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DERRIS BED CHARACTERIZATION AND THERMAL

BEHAVIOR MODELS FOR SCDAP4

1. INTRODUCTION-

4

During a severe accident in a light water reactor (LWR), two genera,1.

processes, either individually or in combination, are expected to result in
disruption of the core. The first process is the progressive liquefaction
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, quench-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 example, fragmentation of a 1-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

2porous debris bed with a coolant flow rate of 0.5 kg/m +s and a specific
5 -Isurface area exposed to coolant of 8 x 10 m would be a factor of

510 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.

lThe 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 developed 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
.

1
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!
l beds which are formed by the liquefaction / redistribution / solidification and

fragmentation processes, respectively. The models serve the following
functions:

..

1. They define debris bed characteristics which include bed porosity,
I bed height, equivalent particle diameter, coolant pressure drop .

across the bed, and whether a rubble bed is in a packed or

! fluidized state,

2. They calculate debris bed and coolant temperature distributionsi

and the state of bed coolability.

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

,

!

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.

1

Section 2 describes the development of the debris region characteilta-
tion and thermal behavior models. Section 3 describes the structure of the
models and implementation of the models in SCDAP. Lastly, Section 4 pre-

f sents results of the acceptance testing of the models.
,

.

|
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4

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 analysis, fluidizeo 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 specifically for use in 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 that 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-hydraulic 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 debris beds for subsequent thermal analysis by the models described-

in Section 2.2.,,

|

3
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2.1.1 Cohesive Debris Bed

Formation of a cohesive debris region is considered by two sets of
models in SCDAP. Component liquefaction and liquefied material flow and
solidification are analyzed with the LIQSOL models.2 The debris transi-

Ition and propagation models consider the damage state for each component
,

and determine when a bundle region has been sufficiently disrupted so that
a cohesive or rubble debris region analysis is more appropriate than an
intact bundle region analysis. When the criteria for transition to a

E

cohesive debris region analysis are satisfied, the debris transition and
propagation models calculate the following information:

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

2. The masses of the individual constituents of the debris bed
(UO , Zr, Zr0 , etc.)

2 2

3. Surface area of debris exposed to coolant per unit volume of
solid material in the region.

These data are used to characterize the cohesive debris bed for subsequent

thermal behavior analysis.

Assuming that all available material in the cohesive debris region
forms a homogeneous, porous body, the zero-porosity volume of the debris,
V , is calculated as

c

M M
U0 Zr0 N M N

2 2 Zr St Ab
(1)V = + + + +

c pUO Zr0 Zr *St 8 Ab
2 2

where ,

3zero-porosity volume of cohesive debris bed (m )V =
c ,

4
.
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M mass of constituent X within the cohesive debris region (kg)=

density of constituent X within the cohesive debris region=
o

X
3- (kg/m )

constituent material: U0 , Zr, Zr0 , St (structuralX- =
2 2

material), and Ab (control rod material).

Using V , the porosity of the debris bed is calculated as

V

*I AH (s
c

c

where

c porosity of cohesive debris bed=

2cross-sectional area of disrupted bundle region (m )A =
g

H height of cohesive debris region (m).=

Coolant pressure drop across a cohesive debris bed is calculated using
Ergun's correlation based on a fixed-bed pressure drop analysis.3,4 The
correlation used is

1

AP

G (3)uH * " c" + 8 coc

where

AP pressure drop across the bed (Pa)=
c

.

superficial velocity of the coolant measured on an emptyu =

tube basis (m/s)

5
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coolant viscosity (kg/m s)=u

|
|

coolant mass flux (kg/m s) |G =

.
1

(1 * c c) 1
150=

"c 3 2 .

C C

1-c c11.75a =
c 3 y .

c 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, D , can be derived from the definition of

c
the specific surface area and the assumption that the particles are
spherical:

S = surface area exposed to the fluid
c total volume of solid material

2
3D

* "

Mc c

or

Dc" (4)

where

S surface area of debris exposed to coolant per unit volume of=

solid material in the region (m-I) -

eqt.ivalent particle diameter (m). .D =

6
.
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k

D characterizes the diameter of the particles in the cohesive debris
*

bed. This approach has been successfully applied to Equation (3) as
cescribed in Reference 5.

.

In Equation (3),a and s are constants characterizing the struc-
c c

ture of the porous material; a is the viscous resistance coefficient,-

c
ando is the inertial resistance coefficient. A characteristic length,#

c 0i , of the pore structure is calculated from the definitionc
,

(5)j I =
c

C

where 1 is oxpressed 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 analysis. 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.

~
i

|

7
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Theoretical analyses of random packings of particles have been under
9development for the past several decades. ' Debbas and Rampf 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

10Removal and fuel melt experiments performed for the LMFBR 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 Ded porosity,

r
c

-4
e = 0.593 - 1.23 x 10 B (6)r y

where

2debris bed loading per unit area (kg/m ).B =
y

The value of B is calculated with the expressiony

M + "Zr0 +MZr + NSt + MAbUO
2 2

(7)By= A r

where

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

It is noted that Equation (6) is valid for sodium coolant and bed loadings *

2from 0 to 1000 kg/m . For water-UO , water-steel, water-lead, and
2

.

8
.
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,

i
!

!

r

aceton-steel systems, correlation betweer bed porosity and bed loading for

particle packing can not be derived due to the scatter of experimental
',

data.10
.

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. Furthermore, 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)]:

4

AP

uH " "E + d (0}
ror,

i

where4

coolant pressure drop across packed bed (Pa)AP =
r

height of packed bed (m)H =
r

(i - c r) 1
150=o r 3 7

D'r r

1-c p j
1.75s =

p 3 T
F'r

,

average particle diameter (m) [ input from debris-D =-

r

transition and propagation models].
! .

,

t

9 ,

1
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.e

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

S
-

(9)1r" *

r
.

The frictional pressure loss (aP ) in a packed bed of solid par-r
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 equal 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

-0.06 0.94
*f

9.2975 x 10-3 Of.82 (10)u =
f 0 88

where

minimum fluidization velocity (m/s)u =
f

3
a density of debris bed material (kg/m )=

s

3
of density of fluid (kg/m ),=

The density of the debris bed is calculated using the expression

M +N +NZr + "St "Ab
'

UO Zr0
2 2*

s M M
UO Zr0

2+ 2+EZr + MSt + NAb -

,

( UO Zr0 Zr *St 88
Ab

2 2

10

m . . - - -- 4.c . - ,--
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The data which support the correlation given by Equation (10) cover a
wide range of particle size, particl6 diameter, and coolant density, as
reported in Reference (5). The correlation is valid only for Reynolos

anumbers less than 7.57, and a correction f actor is required for Reynolds-

4numbers greater than 7.57. The correlation factor C is
f

.

1, for Re < 7.57C =
f

C 1.364 - 0.18 In(Re), for 7.57 i Re < 200 <c=
f

0.214 + 39.4/Re, for 200 $ Re < 1000 (12)C =
f

C. 0.254, for Re > 1000.=
;

Usirg Equations (10) and (12), the minimum fluidization velocity,

. u,f, can be expressed as
)

u,f =C - u (13).

f f

This velocity is used to determine whether the debris particles will be in
a packed bed configuration or in a fluidized state.

For a fluidized bed. the pressure drop across the bed remains constant
with increasing flow Je; i.e.,

APf=Hg(9 - of) g (14)3

where

aP
f

coolant pressure drop across fluidized rubble bed (Pa)=

|
.

a. Reynolds number is defined as GDr/W-
.

11
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zero-porosity debris bed height (m)H =
g

["UO "Zr0
2+ 2+MZr + "St + "Ab 1

'

1
-=

" Ab)
7

(# UO Zr0 Zr "St r
2 2

.

g gravitational acceleration constant (m/s )=

9.8.=

Porosity of a fluidized bed is calculated as
.

1

,f,[Re,fRe n II
, ,mf (15)

j

! where

cf porosity of fluidized bed=
,

:

Reynolds number of fluid flowing through fluidized bed; Re =

Reynolds number of fluid at minimum fluidization velocityRe =
mf

c,f debris bed porosity at minimum fluidization velocity (Set=

equal to c based on the assumption that bed expansionp

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,I4

.

5.0, for Re < 0.2n =

.

e

'

,

)
'

'12

,
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~*
4.35 + 17.5 Re for 0.2 i Re < 1n =

,

/ D\
r -0.1,

-

n =' 4.45 + 18 Re for 11 Re < 200,

4.45 Re-0.1 for 200 1 Re < 500
*

n =
,

2.39, for Re > 500 (16)n =

where

'j- -

diameter of the debris bed (m) [ input variable].D =

The fluidized bed height, L , is then calculated as
f

"

H

(17)L =
.

f j,,f
.

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' 'f and c are adjusted as follows if
f,

L is calculated to be greater than H
f rd

'f * "rd1

H

(18)cf=1g .

rd
i

2.2 Debris Bed and Coolant Thermal Models
.

Debris bed and coolant temperatures are determined by simultaneous

,

solution of the following two differential equations:15

2
- .aT aT ,,,

(1 - c) o c D = (1 - c ) k - hv (T -T)+0 (I - * )p p 3t p p c

.13

.
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,

aT aT aT

| co c =ek + hv (T - T ) - Gec II9)
c c at c 2 p c c azaz

I where -

<

] debris bed porosity=c .

)
3density of debris bed and coolant (kg/m )=o p, o c

specific heat of debris' bed and coolant (J/kg K)j c,c =
p c

i

thermal conductivity of debris bed and coolantk,k =
g

I (W/m*K)

i

debris bed and coolant temperature (K)T,T =
p c

volumetric heat transfar coefficient (W/m *K)j hv =

l
3volumetric heat generation rate (W/m )Q''' =

:
i

axial coordinate (m).z =

(
;

Before solving Equation (19), local coolant conaitions and regions of
analysis, heat generation, heat transfer coefficient between solid and

] coolant, and debris bed dryout analysis will be discussed. These dis-
' cussions will be followed by a description of the temperature solution and
! propagation of a melt front within a debris bed.

;

E.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 ued:

.

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

;

!

,

14
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j 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 considered 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 superheated regions can

<

be calculated as follows:

CCC
(Tsat - Tin)l =

,,,sc
Q (1 - c )

Yh
_

#c c fg
L -

' ' '(1 - c )
sa

Q

L =Hd-L (20)-

sp sc sa

where

.

subcooled region height (m)L =
sc

saturated region heignt (m)L =
sa

I

superheated region height (m)L =
3p

Coolant Velocity (m/s)V =

,

t

e

| 15
1
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coolant saturation temperature at system pressure (X)T =

coolant inlet temperature (K)T =
in

.

latent heat of evaporation (J/kg)h =
f

.

debris bed height (m).H =

Figure 1 shows the possible combinations of regions for the temperature
analysis. Also shown in the figure is the assigned debris identification
number, IDREGN, for the different possible configurations. For each sub-
cooled and superheated region, the region is divided into nd equally spaced
nodes for the temperature analysis. For the saturated region, all of the
heat generated within the bed is assumed to be consumed in evaporating
saturated coolant (raising quality from 0 to 1). Coolant temperature
rema ns at the saturation temperature, and the bed temperature remains the
same as the previcus nodal temperature. Thus, only three nodes are used

for specifying the temperature of the coolant and debris bed in a saturated
region. Based on the above discussion and with reference to Figure 1, the
total number of nodes, NOND, is

i
nd, for IDREGN = 1

nd, for IDREGN = 2

NOND = ( 3, for IDREGN = 3 (21)
I nd + 2, for IDREGN = 4
I nd + 2, for IDREGN = 5

(2nd+1,forIDREGN=6 .

During the calculation of debris bed and coolant temperatures, heights
of the different regions may change and/or different regions may be used due
to changes in heat generation rate, coolant flow rate, etc. A model
(REGM00) has been developed to redefine the total number of nodes, node -

elevations, and coolant and debris bed temperatures corresponding to each
.
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Figure 1. Possible regions to be analyzed in a debris bed.
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node. The temperatures for each node are determined by REGMOD using inter-

polation of the previous nodal temperatures.

2.2.2 Heat Generation .

The primary sources of heat generation within a debris bed will be ,

decay heat (and possible fission heat for in-pile experiments) and chemical
heat of reaction associated with Zircaloy oxidation at elevated tempera-
tures. The heat source included in Equation (19) includes the above such
heat sources. However, the magnitude of heat generation due to the dif-
ferent possible sources is an input to the debris characterization and
behavior models described herein. Because decay heat and oxidation heat
can be sensitive to the debris bed temperature, the heat source used in
Equation (19) may need to reflect the bed temperature. The debris bed

thermal models include an iteration scheme which can be used to obtain a
consistant heat source and temperature solution.

2.2.3 Heat Transfer Ceefficient

Because of the difficulties associated with assigning a heat-transfer
surface area and temperature difference between the solid and fluid in a
debris bed, the heat transfer coefficient between debris bed and coolant
which appears in Equation (19) is tased on the volume of the porous system.

r),theUsing the characteristic length of the pore structure (l 0"
c

Nusselt and Reynold's numbers are defined as

Nu = hvl
C

Re = (22)'

where 1 equals I or 1 for a cohesive bed and rubble bed, respectively. ,

c r

.
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4

I In the subcooled and saturated regions of either a cohesive debris bed
I7

| or packed bed, hv is given as

l- .,

2)(1 + 0.7 Re .3Pr ) + (1.33 - 2.4c + 1.2c 2)

1.

0
hv = (7 - 10c + Sc

i .

, .

lkt

Re .7Pr (23)0 3

-14

4

where'

_Pr Prandtl number' =

4

cu
e

*
kc

| c or e for cohesive and rubble bed, respectively.=c c r

;- In the subcooled region of a fluidized rubble debris bed, hv is
IOexpressed as

1

hv = 1.28 x 105 (Re Fc)2 Pr .67( )0.83 (24)
0

.

!
'

where
i

[1 - 1.209(1 - cf)2/3 -13Fe =

uR
coolant viscosity for water at 300 K.=

k-

.

N

4
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For a saturated region of a fluidized rubble bed, hv is correlated
I9as

sat j)H/a ju Fe 2{
0.84 D 2,f, k)

'2 0.5
e

5 Pr-2.13 |
p (

-(25)hv = 2.2 x 10 I

( "fg / (hfcf v9 / '9 q
1r .

where

;

2surface tension of coolant (kg/s )o =

59.3 for water at 373 K=

density of liquid and vapor phases, respectively=p ), o y
3(kg/m ),

In a superheated region for either a cohesive or rubble debris bed,
:

Re .65k0- ~

1.33) (),,,) chv = (20)*0.00377 2
. _ 1

.

2.2.4 Debris Bed Dryout
'

,

For a debris bed immersed in a 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 liquid. Such a situation
might lead to a sustained temperature rise within the bed and subsequent

| 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, and urania.

'

s

.

i
'

.

|
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Of the several dryout mocels 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 quadratic equation for the debris bed heat flux (q) as a
function of the effective saturation in the bed (Se). The equation is

. .

1.75 (1 - c ) 1 1 2 180 (1 - c ) I "v
2

y(1 - Se)de h (1 - Se) oj
_

fgSe dc h ofg

.

2 G"I h-3.5(1-c)G 1.75 (1 - c )G 180 (1 - c )2 p j
3

p ) Se / de p)Se hfg de p )Se d c p )Se

- (p ) - p y)g=0 (27)a

where

debris bed porosity=c

debris particle diameter (m)d =

density of vapor and liquid phase of coolant=p y, p j
3(kg/m )

2debris bed heat flux (W/m )q =

.

4
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Se bed effective saturation=

p y, u j viscosity of vapor and liquid phases of coolant=

2(kg/m +s). .

For q > Ghfg, the upper arithmetic operation in Equation (27) is ,

used. For q < Ghf , 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 liquid 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 (q ) becomes equal to the heat

d
required to vaporize all of the liquid entering the bottom of the bed;

fg) and that the penetration of liquid from the top is(q = Gh
d

precluded.

As discussed in Reference (31), the factors significant in calculating
dryout heat flux are coolant properties and bed cFaracteristics 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 heit 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.

,
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Figure 2. Dryout heat flux from Equation (27).
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2.2.5 Temperature Solution

In the subcooled and superheated regions of a debris bed, nd equally-
spaced nodes are used to solve Equation (19). The finite difference form-

of Equation (19) is:
.

-T+n1/2)-T+1/2), pn-1,n[\pnT*+1 - T*pn _ k (Tm+1/2 m m+1/2 m
T p 1/

S c
- pn,n+1 \ pn+1 pn /pn

pn pn at 2
37

I m1hv
T*p*n /2 - T +n /2 . q'''_ 1-c c

(T+1/2 - T +n1/2T*cn - T*cn _ k T +n+1/2
*I m - T +1/2 -k

m mm
c 1c 1 cn cn-1,n \ en

8 c - cn,n+1
cn cn at 2

Az

m+1/2 - T +1/2m

-T+1/2)-Gc
'

,h_v,[p+1/2 m cn+1 cn-1
(28)en / cn(pnc 2az

where

3
pn' *cn debris bed and coolant density at node n (kg/m )=o

debris bed and coolant specific heat (J/kg K)pn, cc =
cn

debris bed and coolant thermal conductivity (W/m K)pn,n+1, kcn,n+1k =

debris bed and coolant temperature at node n andT =
n' n

at time step m (K)

T debris bed and coolant temperature at node n and=
,

at time step m + 1 (K)

25 ,
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1/2[\pnT*+1 + T* \ W 1/2 (T*+1T*+I/2, T +1/2 *m
+T=

pn / \cn en/pn cn

respectively (K)

.

space between spatial nodes (m)az =

~time step (s).at =

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

For the debris,

n=1
_ _ _ _

fk c k
I pl,2 fl #pl pj hv 1 hv

pl,2 , 2(1 - e) + T*c+lT*p*2I -

2j pl at 2 2(1 - e)37 az
_ _ _ _

_ _ _ _

+ T*pl PI PI + kpl,2 , 2(1 - c)+ T*cl
P1'2 hv hv

= T*p2 -

at 2(1 - c)2az j az
- . . .

...

+Q + 2 HTLBCD/az (29)

n=n
, ,

pn,n+1\T*p+n-
fk 1 9" P" + P"'"*I + k n-1,n , 2(1 - e)+ T*pn1

k
- T*;:*n+I1(- 2 1

-
n-1,nhv +

li

2 at 2'

2az g g2jbz j 2u
. -

. .

f k
+ T*pn

P" P" + kpn,n+1+ T +1 hv pn,n+1
- T*P"+I(-

m
I

2cn 26z _ j2(1 - c) at 24 z
. . .

. -

k / k n-1,n\
pn-1,n + 2(1 - c )

hv m m hv '''

+T +T +0+
2 pn-1

-

2 cn 2(1 - c )24z j24z
. . .

O

I
:
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n=nd=N
.

,

c k

T +N pN pN ,kDN-1,N , 2(1 - c) + T*c*1
1 pN-1,N hvm1 hv

+T*+H-1(-
N 2(1 - c )p 2p at 2

) _

az,7

.

c

#pN ph + pH-1,N + 2(1 - c )
pH-1 (~

hv m pN-1,N m hvm + +T=T
2 2 cN 2(1 - c )pN at

_ )
. az az

, q''' , 2 HTUBCD (31)
Az

For the coolant,

n=1

m1[ kcl,2 + Gc e Gc -

+ T +l *cl ci + kc i ,2 + E ~ 2a zm1 hv ci m* i hvci
T +2 +T

j j(pj~

c 2

( az 2az / ( at
c 2az

= T*c2
- cl,2 ,Gck

cicl kcl,2 , hv _ Gcci m ci+T
2 2A z cl at 2 2c

2a z )37 az

f hv\
+ T*l

F )
,2*HTLBCC (32)p az

n=n

T*c*n+I
cn,n+1 ,

+ T +n
cn cn , cn,n+1 , kcn-1,n , hc c k

cn m1

1(- 2c)
2 c at 2 2

2az 4az) 2az 24 z

k !
+ T*c*nI

cn-1,n _ Gecn I hV cn,n+1

4azj+T*p*n - T* +1
- -

1(
cn 22c2

24z 2a z

Gc
# cn en * kcn,n+1 + kcn-1,n + K

c hven m
+ 4az +T

cn at 2 2
2az 2az

.

j

$
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Gc

+T
- cn-1,n - 4az)+T n\E)'

m cn m hv
( }cn-1 2

\ ^z

n=nd=N *

!k
T +N *cN cN * k

c cc

cN-1,N*E*2az)+T+N-1(- - dz)
m1 hv cN m1 cN-1,N cN

2 c 2
-c at 37 37

!
cN cN , kcN-1,N , E , 2az+ T*N-l

c
1 h m hv cN

# ' + T*+N- =T
p cN at C

2 az

c

E)'*2HTUBCC- cN-1,N - 2n / (

hvcN m
(+T

2 pN az
( ^2

where

2heat transfer into debris bed at lower boundary (W/m )HTLBCD =

2* heat transfer into coolant at lower boundary (W/m )HTLBCC =

2heat transfer into debris bed at upper boundary (W/m )HTUBCD =

heat transfer into coolant at upper boundary (W/m ),HTUBCC =

i

1

The matrix form of Equations (29) through (34) is

. .

A)) A
12 T=R (35)A ^2221

. .

where

.
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The large circles in matrices A)), Al2, A21, and A22 signify that

the off-diagonal or off-tridiagonal elements are zero. Thus, there are 2N
linear equations, the first N equations for the debris temperatures and the
remaining N equations for the coolant temperatures. The equations are.

solved simultaneously.
.

The TEMPSR model solves the above matrix of equations to obtain the

debris bed and coolant temperatures. For a saturated region, the coolant
( temperature is assumed to equal the saturation coolant temperature. The

debris temperature is equal to the previous nodal temperature. Thus,
calculations of coolant and debris bed temperatures are not needed for the
saturation region.

2.2.6 Melting Front Propagation

The debris bed thermal models employ a simplified approach for des-
cribing propagation of a melt front within a debris bed. The following
assumptions are used:

1. Axial heat conduction is infinite.

2. Super heating of the molten material does not occur until all of
the debris bed has melted.

If the calculated debris bed temperature T at node i is greater than
4

the melting temperature of the debris bed material, Tmt, the bed tempera-
ture at node i is set equal to the value of T The energy excess,mt.
p[c (Tj-Tmt) - hsf36Y , is assumed to increase the temperatureip

of the debris material at node i-1. (p, c,h37, and AV$ arep
debris bed density, debris bed specific heat, latent heat of fusion for
debris material, and. debris bed volume associated with node i, respec-
tively.) The debris material at node i-1 is first heated to the melting

J
temperature. If the energy excess from node i is large enough, the debris
material at node i-1 may be melted and the process may progress downward to

. node 1-2, etc. i
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Propagation of a melt front, as described above, is analyzed by the
FRAGTH and FR0ZTH 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 SCDAP 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. SulttARY OF DATA RANGES AND EXPECTED RANGES FOR CURRELAll0NS IN SEC110N 2

Equation
Number Data Range Expected Application Range

3,8 0. 3 < < < 0.8 0.2 < c < 1
0.2 < Re < 3500 0 < Re < l.2 x 105
1.5 x 10-4 < D (m) < 2 x 10-3 i,9 x 30-5 < o (.) < 3 x 10-3p p

6 0 < Br(kg/m2) < 1000 o < ef (kg/m2) < 3.5 x 104

10,12 0.3 < c < 0.8 0.2 < a <1
0.001 < R 106 5
5.1 x 10 b < O (m) < 5.2 y 10-3 0 < Re < g.2 x 10< D (m) < 3 x 10-3< 1.9 x 10-p p

15 0.02 < Re < 1000 0 < Re < l.2 x 105

23 0 < Rea < 102 0 < Rea < l.0 x 102
0.35 < c < l.0 0. 2 < e <1 /

24,25 1.0 x 10-1 < Rea c'2.0 x 102 0 < Rea<1 2

IN 1.6 x 10-3 < Dr(m) < 4.8 x 10-3 1.9 x 10-5 <,0 x 10D (m) ( 3 x 10-3r
0.611 < s < 0.862 0.2 < s < 1

26 0. 6 < < < 1 0.2 < a <l
1.1 x 10-2 < Rea < y,7 x jo-1 0 < Red < l.0 x 102

21 2 x 10-4 < d(m) < 2 x 10-2 1.9 x 10-5 < d(m) < 3 x 10-3
0<c <1 0.2 < e <1
0 < Se < 1 0<Se<1

.

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

.
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3. DESCRIPTION AND IMPLEMENTATION OF COMPUTER MODELS

3.1 Implementation in SCDAP
.

The debris bed characterization and thermal behavior models described
in this report will be employed by the DBUNDL subroutine in SCDAP. DBUNDL -

controls anaiysis of a disrupted fuel bundle. The functional decomposition
of DBUNDL, shown in Table 2, illustrates the relationship 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 DBFROZ and
DBFRAG and the subroutines accessed by these subroutines. Subroutines

DBFR0Z 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 DBFR0Z 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 DBFR0Z and DBFRAG.

A driver program, DEDRIV, was developed to test DBFR0Z and DBFRAG. In
addition to calling DBFR0Z 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 DBFR0Z and DBFRAG by simulating output from DBTRAN 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, DBDRIV, are only temporary. However, they are comparable to what
will be used by SCDAP and help define the final requirements for the SCDAP
routines.

3.2 Description of Computer Models

FORTRAN listings of the subroutines included in DBFR0Z and DBFRAG are

given in Appendix A of this report. Also, FORTRAN listings of the driver
program, DBDRIV, and the subroutines DEBINP, DBTIME, and DBOUTD are

.

|
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TABLE 2. DBUNDL FUNCTIONAL DECOMPOSITION

Subroutine Function

DBUNDL Disrupted bundle analysis*

- DBOUT Disrupted bundle output

L 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

] -DBFR0Z Cohesive debris analysis

- FRTIME Cohesive debris time step

- FRCHAR Debris bed characteristics

- FR0ZTH Debris thermally related behavior

- FRMELT Melting front propagation

- FRESTT Boundary disruption time estimation

.

G
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TABLE 3. DESCRIPTION OF DBFR0Z

Subroutine Function

'

DBFR0Z

-- FRTIME Determines time steps for cohesive debris
bed analysis

--FRCHAR Computes debris bed characteristics and
debris hydraulic behavior

-- F R0ZTH Calculates debris bed and coolant
temperatures and thermally-related behavior

--- D RYOUT Computes drycut heat flux of debris bed

--- U SMNMXa Finds largest value in a vector

--- REGMOD Modifies region identification number and
temperature distribution along debris bed

-- ICSCCU a
Interpolation subroutines

--- ICSEVU a

-- TEMP SR Solves for debris bed and coolant temperature

-- LSGEC0a Factors a real matrix by Gaussian
elimination and estimates the condition of
the matrix

-- LSGESla Solves the real system A*X=B

-- CHEMHTb Computes Zr-steam reaction heat and H2
release

--- NUCLHTb Computes debris decay power

. --- G ASRL Sb Computes fission product release

-- FRMELT Calculates movement of melt front in
cohesive debris bed

-- FRESTT Estirnates time when melt front will reach
lower boundary of cohesive debris bed

.

a. Utility or library subroutine.

b. Currently inactive subroutine. .

!
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TABLE 4. DESCRIPTION OF DBFRAG

Subroutine Function

i DBFRAG
-

(

--FGTIME Determines time steps for rubble debris bed
analysis-

(

| --FGCHAR Computes debris bed characteristics and
debris hydraulic behavior

--F RAGTH Calculates debris bed and coolant
temperatures and thermally-related behavior

--- D RYOUT Computes dryout heat flux of debris bec

---U SMNMXa Finds largest value in a vector

--- REGMOD Modifies region identification number and
temperature distribution along debris bed

--- ICSCCU a
Interpolation subroutines

---ICSEVU a

--- TEMP SR Solves for debris bed and coolant temperature

--- LSGEC0a Factors a real matrix by Gaussian
elimination and estimates the condition of
the matrix

-- LSGESla Solves the real system A*X=B

-- CHEMHTb Computes Zr-steam reaction heat and H2
release

- NUCLHTb Computes debris decay power

--- G ASRLSb Computes fission product release

-- FGMELT Calculates movement of melt front in rubble
debris bed

-- FGE STT Estimates time when melt front will reach
lower boundary of rubble debris bed

a. Utility or library subroutine.

b. Currently inactive subroutine.
,

I
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given in Appendix A. The input and output variables for DBFR0Z and DBFRAG

and the subroutines called by DBFR0Z and DBFRAG are listed in Tables 5
through 19.

