0 ® PORGSC ) * PGROSC
N £ REGN «EQe 7 Y
. PF | IRREEN :E8: 010 8Y8% = ¢
VARL = 0.0
g C‘LL MTPRO ( BE:Y”Q » COLTHO P we s ) s
D0 200 I = ND + N
11 T ) B thxlh) 4 FLOAT(ND)
. 200 C ONT INGE
H AN * VAR / W LA
i ERF 2 Nirec VMR LEATEMRS 2%
IF £ 4oVOT cEQ. 1) THEN
MVYSC = (YCHRL ® ( 1.0 = POROSC) /7 .00377) ¢+ 1,33
; N ® XREND #% .55 ¢ VAR3 / YCHRL #*%
> ENDIF
CALL TEMPSR ( ND N 10Y0T BEDTM caL
. Msc o Nfusco 2 HiLgec 2 u?usgg 5 ATU
. POROSC » VIN% » QVOL » DELT » DEL
c + BEOTMP » CULTNP )
IF ( IDREGN .EQe. 7 THEN
00 201 L outmd (IT™%e. 1sar ) COLTMPCI) = TSAT
. . -
. 208 CONT 1RUE
: ENOIF
¢ IF IDREGN EQUALS TO 3» QVOL IS USED TO HEAT SATURATED WATER
C NO SED aNO COOLANT tsipeaa#use CHANGES ASSUMED, 1.Es NO
C CALCULATICN CF TERPERATURE 1S NEEODED
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THEN

iDREGN £30 2 )
XLVAP 7 FLOAT( NO = 1

,"T:'lCE:‘,‘
(
T =
l =

(CO

TABLE A-4.

o000
L

000 C
LE B

N
O o o o
qdaqa
e e

I = ND ¢+ 1 » N2

600

00

N ——~
[eTatala
ZEZXT
T ———
e e
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O0o00
B besd
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e
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Oaxx
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o % o
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e e

B

-

00377 ) _*+ 1.3
HRL s+ 2
COLTMP(I+2) = TSAT

b
Ee TSAT )

HVSC = XNU * VAR3 / YCHRL *= 2

CONTINUE
ENDIF

600
700
800
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(CONTINUED)

E A-4,

TABLE

i
® XLVAP / FLCAT( ND - 1)

1220

GC TO

«EQs 1)
COOLANT PROPERTIES ARE VAPUR PURPERTIES NOw

¢ Ioror

IF

D OvV0

“ee
N
N

» COLTNO »

1319

CONTINLE

1300

«EQ. 0 ) 60 TO 1e60C

IF ( IDvar

THEN
. - P R I LA -
NO 022857 EASEC/’vcu58°33’z’ A=

ENDIF

++ e

COLTMP(I#ND#+1) =TSAT

e TSAT )

teat i)
+ 1) .LE

1509
1600

CONTINLE

ENDIF

CHECK DEBRIS BED TEMPERATURE AND DEFINE MELTING REGIGN

0V VLY

0O 2000 I=1,NOND=-1

w
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TACLE A-4. (CONTINUED)

IF( (BEDTMP(IL)+BEDTMP(I*L1)) /240 +6T. TMeLT ) THEN
TMELT IS DEBRIS BED MELTING TEMPERATURE FRCM MaAPRC

g s it

O O

3 INT(D) = 1

ELSE .

156 5 15 1

¥ MT(I) = 0
; ENDIF
L2000 CONTINUE
¢
a 00 2010 I = 1 » NOND = 1

NOCND =
3rap 00 (TakoTMP (Je1) 4BEDTNPII) ) / 240 = THELT

¢
IF 97nv1 oLTe 0s0 )  THEN
CTMPL = 0340
- ELSE
DOWNZeDOWNZ4OTNPLI*(ELVAY(J+1)=ELVAY(J))*CPDEB/XLATC
BED{HPtJO ) = TH%LI’
i BEOTHP(J) = THEL
; ENDIF
y IF (J «EQs 1) GO TO 2010
J IF ( IMT(J) «6Te IMTL J=1 ) )  THEN
¢ MOLTEN MATERIALS MELTING THE LOWER NODE
. * - - HAEN
IF ‘ggﬂ?ﬁpl?l P (ELVAY(II=ELVAY(J=1))) ) THE
BEOTMP(J=1) = TMELT
IHT(J-I) 1
P DOWNZ » DOWNZ = ( ELVAY(J) = ELVAY(J=1) )
p ENDIF
ENDIF
¢
2010 goutxuue
. HMOTC = 0.0
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IF IMT (1) +EQ. ) THEN
THHOTC ® THMOTC ¢ 045 ® ( ELVAY £2) = ELVAY (1))

¢
C SET OISRUPTICN FLAG WHEN DEBRIS REGION TYPE = 1, INDICATING MELTING
: DISRUP = oTRUE.
. ENDIF
IF{ INT (NOND) +E9: 1) THEN
g THMOTC = THMOTC ¢ 045 ® ( ELVAY (NGND) = ELVAY (NOND = 1J)
; ENDIF
3 D0 3020 I = 2, NOND = 1
IF ( IMT (I) .EQ
. THHUTC = THMOTC ¢ 0e5 ® ( ELVAY (I ¢ 1) = ELVAY (I = 1))
¥ ENDIF
(3020 CONTINUE
¢
¢ NOW ADJUSTED BED TEMPERATURE AND MELTEN REGION HAS BEEN DEFINED
LCALL CHENHT(IRD2TC,ZR02AC, ALPHTC) A PHAC) JDREGNSNCND» BEDTNP
& L}Hs’gLVA' i AT L P VRERVRSS
¢ *CALL NUCLRTCIORESATR oBEDT!P:ELVAYoLELTTpTCTIHE,...ETC)
[
QVOLN = QXDAC + FIS'C
2 IITMP = JITMP + 1
N F P oGT. T
I P -1, o, e
zoso’sgerI(zx. STHITERATION RORE THAN 50 TIMES NO CONVERGENCE IN TEMP.
60 TO 2030
ENDIF
IF { ABS((QVOLN=QVOL) /QVOLN) «GTe 0405 ) THEN
QVOL = QVOLN
GO TC 2020
ENDIF

" 2030 RETURN
END
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TABLE A-5.

»

ELVMC , ELVAY » DelTC

INT

-—

ox
Z
Ow
z>

{
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1
UL FLOWING DOWNWARD (M/5)

IPTICN
POOL

13
L

DESCR
VELOCITY GOF MCLTON

OUTPUT VARIABLES
VELMTC

ELVAY( NOND ) » INT( NOND )

OIMENSION

8 SAVE INCOMING ELEVATION OF MOLTON MATERIAL

ELVMO = ELVNMC

<

110

Gd TO

W32 1

00 1280 Iiart:
160 CONTINUE
110 1F

C
c

ELVMC = ELVAYL(I)

I «LEs NOND )

(ELVMO = ELVMC)) / DELTC

VELMTC = AMAX1( 040 »

c
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DO LOLLLVOLLVLVIOLLLIILO VLU0 OO VO

TESTC

g%?ggc.-cag§%"E%VHC - ELVNC ) / AMAX1(1,0€E-08 , VELMTC )

