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SUMMARY

A series of simulations have been performed for a main steamline break in the
Catawba Ice Condenser containment. The simulations were performed to predict
the local atmosphere temperature and non-condensable gas distribution in the
lower containment and the effect of ice condenser drain water flowing into the
lower compartment on the atmospheric temperature.

The results indicate that the lower containment is well mixed, both vertically
and around the containment. Except for some nearly isolated outer
compartments, there was very little air left in the lower containment after
the first few seconds following the pipe rupture. The temperature distribution
around the lower containment was relatively flat as a result of the mixing
induced by the break jet.

For the simulations that included a mode! for the drain flows into the lower
containment, the peak bulk and local temperatures during the transient were
below the environmental qualification limit.

69108:1b-111385 »i
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1.0 INTRODUCTION

A postulated main steam line break (MSLB) in an ice condenser containment
could potentially lead to superheated steam temperatures in the lower
containment. Tube uncovery in the steam generator can result in superheated
steam injection into the lower containment through the break. Large,
double-ended breaks do not result in significant superheat because the
entrained liquid in the steam jet is sufficient to eliminate most of the
superheat. Small split breaks also do not result in significant lower
containment superheat because containment sprays in the upper containment anc'
recirculating fans between the upper and lower containments are on before the
steam generator tubes uncover. Sensitivity analyses by Westinghouse (1)
indicate that the worst case situation in terms of lower containment superheat
occurs with a break size of 0.86 ft.2 The steam generator tubes begin to
uncover at about 100 seconds after the rupture for this break size with the
recirculating deck fans coming on at 600 seconds.

The COBRA-NC code was used to perform a series of simulations for a 0.86 ft.2
MSLE in one of the Catawba ice condenser containments. Catawba Units 1 and 2
are essentially mirror images of each other. While tris analysis was
specifically for Unit 1, plant data was more readily available for Unit 2 and
was, therefore, used to generate code input. The purpose of these
calculations is to examine the containment response to a MSLB as realistically
as possible. In this fashion, such items as three-dimensional flow behavior,
non-condensable concentration, and mixing effects caused by the break can
assessed and compared to the simplier more conservative licensing
calculation. During the transient, ice melt and steam condensate drain into
the lower containment from the ice condenser bays. This drain water was
expected to have a major impact on lower containment temperatures. A drain
mode! was incorporated into COBRg-NC that caused the drain water to be
dispersed in the lower containment as drops and films using an upper bound
drop size from the drain flow test data obtained by Hestinghousc.(Z) One
simulation was run with the drain flow discarded so that the magnitude of the
increased cocling due to the drain flow could be assessed.

69108:1b-111385 1
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While these COBRA-NC calculations have been specifically performed on the
Catawba Units, it is believed that the response of other Westinghouse ice
condenser plants would be very similar since the containment design of the
units is nearly the same. Table 6.1 in Section 6, provides a comparison of
the TVA and Duke Power ice condenser plant containment parameters. As this
table indicates, the dominant containment variables such as containment
volume, steel mass and concrete heat sinks are nearly identical for al)
plants. Some small differences between plants will exist for the thin meta)
surface areas for films to collect and condensate to evaporate. However, as
will be shown in this report, the long term containment bulk temperature
becomes more dependent on the concrete and thick steel heat sinks (such as,
structures for steam generator support and pump supports) rather than the thin
metal heat sinks.

Section 2 of this report describes the physical geometry of the containment
and outlines the accident scenario. A brief description of the COBRA-NC code
is presented in Section 3. Complete details of the basic COBRA-NC code are
available in the code documentation.(3) The heat transfer models are
discussed in detail in this report as they are somewhat different than those
described in the code documentation.

Section 4 describes code modifications made especially for these simulations.
The code input data is presented in Section 5 and the results for the
simu.lation series are discussed in Section 6. Conclusions are drawn in
Section 7.