.

I
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TABLE 5. INPUT /0UTPUT DESCRIPTI0ft FOR DBFR0Z

_________ g g___ gyp _____________________.___________________________________________
USE NAME STMdOL DtSCRIPIIGN UNIIS

_______________________________________________________________________________________

INPUT ABSMC M^b TOTAL MASS OF CONTkOL ROD M ATERIAL ACCUMdLATED KG
IN COHESIVE DE8kIS REGION

INPUT ALPHAC (1) LFFECTIVE ALPHA-ZR RE AC TI ON AREA M2

INPUT ALPHTC (1) EFFECTIVE ALPHA-ZR RE AC TION LAYER THICKNESS M

INPUT AREAR A TOTAL But4DLE CROSS SECTIONAL AREA IN DE BR IS M2
c REGION

INPUT DELTT At TIME STEP S

INPUT ELVt,C (2) elk VA TION OF POROUS dODY-FROM THE BurTOM 0F ROO M
BUNDLE TO THE 80! TOM OF POROUS B0DY REGIJN

& INPUT HITEC H FROZEN DEBRIS REGION HEIGHT FROM DBREGN P
c

INPUI HTLBCC HTLBCC HEAT TRANSFER INTO COHESIVE DEBRIS COOLANT AT W/M2
lower BUUNDARY

INPUT HTLBCD HTLBCD HEAT 1RANSFER INTO COHESIVE DEBRIS BE D TO L 0 DER W/n2
BOUNDARY

INPUT HTUSCC HTUBCC HEAT TRANSFER INTO COHESIVE DESRIS CODLANT AT WIM2
UPPE4 BOU ND AR Y

INPUT HTUBCD HTUBCD HEAT TRANSFER INTO COHESIVE DEBRIS BED AT JPPER W/M2
BOUitDARY

INPUT I (2) INDEX OF CURRLt4T TIME FROM TIME ARR AY

INPUT MAXL (2) MAXIMdM NUMBER OF NODES IN THE DEBRIS REGI1N
WHICH COMBINED LIQUID, S ATUR ATION, AND VAPO 4
REGION

INPUT ND nd NUMBER OF NODES TO Bc USED IN LIQUID OR V A30R
REGION FOR DEdRI3 REGION

INPUT NT ( 2) NUM8hR OF TIME STEPS IN THE TIME ARRAY

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 5. (CONTINUED)

--------

-------- FURTRIM-- RITR--------------------------------------------------------
UNITSUSE NAME SYMBOL DESCdIPTION

INPUT STRMC M TOTAL PASS OF CORE STRUCTURAL MATERIAaS yG
St ACCUMULATED IN COHESIVE DEBRIS BED

INPUT T (2) TIME STEP AKRAY S

'
INPUT UO2MC M TOTAL MASS OF U02 ACCUMULAIED FOR ALL COMP 3NENTS FG

U0 Ih COHLSIVE DE6RIS BED2

INPUT VINC C00LANI VELOCITY AT dOTTOM OF COHESIVE DEM IS M/Su0 REGION

INPUT VINC00 (2) COOLANT VELOCITY AT BOTTOM OF COHESIVE DEBtIS M/S
REGION AT PREVIOUS TIME S TE P

IMPUT XMASSC (2) 10TAL MASS OF DEBRIS ACCUMUL ATED FOR ALL VG
COMPONENIS IN COHESIVE DEBRIS BED

INPUT ZRMC M TOTAL MASS OF ZR ACCUMULATED FOR ALL COMPONENTS KG !

g Zr IN COHESIVE DEBRIS BED

INPUT ZR02AC (1) L FFECT IVE ZR-STEAM RE AC TION AREA M2

INPUT ZR02MC M TOTAL MASS OF ZR02 ACCUMUL ATED FOR AL L KG
Zr0 COMPONLhTS IN COHESIVE DEBRIS BED j2

INPUT ZR02TC (1) EFFEC TIVE ZR02 RE AC TION L AYER THICKNFSS M

I/O BEDTMP T DEdRIS BED TEMPERATURE CORRESPONDING TO AXIAL K
P NODES t

I
I/O COLTMP T DEdRIS BE D COOL ANT TEMPER ATURE CORRES PONDING TO V

c AXIAL NGDES

I/O ELVAY (2) ELEVATION OF DEBRIS AXIAL NODES M

I/O FGRSC (1) FISSION GAS RELEASE DURING DELTT MOLLS

I /O FISHC (1) FISSION DECAY dEAT GENERATI01 RATE 4/M3

I/O IOREGN IDREG!l DEBRIS REGION ID NUMBER OF LAST TIME STEP '

;

.
. .
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TABLE 5. (CONTINUED)

_________FORTRIn-- RITa-----------------------------------------------------------------
USE NAME SYMBOL DESCRIPTION U9fTS

____________________ ________________________________________________.__________________

I/0 NOND NOND huMBER OF TOTAL NODES IN THE ANALYSIS

I/O OXDAC (1) ZR-STEAM HEAT GtNERAIION RATE WIM3

I/O VOLGSC (1) VOLATILE FISSION PRODUCTS RELEASE FURING D3LTT MOLE

OUTPUT CURTIM (2) CURRENT TIME S

00TPLT DOWNZ (2) L6HGTH OF MOLTEN POOL PENETRATION IN COHESIVE M
DEBRIS

OUTPUT EFFDIA D EFFECTIkE P ARTICLE DI AMETER DERIVED FROM Mc SPECIFIC SURFACE AREA

QUIPUT ELVMC (2) MOLTEN CORE REGION ELEVATION AT LOWER B OU t0 AD Y M

$ GUTPUT ESTDT (2) E5TIMATED TIME OF DISRUPTION S

00TPUT HYDGC (1) HYDRUGEN GENERATI0H DURING DELTT M1LES

OUTPUT INI (2) COHESIVE DE8RIS REGION TYPE

OdTDUT KTERMC (2) FLAG TO INDICATE NORMALITY OF RUN

OUTPUT POROPC AP PRESSURE DROP ACROSS THE COHESIVE BED DA

QUTPUT PORDSC c AVERAGE C0HESIVE BED POROSITYc
OUTPUT 2BDRPT (2) DISRUPTION FLAG

OUTPUT T HiiOT C (2) MOLTEN MATERIAL THICKNESS *

OUTPUT VEtrTC (2) VELOCIIY OF MOLTON POOL FLOWING DOWNWARD M/S

OUTPUT YCHRL I CHAR ACTERIS TIC LENGTH OF FROZEN GED M
c

'

(1) Variables that are curmntly inactive.

(2) Variables are not shown in Section 2.

_ _



TABLE 6. INPUT /0UTI'UT DESCRIPTION FOR DBFRAG

-------~~------------------------
_________FDRTRIN-- RITR------~~------------------~~---TIONUSE NA9E SYMBOL DESCRIP UNITS
________________________________________________________________________________________

INPUT ABSMR M 10TAL PASS OF C0hTROL RCD MATERIAL AC COMJ LA TED KG
Ab IN RUBBLE DEBRIS BED

INPUT ALPHAR (1) EFFECTIVE ALPH&-ZR st AC TION AREA M2

INPUT ALPHTR (1) EFFECTIVE ALPHA-ZR REACTION LAYER THICKNES3 M 1

INPUT AREAR A TOTAL BUNDLE CROSS SECTIONAL AREA IN DE BR IS M2
r REGION ]

INPUT DELTT At TIME S TEP S

INPUT ELVNR (2 ) ELEVATION OF RUBBLE BLO Y-FR OM THE 80T T0F OF ROD w

BUNDLE TO THE BOTTOM OF RUB BLE BJDY R EGIGN >

,

INPUT HIIdG li R AGMENTED DEBR IS REFION HEIGHT FROM DBREG1 M' *

rd
INPUT HTL8RC HTLBCC HEAT TRANSFER INTO RUBBLE DEBRIS COOL ANT AT J/M2

LOWER BGUNDARY

ISPUT HTLBRD HTLBCD HEAT TRANSFER INTO RUBBLE DEBRIS BED AT LOJER 'J/M2
BOUNuARY

INPUT HTUBRC HTUBCC HEAT TRANSFER INTO RUBBLE DE3RIS COOLANT AT W/M2
UPPER B00hDARY

INPUT HTUBRD HTUBCD HEAT TR ANSFER INTO RUBBLE DEBRIS BED AT UP7ER W/M2
UdVNDARY

INPUT I (2) INUEX OF CURREt4T TIME FROM TIME ARRAY

INPUT MAXL (2) MAXIMUP. NUMBER OF h0 DES IN THE DE BR I'. REGION
WHICH COM8It4ED LIQUIDS SATURATION,AND VAPO 4
REG 10tl

INPUT ND nd 14ud BE R OF N00hs TO Bt USED IN LIQUID OR V AP OR
REGION FOR DEBRIS REGI0h

INPUT , NTIME (2) huMBER OF TIME STEPS IN TIME ARRAf

.. . .
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TABLE 6. (CONTINUED)

-- -- -- - - F D E T R A R -- R I T R - -- - - - - -- - - -- -- -- -- --- -- - - -- - -- - - - - - -- - -- - - - - -- -- - - ' - - - - -- - - - - - - -
USE NAhE SYMadL DES CRIP TION U1tTS

________________________________________________________________________________________

INPUT SIZAVR D AVERAGE PARTICLE SIZE OVER ACCUMUL ATE D MAS 3 AND F
r COMPONENTS IN RUBBLE DEBRIS BED

INPUT STRMR M TUTAL MASS OF CORE STRUCTURE MATERIALS K6St ACCUMULATED IN MUBBLE DEdRIS BED

INPUT T (2) TIME STEP ARRAY S

INPUT UO2MR M T0TAL MASS OF U02 ACCUMULATED FUR ALL C OM P3NE N T S KG00 IN RUBBLE DEBRIS BED2

INPUT VINR u C0JLANT INLET VELOCITY AT BOTTOM OF DEBRIS M/S
O REGION

INPUT VINROD (2) COOLANT IhLET VELOCITY AT BOITOM OF DEBRIS M/S
REGION AT PREVIOUS TIME STEP

$$ INPUT XMASSR (2) TOTAL MASS OF DEBRIS ACCUMdLATED FOR ALL kG
COMPONEhiS IN RUBBLE DE BR IS BE0

INPUT ZRMR M TOTAL MASS OF ZIRCALOY ACCUMULATED FOR ALL KGZr COMPONENTS IN RUBBLL DEBRIS dED

INPUT ZR02MR M TOTAL MASS OF ZP02 ACCUPULATED FOR ALL vG
Zr0 COMPONEhTS IN RDBdLE DE BRIS BED2

INPUT ZR02TR (1) EFFECTIVE ZR02 REACTION L AYER THICKNESS M

I/O BEDTMk T Dc8kIS TEMPERATURE CORRESPONDING TO NONR h30ES K
P

I/O COLTMR T COOLANT TEPPERATURE CORRESPONDING TO NONR 10 DES v
c

I/O ELVAR (2) ELEVATION OF AXIAL NODES IN DE8RIS
I/O ELVMR (2) MULTEN CORE REGION ELEVATION AT LOWER BOUN3ARY M

I/O FISHR (1) FISSION /DEC AY HE AT GENER ATION RATE W/n3

I/O IDREGR IDREGN REGION TYPE ID

____-___ - _ _ _ _. .__
- -
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TABLE 6. (CONTINUED)

----~~--

-- -- ---- F D E T R I R -- R I T R--- - - ~ ~ ---- -- -- -- - - - - -- - - -- -- -- -- ----- --- -- -- -- -- ~ ~ ~ - - - - U N I T SUSE NAME SYMBJL DES CRIPTI ON

( ------- ..----...........---........................--............_. ..................

I/O N0iiR N0ND NUMBER OF AXIAL NODES USED Itt DEBRIS REGION
IANALYSISI

I/O OXDAR (1) ZR-STEAM HEAT GENERATION RATE W/M3

OUTPUT CURTIM (2) CURRENT TIME S

UUTPUT DOWhR (2) LENGTH OF MOLTEN POOL PENcTRATION M

OUTPUT ESTDT (2) ESTIMATLD TIME OF DISRUPTION S

OUTPUT HITER H ,L RUBBLE BED HEIGHT M
p f

00TPUT IRT (2) DESRIS REGION TYPE

* UUTPUT KFLUID (2) FLUIDIZ ATIOi4 FL AG, =3 PACKED BED, =1 FLUIDI ZED
* dED

OUTPUT KTERM (2) ABNORMAL TEdMINATION FLAG

00TPUT PDROPR AP PRESSURE DROP ACROSS THE RUBBLE DEBRIS BED PA
1

QUTPUT POROSR c AVERAGE RUBBLE BED PUMOSITY l
'

r

00TPDT PBDRPT (2) DISRUPTION FLAG

00TPUT THMOTR (2) MOLTEN MATERI AL THICKNES '1

QUTPUT VELMUT (2) VELOCITY OF MOLTEN POOL FLOlmING 00WNelARD 4/5

OUTPUT XCHRL 1 CHARACTERISTIC LENGTH OF THE PARTICLE IN RJa9LE *

r DEBRIS BED

_...__--_-____-____-__ _______.-----_ .

(1) Variables that are currently inactive.

(2) Variables are not shown in Section 2.
.
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TABLE 7. IllPUT/0UTPUT DESCRIPTI0ft FOR FRTIME-

-------- FDRTRIra-- PITR------------------~~~------------------------------~~------------
USE NAME S Y Hb OL DESCRIPTION dhll5

. ________________________________________________________________________________________

,

I t4 P UT DELT1h (2) TIME S TEP C ALCUL ATED IN THE DISRUPTED BUNOLE 5
IIME S TE P S U B k O UT i t4 E

INPUT F4S T P (2) hDMBER OF SitPS IN JHICH D 13 RU P lt:0 bbNULE TIME
STEP WILL BE BROKEtt

OUT PUT 'DELTOT (2) TIME STEP TO dE US Eu IN DEBRIS AN ALYS13 . S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

(1) Variables 'that are currently inactive. I
l

(2) Variables are not shown in Section 2. i

a
N

,

.

*

I
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TABLE 8. INPUT /0UTPUT DESCRIPTION FOR FRCHAR

______-- FDNTKIK-- RITR-------------------~~--------~~---~~-----------------------------
USt NAME SYMBOL DESCRIPTION UNITS

________________________________________________________________________________________

INPUT Ad>MC !! TO T AL MAiS OF CONTRJL ROD M ATERIAL ACCUnULAf tD KG
Ab IN CUHdSIVE DEBRIS REGION

INP UT ARE AR A TOTAL duNDLE CROSS SLCTIONAL AR EA IN DEbkIS M2
c REGION

INPUT DLLTC At TIME STEP FOR COHtSIVE DEBRIS REGION $

I!4P U T HITEC li OZEN OtBRIS nGION HEIGHT H ON DBREGN Mc
INPUT ROABS pAb LENSITY OF CONTROL KOD MATERIAL FOR DEBRIS KG/M3

REGION

g INPUT ROCOL p COULAttT DEt4SIIf AI 60iTOM OF DEBRIS KG/M3c
INPUT. RUSTR p DENSITT OF STRUCTURAL MATERIAL IOR DEoKIS REGION KG/M3g

U02 DENSITY KG/M3INPUT ROUO2 pOV
INPUT ROZF pZr DLN31TY KC/N3

INPUT ROZR02 pZr0 ZR02 DENSITY KG/M3
2IhPUT STRMC M TOTAL MA3S OF CORE STRUCTURAL MATERI AL S KG

St ACCUMULATED IN COHESIVE DE8kIS BED

INPUT UO2MC M TOTAL MASS OF 00Z AObMULATED FOR ALL CJ1)J1EiTS (G
UO IN COHtSIvt DEdRIS dED2

I r4P UT V IriC u COOLANT VELOCITY AT BOTTOM OF COHE51Vt UEdkIS M/S
0 REGION

INPbT VINCOD (2) COOLANT VELOLITY AT BOTTOM 0F COHLSIVE DEdRIS f1/ 5
KEGION AT PREVIOUS IIMt STEP

INPUT XMASSC (2) TOTAL MASS OF DEdRIS ACCUMULATED FOR ALL KG
C OMP0N E tt T S IN CUHESIVE DEBR IS BED

INPUT XMUCOL. p VISCOSITY OF COOLANT AT BOTTOM OF DEBRIS KG/SEC/M

,

.
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TABLE 8. (C0tiTIfiUED)

_________g g g ___ g _________________________________________________________________
USE NAML SYMBOL DESCRIPTION JNITS.

________________________________________________________________________________________

INPUT ZdMC M TOTAL MA55 0F ZR ACCUMULATED FOR ALL COMPONENTS AG
Zr IN COHESIVE DEdRIS BED

INPUT ZdO2hc M TOTAL MASS OF ZRU2 ACCUMULATED FOR ALL MG
Zr0 COMPONENTS IN CJHESAVE DEBRIS BLD

2
UUTPoT EFFDIA D EFFECTIVE PARTICLE DIAMETER DERIVED FROM M

c S PE CIF IC SURFACE AREA

OUTPUT KTERMC (2) FL AG T O INDIC ATE NORMALITY' CF RUN

DUTPUT PDRUFC AP PRES $URE DROP ACROSS THE COHESIVE BED PA

uuTPUT PdROSC c AVERAGE COHESIVE uED POR OS I T Y .
c

OUTPUT YCHRL 1 CHAR AC ThKISTIC LEr4GTH OF FROZEN BE 0 Mp
e

_____________________________________

(1) Variables that Ere currently inactive]
~ ' ~

(2) Variables are not shown in Section 2.

s
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TABLE 9. INPUT /0UTPUT uESCRIPTION FOR FR0ZTH

____---~~ MRTRE-- MM---------~~~-~~~~~~~~~~~~-~~~~~-~~---~~~~~---~~~~~~~~~~~---~~~~''
USE I4 A ME S Y MB OL DESCRIPTION U tlI T S

___________________________________________________________,.. ___________________________

I t4 PU T ALPHAC (1) cFFECT ivc ALPHA-ZR KEACTION AREA M2

It4PUT ALPHTC (1) EFFECTIVE ALPHA-ZR RE ACTION L AYER letICKNESS M

It4 P U I BEDTMP T DE8RIS BED TEMPERATURE CORRESP0hDIt4G TO AKIAL A
- P f40 DES

- INPUT COLIhP T DEBRIS BED COULANI IEMPLkATURE CURRESPONDING TO Kc AXIAL NOD ES

INPui DELTT At TIMt STEP S

INPbT EFFDIA D EFFECTIVE PARTICLE DIAMETER DERIVED FROM Mc SPECIFIC SURFACE AREAg
INPUT tLVAY (2) EL EV AIIO1 0F DEBRIS AX I AL NODES 1

INPUT ELVNC (2) ELEVATION OF POROUS BODY-FROM THE BOTTOM OF ROD M
uuNDLE TO THE Burrud GF POROUS BODY REGIUr4

It4PUT FISHC (1) FISSION DECAY HEAT GENERATION RATc W/M3

INPUI H1TEC H FROZEN DEBRIS REGION HEIGHT FROM DBRtGN Mc
IhPUT HTLBCC HTLBCC HtAT TRANSFER INTU COHESIVt DEBRIS C00LAhi AT n/M2

LOWER dOUNDARY

INPUT HTLBCD HTLBCD HEAT TRANSFER INTU COHESIVE DEBkIS BED 10 L0 DER W / ti2
- BOUNDARY

IhPUT HTuBCC HTUBCC HEAT TRAt4SFER It410 COHESIVE DEBRIS C00LAhi AT h / ti2
UPPER BOUNDARY

INPUT HTUBCD HTUBCD HEAT TRANSFER INTO COHESIVE DEBRIS BED AT UPPER W/ fs2
BOUNDARY

IhPUT IDRLbN IDREGN DEBRIS REGIut4 10 t4 UMBER OF LAST TIME 5 f tP

IhPbT MAXL (2) M AX IMuti NUNo ER OF f430ES IN THE DE B R IS E L LI 0tt
W HICH COMBINED LILdID, SATURATICN,AND VAPOR
REGION

.

O
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TABLE 9. (CONTIllVED)

~~-"-~~- FORTRIK-- RITR---------------------------~~----~~~~~~---------------~~~-~~~~---
USE NAME S Y M B OL DESCRIPTION UNITS

________________________________________________________________________________________

INPUI hD nd i4 UMBER OF I40 DES TO dE USED IN LIQUID JR VAPOR
REGIUti r0R DEBRIS REbION

INPUT NOND NOND t4 UMBER OF TOTAL AUDES IN 1HE ANALYSit

IhPUI OXDAC (1) ZR-STEAM HEAT GENLRAT10t4 R'AT E h/M3

INPUT P0kOSL c AV ER AG E C0hESlVE BED POROSITY '

c.

INPUI V It4C u C00LANI VELOCIIf AT BOTTOM OF COHt;iIVE DEBRIS M/sO REGION

INPUT YCHRL 1 CHARACTtRISTIC LENGTH OF FROZEN BED M
c

INPbT ZR02AC (1) EFF EC TIV E ZR-SItAM REACTION AREA M2'

ui It4 P UI ZR02TC (1) E FFEC T IVE ZR02 REACTION LAYER TMICKNESS. M

OUTPUT BEDTNP T DEBRIS BED TEdPtRATURE C0kkESP0bDlt4G TO AXIAL 4
P h0 DES

OJTPUT COLThe T DEBRIS dED C0]LANT IEMPERATURE CURRESPONDING TO K
c AXIAL NODES

OU1PUT DJhNZ (2) LENGTH OF MULTEN POOL PENETRATION IN COHESIVE M'

DE BRIS

OUTPUI ELVAY (2) tL EV ATION OF DE BRIS AXIAL NODES M

OUTPUI ELVMC (2) MOLTEN CORE REG 10N E LE V ATION AT LOWLR BOUNDARY M

UUIPUT FGRSC (1) FISSION G AS NELE ASE DURING DELTT MOLES

UUTPUT FISHC (1) FISSION DECAY HEAI GENERAT10N RATE w/ M3

Da t eu f HfDGC (1) HYDRUGEN GENtRATION DURING DELTT MOLES

OUTPUT IDREbH IDREGN DEBRIS REGION ID NUMBER OF LAST TIME STEP

UuT PUT IMT (2) COHESIVE DEBRIS REGION TYPE

.

$
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TABLE 9. (CONTINUED)

- - -- - - - - F D E T K I E- - FJ T R - - - - -- - -- - - - - - - - - - - - - -- ~ ~ - - - - - - - - ~ ~ - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -
USE NAME SYMBOL DESCRIPTION Uti1T$

---------------------------------- .............------..........-------------......-----

OUTPUT N Dt.D NOND NUMcER OF IOlAL NODES Ih THE ANALYSIS
OUTPUT OXDAC (1) ZR-STEAM NcAT GENERATION RATE w/M3

OUTPUT THNOTL (2) MULTEN MATERIAL THICKNESS M

UOTPUT VOLGSC (1) VOLAllLE FISSION PRODUCTS RELEASt FUlilNG DE L IT HOLE

_______-_---__-_-__-_------__-_-__--_.

-(1) Variables that are currently inactive. ~ j

(2) Variables are not shown in Section 2. I

m
N
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TABLE 10. INPUT /0UTPUT DESCRIPTION FOR FRMELT

--------

FURTFIK-~~RITR-------------------------------------------------~~--------------
USE 14 AM E SYMBOL DESCRIPTION UNIlh

________________________________________________________________________________________

IttPUI DELTL At TiltE S Tt:P FOR COHESAVE DEBkIS REGION S

INPUT ELVAy (2) ELEVATION OF DEBRIS AXIAL NODES M

I t# UI E LVMC (2) MOLTEN CORE REGION E LEVATION AT LOWLR BOUI4DARY M

INPUI IMT (2) COHESIVE DEdRIS REGION TYPE

INPUT NdND NOND NUMBER OF TOTAL NODES IN THE ANALYSIS

OvTPUI VELMlC (2) VELOCITY OF 110L Iuh POUL FLOWING 00dNJARU M/S

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

m _(1) Variables that are currently inactive. |"

(2) Variables are not shown in Section 2. |

.

.

e



1

TABLE ll. INPUT /0UTPUT DESCRIPTION FOR FRESTT
.

_______________________________________

_________pgg777g___gg7p__________________________ESCRIPTION
USE NAME S Y MB OL D UNITS

________________________________________________________________________________________

| It.PUT CURTIM (2) CURRENT TIME S

IhPUT ELVMc (2) NOLTEN CORE REGION dLEVATION AT LOWER 6 00.4 0 A R f M

INPUT EL V t;C (2) ELEVATION OF PO4uuS BODY-FROM THE BUTTOM OF ROD M
duNDLE TO THL BO T T 0.1 0F POROUS BODY REGIUN

It4 PU I btLhTC (2) VELOCIff 0F MOLTON POOL FL0hING D0nNh ARD M/S

OLTPUT tJTD1 (2) ESTIMAT'E0 TINE OF D IS RU P T10h S

--

_________ ___________________________.
~

(1) Variables that are currently inactive.''y,
u

(2) Variables are not shown in Section 2. t

.

|

. .

.

. . . . . . .
.

. . . . .
. . . .

. . . _
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TABLE 12. INPUT /0UTPUT DESCRIPTION FOR FGT!!iE

'- FDETFIn-- MITR-----------------------------------------------------------------
_ _ _ _ _ .

USE NAME SYMBOL DESCRIPTION UNIls
________________________________________________________________________________________

%

1hPuT DELTlh (2) TIME STEP CALCULATED IN THE DISRUP1ED BUNDLE S
TIME STEP SbodOUTINE

.

IhPLT HSTP (2) NUMBLR 06- STLPS IN WHICH DISRUPIED BUNDLL TIttE
STEP WILL BE BROKEN

DUT PUT DELTOT (2) TIME S TEP TD Bt UStD IN DEBRIS ANALYSIS S

_____________________________________

(1) Variables that are currently ina$tive[!
(2) Variables are not shown in Section 2.,

u,
U1

,

*

1

-.



. _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 13. INPUT /0UTPUT DESCRIPTION FOR FGCHAR

-~~----- FURTRIK-- RITR------------------~~''--~~------~~~~~---~~------------------------
USk 44 AM E SYMBOL DESCRIPTION UhllS

________________________________________________________________________________________

INPUT AdSMR M TOTAL dASS OF CONIRdL ROD MATERIAL ACCOMULATED KG
Ab IN Ruddle DE6415 dED

INPUT AWEAR A TOTAL dVNDLL CROS5 SECTI0hAL AREA IN DEBRIS M2
r REGION

INPUI DELTk At TIME STEP FOR DEdKIS RE610N S

INPUT HITkG li "" " " " "rd
It4 P U T ROABS p DENSITY OF CONTROL ROD MATERIAL FOF DEdklS KG/M3

Ab REGION

ihPUI ROLOL p C OOL,AN T. D ENSi l Y A T du T TOM OF D EBR IS KG/M3g
1hPUT ROSTk pSt utNSIT( OF STRUCTbKAL MATERIAL FOR DtdRIS REGION K G/ M3

INPUT ROUO2 p U02 DENSITY KG/M3
U0

INPUT ROZR 2 ZR DENSITY K G/ M3
,

pZr
ZR02 DENSITY G/M3INPUT R0ZR02 pZr0

thPuT SIZAvk D AVERAGE PARTICLE SIZE OVER ACCUMULATED MASS AND M
'

r COMPONENTS IN RudBLE DEBRIS BED

lhPUT STkMP M TOTAL MA3S OF CORT STRUCTURE MAlERIALS AG
St ACCbMULATED AN RUBBLE DEBRIS BED

INPUT 002MR M TOTAL MASS OF 002 ACCUMULATED FLR ALL COMPdNENTS KG
0 IN Ruddle DEBRIS dED2

IhPUT VINR u COOLANT INLET VELOCITY AT BOTTOM OF DEuk15 M/ S
0 R E G ION

INPbT VINRLL (2) COOLANT INLLT J E L OC IT Y AT BUTTOM OF DEBKIS M/S
REG 10il Al PREVIOUS IINE STEP

ANPUI XNASSR (2) TOTAL dASS GF DEdRIS ACCUMULATED FOR ALL KG
COMP 0hENTS IN Kud B t.E- DE BR IS BED

- - ..

_ - _ _ _ _ _ _ _ _ _



_-________-__-- .

. .

.

.

. .

TABLE 13. (C0flTIrluED)

-------- FURTRIM-- RITR--~~----------------------------------------------------------~~-
USE i A.1 E SYMBOL DE S C RIP T ION U11Th

________________________________________________________________________________________

INPUT xdUCOL p VISCOSITY OF CJOLAl4T AT BOTTOM OF DEBRIS n3 / S L C / t'.