o

RETURN
END

107



LR E L ERE R R 9
4
O ol . — ]
HOICL = w o
FxIOnxQOZ d £
NZADZTYFx R Do w o
| Oratdbe DT OO 0OZ o o ~
I>ATL T D) <40 W w ~
n o o
-atanasan T o o
i o e <9 w
o o A o ~
OO TXY Dax <« o o r
Nor T ool oroa - ~ o
Or= A D Opeild O ] x
OF ¥4 _ g £ LAt b - [=] (=0 | -
N AL L 3 UL P | Y e | o
W x 9 “w.
D N -z pe | =} b
Z D (%] ) -~
xw X O WOu - (%] ] o
| HALPT L Ot - - v o o
| XANDM=LD O 2% .. > M
| WO g - va. LD v 7 ~ I -
_ A= WOy, N QX+ e > x o >
MHNANTOOUWY ZW wo o - < u <9
_ urn zZ < w < ® o %
! A E LT EERELEEE Zr-— -l = o w
< Z o - o @
x xXO x %] w - z | o o
Vb= ol d 4 o Iw e — wmi - O O
NAEND X - o w 1 %w @ — -
ANV I >OTL o w w —om o -3 ~ 7
EMNXg IO D o= L. 0 w @© w VU <4 a
X ANE L WO - = - L’ L 2 ] = w x - X
o = (S5 o) o (=] - - w W
AR AN ASsan O X o QF Dv4 o Lt " o 4
— O ZreZT R w ur 4 -
o o =0 VI O ND O e > w x O >
> o xatT D ~ o I~ o (L 9 . — w =~
ArYxZ rFOio v @ WO X d «» o (%] T
TR b= O L T ST ) WZOxw»y o w - W D a
| e Yo = T ad & P L= [T x| = < «a« ¥
| LR LR = ST TR LNITTE W T ) “qADx X4 - MO @ o ~— x o
! ZZ A ot Onvno o ') — T o w
| - qOYT - —-ZzFr =z 1 X > ¥
My e Wi (= ] - O X -
~ | NOD e ZEZAd = o =
- o o w W <A< X - a o o
= - Do b [ L e L ) — wowow
. o “1 D o R e 2 =] B ®m M ©
[va) w WA O —ZZZAX Or- -
<o | @ LOoOwWwoD w xOwWwox ZJ a v o own
L | 2 W Zwoxx Lk ——ay w F
o | Quir4 X0 On. O _ - s o &
il | - e B TWOoOZzO O " - @ @ ©
w _ w MDA oA woe W WU+ - W oW ow
-~ ! z - 0L » (DL UV % o, 4 w 0O 0O O
=4 | - WHx WwWwow MO0 %~ x v
P | - X O D LD L Z OM e . wow ow
o=t o | < DHwaau N X X 8w [ od o = - -
bat ¥ 3 o Z NZEN- qAWOND — w 2 9 >
! x - —_OXD ITxtuzZ W w - 6 o o
| © WD e Qo J o - - X X X
e ) - onzoawx O peDU - 2 T O 00
P ! wr OO0 = qw Q9T » a x O LV O
< | R DA - X 0F O O dbm - L e I
! D DA DA gt e 0o 8« 2
W | D a0z« OTWAZ T 0 =~ O
ﬁ | (LLNEILD JV (=) ] “ e
1
- | ey O LI LI LMD LI I LI I I LI LM I DI IO

108



OO COCOOOOOOOOIOE W O OO O OO OGO

o OO0 OO0

(CONT INUED)

s [F1

SENDIF?

OEdRIS BED MELTING OCCURS?
$THEN: COMPUTE LIQUEFIED MATERIAL MCVEMENT

tIF: REGION BOUNDARY IS DISRUPTED?

sTHEN?
tSET DISRUPTION FLAG
tSET N TO I+1
$SET TUIN) TO CURRENT TINME

IELSE?
tESTIMATE TIME FCR BOUNDARY DISRUPTION (FRESTT)
$IF: ESTIMATED TIME IS oLTe T(I®2)s 3THEN?! T(I+2)=EST. TIME
tENDIF:
$ENDO:

IMPLICIT INTEGER ( I = N )

DIMENSION Ek¥AR i 41 ) » BSDT ( 4% ; N EULTHR ( 41 ) »
+ 1 41 ) » KUMX { 4 » CPMX ( 40 ) »
+ ;HUX ( 4C ’ » XKMX ( 40 ) » TR {( 20 ) »
. N

CUMMON ROZR » ROZROZ2 » RDUO% » ROSTR » ROABS s ROCOLD
+ XMUCD » ROCUL » XMUC » RUVAP » XMUVAP » HFG
+ SURTC CPCO% » XKCUE » KKVAP , CPDEB , TSAT
+ ROSAT THE# » xanr » ROMX » CPMX s XMUX
+ XKMX » XMUF3 , ROCEB

LOGICAL DISRUP

NSTPR = 10

1

09

A



(CONT INUED)

TABLE A-7.

s 4
(59 )
-4
4
T
t
U ]
™
-
- A
e L
- o
o o
z [ od
s J v
o &
o
-
x
o o
x —
L N
o~
o
u -
L s -
" -
w
By o
3
- -
.-
—
w
L o »e
-0
O -
ap-
20 -
Txr
-t ~
war
@)
o w
o K
Ow -
| I
<€ O
wo W
-~
-
pd
K J
w> <«
~x O
N
-
-“r
Ly~

LI O

d = J + 1

N

0.0 )
T4¢

NSTEP )

EQ.
¥g ’ j l 1) =TR(J)

oLEs
GeLRR"

( TRL 4 )
J

1

10 CONTINJVE
FIRST TEST PREVENTS TIME = O FROM BEING A STARTING PUINT

{

NSTEP = NSTPR
J =
IF
IF

O LUy L vV

[ L
-
-
-~
xud
W
0
-«
g

LOVLL O

THEN

TSAT )

= ROC
2% = XRGehe
E CALL FGCHAR TO DEFINE THE CHARACTERISTICS OF FRAGMENTED BUNDLE

( COLTMRC 1 ) «GE.

IF
ELIE
ENDIF

c

L)

D>a.

_an

-t

CALL FRAGTH TO DESCRIBE THE BEHAVIOR OF THE FRAGMENTED BUNDLE

L

-
o

w =
xXZ <AOn
Z> WX
- 00X XD
T d-u

AL

O o«
S o
KT OO
ITADZ A0
QA=
xq4LZOL

D Y

xOx™x
- DX
WTowe 1
oD
A= O
T LTramu

L E B )

oo

B O 4. 4 &3
ONDO= g
XD I IA>0
Doty <
aNnNIOoOwd

e an

XX O

> ol
ANOd D
NO € A™>
LR ls At ST ]
VNI Y YW

(

FRAGTH

CALL

L 2

VO
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YOLGSR , IRT

CCMPUTE LIQUIFIED MATERIAL MOVEMENT

CALL FGMELT { NONR y» IRTY
VELMOT )

OO

ON BOUNDARY BREAKTHROUGH
REAKTHRU OCCURS, wITh END OF TIME INTERVAL

'l . ELE 3

THEN

o)

»

L 4

IMATED TIME OF DISRUPTICN

CALL FGESTT ( ELVMR » ELVNR VELMOT » CURTIN
ESTOT )

OO0

c

L

ND “EAI TIME

OO

CURT INM
TR ( J +

ENDIF

o o

OO0

ENDIF

RETURN
END




TABLE A-8. LISTING OF FGTIME

O O O O GO OOOO0COOOO0OO OOOOO0OOO000n OO0

SUBRUUTINE FOTIME ( TIMIN » DELTT » TR » NSTP )
SUBCODE NAME! FGY;H?
PURPOSE:  TO D%FINE ME RUSBLE DEBRIS TIME STEP
siaat et R
hBRK gléKléEl ig .
ENGINCER/PRUGRAMMER: SoT HSIEH/GeHJBEERS
LAST MULCIFICATION DATEs 11730781
INPUT VARIABLES DESCRIPTION
DELTIN IN P_COMIN ROM SRUPTED BUNODLE TIME STEP
L RadTER:C2MgRg, fRon of ¥ S—_———
OQUTPUT VARIABLE DESCRIPTIJILN
DELTCT b P WH - 145 N ThE R K
ELTC IaAEYEIE -'oéE?INI?L:ggr SED IN ThE RUBBLE ODEBKIS
NSTP NEHBER OF STEPS INTO WHICH DBTIME TIME STEP WILL
BE BRCKeN
DIMENS ION TR { NSTP + 1 )

STEPS = DELTT 7 FLOAT ( NSTP )
00 1C I = 1 , NSTP + 1
TR ( 1 ) = TIMIN ¢ FLOAT (I - 1 ) % STEPS
i0 CONTINUE
RETURN
END
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SUBROUT INE FGCHAR (
-

*
.