6910B:1b-111385 4
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2.0 CATAWBA ICE CONDENSER CONTAINMENT DESCRIPTION

A sectional elevation of an ice condenser containment is shown in Figure 2.1.
A 3.0 foot thick outer concrete shell surrounds the 1.0 inch thick stee)
containment shell. The interior of the containment is divided into four major
regions; the reactor vesse! enclosed by the biological shield wall (BSK), the
Tower containment, the ice condensers and the upper containment. The reactor
vessel region connects to the lower containment through ventilation holes and
ducting near the top of the 4 ft. thick BSW and through the instrument tunne)
to the sump region surrounding the bottom of the reactor vessel. The upper
and lower containment are separated bv the operating floor located 54 ft.
above the containment floor. There is approximately 2 ft.z of known leakage
area between the upper and lower containment.

A plan view of the lower containment is shown in Figure 2.2. The view is at
the elevation of the ice condenser doors, just below the operating floor.
There are 24 sets of double doors between the lower compartment and the ice
condenser. Each double door opening is approximately 60 ft.z. although the
maximum door opening is about one-half that. The dividers between the doors
are part of the 3.0 ft. thick wall that supports the polar crane in the upper
containment,

Located directly below most of the ice condenser doors are the ice condenser

drains.[:

:]‘,,da

Between the crane wall and the conlainment shell are outer compartments that
house the accummulator, ventilating equipment and some instrumentation. These
conpartments communicatle with the lower containment through openings where
pipe, ducls and cables pass through the crane wall. Most of the compartments
are similarly connecled to adjacent compariments,

69108:1b-111385 3
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An 8 ft. high pipe tunnel runs underneath the spent fuel storage region so
that there is flow communication around the full 360° at this level. Above
this leve), the lower containment has the “C" shape shown in Figure ¢.2.

Also shown in Figure 2.2 are the reactor coolant pumps (RCP), steam
generators, and the pressurizer. The steam generators and pressurizers extend
approrimately 30 ft. above the operating floor. Enclosures cover the tops of
inside the vesse! enclosure is considered part of the lower containment. The
enclosures are shown in Figure 2.3.

The ice condenser bays are between the crane wall and the containment shell
and directly above the oute: compartments in the lower containment.

Figure 2.3 shows a plan view of "the ice condenser, the vessel enclosures and
the lower part of the upper containment. The ice condenser consists of 24
modules, each consisting of a 9 x 9 array of ice baskels. The baskets are
cylindrical, open lattice, thin steel structures approximately 48 ft. long. A

69108:1b-111385 5
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total of about 2.4 million pounds of .1 inch thick flake ice is loaded inte
the ice baskets. The bottom of the ice baskets is about 11 ft. above the
floor of the ice condenser to allow room for the doors to swing open and for
the turning vanes that turn and distribute the incoming steam. The doors are
vertically hinged and are held shut under normal operation by the static head
of the cold air in the ice condensers. The doors open fully with a pressure
differential of 0.0015 psi. Ice condenser cooling equipment is located in the
region above the ice baskets and below the top deck doors. These doors open
to allow air and small amounts of residual steam to enter the upper
containment.

The upper containment includes the dome region and all of the open volume
outside of the ice condensers and vesse! enclosures above the operating

floor. The spent fuel storage region is also open to, and considered part of,
the upper containment. Containment spray nozzles are located in the upper
half of the dome.

FIGURE 2.3, Upper Containment - lce Condenser And Vesse!l Enclosures

69108:1b-111385 6
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3.0 COBRA-NC CODE DESCRIPTION

The COBRA-NC Code is an extenzion of the COBRA-TF code thz. was developed to
predict the thermal-hydraulic response of nuclear reactor components,
primarily the reactor vessel and internals. The flexible noding capability
and the addition of non-condensable gas fields make COBRA-NC suitable for
modeling transients in reactor containment buildings.

The COBRA-NC computer code provides a two component, two-fluid, three-field
representation of two-phase flow. Each field is treated in three dimensions
and is compressible. Continuous vapor, continuous liquid and entrained liguid
drops are the three fields. The vapor field consists of steam and any number
of noncondensable gas components. The properties for eight different gases
are available in the code. The conservation equations for each of the three
fields and for heat transfer from and within the solid structures in contact
with the fluid are solved using a semi-implicit, finite-difference numerica)
technigue on an Eulerian mesh. COBRA-NC features extremely flexible noding
for bolh the hydrodynamic mesh and the heat transfer solution. This
flexibility provides the capability to mode] the wide variety of geometries
encountered in various components of nuclear reactors, including the
containment building.