I h P u l- ZRMP f1 TOTAL dASS OF ZIRCALOY ACCUMULATED FOR ALL KGZr C OMP0h Et4 T S I t4 RuoBLE DEBRIS BED

I ?4 7 0 T Z R 0 2M F M TOTAL MASS OF 2Rd2 ACCLMULATED FOR ALL KGZr0 C0hPONEt4TS lh RU3BLE DEBRIS BED2
'

00TPUT HITLR L ,Il RUa6LE BED HEIGHT M
7

OUTPUT KFLblD (2) F L UIDIZ AT 10t1 FLAG, =0 PACKED BED, =I FLUIDIZED
BED

OUTPUT KTERh (2) ABNURNAL T ERMINAT10re F L AG

OUT PUT PUROPL AP PRESSURE DROP ACR OSS THE RUBBLE DEBRIS BED PA

O UuTPUT PORUSk c AVERAGE RuaBLE SED POROSITY.

r
OUTPJT XCHkL 1 CHARACTERISTIC LENGTH OF THE PARTICLE IN RudBLE N

r UEBRIS BED
.

_____________________________________-
^ ~

(1) Variables that are curmntly inactive. j
(2) Variables are not shown in Section 2. !

,

.

I

s
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TABLE 14. IUPUT/0UTPUT DESCRIPTION FOR FRAGTH .

_------- FCETRIK-- RITU-----------~~--------~~--------~~~~-------~~--~~~---~~~---NIIS
------

J5E fl AP E S f M80L DESCRIPTION U

________________________________________________________________________________________

IhPUT ALPHAR (1) EFFECTIVE ALPdA-ZR kEACTION AREA M2

INPUT ALFH1R (1) E F F EC T I5/E ALPHA-ZR REACTIUN LAYER THICKHE3S M

IhPUT A R E A F, A TOTAL BUNDLE Cxuss SECIIONAL AREA 11 DL6RIi M2
P REGION

IhPUI DELTk At TIME S TEP F0k DEoRIS REGION S

INPbT ELVt;R (2) ELEVATION OF RO3dLt BODY-FROM THE buiTOM UF K00 M
BUhDLE TO THE BUTTOM OF RUSBLE B30Y RebI01

IhPUT HITER H .L RUBBLE BED HEIGHT M
f

$ INPUT HTLBRC HTLBCC HEAT TRANSFER IN10 RLBBLE DEBRIS COOLANT AT h/M2
LOWER dOUNDARY

INPUT HTL66.0 HTLBCD HtAT T R AN SF ER INTO RUBBLE DEBRIS BED AT lower W/M2
buut4DARY

If4PUI HTubkC HTUBCC HEAT TRANSFER INTd RUBBLt DFBRIS COOL Al4[ Al W/M2
UPPER d3UNDARY

INP UT HTUdFD HTUBCD HEAT TRANSFER INTO RUBBLE DLeRIS BED AT UPPER WiM2
BOUNDARY

INPUT KFLUID (2) FL UIDI Z A T I ON PLAG, =0 PACKED BED, =1 FLUIDIZED
BED

If4PbT MAAL (2) M AXIMUM NUMBLR OF h0 DES IN THE LE6HIS kEGldN
WHILH CDMBINtd LIQUIDS S AluRATICN, AND VAPdR
REGION

INPUI ND nd hum 6td 0F F400ES IO BE USED IN LIQUID OR VAPOR
RtGIUN FOR DtdRIS dEGION

INeul POROSP c AVEkAGE RUdBLE 6ED PORUSITY.
r

i LNPUT SIZAVR D AVERAGE PARTICLE SIZE OVER ACCUMbLAIED MASS AND M
r COMPONENIS It1 Ruddle DEBPIS BED|

|

.

Og

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 14. (CONTINUED)

~~------ FURTRIR-- RITR-----------------------------------------------------------------
USE NAME SYhBOL DESCRIPTION UNITS

________________________________________________________________________________________

L

I 4 80N tiiR u COULANT INLi-T vi L U:4 41 Y L T 3 3 TT31i J F JEHli: tt/ 5
0 REGION

Ir4P U T XCHRL l CHARACTERISTIC LENGIH OF THE PARTICLE Ih RuuBLE M
P DEBRIS BED

INPui ZR02AP (1) EFFECTIVE ZR-3 TEAM REACTION AREA M2

IhPUT ZRU21R (1) EFFLCTIVE ZkU2 REACTION LAYER THICKNESS M -

UUTPUT BSDTHR T DEBRIS TEMPEKATURL CORkESPONDING TO NONR N00ES
p

OUTPUT COLfMR T COOL AN T TEMPER ATUKE CORRESPONDIhG D NONR NODES
c

UUTPUT 00nNR (2) LENGTH OF MULTEN PUUL PENETRATION M

UUTPUT ELVAR ( 2) ELEVATION OF AXIAL h0 DES IN DEBkISg
DLTPUT CLVMk ( 2) MULTEN CdRt kEGION ELEV ATION AT LOWER BOUNDARY M

OUTPUT FGRSR ( 2) FISSION GAS kcLEASE (MOLES) DURING DELTR

UUTPUI FISHR (1) FISSION /0EC AY HEAT GENER ATION R ATE W/ H3

30TPUT H f D GI- (1) HYDiidGEN GEt4LR AT10h DURING DELTR tt 0L E S

DJTPJT IUREGR IDREGN RE G ION TYPE ID

'0UTPUT IRT (2 ) DEBRIS REGION TYPE -

UUTPdT Nut 4P NOND huMdEk 0F AXIAL NODES USED IN DEBRIS REGION
AN ALYS IS

OUTPJT 0x0AR (1) AR-STEAM HEAT GEhERATION RATE W/M3

JUTPUI TEST 8b (2) ESTIMATED TIME S T E P F 0R LOWER BOUN0 sJ f S'

DREAKTHROUGH AFIER CURRENT TIME
.

DUTPUT THH0T P (2) HOLTEN MATERIAL T HIC kNES M

.

_ _ _ _ . . _ _ . . _ . _ _ . _
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TABLE 14. (CONTINUED)
,

1

- - - ~ ~ ~ ~ ~ F D E T R I E - - FJ T R- - - - - - - - - - - - - -- - - - - - - - - - ~ ~ ~- ---- ---- - - - - - - ~ ~ - ~ ~ - - - - - - - - - - - - - - - - - - 1

USE NAME S Y NB OL DESCRIPT10h unit) |

________________________________________________________________________________________

.

GUTPUT VELNLT (2) VELOCITY OF MulTEN POOL FLOWING D0hhhAkb M/S

00iPJT VOLGSR (1) VOLATILE FISSidN PRODUCTS RELE AS6 DukING DELTR MOLE

____________________________________.

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

.

J

O

,

e

'

/
I

.

G

- _ -
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TABLE 15. INPUT /0UTPUT DESCRIPTION FOR FGMELT

-------- FDETFAK-- RITR-----~~----------------------------------------------------------
USE NAME SYMBOL DESCRIPTION UNITS

________________________________________________________________________________________

.

INPbT DELTR At TIME STLP EOR DEBhI3 REGION 5

INPUT ELVAF, (2) ELEVATION OF AXIAL NODES IN DEBRIS

INPUT ELVMR' (2) MULTEN COR E R EG10h ELEV ATION AT LOWER 60UNDARY M

INPUT IRT (2) DEBRIS MEGION TfPE

INPUT NONF NOND NUMBER OF AXIAL NODc5 USED IN DEBRIS RtGION
AN ALYS IS

00TPUT VELMOT (2) VELOCITf 0F MOL(EN POOL FLOWING 00tet4W ARD M/S

______-__________-_______.__________.---a
~

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

.

.

9

_ _ _ _ _ . _ _ _ _ _ _ __
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n

!-

TABLE 16. INPUT /0UTPUT DESCRIPTION FOR FGESTT

i

-----

_________pg 77 g - R TR-----------------------------------------------------------ITSUSE NAME L f MB OL DESCRIPTIch UN ,

!________________________________________________________________________________________

Ird u T CunTIM (2) CURRENT TIME S

.
INPUT ELVMk (2) MOLTEN CORD REG 10rt ELEVATION AT LOWEK 600NDARY M

INPUT LLVNR (2) tL EVA TI0ti U F RU8BLt BODY-FROM THE BOTTOM UF ROD M
duNULE T O THE ' 8 0110M OF RudBLE BOLY EEbluN

IhPUT VELMOT (2) VELOCITY uF MOLTEN POOL FLOWING DuhNwAKO 11 / 5

OUTPui E5101 (2) tSTINATED TIME OF DISRUPTION 5

____________________________________.

(1) Variables that 'are currently inactive.'
!cn

."
(2) Variables are not shown in Section 2. ;'

|
:

.

t

.

.
e *

__ __
l
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TABLE 17. INPUN0VTPUTDESCRIPTIONFORDRYOUT

-------- FDETRAn-- RITD-----~~----------------------------------------------------------
USE NAME SYMBOL DESCRIPTION UNIIS

________________________________________________________________________________________

'

INPUT EFFDIA d EFFECTIVE PARTICLE DI AMETER DERIVED FROM M
SPECIFIC SUkFACE AREA

ANPUT HFG h LATENT HEAT OF VAPORIZATION J/KGg
INPUT HITEC li FROZEN DEBRIS KEGION HEIGHT FROM DBREGN Mc
I t<P U T PDROFC AP PRESSURE DROP ACROSS THE COHESIVE BED PA

INPUT PURO5C c AVERAGE COHESIVE BED PUROSITY

INPUT QVUL Q VOLUMETk1C HEAT GEt4EkATION RATE w/M3

COOLANT DENSI[Y AT BUTTOM OF DEBn1S AG/M3m thPUT R UC OL p1w
I t4P U T ROVAP p VAPOR DE t4 S IT Y KG/M3

INPUT SUNTC o SURFACE TEtiS10N Of C00LAt4T PA

INPUI VINC u COOLANT VE!Or Uf AT dOTTOM OF COHESIVt DE3RIS M/S
0 kEGIUN

INPUT XMUCOL p VISCOSITY OF COULANI Al BOTTOM OF DEBkIS KG/StC/M
1 .

li4 P U T XMOVAP p VAPOR VIS C OS I T Y KG/SE/M

00T Pui QDYOUT q DRYOUT R AT M w/M2d,

__________________________._________

(1) Variables that are currently inactive. ..

(2) Variables are not shown in Section 2.

.



TABLE 18. INPUT /0UTPUT DESCRIPTION FOR REGT10D
.

-
--

RITR--------------~~~-------------------------~~~~----------~~-------
__-------

USE N Ar.F S Y MB LL DESCRIPTION UNIT 5
________________________________________________________________________________________

I t4 P U I BED 1hP T DEBRIS BED TEMPERAluRE C OR R E S P 0hDIt4G TO AxlAL K
P tiU D E S -

INPUT CULlMP T DEBRIS BED C00LAt4T TEMPERATURE CORNESP0t4 DING TO K
c Ax1AL NODES

,

INPUT ELVAY (2) ELE / AT ION OF DEBRJ S AXI AL NODES M

INPbi ELVht (2) E LE V AT ION OF POROUS BODY-FROM THE BOIT0n UF RdD M
BUNDLE TU THE B0110M OF POROUS BODY REGION

INPUI HITEC H FR0 ZEN DEBRIS REGluti HE IGHT FROM UBREGtt Mc
m I t4 P U T IDR (2) REGION ID NUMBtR CALCULATED IN FROITri OR FRAGTH
#

INPUT IDRLGN IDREGN DEBRIS REGIOta 10 t4UMBE R OF LAST TIME STEP

INeUT MAXL (2) MAXIMUM .10MuER OF t400 ES IN THE DEBMIb REGION
WHICH C.11BINLD LIQUID, S ATUR ATIch, AND VAPOR
REGION

I tS P O T t4 D nd NUMBER UF (400E S TO BE LSED IN LIQUID On VAPOR,

REGION FOR DLB415 REGION

ItPUT h0ND NOND huttBtiR UF TOTAL NUDES IN THE ANALYSIS

IhPUT ISAT T C00LANI SA1URATION TEMPERATURE K
sd ,

INP UT XLLIO L LIQUID REGION LENGIH M
sc

INPUT XLSA1 L SATURATION REGION L E tiGT H Mg

It.P UT ALVAP L V APOR REGION LEt4GTH M
sp

OUIPUI BtDTMP T DEBRAS BED TLMPE R ATOPE C0KRESP0hDIhG TO A AI AL K
P NODES

UUfPUT COL 1hP T DEBRIS BED CUOLANT TEMFERATURE CORRESPONDING TO K
C AAIAL NODES

. .
6



. . . . - . _ _ -- ._ - . _ . . .

..
-

. .
-

TABLE 18. (C0flTINUED)
. ,.

-------- FDATFIK-- PITD--------------~~------------------------------------------------- !

USE NAME SYMBUL DESCRIPTION UNITS
_____________________________________________________________________ __________________

.

DUTPUT ELVAY (2) ELEVATION OF DEdRIS AXIAL NODES M

____________________________________.

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

.

O
U1 .

.

5

D

.

{

s

# -- -. , _ _ _ _ _ _ _
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TABLE 19. INPUT /0UTPUT DESCRIPTION FOR TE!!PSR

-------~~FD TFIM-- RITD--------------------------------------------------------~~-------
USE NAhE S Y MB OL DE S C RIPT ION UNiiS

________________________________________________________________________________________

IhPUT DEL TT At TIME S TEP S.

INPUT DcLTZ Az DISTANCE BETWEEN AAIAL NODE M

! It4PUI HTLBCC HTLBCC HEAT TRA?iSFEx INTO COHESIVE DEBRIS CJOLAf4T AT W/t12
LUwER 80JhDARY

INPUT HT LBC D HTUBCD HEAT TRANSFER INTO COHESIVE DEBRIS BED TU LOWER W/M2
B00 t4D A RY

INPUT h'.;BLC liTUBCC HE A T TR Ai4S FE R INTO COHESIVE DEBRIS C0dLANT AT W/M2
UPPER dOJNDARY

m INPui HTUdC0 HTUBCD HEAT TRANSFER INTO CbHESIVE DEBRIS EdD Al LPPER w/M2* b0UNDARY

INPUT HVSC HV HEAT TRANSFER COEFFICIENT BETwELN B E.d Ar4 D W/k/M3
COOLANT, VOLUMETRIC

INPUT 10 Y 0T - (2) INDIC ATOR OF COUL ANT STATE

INPUT N nd NUM ts E R OF AAIAL t400tS
- IhP bT N2 2 nd 2te FOR SOLVIt4G COULANT AND BED TEMPEkATUkE

S IMUL s' AN EDUSL Y -

IhPUT P0kOSC c AVERAGE C0HESIVE BE0 PORDSITY

ItiP UT QVOL Q''' VOLUME TRIC HL A T GENER ATION RATE W/M3

IhPUT TCOLLO T COOLANT TEMPERATORt AT N NODES AT PkEVIOUS TIME K
c STEP

IhPUT TEMPCO T BE D TEMPERAluRE AT N NUDES AT PkEVICOS 11ME STEP Kp

IhPUT VINC u COOLANT VELDCITY AT BOTTOM OF C0HESIVE DLBRIS M/Sn PEGION

.

* * e,



_ _ _ . - __ - _- .
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. .
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.

TABLE 19. (CONTINUED)

- - - - - - - - F E T R K - - R I T R - - - - - -- - - -- ~ ~ ~ ~ --- -- ----- - - - - - - - - - - - - - - - - - - -
USE (4AME S Y hB UL D E SC RI P TI 0ld Ut41 T S

____________________________________________________________________________________ ___

OUTPui TCOLC T COOL ANT. (EMPER ATUFE K
c

UUTPUT TEMPC T BED TEMPERATURE K
p

t

(1) Variables that are currently inactive.'
I

(2) Variables are not shown in Section 2. !

cn
N

s

%

%

7

o

_ _ _ _ _ _ _ _ _ ,_ _ - _ _ _ . _ _ _ _ _ . _ _ _ _ _
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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 discussad in the following sections.

4.1 FRCHAR

I
! 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 porcsities 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 fluidization velocity,

i 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

i 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

.

68
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TABLE 20. TEST RESULTS OF FRCHtR

aP
(Pa)

Coolant Debris
Velocity Bed Hand

(m/s) Porosity FRCHAR Calculation
,

0.01 0.37 7.775 x 102 7.775 x 102
3 2.254 x 1030.02 0.37 2.254 x 10

0.03 0.37 4.430 x 103 4.430 x 103.

0.04 0.37 7.305 x 103 7.305 x 103
0.05 0.37 1.088 x 104 1.088 x 104

I 0.06 0.37 1.515 x 104 1.515 x 104
0.07 0.37 2.012 x 104 2.013 x 104
0.08 0.37 2.580 x 104 2.580 x 104

4 0.09 0.37 3.217 x 104 3.217 x 104
0.10 0.37 3.924 x 104 3.924 x 104

0.14 0.37 7.451 x 104 7.451 x 104
0.01 0.104 4.329 x 104 4.328 x 104
0.02 0.104 1.162 x 105 1.181 x 105
0.03 0.104 2.246 x 105 2.246 x 105
0.04 0.104 3.627 x 105 3.625 x 105

i 0.05 0.104 5.323 x 105 5.321 x 105
0.06 0.104 7.335 x 105 7.333 x 105
0.07 0.104 9.663 x 105 9.660 x 105
0.08 0.104 1.231 x 106 1.230 x 105

1 0.09 0.104 1.527 x 106 1.526 x 106

O.10 0.104 1.854 x 106 1.854 x 106
'

0.14 0.104 3.480 x 105 3.479 x 106,

i

i

|

\

.

'

:

!
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TABLE 21. TEST RESULTS OF FRCHAR
,

AP'

(Pa)
Coolant Debris

; Velocity Bed Hand
(m/s) Porosity FRCHAR Calculation .

j 0.001 0.37 4.629 x 101 4.629 x 101
0.002 0.37 9.957 x 101 9.957 x 101
0.003 0.37 1.598 x 102 1.599 x 102
0.004 0.37 2.271 x 102 2.271 x 102
0.005 0.37 3.014 x 102 3.014 x 1024

0.006 0.37 3.826 x 102 3.826 x 102
0.007 0.37 4.709 x 102 4.709 x 102
0.008 0.37 5.661 x 102 5.661 x 102
0.009 0.37 6.683 x 102 6.683 x 102
0.010 0.37 7.775 x 102 7.775 x 102

30.015 0.37 1.428 x 10 1.429 x 103*

0.020 0.37 2.254 x 103 2.254 x 103
0.0001 0.45 8.503 x 101 8.503 x 101I

0.0002 0.45 1.703 x 102 1.703 x 102
0.0003 0.45 2.557 x 102 2.557 x 102>

0.0004 0.45 3.414 x 102 3.414 x 102
0.0005 0.45 4.272 x 102 4.272 x 102
0.0006 0.45 5.133 x 102 5.133 x 102
0.0007 0.45 5.996 x 102 5.996 x 102
0.0008 0.45 6.860 x 102 6.860 x 102

0.0009 0.45 7.727 x 102 7.727 x 102,

O.0010 0.45 8.596 x 102 8.596 x 102'

0.0020 0.45 1.740 x 103 1.740 x 103
0.0030 0.45 2.641 x 103 2.641 x 103
0.0040 0.45 3.563 x 103 3.563 x 103

-

i

i

!

70
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TEST C0t1DITI0t45 0F THE TWO EXAMPLES IN REFERENCE 32TABLE 22.

Example 1 Example 2
|

0.7366 0.7112
Fixed bed height, m

0.45 0.37
Fixed bed porosity

7.493 x 10-4 4.4196 x 10-3.

Particle average diameter, m
3

3 2.547 x 103 1.602 x 10
Particle density, kg/m

3 9.98 x 102 9.98 x 102
Coolant density, kg/m

1.259 x 10-2 1.244 x 10-I
Coolant velocity, m/s

1.30 x 10-3 1.0 x 10-3
Coolant viscosity, kg/m s

71
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examples are shown in Table 23. The results in Tables 21 and 23 demonstrate

that FGCHAR does calculate rubble debris bed characteristics and hyoraulic
behavior reasonably well for both the packed and fluidized bed configura-
tions, respectively.

4.3 TEMPSR

Debris bed and coolant temperatures are solved simultaneously in the
TEMPSR subroutine. Steady state and transient temperature solutions by
TEMPSR have been checked by comparison with analytical solutions. Cal-

culated debris bed and coolant temperatures versus time are shown in

Figure 4 for the case where the debris bed temperature is initially 2 K
greater than that of the overlying coolant. With good heat transfer between
debris and coolant (heat transfer coefficient greater than 1013 3W/m.g)
and no heat generation within the debris, the debris bed and coolant tem-

peratures would be expected to reach an equilibrium temperature state very
rapidly. This result is shown to occur in Figure 4 which indicates the
TEMPSR calculations have been properly implemented. A second check case was

made by assuming a continuous heating of the bed without any heat transfer
within the porous system. For such conditions, debris bed temperature
increases proportionally to the heating time, as shown in Figure 5. Agree-
ment between the TEMPSR result and the analytical solution is excellent
which indicates proper implementation within TEMPSR.

'

4.4 REGMOD

As discussed in Section 2.2.1, different regions may be used in

analyzing debris bed and coolant temperatures, depending on coolant temper-
ature, heat generation rate within the debris, and coolant flow rate.
During the temperature calculations, the debris bed and coolant temperature
distributions are modified by subroutine REGMOD to correspond to a new

nodalization if the assigned region identification number is changed. The
temperature distribution of the debris bed and coolant should be identical
before and after calling REGMOD although the node number, elevation, and

|
|
|
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TABLE 23. COMPARISON OF FGCHAR PREDICTIONS WITH TEXTBOOK SOLUTIONS

Example 1 Example 2
i

.

j FGCHAR Textbook Solution FGCHAR Textbook Solution

Minimum 4.353 x 10-3 4.302 x 10-3 2.118 x 10-2 2.147 x 10-2
fluidiza-
tion
velocity,

m/s,

Expanded 1.02 1.01 1.99 1.99
_

bed
height,<

m

Expanded 0.60 0.60 0.775 0.775 1

bed
porosity

Pressure 6.16 x 103 6.15 x 103 2.654 x 103 2.652 x 103i

drop
,

across the*

; bed, Pa

i

[

,

*
>

,

t

,

1

$

.

'

f I
I

-
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corresponding temperature may be changed. The interpolation capability of
REGM00 for various transitions of region identification 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 FR0ZTH and FRAGTH

Subroutines FR0ZTH and FRAGTH compute debris and 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.' m

3 97,32. Constant volumetric heat generation rate of 3.38 x 10

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 FR0ZTH and FRAGTH.

|

|
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APPENDIX A

LISTINGS OF DEBRIS BEHAVIOR MODELS

FORTRAN listings of the subroutines which are used to calculate debris-

bed characteristics and thermal behavior are given in Tables A-1 through

A-15. Listings of DBDRTV, DEBINP, DBTIME, and 080VTD are given in

Tables A-16 through A-19.

,
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TABLE A-1. LISTIrlG OF DBFR0Z

~

C
C

SUBROUTINE DBFROZ ( XMASSC s ZRNC , ZR02MC s CO2MC s STRMC s

+ A8SMC s AREAR s HITEC s VINC s VINCOD s
+ ZRO2TC s ZR02AC s ALPhTC , ALPHAC s ELVNC s
+ HTLBCD s HTLSCC s HTUBCD s HTUSCC s ND s

+ MAXL s DELTT s POROSC s PDROPC s
+ YCHRL s KTERMC s EFFDIA s IDREGN s NOND s
+ ELVAY , BEDTMP , COLTMP s THMOTC s ELVMC ,

+ OXDAC s FISHC s HYDGC s FGRSC s VOLGSC s
+ IMT s DOWNZ s VELTMC s T s
+ N s I s CISRUP s CURTIM s ESTDT I

C
C
C SUBCODE NAME: DBFROZ
C PURPOSE: COHESIVE DEBRIS ANALYSIS DRIVER
C CALLIhG' SUBROUTINES: DBUNDL
C SUBROUTINES C ALLED: FRTIME , FRCHAR s FROZTH s FRESTT
C WORK PACAAGE: 15
C ENGINEER / PROGRAMMER: S.T.HSIEH/G.H. BEERS
C L AST MODIFIC ATION D ATE: 11/30/81
C

b
C
C
C DBFROZ HAS BEEN 'mRITTEN TO RESPOND TO THE NEEDS OF THE DBUNDL LOGIC.
C THERE ARg NO REGION DIMENSIONS SINCE THE ASSUMPTI0t4 IS THAT DBUNDL
C KEt P TR ACK OF DIMENSIONING FOR *NUMREG*. IN ThE FINAL FORMS

b ON THb UM0hN Oh AikAf NODEh
C
C THE INTO DBFROZ FROM DBUNDLE IS ASSUMED TO GO FROM
C T (1) TIME

*T* COMING
TO T(I) + D ELTA T.

C

b __ __ ____ ___ __--- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _____________

C
C R UBBLE DEBRIS ANALYSIS LOGIC [DBFRAGJ
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C
C
C :COMPUT E TIME STEP, T (1)-T(N ) [FGTIME3
C
C II=1
C

{100WHILE: I.LT.N

C 3 COMPUTE DEBRIS BE D CH ARACTERISTICS INCLUDING HYDR AULIC BEHAVIOR [FGCHAR)
C .

C 2COMPUT E DEBRIS BED THERM ALLY-R EL ATED BEHAVIOR [FRAGTH]
C
C IF: DEBRIS BED MELTING OCCURS?

!
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TABLE A-1. (C0flTIllUED)

C
C : THENS COMPUTE LIQ UEF IED MATERIAL MOVEMENT [FGNELT3
C
C * EN DIF
C
C * ifs REGION BOUNDARY IS DISRUPTED 7
C
C THEN:
C
C * SET DISRUPTION :L AL'
C
C : SET N TO I+1
C
C SET T(N) TO CURRENT TIPE
C
C *ELSE:
C

* ESTIMATE TIME FOR BOUNDARY DISRUPTION [FGESTT]g
C *IF ESTIM ATED TIME IS .LT. T(I+2), THEN T( I+2 ) =E ST. TIME

{ ENDIF

C * ENDO:
C
C
C
C
C
C

b
DIP.ENSION ELVAY ( 41 ) , BEDTMP ( 41 ) , COLTMP ( 41 ) s

+ IMT ( 41 ) , ROMX ( 40 ) , CPMX ( 40 ) ,
+ XMUX ( 40 ) s XKNX ( 40 ) s TC ( 20 ) ,
+ T ( N )

C
C

COMMON ROZR , R0ZR02 s ROUO2 s ROSTR , ROABS s ROCOLD s
+ XMUCD s ROCOL s XMUCOL s ROVAP , XMUVAP s HFG s
+ SURTC s CPCOL s XKCUL s XKVAP s CPDE8 s TSAT s
+ ROSAT , TMELT , XLATC s ROMX s CPMX s XMUX ,
+ XKMX s XMUF3 s RODES

LOGICAL DISRUP
C
C
C
C

NSTPC = 10
C
C |

I

.

i
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TABLE A-1. (CONTINUED)

. - _ _ . - . . . . - -

C CALL FRTIME TO BREAKUP TIME STEP COMING FRCM DBUNDL INTO SMALLER .