PURPOSE® TO DEFINE RUBABLE BED CHARACTERISTICS AND HYORAULIC
BEHAVIQR

CALLING SUBROUTINEIUVEFRAG

SUBRCUTINE CALLED:® NONE

ENGINEER/PROGRAMERISTH

LAST DATE MOCIFIED:8/10/81

INPUT VARIABLES?:

SIZAVR AVERAGE PARTICLE SIZE OVER ACCUMULATED MASS AND
CCMPONENTS (M)

XMASSR TOTAL MASS CF DEBRIS ACCUMULATED FOR ALL CONPONENTS(KG)
ZRMR {TgiL MASS OF ZIRCALOY ACCULMULATEC FOR ALL COMPUNENTS
K

IRO2MR TOTAL MASS CF ZR0O2 ACCUMULATED FOR ALL COMPONENTS(KG)
LO2ZMR TOTAL MASS OF UD2 ACCUMULATED FGR AL COMPONENTS(KG)
STRMR TOTAL MASS OF CORE STRUCTURE MATERIALS ACCUMULATED(KG)
ABSMR TOTAL MASS OF CONTROL ROD MATERIAL ACCUMULATEDI(KG)
AREAR TOTAL BUNDLE CROSS SECTICONAL AREA(M2)

HITRG FRAGMENMTED DEBRIS REGIIN HEIGHT FROM DBREGNI(N)

VINR COCLANT INLET VELOCITY(M/SEC)

VINROD COOLANT INLET VELOCITY AT PREVICUS TIMNE STEP,M/SEC
DELTR TIME STEP(SEC)

(i
=
X
>
C
x
x
-
-
-
¢
-
-
C
-
p 4
4
¢
-
p 4
-~
C
-
"
-
C
-
;U
%
¢
-
C
k4
L




TABLE A-9. (CONTINUED)

xrucCoL VISCOSITY OF COOLANT(KG/SEC/M)

-

¢ QUTPUT VARIABLESS

C AITER 8ED_MEIGHT, IF PACKED 3£0, CELTA heWITRG=HiTER=A VOIU
: AT THE TGP OF PACKED SED(M)

: POROSR 80 POROSITY, FOR MODO PCROSR IS AN AVERAGED VALUE OVeR
¢

; POROPR  PRESURE DROP ACCROSS THE BEC(PA)

: XCHR HARAC TER N OF THE PARTICLE» DERIVED FROM
55' CHRL  GRESAGTERIRIICEENTIONG) Fr

; KFLUID  FLUIDIZATION FLAGs» #0 PACKED BEDs =1 FLUIDIZED BED
' RMAL TERMINATION FLAG»=0 NORMAL RUNS, =1 ABNORMAL
; KTERM BBNORNAL TERMINATION FLAG, L ’

&

¢

¢

¢

¢

:

¢ AT THIS TINE, ALL MWATERI.L PROPERTIES ARE ASSUNED CUMING

¢ THKOUGH A COMMON 8LOCK, THESE INCLUDE!

: ROZR ZR DENSITY(KG/M3)

: ROZRO2 ZRO2 DENS ITY( KG/M3)

< ROUO2 Y02 DINSITY(KG/M3)

% ROSTR DENSITY OF STRUCTURAL MATERIAL(KG/M3)

¢ ROABS DENSITY OF CONTROL ROD MATERIAL(KG/M3)

g ROCOL COOLANT DENSITY(KG/M3)

¢

¢

¢

¢

:

z
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OO0

PI Jel4159

O

CALCULATE DEBRIS JOLUME WITH ZERQ POROSITY

TOTVOL = ZRMR /7 ROZR + ZRO2MR / ROZROZ
+ / RUSIR ¢ ABSHMR [/ RUABS

sl

CALCULATE ZERQ=-POROSITY BED HELIGHT(M)
HITSOL = TCTVOL / AREAR

CHeCK DEBRI% REGION HEIGHT

iL‘ iGT. HITRG )

IF ( H.
Ki

C

WRITE ( 6 » 100 )
ELSE
DEBRIS BED PACKING IS BASED ON LMFBR EXPERIMENTS

POROSR ®» 04593 = l.23E=4 * XMASSK / AREAR
CALCULATE PACKED BED HEIGHT
HITER = HITSOL /7 ( 1.0 = POROSR )
ILF { BITER +GEs HITRG ) THEN
HITER = HITRG
POROSR = 1,0 = HITSOL /7 HITRG
ENDIF
CALCULATE MINIMUM FLUIDIZAT

ROBED = XMASSR /

RENQD] =




TABLE A-9. (CONTINUED)
; IF  { RENODL oLTe 7.5731 )  THEN
) CORFCT = 1,0
; ELSE IF ( RENODL «GEs 745731 +AND. RENODL oLT. 290.0 ) THEN
. CORFCT » 14364135 =0.179864 * ALGG ( RENOD1 )
. ELSE IF ( RENODL «GE. 200.0 <ANCo RENCCL oLT. 1E+03 ) THEN
: CORFCT = 0.214413 ¢ 39,3522 / RENOO1
E ELSE IF ( RENODL «GE. 1E+03 )  THEN
: CORFCT ® 0.253764
g ENDIF
RENOD2 = RENOD1 # cuasgr
GAFBC” = GNESC s CORFC
g VELNF = GMFBC / ROCOL
¢
§ CHECK PACKED OR FLUIDIZED BED
IF ( VINR .LEe VELMF )  THEN
AL D 4 Y 4 VINROD) ® RCCOL 7 DELTP
ALPHA = 150.,0 * (1,0 = POROSR) ## 2 _
+ / (AMAXL(POROSR , 1.0E=6)) %% 3 /7 (SIZAVR *% 2 )
BETA = 172 % (1.0 POROSE )
N / (AMAX L(POROSR » 1.J0E=8)) % 3 s SIZAVR
g CALCULATE XCHRL» CHARACTERISTIC LENGTH OF PACKED PARTICLE
; XCHRL = BETA /7 ( AMAXL(ALPHA » 1eCE=8) )
€ CALCULATE PRESSLRE DROPs ERGUN'S EQUATION
FOROPR = XITHL ¢ (ALPHA & XMUCOL + BETA * ROCOL
. » ) * VINR
y POROPR = POROPR # HITEN
KTERM = 0
i KFLUID = 0
ELSE
; POROPR = (XMASSR / AREAR = RCCOL * HITSOL) * 9.80665
: VE IS THE CALCULATICN OF PRESSURE OROP ACROSS FLUIDIZED BED
¢ IF BUBBLE BED IS FLUIOIZEZ, CALCULATE BED HEIGHT AND_FLUIDIZED
¢ B8ED PURUSITY ACCORDING LEVA'YS FLUIDIZATION, 195G Pe 87
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TABLE A-9.

LRt o

O o O o

OO

O O OO O 600

n nr‘

sia%ga ’ §Xi3vn ¢ ROC L . VINR / 6TgCOL

EAR * 4, *e
IF ( RENOD3 +LTe 042 ) THEN
SLOPC = 5,0

ELSE IF ( RENOD3 +GEe 0e2 «ANDe RENCD3 4LT. 1.0) THEN

SLOPC = ( 4. 35 + 17.5 * SIZAVR / UIABND )
¢ RENOD3 ** ( =0.03 )

ELSE IF ( RENDD3 +GEe 140 «ANDe RENCD3 oLT. 200.0) THEN

SLOPC = (6.62 é * SIZAVR / DIABND)
ENCD3 ** ( =C.1 )

ELSE IF (RENOD3 +GEs 20040 <ANDe RENCD3 +LT. 5C0.) THEN
SLOPC = 4,45 * RENOD3 ** ( =0.1 )
ELSE IF ( RENOD3 .GE. 500.0 ) THEN
SLCPC = 2,39
ENDIF
PORIMT = ( RENCD3 I RENDDZ ¢ PCROSR #+ SLOPC )
1.0 7 SLCPC )

WRITE ( & » 500 ) RENOD2 » RENOD3 » POROSR » SLOPC »PORIMT
RINT = AMINL ( PORINT )

WITER"WITER o in}i?«'1‘3§ﬁ§2 ) 4 1.0 = PORINT )

POROSR = PORINT ' ’ 3 : ’

IF ( RITER «GEs HITRG ) THEN

BERERR "T85 WrTsoL s WiTRe

ENCIF

ALPHA = 15040 * (1,0 = POROSR) *# % / C(AMAX1 (POROSR »
1.06=3)) #% 3 / (SIZAVR %% 2)

BETA = 1.75 * (1.0 = POROSR) / (AMAX1I(POKOSR»1.0E=-08))
¢* 3 / SIZAVR

XCHRL = BETA / ( AMAX1(ALPHA » 1.0E-8) )
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? » THPOROSK=,

MUCH MASS IN RUBBLE BED» CHECK FRAGMENTED MASS)

®E12.4)

1D

L
0
MF
NF

4

INUED)
KEL
ATt

ENDIF

(CON
ENDIF

TABLE A-9,

-0
wz
o~
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TABLE A-10.

OO OO OO OO OO IO OO OO OO OO O OO O OO OO OO OO

L A

SUBROUTINE

PURPOSE:
BED.