The documentation for the COBRA-NC and COBRA-TF codes is broken up into
several volumes because of their wide range of application. Volume 1,
tquations and Ccr:iitutive Models, contains a cescription of the basic
conservation equations and constitutive models used in the code. Volume 2
contains the finite-difference equations and a description of the procedures
used for their numerical solution. Volumes 3 through 5 are the User's
Manuals., They contain line-by-line input instructions for COBRA-NC and user
guidance for application of the code. Volume 3 is the User's Manual for
Ganeral Two-Phase Therma) Hydraulics. This volume contains an explanation for
all of the input data required for general application of the code. Volume 4
is the User's Manual for Containment Analysis. This volume contains an
erplanation of the input data required for containment analysis only, It also
provides examples of containment modeling procedures. Volume 5 is the Users'
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Manual for Flow Blockage and Hot Bundle Analysis and describes the input
required for performing ;uch analysis.

Volumes 6, 7, and B are the Assessment Manuals. They contain the results of
simulations run to assess the performance of the code.in each of the areas
discussed above. Volume 9 is the Programmers' Manual. It explains the
details of COBRA-NC's working parts from a programmers' viewpoint. The
structure of the code is described along with a verbal description of the
major variables and subroutines used in the code.

A brief description of the code will be given here to familiarize the reader
with the code and how it is used in the present analysis. The three- field
conservation eguations, together with the physical models regquired to effect
closure of these equations, constitute the basic mode! for two-phase flow used
in COBRA-NC. The constitutive relations include state-of-the-art physical
models for the interfacial mass transfer, the interfacial drag forces, the
liquid and vapor wall drag, the wall and interfacial heat transfer, the rate
of entrainment and deentrainment, and the thermodynamic properties of water
and noncondensable gases.

The time and space averaged conservation equations used in COBRA-NC are
derived following the methods of !shii.(‘) The average used is a simple
Eulerian time average over a time interval, At , assumed to be long enough

to smooth out the random fluctuations present in a multiphase flow but short
enocugn to preserve any gross unsteadiness in the flow. The resuliing average
equations can be cast in either the mixture form or the two-fluid form.
Because of its greater physical appeal and broader range of application, the
two-fluid approach is used as the foundation for the COBRA-NZ code.

The two-fluid formulation uses a.separate set of conservation eguations and
constitutive relations for each phase. The effects of one phase on another
are accounted for by interaction terms appearing in the equations. The
conservalion equations have the same form for each phase;, only the
constitulive relations and physical properties differ. Thus, although usually
derived for two-phase flow, the two-fluid mode! immediately generalizes to n-
phase flow.
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The three-field formulation used in COBRA-NC is a straight forward extension
of the two-fluid model. The fields included are vapor, continuous liquid, and
entrained liquid. Dividing the liquid phase into two fields is the most
convenient and physically reasonable wav of handling flows where the liguid
can appear in both film and droplet form. In such flows the motion of the
droplets can be quite different from the motion of the film, so a single set
of average ligquid phase equations cannot adequately describe the liquid flow
or the interaction between ligquid and vapor.

31 Two-Fluid Phasic Conversation Equations

The phasic conservation equations describe the time-averaged behavior of
phase k, which can be any phase in a multiphase flow. A1l fluid variables
appearing in these equations are time-averaged quantities. The phasic
conservation equations are general within the assumptions listed below.