C INicRVALS WHICH WILL DEPEND ON THE VALUE OF NSTP
C

CALL FRTINE ( T (I) s DELTT , TC s NSTPC )
C -

J =1
C

10 CONTINU E

C TEST TIME TO PREVENT ENTERING TIME FROM BEING ZERO
C

IF ( TC( J ) .EQ. 0.0 ) J =J +1
C

IF ( J .LT. NSTPC ) THEN
C

CURTIM = TC ( J )
DE LTC TC ( J+ 1 ) - TC ( J )=

C

CALL FRCHAR ( XMASSC s ZRMC s ZRG2MC s UO2MC , STRMC s
+ A B Si1C s AREAR s HITEC , VINC s VINCOD s
+ QELTC POROSC s PDROPC s YCHRL s KTERMC ss
+ tFFDIA )

C
C
C C ALL FROZTH TO DETERMINE THE BEHAVIOR OF PCROUS BED
C

CALL F ROZTH ( EFFDIA s POROSC , HITEC s YCHRL , V INC ,
+ ZRG2TC s ZR02AC s ALPHTC s ALPHAC s ELVNC ,
+ HTLBCD , HTLBCC s HTUBCD s HTUBCC s ND ,
+ MAXL s DELTC s IDREGN s NOND s ELVAY s
+ BEDTMP s COLTMP s THMOTC , ELVMC s OXDAC s
+ FISHC s HYDGC s FGRSC s VOLGSC s IMT s
+ DOWNZ , DISRUP )

C
C
C COMPUTE LIQUIFIED MATERIAL MOVEMENT IF DEBRIS BED MELTING OCCURS
C

CALL FRMELT ( NOND , IMT s ELVMC s ELVAY s DELTC s+ VELMTC 1
C
C
C CHECK FOR LOWER REGION BOUNDARY BREAKTHROUGH
C

C IF BREAKTHROUGH OCCUR $s RETURN TO DBUNDL h1TH END OF TIME INTERVAL
C tQUAL TO CURRENT TIME.
C

IF ( DISRUP ) THEN
C

NSTPC = J
C

ELSE

86



TABLE A-1. (CONTINUED)

C
VELMTC s CURT IM ,, ELVNC ,CALL FRESTT ( ggC

'

C
C IF ESTIMATED TIME OF BREAKTHROUGH IS GRE ATER TH AN CURRENT TIME' C P LUS ADJUST ED DELTA TIME, SET CURRENT TIME TO NEXT TIME INTERV AL

IF ( ESTDT .GT. TCt J + 1 )) THEN

CURTIM = TC( J+1)

ELSE

hkbJbbffbbhTA ET $bkRfN INEf0bhh1 $!D k$h ND hXT fME

{ INTERVAL TO CURRENT TIME
k +1h CURTIM

"

ENDIF

ENDIF

RENTh NGIhNb b EC CON N G C UR C RENT

GO TO O

| ENDIF

R ETUR N

END

.

l

!
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TABLE A-2. LISTING 0F FRTIME

8
-

SUBROUTINE FRTIME ( TIMIN , DELTT , TC , NSTP )

C SU8 CODE NAME: FR T IM E
C PURPOSE: TO DEFINE THE COHESIVE DEBRIS TIME STEP

-

C C ALLING SUBROUTINES OBFROZ
C SudR00 TINES CALLES: NONE
C WORKPACKAGE: 15
C ENGINEER / PROGRAMMER S.T.HSIEH/G.H. BEERS
{ L Al;T MODIFIC ATION D ATE 11/30/81

C INPUT VARIABLES DESCRIPTION
C
C DELTIN TIME STEP CALCULATED IN THE DISRUPTED BUNDLE TIME
C STEP SU8 ROUTINE D3 TIME
C NSTP NUMBER OF STE?S IN WHICH TIME STEP FROM DBTIME WILL
C BE BROKEN
C
C QUT PUT V ARI ABL ES DESCRIPTION
C
C DELTOT TIME STEP TO BE USED IN COHESSIVE DEBRIS AN ALYSIS WH
C IS DERIVED FROM DISRUPTED SUNOLE ANALYSIS TIME ST EP
C

h
C
C

DIMENSION TC ( NSTP + 1)
C

STE PS = DELTT / FLOAT ( NSTP )
C

00 10 I=1s NSTP +1

TC ( I) = TIMIN + F LOAT ( I+1 ) * STEPS
C

10 CONTINUE
C

RETURN
kND

.

i
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TABLE A-3. LISTING 0F FRCHAR

l

E
'

1'2'oSmr?E;"uneHiM88',ble?d" *"c'" '"c'S*''*S"c'
2 POROSC, POROPC,YCHRL,KTE RMC,EFFDI A)

b CIbChfTEkYWAU C hR
h CALLING SUBROUTINE: DBFROZ
C
C SUBROUTINE C ALLED: NONE

{ ENGINEER /PROGR AMMER : STH

{ LAST DATE MODIFIED: 8/10/81
C INPUT V ARIABL ES:
b XM ASSC TOTAL MASS OF DESRIS LCCUMUL ATED FOR ALL
{ COMPONENTS (KG)

{ ZRMC gA {gZR ACCUMULATED FCR ALL
C

h
2" 2"c lel^bNn?id!)'" 2 ^cc"""'''' ' " ' "

C
C UO2MC TOTAL MASS OF UO2 ACCUMULATED FOR ALL
{ COMPONENTS (KG)

E
S'""c 181thutillDLS "5 S'""" "^' "^''"I^'S

'

h
^*S"c I8Cokutif!D&f"'"'" "^''"'^'

C AR EAR TOT AL BUNDLE CROSS S ECTIchAL ARE A(M2)
h HITEC FROZEN DEBRIS REGION HEIGHT FROM DBREGN(M)
b VIhC COOLANT VELOCITY AT INLET OF COHESIVE
{ DEBRIS REGION (M/SEC)

VINCOD INLET VELOCITY AT PREVIOUS TIME STEP{
h DELTC TIM E ST EP (S E C)
C

C
C

.
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| TABLE A-3. (CONTIllUED)
.

;

b
'

C
C OUTPUT V ARI ABLES:
C
C POROSC BED POROSITY
C,

PDROPC PRESSURE DROP ACROSS THE BED (PA)i

g
C YCHRL CHARACTERISTIC LENGTH OF FROZEN BED, DERIVED'

C FROM PRESSURE DROP ECUATIONs M
C
C KTERMC FLAG, =0 NORMAL RUNS =I AB NORNAL TERMIN ATION
C
C EFFDIA EFFECTIVE PARTICLE DI AMETER DERIVED FROM
C SPECIFIC SURF ACc AREA (M)
C
C
C

C AT THIS TIME, ALL MA TERI ALS PROPERTIES AR E ASSUMED
C COMING THROUGH COMMON BLOCKS THESE INCLUDE:
C
C ROZR ZR DENSITY (KG/M3)
C
C R OZR 02 ZR02 DENSITY (KG/M3)
C
C ROUO2 UO2 DENSITY (KG/M3)
C

R O ST R DENSITY OF STRUCTURAL M ATERI AL(KG/M3)g
C ROABS DENSITY OF CONTRAL ROD MATERIAL (KG/M31
C

ROCOL COOL ANT DENS ITY(KG/ M3)g
XNUCOL VISCOSITY OP 0 00' ANT (KG/SEC/M ){ .

C
C

COMMON ROZR s R0ZR02 , ROUO2 s ROSTR , ROABS s ROCOLD s
.+ XMUCD , ROCOL , XMUCOL s ROVAP s XMUVAP s HFG ,

+ SURTC s CPCOL s XKCOL p XKVAP s CPDEB , TSAT s
+ ROSAT s TMELT s XL ATC s ROMX s C PMX s XMUX s
+ XKMX s XMUF 3 , RODES

C
C
C CALCULATE AVERAGE BED POROSITY
C

POROS C = 1.0 - ( ZRMC / ROZR + ZR02MC / ROZR02 + UO2MC / ROUO2
+ + STRMC / ROSTR + ABSMC / ROABS) / (AREAR * HITEC)

C
C C HECK POROSITY

.
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TABLE A-3. (CONTINUED)
_

C
IF ( POROSC .GT. 1 00 .OR. POROSC .LT. 0.00 ) THEN

KTERMC = 1
WRITE ( 6 , 100 )

C
ELSE

C SET SPECIFIC SURF AC E AREA 0F POROUS BODY = SURF ACE EXPOSED
C TO THE FLUID PER UNIT VOLUME OF SOLID. FROM A. E.
C SCHEIDEGGERs 3RD EDITIONS P16, SPSUF=8.0E5(1/M)
C

S PSU F = 8.0E+05
EFFDI A = 6.0 / SPSUF

C
DEBRIS BED

{ C ALCULATE PRESSURE DROP ACROSS COHESIVE
= ( VINC - VINCOD ) * R CC OL / DELTCXITM1

POROSC ) ** 2ALPH A = 15 0 . *( 1.0 -

1 / ( AM AX1(POROS C s1.0E-8) ) ** 3 / (EFFDIA ** 2)
BETA = 1 75 * ( 1.0 - POROSC )

1 / ( AM AX1(POROSC s 1.0E-81 ) ** 3 / EFFDIA
PDROPC = XITM1 + (ALPHA * XMUCOL + BET A * RCCGL * VINC)

+ * VINC
PDROPC = PDROPC * HITEC

HRL = BET A / ( AMAXI(ALPHA e 1. 0 E-6 ) )
C

ENDIF
C

100 FORM AT(2Xs 78HM ASS C ALDUL ATION IS WRONG; BED POROSITY IS EITHER NEG
1ATIVE OR GRE ATER THAN ONE)

RETURN
END

|
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TABLE A-4. LISTING 0F FR0ZTH

SUBROUTIhE FROZTH ( EFFOIA e POROSC a HITEC s YChRL s VINC ,

+ ZR02TC s ZR02AC s ALPHIC s ALPHAC , ELVNC s
+ HTLdCD s HTLBCC s HTLBCD , HTU8CC s ND s

+ MAXL , DELTT s ICREGN , huhD s ELVAY s
+ 3EDTMP , COLTMP , THMOTC s ELVMC s CXDAC s .

+ FISHC s HYDGC , FGRSC , VOLGSC s IMT ,

+ 00hNZ p DISRUP )
C
C
C
C PURPOSE: TO CALCULATE THERM ALLY RELATED SEHAVICRS OF A POROUS
C BED.
C
C CALLING SUBROUTINE: DBFROZ
C
C SUBROUTINE CALLED: TEMPSR
C
C ENGINEER / PROGRAMMER S TH
C
C LAST DATE MODIFIED * 8/10/81
C

{ INPUT VAAI AB LE S:

{ EFFDIA EFFECTIVE P ARTICLE DI AMET ER OF A PORCUS BODY (M)

C PO R GS C CEBRIS BED POROSITY
C
C HI T EC BED HEIGHT (M)
C
C YCHRL CHARACTERISTIC LENGTH 0F PCROUS BODY FROM DELT Ps M
C
C VINC COOL ANT INLE T VE LOCITY (M/S EC )
C
C ZR 0 2T C EFFECTIVE ZR02 REACTION L AYER THICKNESS (M)
C
C ZP02AC EFFECTIVE ZR-STEAM REACTION AREA (M2)
C
C ALPHTC EFFECTIVE ALPHA-ZR REACTION LAYER THICKNESSs M
C
C ALPHAC EFFECT IVE ALPHA-ZR RE ACTION AREA (M2)
C
C EL V NC . EL EV ATION OF POROUS BODY-FROM THE BOTTOM OF ROD BUNDLE
C TO THE BOTTOM OF POROUS BODY RE G IOh ( M)
C
C
C HT L BC D HE AT TRANSF ER IhTO DEBRIS BED AT LOhER B00NDARYsW/M2
C
C HT L BCC hE AT TR ANSF ER INTO COOLANT AT L0hER BOUND ARYs W/M2
C

{ HTUBCD HEAT TRANSFER INTO DEBRIS BEG AT UPPER BOUND ARY sW/M2

HTUBCC HEAT TRANSFER INTO COOLANT AT bPPER BOUNDARYsW/M2{

92
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|

| TABLE A-4 (CONTINUED)9

C ND NUMBER OF NODES TO BE USED IN LICUID OR V APOR REGION

h MAXL MAXIMUM NUMdER OF NODES IN THE PCRCUS BODY WHICH
C CONSINED LIOUID, SATURATION AND VAPOR REGION,
C'

| C DELTT TIME STEP (S)
b

8
C
C INPUT /0UTPUT VARIABLES:
C

g IDR EG N REGION TYPE I.D.,=gVjNCgJ0 gE gjpggD ggGgGN
C m3 VINC GT 0 OND SAT. REGION
C =4 VINC GT 0 TWO R EGsl & S
C =5 VINC GT 0 TWO REG,S &V
C =6 VINC GT 0 THREE REG LES&V
C = 7 VINC=C ONE LICUID REG
C =8 VINC=0 ONE VAPOR REG
C

E "WBS'iDWfG 52'i,VS! '" " " "5"" S ' ^"^''5'S'

C =3 IDREGN=3
C =N D +2 IDREGN=4,5
C =2*ND+1 IDREGN=6
C

h b Nb D EhhhhHfEb #

C
C BEDTMP DEBRIS TEMPLAATURE CORRESPONDING TO NOND h0 DES

C COLTMP COOLANT TEMPER ATURE CORRESPONDING TO NOND N00ES
C

g OXDAC ZR-STE AM HE AT GENERATION R ATE (W/M3)

C FISHC FISSION /DEC AY HEAT GENERATION RATE (W/M3)

b OUTPUT VARIABLES:
C
C TH MOTC MOLTEN MATERI AL THICKNESS ( M)
C

g E LV MC NOLTEN CORE REGION ELEV ATION AT LOWER BOUND ARY,M

C HYDGC HYDROGEN GENERATION DURING D ELTT (MOL ES )
C
C FGRSC FISSION GAS RELEASE (MOLES) DURING DELTT
C
C VOLGSC VOLATILE FISSION PRODUCTS RELE ASE DURING DELTTs MOLE
C
C INT DEBRIS REGION TYPE, =0 SOLID REG 10hs =1 MOLTEN REGION
C TOTAL OF NOND VALUES

.

4
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TABLE A-4. (C0!lTIllUED)
1

k 00khZ LENGTH OF MOLTEN POOL PENETR ATIChs M
C

C AFTER CURRENT TIMES S
C |

C D IS RU P DISROPTION FLAG
C

b
C
C
C
C AT THIS TIMES ALL MATERIALS PROPERTIES ARE ASSUMED COMING
C THROUGH COMMON BLOCK, THESE INCLUDE:
C

ROCOL LICUID COOL ANT DENSITY (KG/M3 ){
{ ROVAP STE AM DENSITY ( KG/M3)

{ XM bCO L . LIQJID COOL ANT VISCOSITY ( KG/SEC/M)

{ XMUV AP V APOR VISCOSITY ( KG/SEC /M)

C HFG LATENT HEAT OF VAPORIZATION (J/KG) 0F C0dLANT
C
C SURTC SURFACE TENSION OF COOL ANT (P A)

b CPCOL LIQUID SPECIFIC HEAT (J/K/KG)
C

{ XKCOL LIQUID COOLANT THERMAL CON 0bCTIVITY)W/M/K)

{ XKVAP VAPOR (STEAM) THERMAL CONDbCTIVITY(h/M/K)

{ CPDES SPECIFIC HEAT OF DE3RIS(J/K/KG)
C ROZR ZR DENSITY (KG/M3)

k RCZR02 ZR02 DENSITY (KG/M3)
C
C RCUCZ LO2 DENSITY (KG/M3)
C
C ROSTR DENSITY OF STRUCTUR AL M ATERI AL (KG/M3)

C ROABS DENSITY OF CONTROL ROD MATERIAL (KG/M3)
C
C XMUDED VISCOSITY OF DEBRIS (KG/SEC/M)
C
C XK D EB THE RM AL CONDUCTIVITY OF DEBRIS (W/ M/K)
C

ggjugg{ { TEMPERATURE OF COOLANT OF FROZEN DEBRISC TSAT ;

C

.

e

W
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TABLE A-4. (CONTIt1UED)

. . . . .. .. . - _ _ . -

C RCS AT WATER DENSITY AT SATURATION (KG/M3)
C

g TME LT MELTING TEMPER ATURE OF DEBRIS M ATERI AL(K)

C XLATC LATENT HE AT OF FUSION FOR CEBRIS MATERIAL (J/KG)
'

C
C
C
C

DIMENSION ELVAY(41) , BEDTMP(41) s COLTMP(41) , IMT(41) ,

+ BEDTM0(41) s C OL TM0 ( 41) s ROMX(40) s CPMX(40) ,

+ XMUX(40) , XKMX(40) s TEMPB0(20) s TEMPB(20) ,

+ TCOLTO(20) s TCOLT(20)
C
C

COMMON ROZR s R0ZR02 s ROUO2 , ROSTR s ROABS , ROCOLD ,
+ XNU:0 s 1.0: 0. . e X10C)L e. R3 / AP s (ii j / A P , HFG ,

+ SURTC s CPCOL s XKCOL s XKVAP s CPDEB s TSAT ,

+ ROSAT , TMELT s XLATC , ROMX s CPMX s XMUX s
+ XKMX s XMUF3 s RODEB

C
LOG IC AL DISRUP

C
C

D AT A PI / 3.14159 /
C
C'

C C ALCULATE VOLUMETRIC HEAT GENERATION RATE QVOL(W/M3)
C

Q'{ggp =,0gD AC + FISHC
C

ELV00 = ELVMC
C
C
C B ASED ON QVOLsVINCs AND COLTMP CHECK THE REGION ID
C

2020 CONTINUE
C
C

XLLIQ - 100.0=

X L S A T = - 10 0. 0
XLV AP = - 100.0

{ C ALCUL ATE ORYOUT HEAT BAS ED ON LIPINSKI' S 1-D MOD EL
+1A&COE"IE8v!X2"?s|2uili't!?!utt'" '^>" * "c'**c''" c ''" v^">

c
C

IF ( VINC .LE. 0.0 ) THEN
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TABLE A-4 (C0tiTIrlUED)
__

C COMP ARE QVOL TC QDYOUT
C

IF QVOL * HITEC * ( 1. 0 - P CR OS C ) .GE. Q CYOUT ) THEN
(DR =I 8

C -

ELSE
IDR = 7

8
EN0!F

C
ELSE

C

{ REGIOh TYPE 1-6 LEFT TO BE IDENTIFIED
IF { gDLTMP(1) .GT. TSAT ) THEN

C

IF ( COLTMP (1) .EQ. TSAT ) THEN
IF ( C OL TMP ( NOND ) .EQ. TSAT ) THEN

IDR = 3

ELS6

h C ALCUL ATE SATURATION REGION LENGTH
C

kb1AX1 fIII0 POROS ls 1.E-8 )
'"

+
IDR = 5
XLVAP HITEC - XLSA T=

C
IF ( QVOL * HITEC * ( 1 0 - POROSC 3

+ .LT. QDYOUT ) IDR = 3
C

fCbkMPIbhD TSAf$ fDRF =3.

ENDIF

ELSE
C

{COLTMP(1)
.LT. TSAT

IF ( COLTMP(NOND) .LT. TSAT ) THEN
IDR = 1

C
ELSE

XLSAT = ROCOL * VINC * HFG / QVOL /
+ AMAX1 (( 1.0 - PCROSC 1 , 1.E-8 ),

XLLIQ = XLSAT/HFG * CPCOL * (TSAT - COLTMP(1))
IF ( COLTMP(NOND) .EQ. TSAT ) THEN
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TABLE A-4. (C0flTIflVED)

kk5AT I HITEC - XLLIG
IF ( XLSAT .LE. 0 ) IDE = 1-

C
ELSE

IDR =6
X LV AP = HITEC - XLLIQ - XLSAT
IF ( QVOL * (HI TEC - X LLIQ ) * ( 1 0 - PDR03 C)

+ .LT . QDYOUT I THEN
IDR = 4
XLSAT = HITEC - XLLIQ

C

IF ( (XLLIQ + XLSAT) .GE. HITEC ) THEN
IDR = 4
XLSAT = HITEC - XLLIC

1IF ( XLLIC .GE. HITEC ) IDR =

ENDIF '

C
ENDIF

C
ENDIF

ENDIF
C

ENDIF
C

ENDIF
C

ENDIF
C

$G T dubs $5kA0h CA bSUBR06T REbbbDf0AD STC
C TEMPERATURE OF BED AND COOLANT, NODES ELEVATION AND SET IDREGN
C EQUAL TO IDR
C
C

C ALL R EGM D(IDR,M AXL,ND, IDR EGN,NOND,XLLIQ, XLS AT, XLV AP,
+ELVNC,TS A ,HITEC, E LV AY,8EDTMP,COLTMP )

C
N2 = ND * 2

C
00 50 I = 1 , NOND ~

C
BEDTMP(I)BEDTM0(I) =

COLTM0(I) = COLTMP(I)
C

50 CONTINUE
C
C BASED ON COLTMP AND BEDTMP, ROMX(N2),CPMX(N2), XMUX(N2) AND
C XKMX(N2) ARE Kh0hh ASSUME THEY ARE TEMPERATLRE DEPENDENT,

|
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TABLE A-4. (C0!iTINUED)
_ _ . _

C FIRST N VALUES ARE FOR BED AND THE REST N VALUES ARE FOR ,

C C00LAhT.
C

{ NOW CALCULATE TEMPERATUR OF BED AND CGOL ANT FOR CLRRENT TIME
C

IF ( IDREGN .EQ. 1 .OR. IDREGN .EQ. 2 3 THEN

IF ( IDREGN .EQ. 1 ) IDYOT 0=

1IF ( IDPEGN .EQ. 2) IDYOT =

VAR 1 = 0.0
V AR Z = 0.0
VAR 3 = 0.0
VAR 4 = 0.0

C

k !kkX s IMUk hDdEGk DY6Tf' # #

C
00 100 I = ND + 1s N2

?fil:till:E9#1111!ttBill"81
VAR 3 = VAR 3 + XKMX(I) / FLOAT (ND)
VAR 4 = VAR 4 + XMUX(I) / FLOAT (ND)

C
100 C ONT INUE

X RENO = VAR 1 * VINC * YCHRL / V AR4
XPRD L =V AR2 * V AR4 / VAR 3

C

.7 h*XRE N5 |*"?$ 3C XPRDL 1 / 3. )) +*
+ ( .

+ ( 1.33 - ( 2.4 - 1.2 * POPOSC 3 * POR05C ) * XREAD
+ ** .7 * XPRDL ** ( l. / 3. 1

HVSC = XNU * VAR 3 / YC HRL ** 2
C
C

DELTZ = HITEC / FLOAT ( ND-1 )
C

IF ( IDYDT .EQ. 1) THEN
HVSC = (YCHRL * ( l.0 - POROSC ) / .00377) ** 1.33

+ * XRENO ** 0.65 * VAR 3 / YCHRL ** 2
C

ENDIF
C

bO# bU+ SC s LBCD IH CC s
#

s
+ POROSC s VINC g QVOL s DELTT s DELTZ s
+ B EDT MP s COLTMP 1

' C
l IF ( IDREGN .EQ. 1) THEN

,

.

98
|



TABLE A-4. (C0flTINUED)
..

DO 150 I. 1, NOND
IF ( COL TMP (I ) .GE. TSAT) CCLTMP(I) = TSAT

150 C0hTINUE
C

ELSE IF ( IDREGN .EQ. 2 i THEN
00 160 I = 1, NOND

ZF ( COLTMP(I) .GE. TSAT) COLTMP(I) = TSAT
160 CONTIhuE

C
EN DIF

h
ELSE IF (ID REGN.EQ.7.0R . IDREGN. EQ. 8 ) THEN

XHU = 7.0 - ( 10.0 - 5.0 * POROSC ) * POROSC
C

19l18118":18:?l 1818I:I
C

VAR 1 = 0.0
C
C CALL MATPRO ( BEDTM0 s COLTMO s ... , ...
C

h!ki VA I kK$X ) / FLOAT (ND)
200 CONTINUE

C
HVSC = XNU * VAR 1 / YCHRL ** 2
DELTZ = HITEC / FLOAT ( ND - 1 )

C
IF ( IDYOT .EQ. 1) THEN

HVSC = (YCHRL * ( l.0 - POROSC) / .00377) ** 1.33
+ * X RENO * * .65 * VAR 3 / YC H R L * * 2

C
ENDIF

C
C ALL TEMPSR ( ND , N2 s IDYOT s BEDTM0 i CULTM0 s

+ HV SC s HTLBCD , HTLBCC , HTUBCD s HTUBCC s
+ POROSC s VINC , QVOL , DELTT , DE LT Z s
+ BE DT MP s CULTMP )

h
IF ( IDREGN .EQ. 7 ) THEN

00 201 1,
(I = TMP (I)NONDCOL .GE. TSAT ) COLTMP(I) = TSAT{{

C
ENDIF

h
C IF IDREGN EQUALS TO 3, QVOL IS USED TO HEAT SATURATED WATER
C NO BED AND COOLANT TEMPER ATURE CHANGES ASSUMEDs I.E. NO
C CALCULATICN CF TEMPER ATUR E IS NEEDED
C

|
.

|

!
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TABLE A-4. (C0:4TIfiUED)
_ _ _ _ . . . _ _ _ _ . _

ELSE IF (IOR EGN.EQ. 4) THEh

IDYOT = 0
DELTZ = XLLIQ / FLCAT( ND - 1 )
VAR 1 = 0.0
VAR 2 = 0.0
V AP3 = 0.0
VAR 4 = 0.0

C
CALL MATPRO ( BE DTMO , COLTM0 , . . . , ...

{
00 300 I = NO + 1, H2

VAR 1 = V AR1 + R OMX (I) / FLOAT (hD)
V AR2 + CPMX(1) / FLOAT (NO)VAG2 =

Vill:Bil!*isulfil'it8tilN81
C

300 C ONT IhuE

'
!hkD $Rb * AR= V

C
XNU = (7.0-(10 0-$.0 * POROS C ) * POR OSC ) *( 1 0 +0.7* X REN0* *0 2

+ * X PR D L * * ( 1. 0 / 3. 0 8 ) + (1. 3 3- ( 2. 4- 1. 2* P C R OS C ) * P OR OS C ) *
+ XR E N 0 * * 0. 7 * X PR D L * * ( 1. 0 / 3. 0 )

C
HVSC = XNU * VAR 3 / YCHRL ** 2

C
DO 400 I 1, B ED TM0 (I)ND=

TEMPB0(I) =

COLTM0(I)TCCLTO(I) =

400 CONTINUE
C
C

C ALL TEMPSR ( ND , N2 , IDYOT , TEMPB0 , TCOLTD ,
+ HVSC , H TLBCD , HTLBCC , HTUSCO , HTU8CC ,
+ POROSC , VINC , QV OL , DELTT , DELTZ ,

+ TEMP 6 , TCOL T )
C

00 500 I= 1 , ND

88?Isilll : I!afilli
IF ( COL TMP (I ) .GE. TS AT ) COLTMP(I) = TS AT

500 CONTINUE
C

!!BI4?lsB:ll:#!8TN81s8:ll
COLTMP(ND)C OLTMP (ND +1 ) =

COLTMP(N0+2) = COLTMP(ND)
f C

|
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TABLE A-4. (C0f4TIfiUED)
.

ELSE IF ( IDREGM .EQ. 5 ) THEN |
IDYOT 1=

D ELTZ = XLV AP / F LO AT ( NO - 1 )
C

VAR 1 = 0.0
V AR 2 = 0.0
VAR 3 = 0.0
VAR 4 = 0.0

C
00 600 I = HD + 1 , N2

V AR1 = V AR1 + ROMX(I) / FLO AT (ND )
V AR2 + C PMX(I) / FLOAT (hD)VAR 2 =

VAR 3 = VAR 3 + XKM X (I) / FLGAT(ND)
VAR 4 + XMUX(I) / FLOAT (NO)VAR 4 =

C
600 CONTIhUE

C
XRENO = VARI * VINC * YCHRL / VAR 4
XPRDL = VAR 2 * VAR 4 / VAR 3

C
XNU = (7. 0-( 10.0-5. 0 * P O ROSC ) * P O R OS C ) * ( 1. 0 + 0. 7 * XR EN0 * * 0.2

+ *X P R DL* * (1. 0 / 3. 0 ) ) + ( 1 3 3-( 2. 4-1. 2 * P O ROSC ) * P OR OS C ) *
+ XR E N0 * *0. 7 8 XP R D L * * (1. 0 / 3. 0 )

C
HVSC = XNU * VAR 3 / YCHRL ** 2

C

kPBb(I) #
B TM0(I+2)=

TC CL TO (I ) = C0LTM0 (I+2 )
700 CONTINLE

C

HVbb (Ybkl * ( 10 POROSC) / .00377 ) ** 1.35
+ * XREND ** .65 * VAR 3 / YCHRL ** 2

p

CALL TEMPSR ( N0 s N2 s IDYOT , TEMPB0 s TCOLTO s

bRbSC$ QV0b IbE h$0 fkIN
+ TEMPB e TCOLT )

C
C

00 800 I=1s NO
BEDTMP(I+2) TEMPB(I)=
C O LT MP ( I+2 ) TCOLT(I)=

IF ( COLTMP(I+2) .LE. TSAT ) COLTMP(I+2) = TSAT
800 C ONT INU E

C
COLTMP(1) COLTMP(3)=

CCLTMP(2) COLTMP(3)=

B ED TMP (1 ) BEDT90(1)=

BEDTMP(2) BEDTM0(2)=

.