LISTING OF FRAGTH

FRAGTH §££A¥R » POROQSR » HITER , XCHRL 5 VINR
TR » IRD2AR » ALPHRTR , ALPHAR , ELYNR
ARD0 £ BTLIRC ¢ aaap 2 SHgeS ;L
h el ’
tidie £ BHD ¢ MR Sfhien ¢ Jiffle ¢
VM G ’
ol lSe 2 ORY * boank 5 BISESs 8

TO CALCULATE THERMALLY RELATED BEMAVIORS OF A RuBBLE

CALLING SUBROUTINE: DBFROZ
SUBROUTINE CALLEDs TEMPSR
ENGINEER/PROGRAMMER: S, HSIEHM
LAST DATE MODIFIED: 8/10/81
INPUT VARIABLES:

SIZAVR
PLROSR
HITER
XCHRL
VINE

IRO2TR
IRC2AR
ALPHTR
ALPHAR
ELVAR

HTLBRD
HTLERC
HTUBRD

AVERAGE PARTICLE DIAMETER OF A RUBBLE DEBRIS(H™)
DEBRIS BEC PORCSITY

BED HEIGHT(N)

CHARACTERISTIC LENGTHOF RUBBLE BUDY FROM DELT Py M

9 NEET VELQEITXUMISEC), NOTE THAT VINZ [S THE
§09% Ic AL:VELG%?$Y THe r%uxu EAsutig

ASIS ; DOUART VELOCTTY IN"THE
COOLANT CraRNEL s 1net (RS S TNt poastel

EFFECTIVE ZR0O2 REACTION LAYER THICKNESS(M)
EFFECTIVE ZR=STEAM REACTION AREA(M2)
EFFECTIVE ALPHA=ZR REACTION LAYER THICKNESS, M
EFFECTIVE ALPHA=ZR REACTION AREA(M2)
LEVATION F RUBBLE BODY-FROM THE BCTTOM OF ROD BUNDLE
THE BOTTOM OF RUBBLE B0DY REGION(M)
HEAT TRANSFER INTO DEBRIS BED AT LOWER BUUNDARY, w/M2
FEAT TRANSFER INTO DEBRAS CUCLANT AT LCwER BCUNDARY,w/M2
HEAT TRANSFER INTO DESRIS BED AT UPPER BOUNDARY, W/M2
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-
p 4
¢
-
e
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~
-
¢
.
~
-
-
p 4
X

HEAT TRANSFER INTO DE3RIS CUCLANT AT ULPPER BOUNDAKRY,w/M2

NUMBER OF NODES TGO 8E USED IN LIQUIC QR VAPOR REGICN

MAXL MAXIMUM NUMBER COF NODES I[N THE RLESLE 0CY WHICH
COMBINED LIQUIDy SATURATION ANU VAPUR REGIUN»

DELTR TIME STEP(S)
ARE AR TCTAL BUNCLE CROSS SECTIONAL AREA,M2
KFLLID FLYJIDIZATION FLAGy =0 PACKED BED, =1 FLUIDIZED

o uUr

INPUT/OUTPUT VARIABLES:
IDREGR REGION TYPE I.D.

O

—y ==
9 C<rIxfsEsZXT
P40 OI0OC My

SR e BN ND

[SPENTe SN B TR o

Pt P Dt g BBt P
—yed = C

z ZTAXIZIZIIXZE
P P 'k b ko Sb 8

-
C COOOOOO®
ZZ7000000

T
mer

OO0

-
o
w
~

m

x

ELVAR EBRIS, ELVARI(1)sELVNR

w -m

BEDTMR
CCLTMR

o

ESPONDING TC NONR NODES
RESPONDING TO NONR NODES
RATE (W/M3)

ATION RATE(W
TICN AT LUWE

OXDAR

FISHR
ELVMR

r

- o
O © Y M ~r N
o

/M3)
R BOUNDARY, N
OUT PUT VARIABLES?

THMOTR MOLTEN MATERIAL THICKNESS(M)

HY CGR HYDROGEN GENERATION DURING DELTR(MOLES)




FISSICN GAS RecLeASE(MOLES) CURING LTR
VOLATILE FISSION PRODUCTS RELEASE CUKING LELTKR, nmOLe

DEBRIS REGION TYPE, o0 SOLIC REGICN» =1 MOLTEN REGIUIN
TOTAL OF NONR VALUES
L

ENGTH OF MOLTEN POOL PENETRATICN, N

W AW A

Ll

AFTER CURRENT TIME, (3)
CISRUPTION FLAG

AT THIS TIME, ALL MATERIAL
THRCUGH COMMUN BLOCK» THES

RCCCOL LIQUID COOLANT DENSI

ROVAP STEAM DENSITY(KG/M3)

XMUCOL LIQUID COCULANT VISCOSITY(KG/SEC/N)

AMUVAP VAPOR VISCCOSITY(KG/SEC/M)

HFG LATENT HEAT OF VAPORIZATION(J/KG) GF CUGOLANT
SURTC SURFACE TENSION OF COCLANT(PA)

cePCoL LIQUID SPECIFIC HEAT(J/K/KG)

XKCOL “IQUID COOLANT THERMAL CONDUCTIVITY)W/M/K)
XKV AP VAPOR(STEANM) THERMAL CONDUCTIVITY{(W/M/K)
CPDE® SPECIFIC 4EAT OF DEBRIS(J/K/KG)

RCZk IR DENSITY(KG/M3)

ROZROZ2 IR02 DENSITY(KG/M3)

ROuge UDO2 DENSITY(KG/M3)

RCSTR DENSITY OF STRUCTURAL MATERIAL(KG/M3)
RCABS DENSITY OF CONTRCOL ROD MATERIALIKG/M3)
RCDEB CEBRIS BED OENSITY(PORGSITY DEPENDENT)

ARE ASSUMED COMING

Tl il i s i e i hin

-
.
A
o
™
z
2
(
.
p
-
-
-
L
~
-
-
-
-
~




TABLE A-10,
¢ xMUCES
E AKDEBD
¢ TSATC
C
=
é ROSAT
E THELT
: X
t LATC
:

.OIHENSION

.

*
-
.

CGMMON

+

+*

+

+
e
¢

LOGICAL
¢
E DATA
=

(CONT INUED)

VISCOSITY OF CEBRISIKG/SEC/NM)
THERMAL CONQUCTIVITY OF DEBRIS(wW/N/K)

ATURATION TEMPERATURE OF COCLANT OF RUBBLE CE3KIS
NVIRUNMENT» K

WATER DENSITY AT SATURATION(KG/M3)
PELTING TEMPERATURE OF DEBKRIS MATERIALIK)
LATENT HEAT OF FUSION FOR DEsRIS MATERIALIJ/KG)

c MR CLTMR (&1) T/
Seuthbtely 5 EBDTNGLSE) & RERXTAOSY 2 Raidd)
XQUX{Q?& ’ x%ﬂl*ﬁO& » TEMPRO(2C) » TeMPBL20) »
TCOLTO(20) » TCCOLT(20)
ROZR » ROZROZ » RDUEZ » ROSTR , KOABS » ROCOLD »
XHUSD » RO Ot » Xﬂg OL » RUVAP lﬂsgl? » HFG ’
SURTC » ?P%D » XK ?L » XKVAP , CPDEB , TSAT B
ROSAT » TMELT » XLATC » RCMX » CPMX » AMUX ’
XKMX » XMUF3 » RODEB
DISRUP

PI 7 34164139 /
CALCULATE VOLUMETRIC HEAT GENERATION RATE QVOL(wW/M3)

QVOL = OXDAR + FISHR
ngHP - 2
LVMD = EL VMR

2020 CONTINUE

O CeoOn

BASED UN QVOLs VINR,

AND COLTMR CHECK THE REGION 10

XL l? = =100.0
ALSAT = =100.0
ALVAP = =100.0

CALCULATE DRYOUT HEAT FLUX,

’CALL ORYOUT

(VINRSPOROSRIHITER,S
XMUCOLs XMUVAP» HFGy SUR

LIPINSKI?® D
éAVRpPDROPR:QVOLoROCOL:ROVAP}
» QDYOUT)

-t

122



TABLE A-10. (CONTINUED)

; IF ( VING oLTe 0.0 )  THEN
¢ COMPARE GQVOL TO QDYOUT
-
IF ( 8YOL # HITER & (1,0-POROSR) 4GE. QOYOUT )  THEN
; IOk = 8
ELSE
. IDR = 7
. ENDIF
’ ELSE
¢ REGION TYPE 1-6 LEFT TO BE IDENTIFIED
IF ( COLTMR(1) «GT. TSAT )  THEN
; IR = 2
ELSE
" IF ( COLTMR(1) .EQ. TSAT )  THEN
IF  { COLTHRINCAR) .EQ. TSAT )  THEN
J OR = 3
: ELSE
§ CALCULATE SATURATION REGICN LENGTH
XLSAT = RCCCL * VINR ® HFG / QV
R gy aRkgt § YENS 2 BERofR%YCt 1.06-08 )
v
i XLVAP = HITER = XLSAT
(XLSAT oGEs HITER) R
i (CSLTnR?NSNn) L g Tsi?) * {0k . 2
IF (QUOL®HITER®( L,0=-PORDOSR) oLTe SOYOUT)
+ IOk = 2
ENDIF
ELSE