4
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TABLE A-4. (CONTINUED)

C
ELSE IF ( IDREGN .EQ. 6 ) THEN J

EEL 91*!LLIQ
'

/ FLOAT ( ND - 1>
,

C
2 Vill:8:8 I

VAR 3 = 0.0
V AR 4 = 0.0

C

{ C ALL MATPRO ( BEDTMO s COLTM0 , ... s ...

C
00 900 I ND + 1s N2=

V AR1 = VAR 1 + ROMX(I) / FLOAT (NO)
VAR 2 = V AR2 + C PMX (I) / FLUAT(ND)
V AR3 = V AR3 + XKMX(1) / FLOAT (ND)
VAR 4 = V AR4 + XMUX(I) / FLOAT (hD)

C
900 CONTINUE

C

hRD )VR ''
s A * AR

XNU = (7 0-(10.0-5.0 * POROSC) *PO ROS C ) * (1 0+0.7*XR E N0**0. 2
: ;iin8'::'4:9'! !)ABl2: 3712736'""Sc'*""Sc''2

6

HVSC = XNU * V AR3 / YCHRL ** 2
C

IF ( IDYOT .EQ. 1 ) GO TO 1300
00 1CCO I=1s ND

TE MP B0 ( 1) BEDTM0(I)=

TCOLTO(I) COLTM0(I)=

1000 CONTINLE
C

CALL TE MP SR ( ND s N2 s IDYOT o TEMPB0 s TCOLTD ,
+ HVSC , HTLBCD s HTLBCC s HTUBCD s HTudCC ,
+ PORDSC s VINC , QVOL , DELTT s DELTZ ,

+ TEMP 3 s TCOL T )
C

DO 1100 I 1, ND=

BEDTMP(I) TEMPB(I)=
COLTMP(I) TCOLT(I)=

IF ( COLTMP(I) .GE. TSAT ) COLTM P(I) = TSAT
1100 CON TIN LE

C
BEDTMP(ND+1) BEDTM0(ND+1)=

COLTMP(ND+1) COLTMP(ND)=

.

O
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TABLE A 4 (CONTINUED)

D[ LVAP / FLOAT ( NO - 1 )=
C

IF ( IDf0T .EQ. 1) GO TO 1230
C COOLANT PROPERTIES ARE VAPOR PORPERTIES NOW
C

#ill : 8:8
c 8t'i3t't" hD!*'"nz'c''"* -" *

VAR 1 = V AR1 + ROMX(I) / FLOAT (ND)
VAR 3 = VAR 3 + XKNX(I) / F LOA T ( ND )1310 CONTINUE

k
1300 CONTINLE

C

IF ( IDYOT .EQ. 0 ) GO TO 160C
C

00 1403 I = 1 , ND
TEMPB0(I) = BEDTM0( I+ND+1 )
T CO LTO ( I) COLTM0( I+ND+1 1=

1400 CONTINUE
C

IF ( ID YOT .EQ. 1 ) THEN"vsc
<!c"thM5 !.2:25."?iHic'vCsRf!!7' ** 2--

.
/ 2

ENDIF

H 95C I fLSCD$ khC$HThbh Hkhbbh+
+

POOgC, VfgC j QVOL , DELTT , DELTZ ,

C
C

00 1500 I = 1, ND
BEDTNP( I+ND+1 ) TEMPB(I)=

C U LT MP ( I+ND+1 ) TCOLT (I)=

IF ( CCLTMP(I + ND + 1) .LE. TSAT ) COLTMP(I+ND +1) =TS AT1503 C ONTINLE

1600 CONTINLE
C

ENDIF
C
C CHECK DEBRIS BED TEMPERATUR E AND DEFINE ME LTING REGION

IMG=0
ISG=0
00WNZ=0.0

00 20 00 I=1s NOND-1

.

I

'
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TACLE A-4 (CONTINUED)

IF( ( B ED TM P (I ) + BE DT M P ( I+11 ) / 2.0 .GT. TMELT ) THEN
C

TMELT IS DEBRIS BED MELTING TEMPERATURE FRCM MAPROg

JOB:I"?I
INT (I) 1=

ISG = 153' > 1
IMT(I) = 0

E NDIF

2000 CONTINUE
C
C

00 2010 I = 1 , NOND - 1

~

DTMP ( 8 EDTMP ( J+1) +BE DTM P (J ) ) / 2.0 - THEL T
C

0.0 ) THEN0M{1.gTgIF (
_

00 hN Z= D OWN Z+0 TM Pl *( EL V A Y ( J +1)-E LV AY (J ) )*C P DE B/ X L ATC

BhDMPkJ) TMEh
C

ENDIF
C

IF ( J .EQ. 1) GO TO 2010
C

IF ( INT ( J ) .GT. IMT( J-1 ) ) THEh
C
Q MOLTEN MATERIALS MELTING THE LOWER NODE

IF (ggggjp gg} .,( pgg*{ELV AY(J )-ELVAY t J-1)) ) ) THEN

BEDTMP(J-1) = TMELT
IMT(J-1) 1=

E LV AY (J-1) )00WNZ = 0 0dNZ - ( EL V AY ( J ) -

C
ENDI F

ENDIF
*

C

.0 00
C

i

(

!
,

.
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TABLE A-4. (CONTINUED)

THMOTC ikMOTb k(0.5 ELVAY !.2)-

C ~ ELVAY (1))-

C SET DISRUPTION FLAG WHEN DESRIS REGION TYPE = 1, INDICATING MELTINGC
DISRUP = .TRUE.

ENDIF

IF ( IMT (N ON D ) .EQ. 1 ) THEN
THMOTC = THMOTC + 0.5 * ( ELVAY (NOND) ELVAY (NOND - 1))-

C
ENDIF

C
00 3020 I=2s NOND - 1

IF ( IMT (I) .EQ. 1 1 TM2N
THMOTC = THMOTC + 0.5 * ( ELVAY (I + 1) - ELV AY (I - 1))

ENDIF

3020 CONTINUE
C
C NOW ADJUSTED BED TEMPERATURE AND MELTEN REGION HAS BEEN DEFINEDC
C CALL CHCMHT( ZR02TCs2R 02 ACs ALPHTCs AL PH ACs IDREGNsNCND, SEDTMPs

EOL TMPs ELV AYs D ELIT s0xD AC s HYDGC )C +
C C ALL NUC LH T(IDR EGNs NONDs B EDTMP sELV AY s L ELTTs T0 TIMES .. .E TC)C

QVOLN = OXDAC + F IS!'C
IITMP IITMP +1=

'wkfkh * I'6 $050I
2050 FORMAT (2X, 57HITERATION MORE THAN 50 TIMES NO CONVERGENCE IN TEMP.

+ C AL. )
GO TO 2030

C
ENDIF

C

IF ( ABS ((QVOLN-QVOL)/QVOLN) .GT. 0.05 ) TH ENQVOL = QVOLN
GO TO 2020

C
EN DIF,

~

2030 RETURN
END

.

G
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TABLE A-5. LISTIftG 0F FRMELT

C

SUBROUTINE FRMELT ( NOND , INT , ELVMC , ELVAY s DELTC ,
+ VELMTC 3

&
C SUBCODE NAME: FRMELT
C PURGPOSE: TO MEASURE THE LIQUID MATERIAL MOVEMENT WHEN GEBRIS BED
C MEL TING OCCURS.
C CALLING SUBROUTINES: DBFROZ
C SUBROUTINES CALL ED: NONE
C WORK PACKAGE: 15
C ENGINEER / PROGRAMMER: S.T.HSIEH/G.H. BEERS
C LAST MCDIFICATION DATE: 11/30/81
C

bINPUTVARIABLES DESCRIPTION
C NONO NUMBER OF NODES USED IN PCROUS BODY ANALYSIS
C IMT DEBRIS REGION TYPE: = Os SOLID REGION
C = 1, MOLT EN REGION
C ELVMC MOLTEN CORE REGION ELEVATION AT LOWER BOUNDARY
E BhltC fiss'518"575 " 'S '" ''*'S

C
C OUT PUT V ARI ABLES DESCRIPTION
C VELMTC VELOCITY OF MOLTON POOL FLOWING DOWNWARD (M/S)
C
C
C

DIMENSION ELVAY( NOND ) s IMT( NOND )
C
C

gSAVE INCOMING ELEVATION OF MOLTON MATERIAL
ELVM0 = ELVMC

kh ( IMTfl$ hQ. 1 ) GO TO 110
100 CONTINUE

C
110 IF ( I .L E. NOND ) ELVMC = ELVAY(I)

VELMTC = ANAX1( 0.0 , (ELVMO - ELVMC)) / DELTC

RETURN
END

,

a

$

l
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TACLE A-6. LISTING 0F FRESTT

C

SUBROUTINE FRESTT ( ELVMC s ELVNC s VELMTC s CURTIM s ESTDT )

- h SUBCOCE N AME: FGESTT
C PURPOSE: TO ESTIMATE THE TIME OF DISRUPTION
C CALLING SUBROUTINESA DBFRAG
C SUdROUTINES CALLED: NONE
C WORK PACKAGE: 15

E !"if"!sBifi!! finn'!!Tef 'I"?!!!!i " 8""5 .

C
C

h hl .h MOLTEN CORE ~ REGIbk h A N AT LOWER BOUNDARY

"Rfa!b!lel'9B 28Tf8A8hl 188Itt"!aDI"le8?ON''v"c
8 (

"""*" '"'S'
E l!kPI% 35hWEhi'Tise"is!""c'''"2"5
bOUTPUTVARIABLES DESCRIPTION

{ ESTDT ESTIMATED TIME OF DISRUPTION (S)

8
' 5- 8 > v''"'c '.Cu'ilMEv"!SiCl'v"c''^"^*2'I!fifc- -

C
RETURN
END

,

i

5

l
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TABLE A-7. LISTING 0F DBFRAG
|

!

e
'

C
SUBROUTINE DBFRAG ( SIZAVR , XMASSR s ZRMR , ZR02MR , 002MR ,

+ STRMR s ASSMR s AREAR , HITRG s VINROD s
+ VINR s ZR02TR , ZR02AR s ALPHIR s ALPHAR s -

+ ELVNR s HTLdRD s HTLBRC s HTUdRD , HTUBRC ,
+ ND s MAXL , DELTT s IDREGR s NONR s
+ IRT s ELVAR s COLTMR s BEDTMR s THMOTR s
+ ELVMR , OxDAR s FISHR s HITER , POROSR s
+ PDROPR s XCHRL s KFLUID , KTERM , DOWNR s
+ VELMOT s T s N s I s
+ DISRUP s CURTIM s ESTDT )

C
C
C SUBCODE NAME: DEFRAG
C PURPOSE: RUBBLE DEBRIS ANALYSIS DRIVER
C C ALLIhG SUBROUTINES: DBUNDL
q SUBROUTINES C ALLED: FGCHAR,FRAGTH
U WORK P AC K A G E: 15
C cN GINEE R/ P ROGR AMMER : S.T.HSIEH/G.H. BEERS
C LAST MODIFICATION DATE: 11/30/81

b

8
C

C E ARE Nb h GYON D IOk b C THNA bbkhTkON$
*

EN DBU D
C KEEP TR ACK OF DIMENSIONING FOR *NUMREG*. IN THE FIN AL FO RMs
C VARIABLES D IME NS IONE0 IN DBFRAG WILL BE IN ADJUST ABLE ARRAYS DEPENDING
C ON THe NUMBER CF RADIAL NODES.
C

C THE) TIME
*T* COMING INTO DSFR AG FROM DBUNDLE IS ASSUMED TO GO FROM

C T(I TO T(I) + DELTA T.

b
g--- - - .... ..--.... --... . ......

! COHjS{Vj,{ BRg ,{Ng g g ,Lgg{C g BggZ]
, ,

C
C

g COMPUTE TIME STEPS T ( ll- T ( N ) [FRTIME3

{:I=1
C 800 WHILE: I.LT.N
C
C :COPPUTE DEBRIS BED CHARACTERISTICS (FRCHAR 3
C
C 3 COMPUTE DEBRIS 8ED HYDRAULIC BEH AVIOR CFRHYDR3,

h COMPUTE DE BRIS BE D TH ERM ALLY-R EL ATED BEHAVIO R [FRTHRM]

.

l

l
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TABLE A-7. (C0tlTIflVED)

C
C * IF s DE8RIS BED MELTING OCCURST-

C
C :THEN: COMPUTE LIQUEFIED MATERIAL MCVEMENT
Cj *ENDIF*

C * ifs REGION BOUNDARY IS DISRUPTEDT
C
C THEN
C

{ SET DISRUPTION FL AG

g ISET N TO I+1

C SET T(N) TO CURRENT TIME
f *ELSE:
C

{ * ESTIMATE TIME FOR BOUNDARY DISRUPTION [FRESTT]
C IIF ESTIMATED TIME IS .LT. T(I+2)s :THEN T(I+2)=EST. TIME
C

{ IENDIFs

C * ENDO:
C
C---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C

h
IMPLICIT INT EG ER ( I-N 1

C
C

DIMENSION ELVAR ( 41 ) s BEDTHR ( 41 ) s COLTMR ( 41 ) s
+ IRT ( 41 ) , ROMX ( 40 ) s CPMX ( 40 ) ,
+ XMUX ( 40 ) s XKMX ( 40 ) s TR ( 20 ) s
+ T ( N 3

C
C

COMMON ROZR s ROZR02 s ROUO2 s ROSTR s ROABS , ROCOLD s
+ XMUCD s ROCGL s XMUCOL s ROVAP s XMUVAP s HFG s
+ SURTC s CPCOL s XKCOL s XKVAP , CPDEB s TSAT s
+ ROSAT s TMELT s XLATC s RGMX s CPMX s XMUX s
+ XKMX , XMUF3 s RODEB

C
C

LOGICAL DISRUP
C
C
C

NSTPR = 10
C

.
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TABLE A-7. (CONTINUED)

CALL FGTIME TO BRE AKUP THE TIME STE P FROM DBUNDL INT 3 SMALL ER
*

C INTERVALS BASED ON NSTPR.

CALL FGT IME ( T( I ) s DELTT s TR s NSTPR ) ,

C
NSTPRNS T EP =

J =1

10 CONTINJ E

C FIRST TEST PREVENTS TIME = 0 FROM BEING A ST ARTING POINT
IF ( TRt J) .EQ. 0.0 ) J =J + 1

IF ( J .L E. NS TE P ) tie N

bNhkk = kR k 1 ) - TR ( J )
C

M ATERI AL PROPERTY ADJUSTMENT NECE SSARY FOR FRAGMENTED CHARACTER-
C ISTIC SUBR CUTIhE *FGCH AR* DE PE NDING ON THE R EL ATIONSHIP OF THE
C COOL ANT TEMPER ATURE AND THE S ATURA TION TEMPERATURE
C

IF ( COLTMR( 1 ) .GE. TSAT 3 THEN
C

RCCOLD = ROVAP
XMUCD = XMOVAP

C
ELSE

C
ROCOLD = ROCOL

XMUCOLXMUCD =

C
ENDIF

C
C CALL FGCH AR TO DEFINE THE CHARACTERISTICS OF FRAGMENTED BUNDLE
C

CALL FGCHAR ( S IZ AVR s XMASSR s ZRMR s ZR02MR s UO2MR s
+ S TRM R , ABSMR , AREAR s HITRG s VINR ,

+ VINROD s DELTR s HITER s POROSR s PDROPR s
+ XCHRL s KFLUID s KTERM )

C C ALL FP AGTH TO DESCRIBE THE BEHAVIOR OF THE FRAGMENTED BUNDLE
C

CALL FRAGTH ( SIZAVR s POROSR , HITER , XCHRL , VINR s
+ ZRG2TR s ZR02AR , ALPHTR s ALPHAR s ELVNR s
+ HTLBRD s HTLBRC s HTUBRD s HTUBRC s ND ,

+ MAXL s DELTR , IDREGR s NONR , AREAR ,

+ KF LU ID s ELVAR s BECTMR , COLTMR s THMOTR s
+ ELVMR s OXDAR , FISHR s HYDGR s FGRSR ,

i

I
.

|

s
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TABLE A-7. (CONTINUED)

_

+ VOLGSR , IRT , 00WhR , DISRUP )

t-

C C OMPUTE LIQUIFIED M ATERI AL MOVEMENT IF DEBRIS BED MELTIhG OCCURS
C

CALL F GM ELT ( NONR , IRT s ELVMR , ELVAR , DELTR s.

+ VELMOT )
C
C
C
Q TEST FCR LOWER REGION BOUNDARY BREAKTHROUGH
C RETURN TO DBLNCL IF BREAKTHRU OCCURS, WITH END OF TIME INTERVAL
C EQUAL TO CURF.ENT TIME
C

IF ( DI S R'J P 1 THEN
C

NS TE P = J

b
ELSE

C
C COMPUTE ESTIMATED TIME OF DISRUPTION

CALL FGESTT ( ELVMR s ELVNR , VELMOT s CURTIM s
+ ESTDT )

C

h IF ESTIMATED TIME OF BREAKTHROUGH ISGREATER THAN CURRENT TIME PLUS
C ADJUST ED DE LT A T, SET C URRENT TIME TO NE XT TIM E INTERV AL.
C

IF ( ESTDT .GT. TR( J+1 ) ) THEN

CURTIM = TR( J+1 )
C

ELSE

b IF ESTIMATED TIME OF BREAKTHROUGH IS LESS THAN CURRENT TIME PLUS
EfRfVivlt98'CRisNf'!IAW""5"''2"'^ ' 'S'2"^'' ''"' ^" "'*' '2"'

CURTIM = ESTDT
TR ( J+ 1 ) = CURTIM

ENDIF !

C
ENDIF

C
C WHEN J IS GRE ATE R TH AN NSTPR s CONTROL WILL RETURN TO DBUNDL WITH
C CTIMER CONTAINING THE CURRENT TIME
C

J =J+ 1
GO TO 10

ENDIF
C

RETURN
C

. END
_
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TABLE A-8. LISTIflG 0F FGTIf4E

C
~

SU8ROUTIhE FGTIME ( TIMIN , DE LTT , TR , NSTP )

C SUBCODE NAMEt FGTIM
C PURPOSE: TO DEFINE HE RudBLE DEBRIS TIME STEP

.

C C ALLING SUBROUTINES: DBFRAG

E !82" WI!"!!E?^'il ' " ".T.HSIEH/G.H. BEERS
5

C E NGINE ER / P ROGR AMMER : S
C L AST NOCIFIC ATION DATE: 11/30/81

gINPUTVARIABLES DESCRIPTION

E
'''2"

IJsl031!Te H"Js?Ist M ISRUPTED BUNOLE TIME STE Pc

C
C OUTPUT VARIABLE DESCRIPTION
C

h N Y 0 IN t' F- ,

{ NSTP ggMggg9{STEPSINTOWHICHDBTIMETIMESTEPWILL
C
C
C

DIMENSION TR ( NSTP +1 )

C
STE PS = DELTT / FLOAT ( NSTP )
00 10 I=1s NSTP + 1

TR ( I) = TIMIN + FLOAT ( I-1) * ST EPS
10 CONTINUE

RETURN
END

l

.

!

I
,

|
112'

l

-. - - _ . _ _ _ .



_____ . ___________ ______ ___________ _ _ _ _ _

TABLE A-9. LISTING OF FGCHAR

--.

SUBROUTINE FGCHAR ( SIj{VR, gggR ZggR R 02.gR g2gR
, , , ,

*

+ VINROD s OdLTR , HI T ER , PUROSR s PDROPR s+ XCHRL , KFLUID , KTERM )C

b

PURPOSE: TO DEFINE RUBBLE BE0 CHAR ACTERISTICS AND HYORAULICC
C BEHAVIOR
b CALLING SUBROUTINE *0EFRAG
C
C SUBRCUTINE C ALLED: NONE
C ENGINEER / PROGRAMER STH IC

{ LAST DATE M00IFIE0 $/IO/81 |

g INPUT VARIABLES:
C SIZAVR AVERAGE PARTICLE SIZE OVER ACCUMUL ATED M ASS AND

'

C C OMPONENTS (M)

b XMASSR
TOTAL MASS OF DEBRIS ACCUMULATED FOR ALL COMPONENTS (KG)

b ZRhR
TOTAL MASS OF ZIRCALOY AC CLMUL ATE C FOR ALL COMPONENTSC (KG)

C

' { ZR02MR
TOTAL MASS CF ZR02 ACCUMULATED FOR ALL COMPONENTS (KG)

C 002MR
TOTAL MASS OF U02 ACCUMULATED FOR ALL COMPONENTS (KG)C

ig S TRNR
TOTAL M ASS OF CORE STRUCTURE NATERIALS ACCUMULATED (KG) '

'

C ABSMR
TOTAL MASS OF CONTROL ROD MATERI AL ACCUMULATED (KG)C

C AREAR TOTAL BUNDLE CROSS SECTIONAL AREA (M2)C
C HITRG

FRAGNENMTED DEBRIS REGION HEIGHT FROM OBREGN(M)C
C VINR COOLANT INLET VELOCITY (M/SEC)
b VINROD COOLANT INLET VELOCITY AT PREVIOUS TIMNE STE P,M/SECC
C DELTR TIME STEP (SEC)
C
C
C

b
I C
,

.
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TABLE A-9. (C0ffilNUED)

[ .

C

b OUTPUT VARIABLES:
IF PACKED SED,) DELTA H=HITRG-HITER=A VOIDC HITER BED HEIGHT,

C AT THE TGP OF PACKED SED (M
C
C POROSR B E0 POROSITY, FOR MODO PCROSR IS AN AVERAGED VALUE OVER
C THE SED
C
C PDROPR PRES;URE DROP ACCROSS THE BEC(PA)
C

b hNhS$bkhbkbfEbbhf0Nk) #

C
C KFLUID FLUIDIZATION FLAG, =0 PACKED BE Os =1 FLUIDIZED SED
C

AggDRM Ag fgRMINATION FLAGS =0 NORMAL RUNS, al ABNORMALQ KT ERM

b
C
C
C

b
C

b
C AT THIS TIME, ALL MATERI A L PROPERTIES ARE ASSLMED COMING

THROUGH A COMMON BLOCK, THESE INCLUDE
{
C ROZR ZR DENSITY (KG/M3)
C

R O ZR02 ZR02 DENS ITY( KG/M3){
C ROUO2 UO2 DINSIT Y(KG/M3)
C

b ROSTR DENSITf 0F STRUCTURAL MATERIAL (KG/M3)
C
Q ROABS DENSITY OF CONTROL R00 MATERI AL(KG/M3 )

{ ROCOL COOLANT DENSITY (KG/M3)

C XMUCOL VISCOSITY OF COOLANT (KG/SEC/M)

s
B
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TABLE A-9. (C0!!TIflVED)

RO'OL s
COMMON ROZR , ROZR02 , ROUO2 s ROSTR s ROABS s

HFD+ XMUCOL , OMf1 s OMY2 s F0VAP s XMUVAP s s*

CPCOL s XKCOL , XKVAP s CPGEB s TSAT s
+ SURTC s

TMELT s XLATC s ROMX s CPMX s XMUX s
+ ROSAT s
+ XKMX s XM UF 3 s RODES

C
C
C

3.14159PI =

C

E C ALCULATE DEBRIS /0LUME WITH ZERO POROSITY

TOTVOL = Z RM R / ROZR + ZR02MR / ROZR02 + UC2PR / ROUO2 + STRMR
+ / ROS1R + ABSMR / ROABS

C
C C ALCULATE ZERG-POROSITY BED HEIGHT (M)
C

HIT SO L = TOTVOL / AREAR
DEBRI', REGION HEIGHT

gCHECK
IF ( H"TSQL .GT. HITRG ) THEN

KTl!RM = 1

WRITE ( 6s 100 )

ELS E

C DEBRIS BED P ACKING IS B AS ED ON LMFBR EXPERIMENTS
POROSR = 0.593 - 1.23E-4 * XMASSR / AREAR

|
C

PACKED BED HEIGHT )
{ CALCULATE I

HITER = HITSQL / ( 1.0 - POROSR )
C

IF ( HITER .GE. HITRG ) THEN
HITRGHITER =

1.0 - HITSOL / HITRGPOROSR =

C
ENDIF

C
C C ALCULATE MINIMUM FLUIDIZ ATION VELOCITf(M/SEC)

ROBED = XMASSR / ( AREAR * HITSOL )
C

G MFBC = 68 8.0 * ( S IZ AV R * 39.37 ) ** 1.82 *
+ ( ROCOL * 0.G6243 * ( ROBED - RGCOL ) * 0.06243 1
+ ** 0.94 * ( XMUCOL * 1E+03 ) ** (-0.88 )
+ * 0.4536 / 3600.0 / ( 0.304d ) ** 2

R ENODI = GMFBC * S IZ AVR / XMUCOL

115
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TABLE A-9. (C0tlTIrlUED)
,

'

IF ( RENOD1 .LT. 7.5731 ) THEN
C

CORFC T = 1.0
'

ELSE IF ( REN001 .GE. 7 5731 .AND. REN001 .LT. 200.0 ) THEN

CORFCT = 1.364135 -0.179864 * ALOG ( REN001 )
C

ELSE IF ( R EN001.GE. 200.0 .AND. REN001 .LT. 1E+03 ) THEN
C

CORFCT 0.214413 + 39.3522 / REN001=
C

ELSE IF ( REN001 .GE. 1E+03 ) THEN

CORFCT = 0 253764
ENDIF

C
R ENOD2 = REN001 * C ORFCT
GMFBC = GMF8C * COAFCT
VELMF = GMF6C / ROCOL

C
C
C CHECK P ACKED OR FLUIDIZED BED
C

IF ( VINR .LE. VELMF ) THEN
XITM1 ( VIN R - VINROD) * ROCOL / D E L TP=

ALPH A 150.0 * (1.0 - POROSR ) ** 2=
+ / (AMAX1(POROSR . 1.0E-6)) ** 3/ (SIZAVR ** 2 )

BETA = 1.75 * (1.0 - POROSR)
+ / ( AM AX 1( POROSR s 1.0E-6)) ** 3 / SIZAVR

C
C CALCULATE XCHRL, CHARACTERISTIC LENGTH OF PACKED PARTICLE
C

XCHRL = SET A / ( AMAX1(ALPHA s 1.0E-8) 1
C
C C ALCULATE PRESSURE DROPS ERGUN8S EQUATION
C

PCROPR = XITM1 + ( ALPH A * XMUCOL + BETA * ROCOL
+ * VIN R ) * VINR

PDROPR = PDROPR * HITER
C

KTERM 0=

KFLUID = 0
C

ELSE
PDROPR (XM ASSR / AREAR - ROCOL * HITSOL) * 9.80665=

C
C ABOVE IS THE CALCULATION OF PRESSURE DROP ACROSS FLUIDIZED BED
C
C IF RUBBLE BED IS FLUIDIZED, C ALCUL ATE BED HEIGHT AND FLUIDIZED
C SED PORUSITY ACCORDING TO LE V A'S' FLUIDIZA TIONs 1959, P. 67.

.
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TABLE A-9. (CONTINUED)

f-

* .0 / Pfkkb E k RE R ** 0D
C.

IF ( REN003 .LT. 0.2 ) THEN

SLOPC = 5.0
C

ELSE IF ( RENOD3 .GE. 0.2 .ANO. RENCD3 .LT. 1 0) THEN
C ( 4.35 + 17 5 * SIZAVR / DIABND )SLOPC =

+ * REN003 ** ( -0.03 )
C

ELSE IF ( REN003 .GE. 1.0 .AND. RENCD3 .LT. 200 0) THEN

SLOPC = (4.45 + 18.0 * SIZAVR / DIABND)
+ * REh003 ** ( -C.1 )

C
ELSE IF (RENOD3 .GE. 200 0 .AND. RENOD3 .LT. 500.) THEN

SLOPC = 4.45 * REN003 ** ( -0.1 )

ELSE IF ( REN003 .GE. 500.0 ) THEN

S LOPC = 2 39

ENDIF
C

PORIMT = ( RE NOD 3 / RE N002 * POROSR ** SLOPC )
+ ** ( 1.0 / SLCPC )

C
C

hRITE ( 6s 500 ) RENOD2 s REh003 s POROSR s SLOPC sPORIMT

PORIMT h0ROSR )
1.0PORIMT = AMIN 1 (

1.0 - ) /HITER = HITER * (
+ AMAX1( 1.0E-06 s ( 1.0 - PORIMT ) )

POROSR = PORIMT
C

IF ( HITER .GE . HITRG ) TH E N

HITER HITRG=

PORDSR = 1.0 - HITSOL / HITRG
C

ENDIF
C

ALPHA = 150 0 * (1 0 - POROSR) ** 2 / ( AM AX1(POROSR ,
+ 1.0E-8)) ** 3 / (SIZAVR ** 2)

1.75 * (1.0 - POROSR) / ( AM AX1(POROSRs 1.0E-08 ) )BETA =

+ ** 3/ SIZAVR
XCFRL = BETA / ( AMAX1(ALPHA s 1.0E-8) )

C

i

1

0
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l TABLE A-9. (C0flTlflVED)

XFLUID 1= .

ATERn = 0e
g

ENDIF '

C
ENDIF

C
100

FORMAT (2Xs50HTOO MUCH M ASS IN RUBBLE BEDS CHECK FRAGMENTED MASS)WR IT E( 6,700) V EL MF
700 FORM AT(2X,cHVELMF=sE12 4)

| C
'

C
500 FORMAT ( 2x s 7HREN002=,E12.5 s 7HREN003= s E12.5 s 7HP O ROS R=,+ E12.5 s 6HSLOPC=sE12 5 s 7HPORINT=pE12 2)

C
C

RETURN
EN D

:

i

|

.

t

.
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TABLE A-10. LISTIflG 0F FRAGTH
-- - - - - . .

SUBROUTINE FRAGTH ( {{g jg s {{ 0{ p ,ss HI R XCHR , INR ,,

, ,
+ HTLBRO , HTLBRC , HTLBRD s HTLedC , ND ,

kfhu1D, AR s 8 D Rs CU$MR, fH0A# # # # #
,'

+ ELVMR , QXDAR , FISHR s HYOGR , FGRSR s
+ VULGSR , ARI s 00hNR s DISRUP )

E

PURPOSE: TO C ALCULATE THERMALLY REL ATED BEHAVIORS OF A rub 8LE
BE D.

C C ALLING SUBROUTINE: DBFROZ
C

{ SUBROUTINE CALLED: TEMPSR

{ EhGINEER/ PROGRAMMER S. HSIEH
LAST DATE MODIFIED: 8/10/81
INPUT V ARI ABLESs

SIZ AV R AVER AGE PAR TICLE DI AME TER OF A RUBBLE DEBRIS (M) i

{ POROSR DEBRIS BEC POROSITY
C HITER BED HEIGHT (M)
C
C XC PRL CFAR A CT E RIS T IC LENGTH 0F RUBBLE BODY FROM DELT Ps M
C
C VINR COOL ANT INLET VELOCITY (M/SEC ), NOTE THAT VINR IS THE
C SUPERFICIAL VELGCITY OF THE FLUID MEASURED ON AN
C EMPTY TUBE B ASIS. THE TRUE COOL ANT VELOCITY IN THE
C COOLANT CHANNEL VINCT(URE)=VINC/POROSR.
C
q ZR02TR EFFECTIVE ZR02 REACTION L AYER THICKNESS (M)
C IR02AR EFFECTIVE ZR-STEAM REACTION AREA (M2)
C

{ ALPhTR EFFECTIVE ALPHA-ZR REACTION LAYER THICKNESS, M

{ ALPHAR EFFECTIVE ALPHA-ZR REACTION AREA (M2)
C ELVhR ELEV ATION OF RUBBLE BODY-FROM THE BOTTOM OF ROD BUNDLE
C TO THE BOTTOM OF RUBBLE BODY REGION (M)
b

{ HTLBRD HEAT TRANSFER INTO DEBRIS BED AT LOWER BOUNDARY, W/M2
C HTLBRC FEAT TR ANSFER INTO DESRIS COOL ANT AT LCWER BCUNDARYs W/M2
C HTUBRD HE AT TRANSFER INTO DEBRIS BE0 AT UPPER BOUNDARY, W/M2

'
,

|

|

119

|



.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

TABLE A-10. (C0flTIfiUED)

C
HTUBRC HE AT TR ANSFER INTO DEBRIS COOLANT AT UPPER 800NDAkY,n/M2 *

{
ND NUMBER OF NODES TO BE USED IN LIQUIC OR V APOR REGION{ '

C MAXL MAXIMUM NUMBER OF NODES IN THE RUBBLE BOCY WHICH
C COMulNED LI QUID, SATURATION AND VAPOR REGIONS
C

g DELTR TIME STEP (S)

AREAR TOTAL SUNDLE CROSS SECTIONAL AREA,M2
{

=D P ACKED BEDS =1 FLUIDIZEDKFLLID {gg|DIZATIONFLAG,{
b
C

C INPUT / 0UT PUT V ARI ABLE S8
C

'

g IDR EGR REGION TYPE I.D. aj INgg{0gggIQUjDRgG}gN
"

8 :!?l"iSI8908til:t!6!"|

C =5 VINR GT 0 TWO REG,5 & V
C =6 VINR GT 0 THREE REG LESCV
C = 7 V INR= 0 ONE LICUID R EG
C =8 VINk=0 GNE VAPOR REG
C

\

| C NONR NUMBER OF NEDES USED IN RUBBLE BCDY ANALYSISs
'

C =ND IDREGR=ls2s7,6

| C =3 IDREGR=3
i C =N D+ 2 IDREGR=4,5

C =2*ND+1 IDR EGR =6

EL AR NO R E kHIEk
#

C
C BEDTMR CEBRIS TEMP.R ATURE CORRESPONDING TO NONR NODES

b COLTHR CCOLANT TEMPER ATURE CORRE SPONDING TO NONR NODES

OXOAR ZR-S T EAM HE AT GENERATION R ATE (W/M3 )
C
C FIShR FISS ION / DEC AY HEAT QENERATIOh RATE (W/M3)
C EL V P.R POLTEN CORE REGION ELEVATION AT LOWER BOUNDARY,M
C
C

OUT PUT V ARI ABLES:g
THMOTR MOLTEN MATERIAL THICKNESS (M){

C HY CGR HYDROGEN GENERATION DURING DELTR(MOLES)

120

__ -_ - __ ..



TABLE A-10. (CONTINUED)

| FGRSR FISS ICN G AS RELE ASE(MOLEb) DURING DELTR

C VOLGSR VOL ATILE FISSION PRODUC TS R EL EASE CURING DELTR, MOLE
C
C IRT DEBRIS REGION TYPE, =0 SOLI D REG IONS =1 MOL TEN R EGION*

C TOTAL OF NONR VALUES

DOWNR LENGTH OF MOLTEN POOL PENETRATICN, M
C
C

| C AFTER CURRENT TIME, (S)
1 C

C DISRUP DISRUPTION FLAG
C
C

C
C AT THIS TINE, ALL MATERI ALS PROPERTIES ARE ASSUMED COMING

THRCUGH COMMON BLOCKS THESE INCLUDE:{
{ ROCOL LIQUID COOL ANT DENSITY (KG /M3)

C ROVAP STEAM DENSITY (KG/M3)

XMUCOL LIQUID COOL ANT VISCOSITY (KG/SEC/M )

Q XMUVAP VAPOR VISCOSITY (KG/SEC /M)

C HFG LATENT HEAT OF VAPORIZ ATION(J/KG) 0F COOLANT
C SURTC SURFACE TENSION OF COOLANT (PA)
C

CPCOL LIQUID SPECIFIC HEAT (J/K/KG){
C XKCOL LIQUID COOLANT THERMAL CONDUCTIVITY)W/M/K)
C
C XKV AP VAPOR (STEAM) THERMAL CONDUCTIVITY (W/M/K)

C CPDEB SPE CIFIC 4 E AT OF D E3RI S(J /K /KG) .
C
C ROZR ZR DENSITY (KG/M3)
C
C R0ZR02 ZR02 DENSITY (KG/M3)
C
C ROUO2 002 DENSITY (KG/M3)
C
C RCSTR DENSITY OF STRUCTURAL MATERIAL (KG/M3)
C

'
C ROABS DENSITY OF CONTROL ROD MATERIAL (KG/M3)
C
C RODEB DEBRIS BED DENSITY (POROSITY DEPENDENT)
C

.
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TABLE A-10. (C0tiTIf10ED)

C XPUDEB VISCOSITY OF DE6RIS(KG/SEC/M) ,

C XKDEB TH ER M AL CON OUCTIVITY OF DEBRIS (W /M/K)
C
C TS A TC SA TUR A TION TEMPERATURE OF COOLANT OF RUBBLE DE 3RIS .

C ENVIRONMENT,K
C

g ROSAT HATER DENSITY AT SATURATION (KG/M3)

C TMELT PELTING TEMPER A TURE OF DEBRIS HATERI AL(K)
C

Q XLATC LATENT HEAT OF FUSION FOR DEBRIS MATERIAL (J/KG)
C

b
DIMENSION E LV AR( 4 L ) , BEDTMR(41) s C OL TMR (41) , IRT'413 s

+ BEDTM0(41) s COLTM0(41) s RONX(40) s C P ';X ( 4 0 ) s
+ XMUX(40) s xnMX(40) s TEMPB0(20) s TEMPB(20) s
+ TCOLTO(20) s TCOLT(20)

C
C

COMMON ROZR , R0ZR02 s ROUO2 s ROSTR , ROABS , ROCOLD s
+ XMUCD , ROCOL , XMUCOL s ROVAP s XMUVAP s HFG s
+ SURTC s CPCOL s X KC OL s XKVAP s CPDEB s TSAT ,

+ ROSAT s TMELT , XLATC s RCMX s CPMX s XNUX ,

+ XKMX s XMUF 3 s RODEB

C
LOGICAL DIS RU P

C

DATA PI / 3.14159 /
C
C C ALCUL ATE VOLUMETRIC HEAT GENER ATION RATE QVOL(W/ M3)
C

QVOL = OXD AR + FISHR
IITMP =0
ELVMO = EL VMR

C
C
C BASED ON QVOL,VIhRs AND COLTMR CHECK THE REGION 10
C

2020 CONTINUE
C

XLLIQ = -100.0
X LS AT = -100.0
XLVAP = -100.0

C !

{ C ALCUL ATE ORYOUT HEAT FLUX, LIPINSKI'S NODEL
C ALL DRYOUT (VINRsPOROSRsHITERsSIZAVRsPDROPRsCVOL,ROCOLsROVAPs

+ XMUC OLs XMUV A Ps HFGs SUR TC, QDYOUT )

.
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TABLE A-10. (C0fiTINUED)

IF ( VIhR .LT. 0.0 ) THEN
C

Q COMPARE QVOL TO QDYOUT

IF ( gg0LgHITER* (1.0-POROSR) .GE. QDYOUT ) THEN

ELSE
IDR = 7

C
ENDIF

E LS E

C REGION TYPE 1-6 LEFT TO BE IDENTIFIED
C

IF ( C CL TMR (1) .GT. TSAT ) THEN
IDR = 2

C
ELSE

IF ( COLTMR(1) .EQ. TSAT ) THEN
C

IF ( COLTMR(N0hR) .EQ. TSAT ) THEN
IDR = 3

ELS E

b C ALCULATE S ATURATION REGION LENGTH
C,

XLS AT = RCC C * V hR * HFG / QVOL
+ / AMAX ( ( .0 - POROSR I , 1 0E-08 )

IDR 5=

XLVAP = HI T ER XLSAT-

C

(hbffMRIONR TSAh$ $DRF = 3
IF ( Q V O L * H IT E R * ( 1. 0-P O R D S R ) .LT. QDYOUT)

+ IDR =3

ENDIF
C

ELSE
C
C COLTMR(1) .LT. TSAT
C

IF (g0gTMRNONR) .LT. YSAT) THEN

ELSE
XLSAT = ROCOL * VINR * HFG / CVCL+ / AMAX1((1.0 - PORDSR) , 1.CE-8)

|

|

1
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TABLE A-10. (CONTINUED)

IF ( XLS AT .GE. HITER ) XLSAT = HITER

XLLIC = XLSAT / HFG * CPCOL*(TSAT-COLTNR(1))
C

IF ( XLLIQ .GE. HITER ) X LLIC = HITER

IF (COLTNR(h0ha) .EG . TSAT) THEN
= 4IDR

X LS AT = HITER - XLLIQ
C

IF ( XLS AT .LE. 0.0 ) IDR = 1
C

IDR =6
XLVAP = AMAX1 ( 0.0s ( HITER- XLLIC - XLS AT ))

C
IF ( QVOL*(HITER-XLLIQ)*(1.0-POROSR)

+ .LT. QDYCUT ) THEN
C

IDR = 4
XLSAT = HITER - XLLIQ

C
IF ( XLSAT .LE. 0.0 ) IDR =1

b
ELSE IF ( ( X LLIQ + X LS AT ) .GE. HITER) THEN

IDR =4
XLSAT = HITER -XLLIQ

C
C

IF ( XLSAT .LE. 0.0 ) IDR = 1
C

ENDIF
C

ENDIF

E NDIF
C

ENDI F
C

ENDIF
C

ENDIF
C
C DEBRIS REGION TYPE HAS dE(h L2j .1F I EDs IDR =1-8s I F IDR AND
C IDREGR ARE NOT CONS IS T ANIS. ~ C ALi rudR00 TINE REGM00 TO ADJUST
C TEMPERATURE OF BED AN D COGL ANTS NG&tS ELEVATION AND SET IDREGR

| C EQUALS TO IDR
C
C

IF ( IDR .NE. IDREGR ) THEN

| C
CALL REGMDD (IDRs M AXLs N Ds IDREGR s NONRs XLLIQ, XL5 ATs XLV APs

124
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| TABLE A-10. (C0tlTIllVED)

+ ELVN Rs TS AT s HIT E R s ELV AR, BEDTMRs COLTMR )
C

EN DIF
C

N2 = ND * 2
-

C
00 50 I=1s NONR

BEDTMR(I)BEDTM0(I) =

COLTM0(I) = COLTMR(I)
C

50 CONTINUE
C

Q
BASED ON CCLTHR AND BEDTMR, ROMX(N2)sCPMX(h2), XMbX(N2) AND

L XKMX(N2) ARE KNOWN ASSUME THEY ARE TEMPERATbRE DEPENDENT,
VALUES ARE FOR SED AND THE REST N VALUES ARE FOR{ {fg{{N

C
C NOW C ALCUL ATE TE MPE RATUR OF S E) AND COO L AN T FOR CJ RRENT TIME
C

IF ( IDREGR .EQ. 1 .OR. IDREGR .EQ. 2 ) THEN
C

IF ( IDREGR .EQ. 1 ) IDYOT = 0
IF ( IDREGR .EQ. 2 ) IDYOT = 1
V AR1 = 0.0
V AR2 = 0.0
VAR 3 = 0.0
VAR 4 = 0.0

C
C
C C ALL MATPRO ( BEDTMO, COLTMOsND sNZsROMXsCPMXs XKM X, XMUX, KOREGRs IDYOT)
C
C

00 100 I= ND + 1 s N2
C

V AR1 = V AR1 + ROMX(I) / FLOAT (ND)
VAR 2 = VAR 2 + CPMX(I) / FLOAT (ND)

VAR 3 + XKMX(1) / FLOAT (ND)VAR 3 =
= VAR 4 + XMUX(Il / FLOAT (hDjVAR 4

C
100 CONTINUE

XRENO = VAR 1 * VINR * XCHRL / VAR 4
XPRDL = V AR2 * VAR 4 / VAR 3

C
XNU = (7.0 - (10.0 - 5 0*POROSR) * PORDSR) * (1.0 + 0 7

+ * XREND ** 0.2 * XP RDL ** (1. 0/ 3. 0) ) + (1.33-(2.4-1.2
+ * POROSR) * POROSR) * XREND ** 0.7 * XPRDL ** ( 1.0/ 3.0)

C
HVSC = XNU * VAR 3 / XCHRL ** 2

C
C

.
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TABLE A-10. (C0tfrIrlVED) i

DELTZ = HITER / FLOAT (ND - 1)
C

IF ( IDY OT .EQ. 0 .AND. KFLUID .EQ. 1 ) THEN
C

IF ( POROSR .LT. 0.25 ) GO TO 123
C

( l. 0 - ( 1.0 - POROS R) ** (2.0/3.0) * PIF EBSN =
+ ** (1.0/3.0) * ( 0. 75 ) ** ( 2. c/ 3.0)) ** (-1.0)

C

{XMUF3ISWATERVISCOSITY AT 300 K FROM M ATPRO
DIABN = ( 4.0 * AREAR / PI) ** 0.5
XNU = 1.28E-5*(XREN0*FESSN)**2*XPRDL**(0.67)*(VAR 4/

+ XMUF3 ) * *0. 8 3* (DI A BN/ XC HRL )* *0. 5* (RODE S/ V ARl) * *2
ANU * VAR 3 / XCHRL ** 2HVSC =

C
ENDIF

C
123 C ONTINLE

C
IF ( ICYOT .E Q. 1 ) THEN

"vSc - 'xiEMs'*: 161 2 iR3"95?CARC 52
77 ' ** *-

2+
C

ENDIF

CALL TEMPSR ( ND , N2 s IDYOT s SEDTM0 s COLTM0 s
+ HVSC , HTLBRD s HTLBRC , HTUBRD s HTUBRC ,
+ POROSR s VINR , CVOL , DELTR s DELTZ s
+ BEDTMR s COLTdR )

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

C
XNU = 7 0 - ( 10. 0 - 5. 0 * P OR OS R ) * PCROSR
IF ( IDREG R .EQ. 7) IDYOT = 0
IF ( ICREGR .E Q. 8 ) IDYOT = 1

C
V AR1 = 0.0

C

{CALLMATPRO (
...s...

C
DO 200 I = ND + 1s N2

C
V AR1 = V AR1 + XKMX(I) / FLOAT (ND)

C
200 CONTINUE

C
HV S C = XNU * VAR 1 / XCHRL ** 2
DELTZ = HITER / FLOAT ( ND - 1 ),

! C

.
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TABLE A-10. (C0flTIrlVED)

IF ( IDYDT .EQ. 1 ) THEN 1

C
HVSC = ( XCHRL * ( 1 0 - POROSR ) / .00377 I ** 1.33 *

+ XRENO ** .65 * VAR 3 / XCHRL ** 2
C

ENDIF
C
C

CALL TEMPSR ( ND s N2 s IDYOT , SEDTM0 s COLTM0 s
+ HVSC s HTLBRD s HTLBRC , HTUBRD s HTUBRC s
+ POROSR , VINR s ZVOL s DELTR s DELTZ s
+ BEDTMR , C3 LTM R )

h
C IF IDREGR EQUALS TO 3, QVOL IS USED TO HEAT S ATURATED W ATER
C NO BED AND COOLANT TEMPER ATURE CHANGES AdSUMEDs I.E. NO
C CALCU L AT ION OF TEMPERATUR E IS NEE DE D
C

EL S EIDh0T
* *

=0
DELTZ = XLLIQ / FLOAT ( ND - 1 )
VAR 1 = 0.0
V AR2 = 0.0
VAR 3 = 0.0
VAR 4 = 0. 0

C

{CALLMATPRO
( ... s ... s ...

C
C

00 300 I = ND + 1 s N2

VAR 1 VAR 1 + ROMX(I) / FLOAT (ND)=

VAR 2 VAR 2 + CPMX(1) / FLDAT(ND)=

V A R3 VAR 3 + XKMX(I) / FLOAT (ND)=

VAR 4 = VAR 4 + XMUX(I) / FLOAT (hD)
300 C ONTINUE

C
XRENO = VAR 1 * VINR * XCHRL / VAR 4
XPRDL = VAR 2 * VAR 4 / VAR 3 ;

C
XNU = (7.0 - (10.0 - 5.0*POR OSR) *POROS R) * (1.0 + 0.7

+ * XRENO ** 0.2 *XPRDL ** (1.0 /3 0 ) ) + (1. 3 3-(2. 4-1 2+ * POROSR) * POROSR ) * X R EN G* * 0. 7*X P R D L * * ( 1.0 / 3. 0 )
C

HVSC = XNU * VAR 3 / XCHRL ** 2
C

IF ( KFLUID .EQ. 1 ) THEN
C

IF ( PORDSR .LT. 0.25 ) GO TO 323

.

127

i



.

f

TABLE A-10. (CONTINUED)
__

' F E BS N = (1.0-(1.0 - POROSR) ** ( 2. 0 / 3.0 ) * PI
+ ** (1.0/3.0) * (0.75) ** ( 2.0/ 3.01 ) ** (- 1. 0 )

( 4.0 * AREAR / PI ) ** (0.5)CIABN =

XNU = 1 28 E-5 * (X REN0* F E BS N) * * 2 *X P R DL * *0.67* (V AR4 /
+ XMUF3)**0.83*(DIABN/XCHRL)**0.5*(KODEd/VARl)**2

XNU * VAR 3 / XCHRL ** 2H V SC =

ENDIF

323 C ONTINUE
C

00 400 I =1s NO
C

BEDTM0(I)TEMPB0(I) =

COLTM0(I)TC CL TO (I ) a

400 CONTINLE
C
C

CALL TEMPSR ( N0 s N2 s IDYOT , TEMPB0 s TCULTO s
+ HVSC , HTLBRD s HTLBRC , HTUBRD s HTuaRC s
+ POR0SR , VINR s QVOL s DELTR , DELTZ s
+ TEMPB , TCOLT )

C
C

00 500 I= 1s ND
C

BEDTMR(I) TEMPB(I)=

TCOLT(I)C OLT MR L I) =

C
500 CONTINUE

C
AMAX1( BEDTM0( NO + 1 ) s BEDTMR( ND ))BEDTMR(N0+1) =
AMAX1( BEDTM0( ND + 1 ) , BEDTMR( NO ))SEDTMR(N0+2) =

COLTMR(hD)C U LTMR (N 0+1) =

C OL TH R (N D + 2 ) = COLTMR(ND)
C

ELSE IF(IOREGR.EQ.5)THEN
C

IDYOT = 1
1 DELTZ = XLVAP / FLOAT ( ND - 1 )

C
V AR1 = 0.0
V AR2 = 0.0
V AR 3 = 0. 0
VAR 4 = 0.0

C
(

{CALLMATPRO
... s ... s ...

C
C

DO 60C I = NO + 1s N2
C -

.
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|

VAR 1 = VAR 1 + ROMX(I) / FLOAT (NO)
VAR 2 + CPMX(I) / FLDAT(ND)VAR 2 =

VAR 3 = VAR 3 + XKMX(1) / FLOAT (ND)
VAR 4 + XMUX(I) / FLOAT (ND)VAR 4 =

C
600 CONTINDE

XREND = VAR 1 * VINR * XCHRL / VAR 4
XPRDL = VAR 2 * VAR 4 / VAR 3

C

dAkEhDkk*h.2h*kPkOfh!'(1.0 b$3+il.b5 -1.2
" *

+
+ * POROSR)* POROSR)* XRENO ** 0.7 * XPRDL**(1.0/3.0)

C
HVSC = XNU * VAR 3 / XCHRL ** 2
DO 7CQ I=1s ND

TEMPB0(I) = BEDTM0(I+2)
TCOLTO(I) COLTM0(I+2)=

C
700 CONTINUE

C
IF ( IDYOT .EO. 1) THEN

C
HVSC = (XCHRL * ( 1.0 - POROSR > / .00377 ) ** 1.33 *

+ XRENO ** .65 * VAR 3 / XCHRL ** 2
C

ENDIF
C
C

CALL TE M PS R ( ND s N2 s IDYOT s TEMPB0 s TCOLTO s
+ HVSC , HTLBRD , HTLBRC s HTUBRD s HTUBRC s
+ P OROS R s VINR , QVOL s DELTR s DELTZ s
+ TEMPB s TC O LT )

C
C

00 800 I=1s ND
C

BBEinillll:Itat'lli
C

800 CONTINUE
C

COLTMR(1) COLTMR (3 )=

C O LT MR (2 ) = COLTMR(3)
C

BEDTMR(1) AMAXI( BEDTM0( 1 ) s BEDTMR( 3 ))=

AMAX1( BEDTM0( 2 ) s BEDTMR( 3 ))BEDTMR(2) =

C
ELSE IF ( IDREGR .EQ. 6 ) THEN

C
IDYOT * 0

.
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DELTZ = XLLIQ / FLOAT ( ND - 1 ) -

| 1200 VAR 1 = 0.0
VAR 2 0.0=

V AR3 = 0.0
V AR4 = 0.0

C
C

{CALLMATPRO
( ... s ... s ...

C
C

00 900 I = ND + 1, N2
C

Vill : Of!1 : BRN!!B f ft8tilsBl
VAR 3 = VAR 3 + XKMX(I) / FLOAT (ND)

VAR 4 + XMbX(I) / FLOAT (hD)VAR 4 =

900 C ONTIN LE

XPENO = V AR1 * VINR * XCHRL / VAR 4
XP RDL = V AR2 * VAR 4 / VAR 3
XNU = (7.0 - (10.0 - 5.0*POROSR) * POROSR)*(1.0+0.7

+ * XRENO ** 0.2 * XPROL**(1.0/3.0))+(1.33-(2.4-1.2
+ * POROSR) * POROSR) * XR EN0** 0 7*X P R OL* * ( 1. 0 / 3.0 )

C
HVSC = XNU * VAR 3 / XC HR L ** 2

C
IF ( IDYOT .EO. 0 .AND. KFLUID .EO. 1 ) THEN

| C
IF ( POROSR .L T. 0. 2 5 ) GO TO 923

C
( 1.0 - (1.0 - PORDSR) ** (2.0/3.0) * PIFE BSN =

+ ** (1.0/3.0) * (0.75) ** (2.0/3.0)) ** (-1.0)
C
C XMUF3 IS THE WATER VI SCO S ITY AT 300 K FROM MATPRO
C

( 4.0 * AREAR / PI) * * ( 0.5 )DIABN =

C
XNU = 1.28E-5 * (XRENO * FEBSN) ** 2

+ * XPRDL ** 0.67 * ( VAR 4 / XMUF3 ) ** 0.83 *
+ (DIABN / XCHRL) ** 0.5 * (RODEB / VAR 1 ) ** 2

C
HVSC = XNU * VAR 3 / XCHRL * * 2

C
ENDIF

C
923 CONTINUE

C
C

00 1000 I=1s ND
C

.

e
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TABLE A-10. (C0!!TIllVED)

TEMPB0(I) BEDTMO(I)=

TCCLTO(I) COLTM0(I)=

C
1000 CONTINLE

'

CALL TE M PS R ( ND s N2 , IDYOT s TEMPB0 s TCOLTO s
+ HVSC s HTLBRD s HTLBRC , HTUBRD , HTUBRC s

QVOL , DELTR , DELTZ ,gR,g j+

8
DO 1100 I=1s ND

88Eistill : I!afill!
C

1100 CONTINUE

BEN!!N8:H : eBFrMf!8I" ' " + "S5"""' " "

IDYOT = 1
DELTZ = XLVAP / FLOAT ( ND - 1 )

COOLANT PRCPERTIES ARE VAPOR PORPERTIES NOW

nil:8:8
C
C

gCALLMATPRO ( ...s...s...

00 1310 I = ND +1, N2

un : uni::m m r nan i ns t
1310 CONTINLE

C

IF ( ID YOT .EQ. 0 ) GO TO 1600
00 1400 I a i s ND

C
BEDTMO ( I + ND +1 )TEMPB0(I) =

COLTMO ( I + ND + 1 )TCOLTO(I) =
C

14CO CONTINUE
C

IF ( IDYOT .EQ. 1) THEN
C

|

|

t .
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i
HVSC ( XCHRL * ( 1.0 - PDFDSR ) / .00377 ) ** 1.33 *=

+ XRENG ** .65 * VAR 3 / XCHRL ** 2
*

ENDIF
C -

C
CALL TEM PS R ( ND , N2 s IDYOT s TEMPB0 s TCOLTD s

+ HVSC s HTL BRD , HTLBRC s HTUBRD s H TUB R C s
+ POROSR s VINR , CVOL s DELTR s DELTZ s
+ TEMPB s TCOLT )

4 C
! C
! 00 1500 I=1s ND

C
BE DT M R ( I+ND+1) TEMPB(I)=

COLTMR(I+ND+1) TCOLT(I)=

i 1500 C ONTINUE
'

C
1600 CONTINCE

C
ENDIF

C
C CHECK D E BRIS BED TEMPERATURE AND DEFIhE MELTING REGION
C

IMG = 0
IS G = 0

1 00WN R = 0.0
C

00 2000 I=1s NONR - 1
C

IF ( (BED TMR ( I) +B EDTMR (I +1) ) / 2.0 .GT. TMELT ) THEN
C
C THELT IS DEBRIS BED MELTING TEMPERATURE FROM MAPRO
C

IMG = IMG + 1
JUP = I +1
IRT(I) 1=

C
i ELSE

ISG = ISG + 1
IRT(I) = 0

C
ENDIF

C
2000 CONTINUE

C
IFit NONR ) IRT( NONR -1)=,

J C
00 2010 I=1s NONR - 1

J = NONR - I
OTMP1 = ( BEDTMR(J+1) + BEDTMR(J)) / 2.0 - TMELT

.