COLTMR(1) LT, TSAT
IF lingERiNONRl LT 7TSAT) THEN

OO0 O O



TABLE A-10. (CONTIM

"_)

IF ( XLSAT «GEe HITER ) XLSAT = HITER

i XLLIG s XLSAT / HFG ® CPCOL®(TSAT=COLTMR(1))
. IF ( XLLIQ +GE. HITER ) XLLIG = HITER
IF (COLTMR(NON') +EG. TSAT)  THEN
XLSAT = HITER - XLLIQ
IF ( XLSAT oLEs 040 )  1IDR = 1
S35 00 o 4

XCVAP ® AMAXL ( 0e0s( HITER= XLLIG = XLSAT ))
. IF ( QUOL® (HITER=XLLIQ)*(}40=PCROSR)
L LT. GDYCUT ) THEN

XLSAT * WITER = xLLIQ
IF ( XLSAT oLEs 0.C ) IDR = 1

ELSE IF ((XLLIG#XLSAT) +GE. HITER) THEN
. XUSAT « HITER =XLLIQ
2 IF ( XLSAT oLEs Co0 ) IDR = 1

ENDIF
z ENDIF

ENDIF

; ENDLF
v ENDIF
z ENDIF
D BRI L RN 1
: TEPERATURE OF GED AND COGANTsNGuES CELEVATION AND SET IDReGP
¢
i IF ( IDR «NE. IDREGR )  THEN

CALL REGMOD (IDRsMAXLsND» IDREGRyNUNR»XLLIQ) XLSAT,XLVAP,
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ELUNRsTSAT,HITER)ELVAR,GEDTMR,COLTMX)
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(le0 ¢ 0.7
. 3%‘(%.“'1.2
L ** (1,0/3.0)

CONTINUE
HVSC = XNU * VAR3 / XCHRL ** 2
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TABLE A-10. (CONTINUED)

O O O O © o O

O oo

OO O OOO0 O

DELTZ » HITER / FLOATIND - 1)
LF ( IDYJT +&Qe O «ANDe KFLUID +ECe 1) THEN
IF ( PUROSR «+LTe 0425 ) GO TO0 123

FEBSN = e0 = (1.0 = POROSR) *% (2,0/3,0) » PI
+ SN St (1:28/3.60°8 (0,757 0% (2.0020603 0 (210
XMUF3 IS WATER VISCOSITY AT 300 K FROM MATPRO
DIABN = ( 4.0 * AREAR / PI) %% 0,5
R 1. 60t xREROSFERSN) ae 2o RPRDLS#(C.0T) $EVARG/
+ xnussatto.esttoéAaN/xCHaL)‘tc c5*(ROLEB/VARL) #%2
HVSC & ANU * VAR3 / XCHRL *% 2
ENDIF
123 CONTINUE
IF ( ICYOT +€Qe 1 )  THEN
™~ L ] 77 ) *% ],33
+ . xREND es (o3°% VARIROSEc drl 393 "

+
+
+

ENDIF

CALL TEMPSR
RC »

’

oo
e e

RD
AR

DI

oY
TL
va

reo
oxw
me4m
rco
- O =y
0%
oXO
m—C
~er
- Oy
N

N
H
P
8

e we
T
Core=—irv
rzr
-0 o
- ..

0]
..
D

qoﬁ

ELSE IF ( ICREGR +EQs 7 +OR. IDREGR +EQ. 8 ) THEN

XNU = 7.0 = ( 10,0 = 5.0 * POROSR ) * PCrOSR

IF ( IDREGR EQ. 7 ) OYOT = 0
IF ( ICREGR <EC. 8 ) OYOT = 1
VARL1 = Q.0

CALL HATPRO ( LR

200

DO 200 I = ND ¢ 1 » N2
VARL = VARL + XKMX(I) /7 FLOAT(ND)
CONTINUE

= XNU_#* VAR XCHRL #*% 2
DEL 1= HITER / éLéAT( ND = 1)
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INUED)

-~

E M=iV.

TABLE

THEN

IDYUT +EQe 1)
HVSC = { XC?RL ® { 10 =

(

IF

LS

) % 1,33 *

REND *=* ,065

- -

o=
= 0D b
i e W
e LY )
WLTO

- as

oo

oo
Lo - Lo
QD4
-y
Dro

- e

oma

ENDIF

e

[ L

ATURATED wATER
Dy LsEe NO

el

N
THEN

S
A
T
(.IgﬁEGR «EQs 4 )
= XLLIQ 7 FLOAT( ND = 1)

EGR

N

AT 1
IF

oYaT

ELTZ

)
3
v
i
D

F
0
A
ELSE

Q2000w LS J

? s P s

CALL MATPRO (

(& IS LS 18 A8 J

I = ND ¢+ 1 » N2

300

00

w

—— ——
oo
ZzZZzZZ
- ——
Ll el S
qaa<d
2000
dd b d
[PV

-

—_— ——
S ot iy
- —
2 €
X¥rx>O
OaxxT
LS & 4

+e e+ e

NS
o o
qq<da
> w2

~NmM T
O Qe X O
qaaa
>

CONTINUE

3C0

.
7
323

S
*
T0

*
.
X
( KFLUID +EQG. 1) THEN
( POROSR «LT. 0,25 ) 60

v
N
g
HVSC = XNU * VAR3 / XCHRL *+ 2
IF

XNU = (7.0 =

IF

+

L S S e



/
ARL)*%2

% (=1.0)
4
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/v

{CONT INUED)

TABLE A-10.
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s 1
= X

oYOT
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1
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(= el e}
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II¥xDoD
s 1L %."4 =
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et

My
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e -

00377 ) **% 1,33 +
» 2

THEN

1)

INR = XCHRL / VARS4
ND

AR]1 = V
AR2 * VARG / VAR3
«EQ.

* POROSR)* POROSR)* XRE
I1 =1,

HVSC = XNU * VAR3 / XCHRL ** 2

0 = VAR]
L = VARZ
( IDvOrY

CONTINUE

)

XNU = ‘7igEEU(¥9.8¢E 2.9;;8t0
00 7¢¢C

CONTINUE

IF

ENDIF

600
700

- ..

Qv

-y
D=
o4

L Y]
- e a

oo

Beli 4. 4
a0 -
b s B |
W=y
Lge ' ]

LY

Do
> atl
QOF=2>
—T

« N e~

o -
Mo J
~SZ0O
LY [T
ZL >k~

L

woa
nx o
O>Mu
ZXar

TEMPSR |

CALL

L 2

THEN

129

I =1, ND

( IDREGR +EQ. 6 )

DO e00
CONTINUE
I0YOT = 0

ELSE IF



TABLE A-10. (CONT INUED)
N DELTZ = XLLIQ 7/ FLOAT( ND = 1 )
“1200 VAR% .« 0.0
VAR A 0.0
VAR3 = 0.0
VAR" - 0.0
;
E C‘LL H‘TPRO ( cse e “e R
¢
. 00 900 I = ND + 1 , N2
A VAR] + ROMX(D) 7 AT(ND)
VAR o VAR & RERX{Y) 4 EL2ARINR)
VAR2 = VAR3 ¢ XKMX{(I) 7/ FLOATIND)
C VARG = YARSG + XMUX(I) 7 FLOATIND)
. 900 CONTINLE
; XPEND = VARL % VINR * XCHRL / VAR&
XPRDL = VARZ ® VAR4 / VAR3
XNU = (7.0 = 610.0 - 5,0%POROSR) * POROSR)®(1.0+0.7
N * XREND ®% 0,2 * XPROL®%(1,0/3,0))4(ie33=(244=14s2
L + * PORGOSR) * POROSR) * XRENC*#0, 7*XPROL**(1.0/3,0)
E HVYSC = XNU ® VAR3 / XCHRL *#% 2
. IF ( IDYOT «EQe O +ANDe KFLUID +EQs 1 )  THEN
: IF ( POROSR «LTe 0e25 ) 60 TO 923
FEBSN = ( 140 = (1,0 = POROSR) *% (2,0/3.0) * PI
C + = (100/300’ * (0075' s (2001300)) x (‘1.0'
E XMUF3 IS THE WATER VISCOSITY AT 300 K FRUM MATPRO
: DIABN = ( 4.0 ® AREAR / PI) *% (0.5)
XNU = 1.,28E=5 % (XRENOQ * FEBSN) % 2
+ * XPROL ** 0.67 ® (VARG / XMUF3) #% 0,33 *
. + (DIABN / XCHRL) ** 0,5 * (RODEB / VARL ) #s% 2
; MVSC = XNU #* VAR / XCHRL ##% 2
K ENDIF
i 923 CONTINUE
¢
p DO 1000 I = 1 » ND

P
)
o



TABLE A-10. (CONTINUED)

TEMPBO(L) = BEDTMOT(I)
. TCCLTA(I) » COLTAO(I)
(1000 CONTINUE
CALL TEMPSR ( ND » N2 » IDYOT
* fhes., & dhyee £ HiflRe
-
E + reneat 2 {88k 3
e D0 1100 I = 1 » ND
EDTNE (1) = TEMPB(I)
: GLTMR(I) = TCOLT(D)
(1160 CONTINUE
EDTMR(ND+1) = AMAXL(SEDTMO( NO+1 )» BEDTMR( NO ))
i 2GPIRRNBLY) = LOLTAKTRET :
* 1ov07 = 1
DELTZ = XLVAP / FLOAT( ND = 1 )

OO0

O OOOO0

COOLANT PRCPERTIES ARE VAPOR PORPERTIES NOw
R -
VARS 2 8:8
CALL MATPRO ( seereceesross

DO 1310 I = ND + N2

™
VaRd = VARY o RRRX D) 7 ELBAT ( RB )

¢

1310 CONTINLE

™

¢

: IF ( IDYOT +EQ. 0 ) 60 TO 1600

] DO 1400 I =1 , ND

N TEMPBO(I) = BEDTMO ( I + ND + 1 )
" TEOLeSt) s BPImB 1 e N 2 1)
Cuco CONT INUE

IF ( IDYOT .EQe 1 ) THEN
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TABLE A-

- re

OO0

1500
1600

O O OO

OO0 O O

O

2000

O O 0O 0 0

10. (CONTINUED)

HYSC = ( XCHRL * ( l.,0 = PQRQOSR bk &
xnelo 8 .55 * VAK3 / XCHRL = 2
ENDIF
CALL TEMPSR ( ND » N% » IDYOT » TEMPBO »
HVSC » HTLBRD » HTLBRC » HTUBRD »
POROSR » VINR » CVOL » DELTK B
TEMPB » TCOLT )
DO 1500 I = 1 », ND
EQDTMR( ND+l1) = TEMPBI(I)
ULTMR(I+ND#1) = TCOLT(I)
CONTINLE
CONT INGE
ENDIF
CHECK DEBRIS BED TEMPERATURE AND OtFINE MELTING REGION
MG = O
SG = 0
UOHNR - 0.0
D0 2000 I = 1 » NONR = 1
IF ( (BEOTMR(I)*BEDTMR(I*1))/72.0 +GTe TMELT ) THEN

TMELT IS DEBRIS BED MELTING TEMPERATURE FRUOM MAPRC
IMG
14t

ELSExSG

IRT(

ENDIF

CONTINUE

IFT( NONR ) = IRT( NONR = 1 )

OC 2010 I = 1 , NONR =1

J = NONR = [
OTMP1 = ( BEDTMR(J+1) + BEDTMR(J)) 7 2.0 = TMELT
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TABLE A-10. (CONTINUED)

©)

©

O OO0 OO0 o O

2010

O 60 000 O OO0 O 6 O
v
m
-

OO

MP1l +LT. 2.0 THEN
1 = 0.0

ELSE
DOWNR = DOWNR ¢ DTMPLl * ( ELVAR( J

+1
- ELVAR (J) ) = (CP

)
DEB /7 XLATC

ENDIF
IF ( J «ECe 1) GO TO 2010

IF ( IRT(J) oGTe IRT(J=1; )  THEN
MOLTEN MATERIALS MELTING THE LOWER NODE
IF (DOWNR «GTe (0e5®(ELVAR(J)=ELVAR(J=1))) ) THEN
P ™
SERTAR LS. IMFRILs
RT(J=1) = 1
OWNR = DOWNR = (ELVAR(J) = ELVAR(J=1))

{32
1)
-

O

ENCIF
ZNDIF
CONTINUE

THHOTR = Q0.0

IF (_IRT (1) EO. % ) THEN
THMOTR = THMOT 005 * ([ ELVAR (2) = ELVAR (1))

DISRUPTION FLAG WHEN DEBRIS REGION TYPE = 1, INDICATING MELTING
DISRUP = .TRUE.
ENDIF

IF { IRT ( NONR )
THMOTR = THMOTR + 0.5 * (

ENDIF
D0 3020 I = 2 » NONR = 1

R (NCNK) = ELVAR ( NONR = 1))
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TABLE A-10. (CONTINUED)

IF ( IRT (I) .EQs 1 )  THEN
» THMOTR = THMOTR ¢ 0.5 ® ( ELVAR (I + 1) = ELVAR (I = 1))
. ENDIF
c3ozo CONT INUE
¢
¢
C NOW ADJUSTED BED TEMPERATURE AND MELTEN REGICON HAS BEEN DEFINED
E CALL CHEMHT(ZRO2TR,ZRO2AR»ALPHTR)ALPHAR) ICREGR)NONR,BEDTMR,
E . COLTMR,ELVAR,DEL TRy OXDARy HYDGR)
8 CALL NUCLHT(IDREGRs NONRs» BEDOTMR,)ELVARSDELTR» TOTIMEs eeeETC)
QVOLN = OXDAR + FISHR
{ITHP = IITMP + 1
IF ( IITMP .GT. 50 )  THEN
WRITE (6 » 2050 )
zoso’;an:{ )czx. S5THITERATION MORE THAN 50 TIMES NO CONVERGENCE IN TEM
E G0 TO 2030
. ENDIF
IF 5 ABS{(QVCLN=QVOL)/QVOLN) +GT. 0.05 ) THEN
vOL = QVCLN
GO TO 2020
ENDIF

2030 RETULRN
END
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ESCRIPTICN
VELOCITY OF HSL?SN PUSL FLOWING DOWNWARD (M/35)

IABLES

ELVAR( NONR ) » IRT( NONR )

DIMENSIUN

SAVE INCOMING ELEVATION OF MOLTON MATERIAL

ELVMO = ELVMR

T0 110

G0

00 =1 s NONR
(IRTCI) WEQ. 1)
NONR )

I
100 CONTINUE

0o 1

VUV LIOVL VOV VLOVLLOLLLLVYY LOLLLY O

C

ELVMR = ELVARI(I)

( I «LE.
VELROT = AMAXLI(
ETURN
ERD"

110 IF

C

(ELVMO = ELVMR)) / ODELTR

0.0 »
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O OO0 OO0 OOCOOOOAOOCOOONIAOOCOOOAOOOOCOOOOOOOOOOOOCOO00

ala el

105

A-13. LISTING OF DRYOUT

SUBRGUTINE CRYOQUT(VINC, POROSCHHITEC,EFFCIA,PORCPC,QVOL,
+RCCULIROVAPS XMUCUL»ANUVAPYHFGpIRUTC,,CLYCUT)

PREPGSEI TC CALCULATE DEVRIS BED CRYOUT HEAT FLUX BASED ON
LIPINSKI®*S 1-D MODEL

CALLING SUBROUTINES: FROZTH,FRAGTH

SUBROUTINE CALLED® USMNMX OF IMSL
ENGINEER/PROGRAMMER: STH

LAST DATE MODIFIED: 9/10/81

INPUT VARIABLES:

VI SOSTCRET PRGETIM R SETRCLANE B,
EMPTY TUBE BASIS. THE TRUE COULANT VELOCITY VINCT(URE)
<VINC/POROSCo

PORCSC  DEBRIS BED POROSITY

HITEC BED HELGHT (M)

EFFDIA  EFFECTIVE PARTICLE DIAMETER OF A POROUS BODY»M

POROPC  PRESSURE DROP ACROSS THE BEDs PA

ROC CL LIQUID COGLANT DENSITY(KG/M3)

ROV AP VAPOR DENSITY(KG/M3)

XMUCOL  LIQUID COOLANT VISCOSITY(KG/SEC/M)

XMUVAP  VAPOR VISCOSITY (KG/SEC/M)

HEG LATENT HEAT OF VAPORIZATION(J/KG)

SURTC SURFACE TENSION OF COOLANT(PA)

avoL VOLUMETRIC HEAT GENERATION RATE(W/M3)

QUTPUT VARIABLES!