132



TABLE A-10. (C0tlTIflVED)

C
IF ( DTMP1 .LT. 0.0 ) THEN

DTMP1 = 0.0
C

. ELSE
DOWNR = 00hNR + DTMP1 * ( E L VAR (J+1)

+ - ELVAR ( J) ) * CPDEB / XLATC
C

BEDTMR(J+1) TMELT=
BE DT H R (J ) = TMELT

C
ENDIF

C
IF ( J .EQ. 1 ) GO TO 2010

C
C

IF ( IRT(J) .GT. IR T ( J-1) ) THEN
C
C HOLTEN MATERIALS MELTING THE L0 DER NODE
C

IF (DOWNR .GT. (0.5*(ELVAR(J)-ELVAR(J-1))) ) THEN

IhbhNRk 1) TM[LT
IRT(J-1) 1=

DOWNR = 00WNR - (ELVAR(J) ELVAR(J-1))-

ENDIF

E ND IF

2010 CONTINUE
C

b
THMOTR = 0 0

IF ( IRT (I) .EQ. 1) THEN
' THMOTR'= THMOTR + 0.5 * t' ELVAR (2) E LV AR (1) )

{ SET DISRUPTION FLAG WHEN DEBRIS REGION TYPE
ls INDIC ATING MEL TING=

DISRUP =. .TRU E.
C

ENDIF
C

THMO R = MOTR 6.5
*

* ( E R (NONR) ELVAR ( NONR - 1 ))-

ENDIF
C

00 3020 I=2, NONR - 1
C

.
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TABLE A-10. (CONTINUED)

IF ( IRT (I) .E0. 1 1 THEN
THMOTR = THMOTR +05* ( ELVAR (I + 1) - ELVAR (I - 1))

ENDIF
,

3020 CONTINUE
C
C
C
C

C NOW ADJUSTED BED TEMPERATURE AND MELTEN REGIGN HAS BEEN DEFINED
C
C CALL CHEMHT( ZR02TR,ZR 02 AR, AL PHTR, AL PHAR,10REGR,NONR,BEDTMR,
C + C OL TM R, E L V AR,0 E L TR,0XD AR, HYDGR )
C

{ C ALL NUC LHT(IDREGR,NONR, BEDTMR,ELV AR,DELTR, TOTIME, ...ETC )

QVOLN = DXOAR + FISHR
IITMP IITMP + 1=

C
IF ( IITMP .GT. 50 1 THEN

WRITE ( 6, 2050 )
2050gDRMA{,(2X, 57HITERA TION MORE THAN 50 TIMES NO CONVERGENCE IN TEM

C
GO TO 2030

ENDIF

IF ggBS((QCLN-QVOL)/QVOLN) .GT. 0.05 ) THEN

GO TO 2020
C

ENDIF
C

2030 RETLAN
EN D

|
.

.
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TABLE A-11. LISTING 0F FGMELT

C
~

SUBROUTINE FGMELT ( NONR , IRT , ELVMR , ELVAR , DELTR ,
+ V E LM GT 1

,

C-

C SUSCCDE NAME: FGMELT
C PURCLOSE: TO ME ASURE THE LIQUID MATERI AL MOVEMENT WHEN DEBRIS BED
C PELTING OCCURS.
C CALLING SUBROUTINES: DBFRAG
C SUdROUTINES CALLED: NONE

h h G HEfR)PRbGRAMMER: S.T.HSIEH/G.H. BEERS
C L AST MODIFIC ATION D ATE: 11/30/81
C
C
C INPUT V ARIABLES DESCRIPTION
C NONR HUMBER OF NODES USED IN RUBBLE BODY ANALYSIS

= Os SCLID REGIONC IRT DEBRIS REGION TYPE:
1, MOL TEN REGIr"C =

C ELVMR MOLTEN CORE REGION ELEVATION AT LOWEA assNDARY
"S"'S

8 shliR fill ^Sf f"5157 85 2"

C
C OUTPUT VARIABLES DESCRIPTION
C VELMOT VELOCITY OF MOLTON POOL FLOWING DOWNWARD (M/S)
C
C
C

DIMENSION E LV AR( NONR ) , IRT( NONR I

C
C SAVE INCOMING ELEVATION OF MOLTON MATERIAL

ELVMO = ELVMR
C

00 100 I = 1 , NONR
IF ( IRT ( I) .EQ. 1 ) GO TO 110

100 CONTINUE
C

110 IF ( I .LE. NONR ) ELVMR = ELVAR(I)
VELMOT = ANAX1( 0.0 , (ELVM0 - ELVMR)) / DELTR

hkb

|

|
'

.
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C
C

SUBROUTINE FGESTT ( ELVMR , EL VN R , VE LMOT , CURTIM , ESTDT I -

C
C SUBCODE NAPE: FGESTT -

C PURPOSE: TO ESTIMATE THE TIME OF DISRUPTICH
C CALLING SUBRCUTINES: DBFRAG
C SUBROUTINES CALLED: NONE
C WORK P ACK AGE : 15
C ENGINEER / PROGRAMMER: S.T.HSIEH/G.H. BEERS

11/30/81
{ L A3T MODIFIC ATION D ATE:
C
C INPUT V ARI ABLES DESCRIPTION
C ELVMR MOLTEN CORE REGION ELEVATION AT LOWER BOUNDARY
C ELVNR EL EV A TION OF RUBBLE BO DY FROM THE BOTTOM OF ROD
C BUNDLE TO BOTTOM OF RUBBLE BODY REGION (M)
C VELMOT VELOCITY OF MOLTEN POOL FLOWING 00WNWARD (M/S)
C CURTIM CURRENT TIME (S)
C
C OUTPUT VARIABLES DESCRIPTION
C ESTDT ESTIMATED TIME OF DISRUPTION (S)

h
C " 5- 8 > v''" ' >IlfliS.CulfiMk'"iSiBl'v""''^"^*'2-
c

RETURN
END

i

|

.

e
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TABLE A-13. LISTI?lG 0F DRYOUT

_

SUBROUTINE DRYOUT(VINC, POROSC,HITECs EFFCI A,POROPCs0VOL,
+ ROCOL, ROV APs XMUC OLs AMUV AP, HFG,S RUTC s C0YGUT )

C

j CiFIRili.S1Es'E8bil" 'v"'S ** "' '' "S*' '''* *^5' "

Q CALLING SUBROUTINES: FROZTHsFRAGTH

C SUBROUTINE CALLED: USMNMX OF IMSL

C ENGINEER / PROGRAMMER: STH

C LAS T DATE MODIFIED: 9/10/81
C
C INPUT VARIABLES:

h h0bhNfCkbVE ObShfOfTH (UIOMESUhEDON N
C EMPTY TUBE BASIS. THE TRUE COOLANT VELOCITY VINCT(URE)
C =VINC/PORDSC.

C PORGSC DEBRIS BED POROSITY

{ HIT EC BED HEIGHT ( M)

C EFFDIA EFFECTIVE P ARTICLE DIAMETER OF A POROUS BODY,M

PDROPC PRESSURE DROP ACROSS THE BEDS PA

C ROCCL LIQUID COOLANT DENSITY (KG/M3)
C
C ROV AP V A POR DENS ITY( KG /M3 )
C

XMUCOL LIQUID COOL ANT VISCOSITY (KG/SEC/M){
C XMOVAP VAPOR VISCOSITY (KG/SEC/M)

C HFG LATENT HEAT OF VAPORIZATION (J/KG)
C SURTC SURFACE TENSION OF COOLANT (PA)
C
C QVOL VOLUMETRIC HEAT GENERATION RATE (k/M3)
C

Q OUTPUT VARIABLES:

C CD Y OUT ORYOUT HE AT F LUX, W/M2
C

DIMENSION SEFF(100) s QX3(100)
C
C

QG UE S = QVO L *H IT EC * ( 1.0-P OR OS C )

C VARYING SEFF BETWEEN 0-1.0 TO GET A DRYOUT HE AT FLUX

00 100 I=1s 100

SE FYIS = 0.01 * FLOAT (I)
VAPEN="ROCOL kNC*HFG

'' *

IF ( QGUES .LT. V APEG ) XITEH1 = ( -1.0) * XITEMI-

C

AMk$fl.Ok'8sPORbScl)~* hHG* 2k(1.0/ ROVAP / |
'

+ (
+ ( AM AX1(1.0E-8, (1.0 - S EFF (I) ) ) ) **3 * SE F F (I )* * 3 +X IT EMI) |

1

'
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C

hik.kkili k.b$8b ~ h0kbhc )$
''

+
.

+ ** 3 / HFG * ( XMUVAP / ROVAP
+ / ( AMAX1 ( 1 0E-8 , ( 1 0 - SEFF(I))) ) ** 3
+ * SEFF-(I) ** 3 + XMUCOL / ROCOL )

C
XITEM3 = 3.5 * (1.0 - POROSC) * ROCOL * VINC / EFFDIA

+ /( AMAX1( 1. 0E-6 s POROSC ) ) ** 3 / HFG * XITEMI
C

XITEMB = XITEM2 - XITEM3
XITE M4 = ( -1 0) * (ROCOL-ROVAP) * 9.80665 * SEFF(I) ** 3

+ - 180. * ( I.0 - POROSC ) ** 2 * XMUCOL * ROC OL * VINC
+ / EFFDIA ** 2 / (AMAX1(1.0E-8 s PCROSC)) ** 3 / ROCOL

C
XITEMC = XITEM4 + 1.75 * (1.0-POROSC)*(ROCOL*VINC) ** 2

+ / EFFDI A / ( ANAX1(1.0E-8 s POROSC) ) ** 3 * XITEMI
C
C NOW SOLVE THE EQUATION A * Q ** 2 + B * Q + C = 0 FOR Q
C

XITEM5 = XITEMB * * 2 - 4.0 * XITEMA * XITEMC
C

IF ( XI T EM5 .LT. 0.0 ) THEN

C hRITE ( 6, 200 ) SEFF(I)
C 200 FO RM AT (2Xs 31HNO RE AL SOLUTION FOR Q AT SEFF=sF10 3)
C

-1.0QX3(I) =

C QX 3=-1.0 MEANS THERE IS NO REAL SOLUTION FOR Q
C SE T Q X3(I)=M ASS FLUX *HFG
C

QX3(Il VINL * 13C3L 8. HFG=

GO TO 100
C

ELSE
QX1 = ( -XITEMB + XITEMS ** 0. 5 ) / 2.0 / XITEM A
QX2 = ( -XITE MS - XITEM5 ** 0.5 3 / 2.0 / XITEMA

AMAX1( 0.0 , QX1 s QX2 )QX3(I) =

C
ENDIF

C
IF ( ITR .G T. 30 ) THEN

C

h600kOhM ff2k,hHQX3 V ALUE OS CILL ATE S AROUND VAPEG, SET QX3 VALUE AT TH
C +E VALUE OF VAPEG)
C,

VAPEG[ QX3(I) =

| QGUES = QX3(I)
C'

GO TO 100
C

ELSE
IF ( XITEM1 .LT. 0.0 ) THEN

C
C CHECK IF QX3 STILL .LT. V APEGs IF NOT GO B ACK TO ADJUST XITEMI
C

IF ( QX3(I) .GE. VAPEG 1 THEN '

$hR = ITk 1
| GO TO 105
1 C
! ENDIF

C
ELSE
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TABLE A-13. (C0flTIflVED)

|
|

C
- C CHECK IF QX3 STILL .GE. VAPEG, IF NGT GO BACK TO A0JUST XITEMI

C
IF ( QX3(I) .LT. VAPEG ) THEN

QGUES = QX3 (I )
ITR = ITR + 1
GO TO 105

C
ENDIF

C
ENDIF

ENDIF
C

QGLES = QX3 (I )
100 CONTIhUE

C
C FOR MO DE L TESTING, PRINT ALL SEFF AND QX3, AND FIND MAXIMUM QX3
C WHICH CORRESPONDING TO THE DRYOUT HE AT FLUX AT GIVEN SEFF
C W R IT E ( 6, 300) ( S EF F ( I), I= 1,100 )
C W R IT E ( 6,40 0) ( QX 3 ( I ), I =1,100 )
C 300 F0 EM AT (5 X,5H S E F F = s10 ( /10 X,10 F12.4 ) )
C $00 FGR MAT ( 5Xs 5HQX3= s10 (/10Xs 10E12.5))
C
C USE INSL UTILITY SUBROUTINE USMNMX TO FIND THE LARGEST V AL'JE OF
C QX3(=QDYOUT). LATER ON A SIMPLE CODING MAY BE USED TO REPLACEC IMSL SUBROUTIN! USMNMX TO AVOID THE UN AUTHCRIZ ED TRANSFER OF IMSL.
C

NTST = 100
INC = 1

C
CALL USMNMX ( QX3 , NTST , INC , XMIN , QDYOUT )

C
WRITE ( 6 5 ) QDYOUT

500 FORMAT ( 2k ,0017HDRY OUT- HE A T FL UX=, E13.6 )
C

RETURN
END

.
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TABLE A-14. LISTING 0F REGMOD
,

SUBROUTINE REGMOD(IDR,MAXL,ND,IDREGN,NChD,XLLIQ,xLSATsXLVAP,
'

+ELVNC, TS AT,HITEC, ELV AY, d EDTMP,COLTMP )
'

C
C PURPOSE: TO MODIFY NODE ELEVATION, TEMPERATURE AND REGION ID NUMBE -

-

C,

{
CALLING SUBROUTINE: FROZTH, FRAGTH

{ SUBROUTINE CALLED: NONE

C ENGINEE R/PR03 R AMMER STH
C

{ LAST DATE MODIFIED: 8/10/81

{ INPUT V ARI ABLES:

C IDR REGION ID NUMBER C ALCUL ATED IN FROZTH OR FRAGTH
C,

M AX L MAXINUM NUMBER OF NODES IN THE ANALYSIS{
>

g ND NUMBER OF NODES IN LIQUID OR VAPOR REGION ANALYSIS
C IDREGN REGION ID NUMBER OF LAST TIME STEP
C

NOND NUMBE R OF TOT AL NODES IN THE ANALYSIS{
'

2

g XLLIQ LIQUID REGION LENGTH, M

i

{ XLS AT SATURATION REGION LE NGTH, M

{ XL': AP VAPOR REGION LE NGTH, M

{ ELVNC EgggA{Ipg {{ DggRjg Bgg ggDM gGjjgM OF ROD
C
C TSAT COOL ANT SATURATION TEMPERATURES K
C

{ HITEC DEBRIS BED HEIGHTS M
,

{ INPUT /0UTPUT V ARI ABLES ::

C EL V AY ELEVATION OF NOND NODES, M

C BEDTMP BED TEMPERATURE CORRESPONDING TO NOND NODESs K
C
C COLTMP COOLANT TEMPERATLRE CORRESPONDING TO NOND NODESs K
C

DIMENSION ElVAYt41) , BEDTMP(41) , COLTMP(41) , BEDTO(41) ,
+ COLTG(41) e ELVO(41) , C OEF ( 40,3)

C
00 J00 I=1s NOND

BEDTO( I ) BEDTMP( I )=

COLTO( I ) COLTMP( I)=

ELVO( I ) ELVAY( I )=

100 CONTIhuE

IF ( gDR,gE.2.OR. IDR .GE. 7 ) THEN.

C
00 200 I=1s NDR ,

ELVNC + HITEC / FLOAT (NDR-1) * (I-1)ELVAY(I) =

C
200 CONTINUE

|

|
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j TABLE A-14. (CONTINUED)

IF ( AB S ( ELVAY( NDR ) - ELVO( NOND )) .LE. 1.0E-10 ) THEN
ELVO( NOND )

{
ELVAY( NDR ) =

C
ENDIF |

i,

CALL IC SCC b ( ELVO , COLTD , NOND , COEF , 40 , IER )
C

g WRITE ( 6, 1000 ) IER

c^tt 1CSEvu ' tblPn>!hli:Tinl'' '' ' * ' ' ' ' ' ' '
.

C

{ WRITE ( 6, 1000 ) IER

CALL ICSCCU ( ELVO , BEDTD , NOND , COEF , 40 , IE R )
C
C WRITE ( 6, 1000 ) I ER

CALL ICSEVU ( ELVO , BEDT0 , NOND , C OEF , 40 , ELVAY ,
+ BE DTM P , NDR , IER I

C
C WRITE ( 6, 10000 ) IER
C
C

NOND = NDR
IDREGN = IDR

C
ELS E g F, IDR .EQ. 3 ) THEN

C
00 300 I 1 ,NDR=

C
ELVAY(I) ELVNC + HITEC / 2.0 * (I-1)=

C OLTMP (I ) TSA T=

C
300 CONTINUE

IF ( ABS ( ELVAY( NDR ) - ELVO( NOND )) .LE. 1.0E-10 ) THEN
C

ELVAY( NDR ) = ELVO( NOND )
ENDIF

C
C

CALL ICSCCU ( ELVO , BEDT0 , NOND , COEF , 40 , IER )

{ WRITE ( 6, 1000 ) IER

CALL ICSEVU ( ELVO , BEDTD , NOND , CO EF , 40 , E LV AY ,
+ BEDTMP , NDR , IER I

C WRI TE ( 6, 1000 ) IER
C
C

NOND = NDR
IDREGN = IDR

C
ELS E gF,( gDR g EQ. 4 ) THEN-

C
00 400 I = 1 , ND

ELVAY(I) = ELVNC + XLLIO / FLOAT (NC-1) * (I-1)
CO LTM P( I) C OL T O (1 )+ ( TS AT-C OL TO (1 ) ) / F LO AT (N D-1) * (I-1)=

400 C ONT IhuE
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:

C
ELVAY(hD+1) E L V NC + (HITEC + XLLIO) / 2.0=

,

ELVAY(ND+2) ELVNC + HITEC=

C

! E8bIsilh8:ll: Tiff
C

IF ( ABS ( ELVAY( NDR ) - ELV0( NOND 1) .LE. 1.0E-10 ) THEN
| C

E LV AY ( NDR ) ELVO( NOND )=

C
ENDIF

i C
CALL ICSCCU ( ELVO , BEDTD s NOND , COEF , 40 , IER )

; C WRITE ( 6s 1000 ) IER
C

CALL IC S EVU ( ELVO , SEDTO , NOND s COEF s 40 s ELVAY s
+ BEDTMP , NDR s IER 1

! C
i C WRITE ( 6s 1000 ) IER
1 C

C'

NDND = NDR
IDREGN = IDA

C

ELSE IF ( IDR .EQ. 5 ) THEN
ND + 2NDR =

C
C

TSATCOLTMP(1) =

TSATCOLTMP(2) =

C

Ebykfkk hb b + XLSAT / 2.0
C

00 500 I=3, NDR

TSAT+(COLTO(NOND)-TSAT)/FLCAT(ND-1)*(I-3)CO LT M P ( I ) =

EL VNC +X LS A T+( HITEC-XLS AT )/ F LOAT ( ND-1) *(I-3)ELVAY(I) =

C
500 CONTINUE

C
ELVO( NOND )) .LE. 1.0E-10 ) THENIF ( ABS ( ELVAY( NDR ) -

C
ELVAY( NDR ) = E LV O( NOND )

C
ENDIF

C
CALL ICSCCU ( ELVO s BEDT0 s NOND s COEF s 40 s IER )

C
C hRITE ( 6s 1000 ) IER
C

CALL ICSEVU ( ELVO , BEDTD , NOND s COEF s 40 s ELVAY ,
+ BED TMP s NDR s IER )

C
C kRITE ( 6e 1000 ) IER

NOND = NDR *IDREGN = IDR
C

ELSE IF ( IDR .60. 6 ) THEN
C
C
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TABLE A-14. (CONTIrlVED)
_..

NDR = 2 * ND + 1
C

DO 800 I=1, ND

C OLT O (1) + ( TS A T-C OL TO (1) ) / F LO AT (ND-1) * (I-1)COLTMP(I) =
,

ELVAY(I) = EL VMC + XLLIQ / FLCAT(ND - 1) * (I - 1)
C

800 C ONT INUE

COLTMP(ND+1) = TSAT
ELVAY(hD+1) = ELVNC + XLLIQ + XLSAT / 2.0

C
D0 900 I=1, ND

TSAT + (COLTC(NOND) TSAT)COLTMP(ND+1+I) = -

+ / FLOAT (ND - 1) * (I - 1)
ELVAY(ND+1+I) ELVNC +XLLIQ+X LS A T+ ( HI TEC-XLLI Q-XL SAT )=

+ / FLOAT (ND - 1) * (I - 1)

900 CONTINbE

IF ( ABS ( ELVAY( NDR ) ELVO( NOND )) .LE. 1.0E-10 ) THEN-

ELVAY( NDR ) = ELVO( NOND )
ENDIF

CALL ICSCCU ( E LV O s BEDTO s NCAD , COEF s 40 s IER )

h hkk# k fE0 bf)# #
WR , , I =l, O D )

C
910 FORMAT ( 2X s 5HELVO=, 5(/2X , 10Fil.6))
920 FORMAT ( 2X , 6HBEDT0=, 5(/2X , 10F il. 3) )

{ WRITE ( 6, 1000 ) IER

1000 FORMAT ( 2X s 4HIER= s I2 )

CALL ICSEVU ( ELVO , BEDT0 2 NOND , COEF , 40 s ELV AY s
+ BeDTMP , NDR , IER )

C
C WRITE ( 6s 930 ) ( ELVAY(I) , I= 1, NDR )
C WRITE ( 6s 940 ) ( 8EDTMP (I) , I 1s NDR )=
C

khFbRMA 5(fhX's $0hkII ))
' #

2 s i MP= ,

C WR ITE ( 6s 1000 ) IER
C

h
NOND = NDR
IDREGN IDR=

ENDIF
RETURN
END

.

9
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| TABLE A-15. LISTING 0F TEMPSR

SUBROUTINE TEMPSR ( N , N2 , IDYCT , TEMPCO , TCOLCO ,
+ HVSC , HTL3CD , HTLoCC s HTLBCD , HTU6CC ,

-

P0gGSC , Vg{ QVOL , DELTT , DELTZ ,+
,

i C -

C
C

{ PURPOSE: TO C ALCULATE COOLANT AND BED TEMPERATURE ALONG I

{ C ALLING SUBROUTINE FROZTH
;

l { SUBROUTINE C ALLED: MINERVA

C ENGINEER / PROGRAMMER STH

h LAS T D ATE NODIFIED 8/10/ B1
C
C INPUT VARI ABLES:

! C
C N NUMBER OF AXI AL NODES;

C N2 2*N FOR SOLVING COOLANT AND BED TEMPERATURE
g SIMULTAMEOUSLY

i C IDYOT INDIC ATER OF COOLANT STATE, =0 LIQUID, =1 V APOR
C
C TEMPCO BED TEMPERATURES AT N NODES AT PREVIOUS TIME STEP (K)

i C
C TCOLCD COOLANT TEMPERATURE AT N NODES AT PREVICUS TIME STEP (K)
C
C HVSC HE AT TRANSFER COEFFICIENT BETWEEN BED AND COOLANT,
C VOL UM ETR IC, W/ K / M3
C

g HT L BC D hE AT TR ANSF ER INTO DEBRIS BED AT LOWER BOUNDARYsW/M2
C HTLBCC HEAT TRANSFER INTO DEBRIS COOL ANT AT LOWER BOUNDARY,W/M2
C
C HTUBCD HEAT TR ANSFER INTO DEBRIS BED AT UPPER BOUNDARY,W/M2
C

{ HTUBCC HEAT TRANSF ER INTO DEBRIS C00LANT AT UPPER BOUNDARY,W/M2

C POROSC DEBRIS SED POROSITY
C
C VINC COOLANT INLET VELOCITY, M/SEC, NOTE TH AT VINC IS THE
C SUPERFICIAL VELOCITY OF THE FLUID MESURED ON AN<

C EMPTY TUBE BASIS. IN TEMPSR CALCULATION, COOLANT
C NELOCITY IS THE TRUE VELOCITY IN COOLANT CHANNELS,

b h hu ATED hFfRk'FhRRN N STA EMhNkBhhDI
C DIMENSIGN S TATEMENT IN TEMPSR.
C
C QVOL VOLUMETRIC HE AT GENER ATION R ATE, h/M3(50 LID)
C,

[ { DELTT TIME STEP (S)
C DELTZ DISTANCE BETWEEN AXIAL 60DE,M
h
C ,

C
C
C,

| C .