QYOUT  DRYOUT HEAT FLUX» W/M2

DIMENSION SEFF(100) » QX3(100)

QGUES=QVOL*HITEC*(1.0-PORCSC)

VARYING SEFF BETWEEN 0-1.0 TO GET A ORYOUT HEAT FLUX

06 100 I = 1 » 100

LRet1) « 0,01 * FLOAT(D)
SEPER " REe 8L  SRVIRE # weo
IF ( QGUES oLTe VAPEG ) XITEML s ( =1.0) * XITEM1
XITENA = 1,75 % ( 1,0 - POROSC FEOLA ¢
a8 ::Eiizi;gézg;72*é5§ SEEF(I1)) 7£2¢;§02szrﬁ%i?oiszgﬁ?zni:



TABLE A-13. (CONTINUED)

o

OCO0 OO0 O OO0 o

“

OO0 O O

(I 2

200

600

+4e

+

+

XITEM2 = 180 & { 1.0 = ~QROSC ) % 2 / EFFCIA s& 2
21 13%at 1,582 “BGRRs ) "
o 3 / HFG ® ( XMUVAP / ROVAP
7 ( AMAXL ( 1e0E=8 » ( 140 = SEFF(I))) ) %% 3
® SEFF(I) #+ 3 % XMUCOL 7 ROCDL )
XITEM3 = 3,5 & (1.0 = POROSC) * ROCOL * VINC / EFFDIA
BN Candiat 1282-5 Ponsgc ) ) *% 3 / HFG * AT
XITEMB = XITEM2 = XITEM3
XITEMG = ( =1,0) * (ROCOL-ROVAP) * 9,806€5 * SEFF(I) %+ 3
TE o & 72100 2 SRRGIE-RONRP) & RAOCOL s RICOL ® VING
7 EEEDIN sat 3 T ARARI T2 0E=8%, " PLROSCH) ee 3°F ROLOL
ITEMC = XITEM4 ¢ 1,75 #® (1,0-POROSC)*(ROCOL*VING) =% 2
J EFEDIA / ( AMAXL(1.0€=8'» POROSC) ) % 3 * XITEML
NOW SOLVE THE EQUATION A # Q #% 2 + 8 # Q ¢+ C = 0 FOR Q

KITEMS = XITEMB *% 2 = 4,0 * XITEMA * XITENMC
IF t XITEM5 «LTe Q0.0 ) THEN

WRITE 200 ) SEFF(I)
FORMAT (21)31HNO REAL SULUTION FOR Q AT SEFF=,F10.3)

QX3(I) = =1.9

QX 3==1,0 MEANS THERE IS NO REAL SULUTION FCR Q

SET QX3(I)sMASS FLUX*HFG
QX3(I) = VINZ ¢ JCIL *. HFG
60 TO 100

ELSE

QX1 = ( ~XITEMB + XITEMS *#* Q.5 ) / 2.0 /7 XITEMA
QX2 = ( =XITEM3 = XITEMS ** Q0.5 ) /7 2.0 7 XITEMA
QX3(I) = AMAXL( 0.0 » QX1 » QX2 )

ENDIF

IF ( ITR «GTs 30 ) THEN
HR&Ti 6
FOKM E HAX3 VALUE OSCILLATES AROUND VAPEGySET QX3 VALUE AT TH
E VALU APE )

§ %3

= Q

60 TO 100

ELSE
IF ( XITEM1 «LTe Q00 ) THEN

CHECK IF Qx3 STILL «LT. VAPEG» IF NOT GO BACK TO ADJUST XITEMI
IfF ( QX3§K) .Gs. VAPEG ) THEN
UES = _QXx3([}

o0 OXO

C'w

0
26
F
X3
G

Mo~ <0—
X<

? R = .
GO TO 105
ENDIF

ELSE
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EM

ACLJUST XIT
ND MAXIMUM QX3

VEN SEFF
)

10

QoYOUT

BACK
’
El3.6

XMIN

’
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& N
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N
g 4
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Q=00
OO a4
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a0
et rd
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e
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T X
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W
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O xxOW
= = Eil

IF NCT GO
INC
AT FLUX=,

»

-
2
w
e
. ¢
>

«GEe
QX3 » NTST
our
HE

QX3 STILL
= QX3(I)
USMNMX |

QGLES

CHECK
100 CONTINUE
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o0
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TABLE A-14. LISTING OF REGMOD

OOOOOO OO OO OO OO OO OO OO OO OOOOOOOC OO OONO0

SUBROUTINE REGMOD(IDR,)MAXLAND, IDK thO'lLLIuplLSAT;lLIAPp
+ELUNCH TSATHHITECH)ELVAY»3EOTNP CJ

PURPGSE: TO MODIFY NODe ELEVATION, TEMPERATURE ANU REGION ID NUMBE
CALLING SUBROUTINE: FROITH» FRAGTH

SUBROUTINE CALLED® NONE

ENGINEER/PROGRAMMER :STH

LAST DATE MODIFIED: 8/10/81

INPUT VARIABLES?

IDR REGICN ID NUMBER CALCULATED IN FROZITH OR FRAGTH
MAXL MAXIMUM NUMBER OF NODES IN THE ANALYSIS

ND NUMBER OF NODES IN LIQUID OR VAPCOR REGION ANALYSIS
IOREGN REGION ID NUMBER OF LAST TIME STEP

NOND NUMBER OF TOTAL NODES IN THE ANALYSIS

XLLIQ LIQUID REGION LENGTH, M

XLSAT SATURATION REGICN LENGTH, M

XL' AP VAPOR REGION LENGTH, M

ELUNC BORSLITPD Phe°BRT13a°0R CRRR(ECTIE) BF ROO

TSAT COOLANT SATURATION TEMPERATURE, K

HITEC DEBRIS BED HEIGHT, M

INPUT/OUTPUT VARIABLES!:

ELVAY ELEVATION OF NOND NODES, M

BEOTHMP BED TEMPERATURE CURRESPONDING TO NOND NODES» K
COLTNP COOLANT TEMPERATURE CORRESPUNDING TO NOND NODES» K

DIMENSION ELVAY(41l) » BEDTMP(41l) » COLTHP;QI) » BEDTOLS4L) »
+ ULTS(41) o ELVO(41l) » COEF(40,3)

00 100 I = 1 » NOND
BEDTO! ) = BEDTMP )
coLTo(

I (1

I ) = COLTNPL I )

c ELVO( I ) = ELVAY( I )
100 CONTINUE

IF ( IDR o«LEe 2 «0Re IDR +GEs 7 ) THEN
NOR = ND

DO 206 I = 1 , NDR
ELVAY(I) @ ELVYNC + HITEC /7 FLOATINDR=1) * (I~-1)
200 CONTINUE
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"" -33( . o )) nLEo
VAY( 48

ENDIF
CALL ICSCCu NCND » COEF »
WRITE ( 6 », 1000

CALL ICSEWVU

L

WRITE ( 6 » 1600

CALL ICSCC ' BEOTO » NOND » COEF » 40
WRITE ( 6 » 1000

CALL ICSEVU EL VO ND C OF 40

A

OO

+

WRITE ( €,

OO

NOND = ND
IUREGN =

ELSE IF
NDR = 3

0C
ELVA ] C 7 2.0 % (I=])
COLY '
CONTINUE
IF ( ABS( ELVAY( NDR ) = ELVO( NOND )) «LEs 1e0E=10 ) THEN

o

ELVAY( NDR ) = ELVO( NOND )
ENDIF

o

lele

CALL ICSCCU ( ELVO » BEDTO » NOND , COEF » 40 , IER )
WRITE ( 6 », 1000 ) IER

CALL ICSEVU ( EL

BE

oo

? 3 BEDT (» COEF » 40, ELVAY ,

+ P »

v
0
[E

WRITE 6 » 1000 )




TABLE A-14 (CONTINUED)
C
ELVAY(ND#1l) = ELVNC + (HITEC + xLLIQ) 7 2.0
c ELVAY(ND#2) = ELVNC ¢ HITEC
L R
¢ IF ( ABS( ELVAY( NDR ) = ELVO( NOND )) elLEe 1eCE=10 ) THEN
c ELVAY( NDR ) = ELVO( NOND )
c ENDIF
c CALL ICSCCU ( ELVO » BEDTC » NOND » CUEF » 40 » IER )
E WRITE ( 6 , 1000 ) IER
CALL ICSEVU ( ELVO » BEDTC » NOND » COEF » 40 » ELVAY ,»
c BEDTMP » NDR » IER )
E WRITE ( 6 » 1000 ) IER
¥ NOND = NDR
¢ ICREGN = DR
ELSE IF ( IDR +EQs 5 ) THEN
¢ NOR = ND + 2
ez
C
ELVAY(R)  ELVRE « xusat 7 2.0
3 DO 500 I = 3 , NDR
. COLTMP(I) = TSAT#(COLTUCNOND )=TSAT)/FLCATI(ND=1)%(I=-3)
ELVAY(I) = ELUNC #XLSAT#{HITEC=XLSAT)/FLOAT(ND=1)%(1=-3)
. 5C0 CONTINUE
- IF ( ABS( ELVAY( NDR ) = ELVO( NOND )) o«LEe 1.0E=10 ) THEN
3 ELVAY( NOR ) = ELVO( NOND )
¢ ENDIF
; CALL ICSCCU ( ELVD » BEDTO » NOND » COEF » 40 » IER )
g WRITE ( 6 » 1000 ) IER
. " CALL ICSEVU ¢ g%g?ﬂ‘ EESBE : ?ggo). COEF » 40 » ELVAY ,
E ®RITE ( 6 » 1000 ) IER
’ NOND = NOR
IDREGN = IDR
2 ELSE IF ( IDR <cQ¢ 6 ) THEN
C
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THEN