C'
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TABLE A-15. (CONTINUED)

, { OUTPUT VARIABLES:

C T E M PC BED TEMPERATURES K

TC OLC COOL ANT TEM PER ATURE, K
{,

C
C

b
C
C
C AT THIS TIMES ALL MATERI A(S PROPERTIES ARE ASSUMED COMING THROUGH
C COMMON BLOCK (S), THES E INCLUDE
C
C ROCOL LIQUID COOLANT DENSITYs KG/M3
C
C ROVAP VAPOR DENSITY, KG/M3
C
C C PC CL LIQUID SPECIFIC HEATS J/K/KG
C
C CPVAP VAPOR SPECIFIC HEATS J/K/KG
C
C XKCOL LIQUID COOL ANT THERMAL CONDUCTIVITYs W/M/K
C
C XKVAP VAPOR (STEAM) THERMAL CONDUCTIVITYs W/M/K
C
C RODEB CEBRIS BED DENSITYs KG/M3
C
C CPDEB CE BRIS BED SPECIFIC HE ATs J/K/KG
C
C XKDEB DEBRIS BED THERMAL CONDUCTIVITYs W/M/K
C
C ASSUME MATERIALS PROPERTIES ARE TEMPERATURE DEPENDENT, THESE
C INCLUDE: COOLANT DENSITYs SPECIFIC HEATS THERMAL CONDUC TIVITY
C AND DEBRIS BED DENSITY, SPECIFIC HEATS AND THERMAL CONDUCTIVITY.
C TEMPERATURES ARE BASED ON OLD TIME STEP VA(UES
C ASSUME RCMX(N21s CPMX(N2)s XKMX(N2) ARE KNuWNs FIRST N NUMBERS
C ARE FOR DE BRIS BEDS THE FOLLOWING N VALUES ARE F0k COOLANT.
C
C

COMMON ROZR s ROZRC2 s ROUO2 s ROSTR s ROABS s ROCOLD s
+ XMUCD , ROCOL s XMUCOL , ROVAP s XMUVAP s HFG s
+ SURTC s CPCOL , XKCOL , XKVAP s CPDEB s 1 SAT s
+ ROS AT s TME LT s XLATC s ROMX s CPMX s XMUX s
+ XKMX s XMUF3 s RODES

C
DIMENSION TEMPC0(20) , TCOLC0(20) , TEMPC(20) , TCOLC(20) s

+ XMX(40) s BMX(40) s RCMX(40) , CPMX(40) ,

+ XKMX(40) , Z(40) s IPVT(40) s DMY(l?) s
+ AMX(40,40)

C
C
C
C

C00kNT OLOIT IkC00LAN CH NN S

C*

VINCT = VINC / AMAX1( l.0E-B , POROSC 1
C

00 150 I= 1s N2
,

IJf=0.0"

AMX (
100 CONTINUE
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TABLE A-15. (CONTINUED)
,

i

C
150 CONTINUE -

;

; DIGUR = HVSC / 2.0 / ( l .0 - PORO SC )
'RGMX(1) * CPMX(1) / DELTT + (XKMX(1) + XKMX( 2))AMX(1si) =

; + / 2.0 / DELTI ** 2 + DIGUR
1 C
i AMX (1,2 ) = -( XKNX(1) + XKNX (2 ) ) / 2.0 / DELTZ ** 2
? AMX(1sN+1) = -DIGUR

-( XKMX(N) + XKMX ( N-1) ) / 2.0 / DELTZ ** 21 AMX(NsN-1) =
: C
| AMX(NsN) POMX(N) * CPMX(N) / D6LTT + (XKNX(N) + XKMX(N-1))=

+ / 2.0 / DELT Z ** 2 + DIGUR
i C
i AMX(N,N2) = -DIGUR

C
1 DIGLL HVSC / 2.0 / POR03C=

1 C'

AM X (N +1s i ) -DIGLL=
i C
1 AMX(N+1 s N+1) = ROMX(N + 1) * CPMX(N + 1) / DELTT
i + + (XMMX(N + 1) + XKMX(N + 2)) / 20/ DELTZ ** 2 + DIGLL

ROMX (N + 1) * VINCT * CPMX(N + 1) / 2.0 / DELTZ+ -

C,

| AMX (N+1 s N+ 2) -(XKMX(N + 1) + XKMX(N + 2)) / 2.0 / DELTZ ** 2=

4 + + ROMX(N + 1) * VINCT * C PMX( N + 1) / 2.0 / DE LTZ
i C
! AMX(N2 s N2-1) -(XKMX (N 2 - 1) + XKMX(N2)) / 2.0=

t + / DELTZ ** 2 - ROMX(N2) * VINCT * CPNX(N2) / 2.0 / DELTZ
J C

AMX(N2 ,(N2) ROMX(N2) *
CPMX(N2))/ DELTT

=
+ AK M X ( N2 ) + XKMX (N2 - 13 / 2.0 / DELTZ ** 2 + DIGLLi'

+ + ROMX ( N2 ) * CPMX(NZ) * VIN T / 2.0 / DEL TZ
+

C
AM X (N 2s N ) - DIGLL=

i 00 200 I=2,N-1

XKU P = ( XKMX + 1) + XKMX (I ) / 2.0 / 2.0 / DELTZ ** 2
XKDN = (XKMX ) + XKMX(I - 1 ) / 2.0 / 2.C / DELTZ ** 24

j C
AMX( p -1) = - XKDN4

' AMX( ) ROMX(I) * CPMX(I) / DELTT + XKUP + XKON + DIGUR=
i AMX(I ,s I+1) = - XKUP
! AMX(I s N+I) = - DIGUR
t C
i 200 CONTINUE
! C

00 300 I=N + 2s N2 - 1'

XKUP1 = (XKMX(I+1) + XKMX(I)) / 2.0 / 2.0 / DELTZ **24

XKCN1 = (XKMX(I) + XKMX(I-1)) / 2.0 / 2.0 / DELT Z ** 2
C'

i GCDZ = ROMX(I) * VIhCT * CP MX(I) / 4.0 / DELTZ
C>

AMX(I s I-1) = - XKOH1 - GC0Z,

AMX(I s I) = ROMX(I) * CPMX(I) / DELTT + XKUP1 + XKON1 + DIGLL
ANX(IsI+1) -XKUPl+GCDZ' =

AMX(I s I-N) = - DIGLL '

! C
300 CONT'IhuE

C
''

00 400 I= 1s N *

| C
XMX(I) TEMPC0(I)2 =
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l

I

C
- 400 CONTINUE

C
00 500 I=N +1s N2

TCOLC0(I-N)* XMX(I) =

C
5 00 CONTINUE

C
00 600 I=1, N2

BMX(I) 0.0=

C
1i N2DO 700 J =

CST = AMX(I,J) * XMXtJ)
BMX(I) + CS':BMX( I) =

700 C ONT INUE
C

600 CONTINUE

IN!!Al : isi!Al : 8?8t : i:8 : "Tb!E8 ', 8ttli
BM X (N+ 1) = B MX (N+1) + 2.0 * HTLBCC / DELTZ

BM X (NZ ) + 2.0 * HTUBCC / DELTZBMX(N2) =

C
00 800 I=2,N- 1

C
BMX(I) BMX ( I) + CV OL=

C
800 CONTINUE

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

IF ( QVOL .LT. 1.0E-05
+ .AND. HTUBCD .LT. 1.CE-05
+ .AND. HTLBCD .LT. 1.0E-05 ) THEN

C
DO 750 I = 1 , N2

C '

IF ( I .LE. N ) THEN
DIGURXADJ =

A M.': ( Is l + N ) AMX(Isl+N) - DIGUR=

ELSE
XADJ = DIGLL
AMX(IsI-N) AMX(IsI-N) - DIGLL=

C
ENDIF

AMX(I,I) AMX(I,I) + X ADJ=

BMX(I) = ROMX (I) * CPMX(I) * XMX(I) / DELTT
C

750 CONTINUE
C

ENDIF
C

Q NOW SOL VE AMX(N2s N2)*XMX (N2)=BMX (N2) FOR XNX(N2)

{ALL LSGEgSL | AMX , N2 s N2 s IPVT s BMX s 0)ALL 0 AMX , N2 , N2 , IPVT s RCOND , Z )
LSG

,

DO 900 I=1sN
C

TEMPC(I) BMX(I)=

TCOLC(I) BMX(N+I)=-

C
900 CONTINUE

C
RETURN
END
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TABLE A-16. (CO:lTI!!U'D)
_

,
~

PROGRAF DBDRIV
C
C
C SUSCODE NAME: DBDRIV .

C P UR P OS E DRIVER FOR DBFRAG, DBFROZ AND ASSOCIATED ROUTINES WHICH
C SIMULATES DSUNDL IN TESTING AND INITIAL INTEGRATION PHASES
C CALLING SUBROUTINES: NONE
C SudROUTINES CALLED: DESINP s DBTIME , DBFRAG , CBFROZ s DBOUTO
C WORK PACKAGE: 15
C ENGINEER / PROGRAMMER * S.T.HSIEH/G.H. BEERS
C LM;T MODIFICATION DATE: 11/30/81
C
C
C IN DBUNDL SUBRCUTINE, ALL OF THE FOLLOWING \ARIABLES WILL BE IN
C ADJ UST A BLE ARRAYS, WITH DIMENSIONS VARYING 'nITH THE NUMBER 07 NODES
C AND DEBRIS REGIONS.
C
C
C

IMPLICIT IN T EGE R ( I-N )
C
C

DIMENSION ELVAR ( 41 ) s BEDTMR ( 41 ) s COLTMR ( 41 s
41 ))* IRT ('L ) , 5LVAY ( 41 ) s 3 E) TM7. (+ s

+ COLTMP ( 41 ) , IMT ( 41 1 , ROMX ( 40 ) ,
+ CPMX ( 40 ) , XMUX ( 40 ) s XKMX ( 40 ) s
+ T ( 20 ) s FRAG ( 20 ) s FROZEN ( 20 ) s
+ RBDRPT ( 20 ) s ESTDT ( 20 ) s CURTIM ( 20 )

C
C

COMMON ROZR , ROZR02 , ROUO2 s ROSTR , ROABS , ROCOLD s
+ XMUCD s ROCOL s XMUCOL s ROVAP s XMUVAP s HFG s
+ SURTC s CPCOL , XKCOL s XKVAP s CPDEB s TSAT s
+ ROSAT s TMELT s XLATC , ROMX s CPMX s XMUX ,
+ XKMX s XMUF3 s RODEB

C
C

LOGICAL FRAG , FROZEN , RBDRPT
C
C
C
C
C CALL *DEBINP* kHICH WILL DEFINE I/O VARI ABLES NEEDED IN TESTING
C

CALL DEBINP
+ ( SIZAVR s XMASSR , ZRMR s ZR02MR s UO2MR s
+ S TRMR s ABSMR s AREAR s HI TR G s VINROD s
+ V INR s ZR 02 TR s ZR02AR s ALPHTR s ALPHAR ,
+ ELVNR s HTL8RD s HTLBRC s HTb8RD s HTUBRC s

MAXL IDREGR s NONR , IRT s ELVAR s+
COLTMR ,, SEDTMR s OXDAR s FISHR s ELVMR s+

+ XMASSC , ZxMC s ZR02MC , UO2MC , STRMC ,

.

e
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TABLE A-16. (CONTINUED)

+ A BSMC s H IT E C , VINC , VINCOL s ZR02TC s
* + IR02AC s ALPHTC , ALPHAC , ELVNC s HTLSCD s

+ HTLBCC s HTUBCD , HTU8CC , IDREGN , NOND s
+ ELVAY , dEDTMP s COLTMP s IMT , OXDAC s
+ FISHC s ELVMC s hD s h a NUNREG s
+ FRAG s FROZEN s RBDRPT s CURTIM , T )

C
C
C DETERMINE DISRUPTED TIME ARRAY
C

CALL DB TI PE ( Ts N )

I =1
C

10 CONTIhuE
h
& IF I IS L ESS THAN N, THEN ITERATE AGAIN INCREASING TIME STEP
C

IF ( I .L E. N ) THEN
C

g DETERMINE CURRENT TIME STEP
DELTT = T ( I+11 T( I )-

{ ITERATE ON K UNTIL ALL REGIDH'S BEH AVIOR H AVE BEEN DESCRIBED
00 100 K = 1, NUMREG

C
C COMPUTE FRAGMENTED DEBP.IS BEHAVIOR FOR REGION K IF FRAG (K) TRUE=
C
C

IF ( FRAG (K) ) THEN
C
C
C MAKE THE CALL TO DBFRAGs THE DRIVER WHICH WILL HANDLE THE
C RUSBLE DEBRIS BEHAVIOR
h
'

CALL DBFRAG
+ ( SIZAVR s XMASSR s ZRMR , ZR02MR s UO2MR s
+ STRMR s ABSMR s AREAR s HITRG s sALPHTR , VINROD+ VINR , ZR02TR , IR02 AR s ALPHAR s
+ ELVNR , HTLBRD s HTLBRC , HTUBRD s HTUBRC s
+ ND s MAXL , DELTT s IDREGR s NONR s
+ IRT , ELVAR s COLTMR s BEDTMR s THMOTR ,
+ ELVMR , OXDAR s FISHR s HITER , POROSR s
+ PDROPR s XCHRL s KFLUID s KTERM s DOWNR ,
+ VELMOT , T , N s I s
+ RBDRP T (K) , CURT IM (K) , ES TDT (K) )

|

C
PRINT *s ' '

.

4
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TABLE A-16. (CONTINUED)

+ YCHRL s EFFDIA s KTERMC s IDREGN s NOND+ ELVAY , ., BEDTMP , COLTMP s I ." T , THMOTC ,
bbh $hRNfK#) hR0Z$Nk+ ' #

s

100 CONTINUE

I =I+1
C

GO TO 10
C
C

ENDIF
C

END

l.

i

& ,

e

h
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TABLE A-16. (CONTINUED)

. _ _

PRINT *, 'CURTIM(K)=e CURTIM(K),8 DELTT = 's DELTT, e IDR EGR = e,IDRE GR s
s LVAR,eCOLTMR ARRAY ='s= + ' N CNR = * e h0NR, s EL VAR = 8

!+ (COLTHR(NN )sNN=1s NONR)
8THMOTR=8 s )+ s*BEDTMR ARR AY = 8 s (BE DTMR (NN),NN= 1s NONR),IT ER = 's+ THMOTRs 80XD AR= 's 0XJ AR s ' F ISHR= 8 sFIShRs'H -

+ H ITE Rs ' FORDSR = 8 sPOROSRs 8 P DROPR= 's PDROPRs ' XCHRL='s XCHRL, 'KFLUID= 8 s
+ KFLUIDs#KTERM=8,KTERMs 8 00WNR= 8, DOWNR, s VE LMOT = e , VEL MOTS
+ ' T( K) = 's T (K )s 8 T (K+ 1) =a s T (K +1),8 RBDR PT ( K) = 8, RBDR PT( K) s
+ * ESTDT(K) =*sESTDT(K)

C
C

TRUEC COMPUTE FROZEN DEBRIS BEHAVIOR FOR REGION K IF FROZEN (k) =

C
C

ELSE IF ( FROZEN (K) ) THEN

C
C

g gggg {gE DRIVER DBFROZ WHICH WILL CONTROL THE FROZEN BEHAVIOR
C
C

CALL DBFROZ
+ ( XMAS $C s ZRMC , Z202MC s UO2PC s STRMC s
+ ABSMC s AREAR s HITEC s VINC s VINCOD s
+ ZR02TC s ZR02AC s ALPHTC s ALPHAC , ELVNC s
+ HTLBCD s HTLBCC s HTUBCD s HTUSCC s ND s
+ MAXL s DELIT s POROSC s PDRCPC ,
+ YCHRL s KTERMC s EFFDIA s IDREGN s NOND s
+ ELVAY s BEDTMP s COLTMP s THNOTC s ELVMC s
+ OXDAC s FISHC s HYDGC , FGRSC s VOLGSC s
+ IMT s DOWNL s VELMTC s T s
+ I s N s RBDRPT (K) , CURTIM (K) s
+ ESTDT ( K) )

C
C WRITE OUT ALL V ARIABLES LISTED IN THE ARGUMENTS)
C

YCHRL s KTERMC s EFFDIA sPRINT * , DELTT s POROSC s PDROPC
$EDTMP , COLTMP s THMOTC s+ IDREGN s NOND s ELVAY s

+ ELVMC , OXDAC s FISHC s HYDGC , FGRSC s VOLGSC s
+ IMT s DOWNZ s VELMTC s T'(I) s T (I+1) ,
+ 1s Ns RBDRPT (K) s CURTIM (K) e ESTDT (K )

b
ENDIF

C
CALL 080UTD

+ ( HITER s POROSR , PDROPR s XCHRL s KFLUID s
+ KTERM s IDREGR s NONR s ELVAR s BEDTMR s
+ COLTHR , IRT s THMOTR s D0wNR s VELMOT s
+ ELVMR s ESTDT(K) , HITEC s POROSC s PDROPC s

i

|
'
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TABLE A-17. LIST!flG 0F DEBIflP

e .

SLBROUTINE DEBINP

$5 h
#

hAR $ kRGkhkM kh00,# #
+ s s ,
+ V INR s ZR02TR , ZR02AR , ALPHTR s ALPHAR s
+ ELVNR s HTL8R0 , HTLBRC s HTUBRD , HTUBRC ,

# #
O MR s B D R, ODR s F SHR f R

+ XMASSC , ZRMC s ZRU2NC s UO2NC s STRMC ,
+ ABSMC s HITEC s VINC , VIhC00 , ZR02TC ,
+ ZR02AC s ALPHTC s ALPHAC s ELVNC s HTL8CD ,
+ H TL dC C , HTUBCD s HTUBCC s IDREGN s NOND s
+ ELVAY , SEDTMP s COLTNP s IMT s OXDAC ,
+ FISHC s ELVMC , NO , N , NUNREG ,
+ FRAG , FROZEN e RBDRPT s CURTIM , T I

C

bSUBCODE NAME: DEBINP

b hESbU kOkbkfRAN DhkEbN RbRbu S.U UT A N

$ CALLING
SUBROUTINgS MODO

181|'VI!" lies ^'Is ' " "'

C ENGINEER /PRCGRAMMER: S.T.HSIEH/G.H. BEERS
g LAST NODIFIC ATION DATE: 11/30/81

THIS gbBROUTINE INIjI ALIZES THE INPUT DATA NEEDED BY THE DEBAIS
hDfAWkLOOME NITk$ fNPUT DMfNk05b8R M 08 R DBREGN,
C ROUTINES. IN THIS VERSION OF *DESINP*, THe DATA IS THAT USED FOR
C THE ACCEPT ANCE TES TING FOR THE BEHAVIOR MODELS AND IS BASED ON THI-2
{ F UEL BUNDL E GEGM ET RY.

BIN *DEBINP* ALL VARI ABLES WITH THE EXCEPTICN OF THE REGION FLAGS ARE -

'

C SING ALLY DINEhSIONED WITH RESPECT TO THE NUMBER OF DEBRIS REGIONS FOR
C TESTING PURPOSES CNLY.
C

h*****INPUTANDOUTPUTVARIABLESANDTHEIRDESCRIPTIONS******
C
C SEE THE DEBRIS BEHAVIOR MODELS FINAL DESIGN REPORT BY S. T. HSIEH FOR
p COMPLETE V ARI ABLE DESCRIPTIONS.

C

IMPLICIT INTEGER ( I-N )
C
C

'"'"S' " thy'" I tl I : #!?!?" I tl I : S?hi## ! 21 1 :+
+ C OLT MP ( 41 ) , IM T ( 41 ) , ROMX ( 40 ) ,

.

152

a



TABLE A-17. (CONTINUED)

+ CPNX ( 40 ) s XMUX ( 40 ) s XKMX ( 40 ) ,
= + T ( 20 ) , FRAG ( 20 1 , FROZEN ( 20 ) ,

+ R3DRPT ( 20 ) e CURTIM t 20 )
C
C

COMNGH ROZR , ROZR02 , ROUO2 s ROSTR , ROABS , ROCOLD ,
+ XMUCD , ROCOL , AMUCOL , ROVAP , XMUVAP , HFG ,

+ SURTC a CPCOL s XKCOL s XKVAP s CPDES s TSAT ,

+ ROSAT , THEL T , XLAIC s kGMX s CPMX s XMUX e

+ XKMX s XMUF3 , RODES

C
LOGICAL FRAG , FROZEN , RBDRPT

h
c
C

REGIONS, AND TIMESTEPS.
{ DEFINE THE NUMBER OF NODES,

20ND =

NUNREG = 2
10N =

C
C INITIALIZE REGION DEBRIS TYPE FLAGS
C
C

.TRUE.FRAG ( 1 ) =

. FALSE.FRAG ( 2) =

. FALSE.FROZEN ( 1) =

.TRUE.FROZEN ( 2) =

C
C INITIALIZE DISRUPTION FLAGS FOR ALL REGIONS
C

00 5 K= 1, NUNREG
C

RBORPT( K ) = . FALSE.
C

5 CONTINUE
C

h DEFINE MAT ERI AL PROPERTIES FOUND IN C OMMON BL CC K
C

6.552E+03ROZR =

ROZP02 = 5 82E+03
1.0 9 7E + 0 4ROUO2 =
8.0E+03ROSTR =

8.0E+03ROABS =

ROCOL = 468.418
8.6 8 E-05XNUCOL =

160.20ROV AP =

XMUV A P = 1 255E-05

.
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TABLE A-17. (CONTINUED)

1.661E+06HFG = .

SUR TC = $9.3E-03
3.663E+04CPCCL =

XKCOL = 3.209E-01
XKVAP = 5.193E-02
CPCEB 580.0=

bSAT kb'.k18=

*X h 2hE05=
XMUF3 = 8.6 2E-04

9.85E+03RODEB =
C
C

00 20 I = 1, ND

9.85E+03ROMX ( I) =

ROMX ( I + ND ) ROCOL=

hh$f f f ND ) =bhkbb
C

4.24E-03XMUX ( I ) =

XMUX ( I+ND ) XMUCOL=

XKMX ( I ) 1.904=

XKMX ( I + ND ) XKCOL=

20 CONTIhUE
C

kOEFINE DATA THAT WIL BE INPUT BY DUMMY ARGUMENTS. THIS GROUP
C CONTAINS INPUT FOR FGCHARs A FEW OF WHICH ARE ALSO INPUT TO FROZTH.
C
C

!Alill:14?!!*
ZRMR 5.268=

2R02MR = 0.375
UO2MR = 29.0
SIRPR 0.0=
A8SMR 0.0=

3.664E-02AREAR =
HITRG 0.2=

0.10VINR =

VINROD = 0.10
C

VARI ABLE DEFINITIONS CONTAINS INPUT FOR FRAGIH
{THISGROUPOF

0.5 E-06ZR02TR =

0.5E-10ZRC2AR =
ALPHTR = 0.5 E-06
ALP H AR = 0.5 E-10

.

|
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TABLE A-17. (C0flTiftuED)
.

ELVNR = 2.5
ELVMR E LV N R + HITR G=

HTLSRD = 0.0
HTLBRC = 0.0
HTUBRD = 0.0.

HTUBRC = C.0
MAXL = 41

C

{THESEGUTPUTVARIABLESMUSTALSOBE INITIALIZED
IDREGR = 1
NONR = 20

C

h INITIALIZE ELEMENTS 1 TO NONR OF THESEARRAYS
C

DIV = FLOAT ( HD-1)
00 40 I = 1 , NONR

F ACTOR = ( I-1 ) / DIV
C

IRT ( I) =0
ELVAR ( I ) ELVNR + 0.2 * FACTOR=

COLTMR ( I ) = 400.0 + 190.0 * F ACTOR
BEDTMR ( I ) = COLTMR ( I)

C
40 CONTINUE

C
OXDAR 1.69E+08=
FISHR = 1.69E+08

C
C
C
C
C
C NOW SET UP THE INPUT VALUES FOR FROZEN BEHAVIOP
C
C

HITEC = 0.5
VINC = 0.001
ZR02TC = 0.5E-06
ZRO2AC = 0.5E-10
ALP HTC = 0.5 6-06
ALPHAC = 0.5E-10
ELVNC 2.5=

ELVNC = ELVNC + HITEC
O X D AC = 1.69E*08
FISHC = 1.69E+08
HTLBCD = 0.0
HTLBCC = C.0
HTUBCD = 0.0
HTUBCC = 0.0
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TABLE A-17. (C0tiTIllVED)

kNO 22
C

{INITIALIZEFIRST2ELEMENTSOFFOLLOWINGOUTPUTARRAYS
\M l 1 l ;8

ELVNCELV AY ( 1 ) =

=f60 MP ( 1 I 0
COLTMP 2 ) = 670.0
BEDTMP 1 ) = 660.0
BEDTMP 2 ) = 670.0

C

{ INITIALIZE ELEMENTS 3 THRU NOND OF THE ABOVE CUTPUT ARRAYS
C

3 , NOND00 60 I =

FACTOR = ( I-3 ) / DIV

ENir ! l > = i.6 * 0.4 * FiCTOR
TMP ( I * FAC 08 0 ( ) =

60 CONTINUE

C ASSIGN VALUES TO DATA IN FRCH AR ARGUMENT LIST
C

NNh *h9hhkE02*. .0
ZR 02MC 1.419 E-0 3 * 26 4.0=

g { ,= g.09844E-01 * 264.0

. 64E-02
VINC00 = 5.05

htY

:
|
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TABLE A-18. LISTING OF DBTIME

.

*
C

SUBROUTINE DBTIME ( TIME ,N )

C THIS IS A DUMMY SUBRCUTINE Wi1ICH WILL C ALCuLATE THE TIhE INTERVALS FOR.

C THE DISRU PT ED SUNDLE LOGIC.
C
C

DIMENSION TIME ( N+1 )

C
DELTAT = 10.0
00 20 I=1s N + 1

FLOAT ( I-1 1 * DELTATTIME ( I ) =

20 CONTINUE

R ETUR N
EN D

,

f
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TABLE A-19. LISTING 0F DBOUTD
,

__

SLBROUTINE D BOUT D ,p p p ,

+ (TERM s IDREGR , NONR s ELVAR , BEDTMR ,
+ COLTMR , IRT , THMOTR s 00WNR , VELMOT ,
+ ELVMR , ESTDT , HITEC , POROSC , POROPC , ,

+ YChRL , EFF01A s KT E R PC s IDREGN s NOND s
+ ELVAT , SEDTMP s CULTMP , IMT s THMOTC ,
+ ELVMC s DOWNZ s VELMTC s CURTIM ,
+ CELTT s FRAG s FRCZEN )

C
C

k h0$ht hbPR E DE3RIS BEHAVIOR AN ALYSIS CUTPUT
C C ALLING SUBROUTINE : DBOUT
C SudR00 TINES CALLED: NONE
C WORK PACKAGE: 15
C ENGINEER / PROGRAMMER: S.T .HS IE H/ G.H. BEE RS
C L AST MODIFIC ATION 0 ATE: 11/30/81
C
C
C THIS SUBROUTINE WRITES THE QUTPUT DAT A FRCH THE DEBRIS BEHAVIOR
C MODELS *DBFRAG* AFD *DBFROZ* TO TAPE 6.
C

fENh0hbhFORM E$bCEhT$kNES $0A ING*DBND*WHNH S
C TESTING OF *0BFRAG* AND *DBFROZ*. THE DUTPUT WILL BE PRINTED

TYPE FLAG RBDRPT(K).
{DEPENDINGUPONTHEVALUEOFTHEDEBRISREGION
C

OIMENSION ELVAR ( 41 ) , SEDTMR ( 41 ) , CULTMR ( 41 ) ,
+ IRT ( 41 ) , ELVAY ( 41 ) s BEDTMP ( 41 ) s
+ COLTMP ( 41 ) s IMT ( 41 )

C
C

LOGICAL FRAG s FROZEN

C
C

WRITE ( 6, 900 ) ( *** , I= 1, 25 )
| WRITE ( 6, 1000 1 CURTIM s DELTT

C
IF ( FRAG ) THEN

C
WRITE ( 6 , 1010 )
WRITE ( 6s 1020 ) HITER , POROSR , POROPR s XCHRL ,

+ KFLUID , KTERM
WRITE ( 6 s 1030 )

WRITE ( 6 s 1040 ) 10REGR , NONR s
1, NONR )+ ( ELVAR( I ) , I =

WRITE ( 6s 1050 ) 8 BED TEMPERATURE: ,
+ ( dEDTMR( I ) , I 1s NONR )=

WRITE ( 6, 1050 ) ' COOLANT TEMPERATURE' s
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TABLE A-19. (C0;lTIfiUED)

- - _

Ohk$hEbIbN #
WRITE ( 6 , 1060 ) T PE CR DS 1 TO NONR's.

+ ( IRT( I ) , I=
00hhR ,1, hCNR )

WRITE ( 6s 1070 ) THMOTR , VELMUT , ELVMR ,
+ ESTDT

C
C

ELSE IF ( FROZEN ) THEN

UR
'

6e 020 HITEC , POROSC s POROPC , YCHRL ,
+ EFFDIA s KTERMC

WRITE ( 6, 2030 )
hRITE ( 6s 1G40 ) IOREGN , NOND s

+ t ELV AY( I ) , I=1, NOND )
WRITE ( 6, 1050 )

| BED {EMPERAJURE'
,

WRITE ( 6s 1050 ) ' COOLANT TEMPERATURE * s
+ ( COLTNP( I ) s I 1, NOND )=

WRITE ( 6s 1060 ) '0EBRIS REGION TYPE FCR NODES 1 , NOND',
+ ( INTL I ) , I 1 , NONO )=

WRITE ( 6, 1070 ) T HMOT C s ELVMC s 00khZ s VELMOT ,
+ ESTDT

C
ENDIF

C
RETURN

C
: 900 FORMAT ( // 2X s 25A )

1000 FCRPAT ( // 2X , 'CURRE NT TIME =' , F6.4
+ / 2X , ' TIME STEP =' , 2X , F6.4 )

1818 |8isil I " 11 : !2"!"WIIt"9"=?"^S"it!! CHARACTERISTCS M ELO
+ / cX , eBED POROSITY =' , E12.4
+ / 6X , ePRdSSURE DROP ACROSS BED . E12.4,
+ / 6X , ' CHARACTERISTIC LENGTH OF PARTICAL =' s E12.4+ / 6X s 'FLUIDIZATION FLAG =e , g4
+ / 6X , ' ABNORM AL TERMINATION FL AG .e , I4 )

C
1030 FOR PA T ( // 2x , '0UTPUT FROM FR AGMENTED DEBRIS BEH AVIOR MODEL')
1040 FORMAT ( / 6X , ' REGION TYPE ID =' , I4

+ / 6X , e NUMBER OF NODES =' , 16
+ / 6X s ' ELEVATION OF h00ES IN DEBRIS =',10(/3X,8F12 4))

050 FORMAT ( / 6X , A , 10(/3X s 5F12.3 ))
1000 FORMAT ( / 6X , A , 10(/3X , 1016 ))
1070 FORMAT ( // 6X , 'MOLTON MATERI AL THICKhESS .e , E15.4

+ / 6X , ' LENGTH OF MOLTON M ATIER AL THICKNESS =',F15.4
+ / 6X s 8 VELOCITY OF MOLTCN PUCL FLOWIhG 00kNWARD =8 ,
+ E15.4
+ / 6X s 'EL EVATION OF MGLTCN M ATERI AL =' s E15.4
+ / 6X s 'ESTINATED TIME OF DISFU PTICh s' , F 12.4 )

2010 FORNAT ( // 2X , '0UTPUT FROM FROZEN CHARACTERISTCS MODEL')

.
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TABLE A-19. (C0tiTIrlUED)

zozo FORMiT < /, 6x , .ggg g g g . , Fi g , .
,

f IX , ehk!h!NhR$$f[C hh Oh FROIEPbED .e sE12.4
'

E+'

e EFFECTIVE P ARTIC AL DIAMET ER .e . E12.6/ 6X , -

+ -

+ / 6X , eABNGRMAL TERMINATIGN FLAG =8 , I4 )
C

2030 FORMAT ( // 2X , a00TPUT FROM FROZEN CEBRIS BEHAVIOR MODEL' )

C
END

.
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