IER )

l1.0E=-10 )
40 »
40 » ELVAY »

’

- TSAT)
elLEe
’

1)
T¢(HITEC=-XLLIQ=XLSAT)
))
» COEF
» COEF

(COLTCI(NOND)
NOND
NOND
IER

TSAT ¢
- ELVO(
12 )
10F11.6))
x*,296k118Y,)

NDR )

( ELVD » BEDTO » NUAD
B

+1)

o
-
~
-~
—
<
v
-
-~
+
e J
=1
- )
-4
-
-
(- ]
z
>
- |
Al

.
-

—
-t
v
—
L

ELVAYL
ICSCCU
4HIER=

2X »

ELVAY(ND+1+l)
ABS(

CONT INUE
COLTMPI(ND+
CONTINUE
IF (
CALL
(

1000 FORMAT

W UL O L ROV LLO O QOO OO




TABLE A-15.

’SbBROLTINE

* s

OO OKICIONY OO OO OO OO O CIOOO OO QOO0 OO OO OO OO O, OO OO OO

LISTING OF TEMPSR

TEMPSR (N » N2 » IDYCT TEHPED > TCOLEO »
HySC > HTL3CD » KFTLoCC , HTLBCD » ATUECC »
PGKOEC » ¥INC » QVCL » DELTT , DELTL »
TENP » TCOLC )

PURPOSE: TO CALCULATE COOLANT AND BED TEMPERATURE ALONG Z
CALLING SUBROUTINE'FROZTH

SUBROUTINE CALLED: MINERVA

ENGINEER/PROGRAMMERISTH

LAST DATE MCOIFIED:8710/81

INPUT VARIABLES!

N
N2

I0YOT7
TEMPCO
TCOLCO
HVSC

HTLBCD
HTLBCC
HTUBCD
HTUBCC
PCRCSC
VINC

QvoL

DELTT
OELTZ

NUMBER OF AXIAL NODES

2*N FOR SOLVING COOLANT AND BED TEMPERATURE
SIMULTANEQUSLY

INDICATER OF COOLANT STATE,» =0 LIQUID, =1 VAPOR
BED TEMPERATURES AT N NODES AT PREVIOUS TIME STEP(K)
COOLANT TEMPERATURE AT N NODES AT PREVICUS TIME STEP(K)

HEAT TRANSFcR COEFFICIENT BETWEEN BED AND COOLANT,
VOLUMETRIC, w/K/ M3

HFEAT TRANSFER INTO DEBRIS BED AT LOWER BOUNDARY,»W/M2
HEAT TRANSFER INTO DEBRIS COCLANT AT LOWER BOUNDARY,w/M2
HEAT TRANSFER INTO DEBRIS BED AT UPPER BOUNDARY,w/M2
HEAT TRANSFER INTO DEBRIS COGLANT AT UPPER BOUNDARY,w/M2
DEBRIS 3ED POROSITY

COOLANT INLET VELOCITY, M/SEC, NOTE THAT VINC IS THE

SUPERF*CIAL Vg&OCITY OF THE FLU%C HE%U&ED UN AN

EMPTY TUBE BASIS. IN TEMPSR CALCULATIGNs COOLANT

IRERE Brer* TN TIORE, 16 HNE FTE A0S OpAN T\ ST
=

15 CALOULATED N TR FIaNF/ERRTISN IXAScARYSTRENT

DIMENSIGN STATEMENT IN TEMPSR .

VOLUMETRIC HEAT GENERATION FATE, wW/M3(SOLID)

TIME STEP(S)
DISTANCE BETWEEN AXIAL MNCDE,M
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TABLE A-15. (CONTINUED)

O O O

OO O 00

«©

)

150 CONTINUE
DIGUR = HVYSC /7 2.0 7/ ( 1.0 = PORASC )

AMX(1,1) = ROMX(1) & CPUX(1) / DELTT + (XKMX(1) + XKMX(2))
' L PRPhe i A 1R P Tt 120k

AMX (152) = =(_XKNX(1) & XKMX(2) ) / 240 / CELTZ ** 2
+ s -
AMX (NsN=1) & =( XKMX(N) 4 XKMX(N=1) ) / 20 / DELTZ #% 2
AMX(NsN) = ROMX(N) ® CPMX(N) 7 DELTT + (XKMX(N) + XKMX(N=1))
+ " 772.0 / DELTZ #% 2 + DIGUR
AMX(NsN2) = =DIGUR
DIGLL = HVSC / 2.0 / POROSC
AMX(N+1s1) = =DIGLL
AMX (N+ Ne1) = ROMX(N + 1) ® CPMX(N + 1) / DELTT
N AR RN I e CN Y 5,87 0B Tee 2 ¢ DICLL
M RCMX(N & 1) ® VINCT & CPMX(N +°1) 7 2.0 7 DELTZ
AMX(N#L 2 Ne2) ® =(XKNX(N 3 1) & XKNX(N & 2)) £ 2.0 ( DELTZ #% 2
s ROMXIN ¢ 1) ® VINCT ® CPMX(N + 1) 7 2.0 7 DELTZ
AMXINZ » N2=1) ® =(XKMK(N2Z = 1) + XKMX(N2)) /7 2.0
/"DELTZ #% 2 = ROMX(N2) ® VINCT & CPMX(N2J 7 240 / DELTZ
JMKINZ 5 N2) = RONX(NZ) # CPEX(N2) / DELTT
RCNX(NZ) o XKuX IN2 = 1))/ 250 4 DELTZ #% 2 + GIGLL
: s ROMX (N2 # comx(nz) s vinat 135/ OE
AMX(N2sN) = = DIGLL
0C 200 I 2, N=1
XKUP = (XKMALE & 1) & XKNXUI)) / 240/ 2.0 / DELTZ %% 2
XKON = (XKMX(T) & XKMXCI = 1)) 7 290 7 2+C 4 DELTZ % 2
AMX( » I‘l’ . - XK?N
AMX(Y 5 )"« ROMX(I) ® CPMX(I) 7 DELTT + XKUP ¢ XKON + DIGUR
AMX(I 5 141) = = XKUP
AMX(I » N+I) = - DIGUR

C
¢ 200 CONTINUE
0O 3CC I = N ¢ 2 5, N -1

XKUP s (XKMX(I®1l) ¢ XKMX(I)) /7 2C /7 20 / DELTZ #*% 2

XKENL = (XKMXCI) & XKMX(LI=1)) 7 340 / 5.0 7 DELTZ % 3

GCDZ = ROMX(I) * VINCT ® CPMX(I) / 4.0 / DELTZ

AMX -1) - XKDN

ANkt 2 17 Romx(D) % cpnx(ft / DELTT + XKUP1 ¢ XKDN1 + DIGLL
ANX (1,101 o SXKUPLeG

VT i ST Stk

C
300 CONTINUE
00 4CC I = 1, N
XMX(I) = TEMPCO(I)



T:*BLE A-lb LL.,l i lG OF DBDRIJ

403 CONTINUE

O 5C0 I = N ¢+ 1 » NZ
XMX(I) = TCOLCOUI=-N)

CONTINUE

DO

500

o T D N n

700
c
600

BMX(I) =
CONTINUE

BMX(I) + QUCL
8C0

OO0 o O O

IF ( QVOL +LTe. 1.0E-05
’ - No. HTUBCD .kr.
+ «ANDe HTLBCD

oo 750

1.CE~C5
oLTe 1

THEN

o

750 CONTINUE

ENDIF

OO OO

ALL LSGECD AMX » N2 » N2 » }PV;
ALL LSGESL AMX » N2 » N2 » IPV
DO SO0 I=I,N

R 1 ¢
¢ 900 CCONTINUE

RETURN
END

«0E=05 )

ADJUST TEMPSR FOR LOwW QVOL AND LOW HTUBC AND HTLBC SITUATIONS.

THEN

AMX{I»I+N) = DIGUR

NOW SOLVE AMXINZ,N2)*XNX(N2)=8MX(N2) FOR XMX(N2)

» RCOND » 2 )
» BMX » 0 )
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