Assumption

1. Gravity is the only body force.
The pressure is the same in all phases.

3. The dissipation can be neglected in the enthalpy formulation of the energy
equation.

Conservation of Mass

5t (o) * 7 (o) =Ty ' 49 CRA LN (3.1)

Rate of + Mass flux = Rate of mass transfer + Mass flux

change of to phase k from the due to
mass other phases turbulent
diffusien
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ntum

F (48Y) * 7 (48510) * 840 - o

+ V ak (

Rate of +
change of
momentum

+ Viscous and +
turbulent
forces

r

Conservation of Energy

g? (38n) + ¥ ° (qahy) =- 7 q(Q ¢ 91) "

Rate of +
change of
enthalpy

+ Energy +
exchange
due to mass
transfer to
phase k

T d
L) &K
Momentum = Gravity + Pressure
flux force gradient

force
Momentum + Interfacial
exchange drag force
due to mass
transfer to
phase k
r

s ap
YAt W

Enthalpy = Conduction and

flux urbulent heat
flux

Interfacial + Pressure

heat transfer derivative

The follewing definitions have been used in the above equitions:

22
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o = average k-phase volume fraction
€ = k-phase turbulent mass diffusivity
Pk = average k-phase density
’y * average vapor/gas mixture density
g* = average k-phase velocity
rk = average rate of mass transfer to phase k from the other phases
g = acceleration of gravity
F ® average pressure
:k * average k-phase viscous stress tensor (stress deviator)
1: = k-phase turbulent (Reynolds) stress tensor
r = average supply of momentum to phase k due to mass transfer to phase
gf = average drag force on phase k by the other phases
he = average k-phase enthalpy
Qk = average k-phase conduction heat flux
gI = k-phase turbulent heat flux
E{ = energy to phase k due to mass transfer to and from phase k
L = k-phase mass concentration
3.2 Three-Field Conservation Equations

In the two-component, three-field formulation there are four continuity
equations, three momentum equations, and two energy equations. The two liquid
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fields are assumed to be in therma)l equilibrium, within a node. The steam and
noncondensable gases are assumed to have a common temperature and velocity,
These equations are obtained from Zquations 3.1 through 3.3 by introducing the
appropriate three-fields notaticn and a few simplifying assumptions.

3.2.1 Three-Field Mode! Notation.

In general, the subscripts v, mg, t and e refer to the vapor, noncondensable
gas mixture, continuous liquid and entrained liquid fields, respectively. The
subscript vg refers to the vapor/gas mixture. The terms associated with a
change of phase are discussed below. Let

re = average rate of vapor generation per unit volume,
= average net rate of entrainment per unit volume

Since both liguid fields can contribute to the vapor generation rate, let

n = the fraction of the total vapor generation coming from the
entrained liquid

With the above definitions the mass transfer terms can be written as

gy s

v

2 =l e )t - S \aat.
r;. s _nrﬁl ’ Slﬂl

The interfacial momentum exchange terms can be expressed as

d ' "
M t - g3 - 4
i -Iv( -Ive
d L
M Rt (3.5)
vi
"d - lllil
- ve
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where

1 *= average drag force per unit volume by the vapor/gas mixture on
lv! the continuous liquid

1"" = average drag force per unit volume by the vapor/gas mixture on
lvn the entrained liquid

The momentum exchange due to mass transfer between the three fields can be
written as

) i
L) (3.6)

It should be noted that according to Equations 3.4 and 3.6, !5 is due only to

vapor generation, but !: and g: are affected by both vapor generation and

entrainment.

The energy transport associated with a change of phase is given by

F - Lot
Ey = TE'hy

where h{ is the transported enthalpy.

3.2.2 Three-field Mode] Assumptions

To obtain the COBRA-NC three-field mode! from Equations 3.1 through 3.3, the
following assumptions are made.

1. The turbulent stresses and turbulent heat flux of the entrained phase can

be negiected, so

(3.7)
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2. When the equations are solved on a finite-difference grid, the viscous
stresses can be partitioned into wall shear and fluid-fluid shear. The
fluid-fluid shear can be neglected in the entrained liquid phase. The
notation for this is given below.

Ve (agiy) * 14
v (cv;v) = 1;; + 0 (cvgvg) (3.8)
Vo logzy) =ty * * (og,)

In Equation 3.81;¢.1;;.1;;. are the forces exerted by the wall on the
vapor/gas mixture, the entrained liquid and the continuous liquid,

respectively; Evg and 21 are the fluid-fluid viscous shear stress

tensors for the vapor/gas mixture and the liguid.

3. The liguid film and the entrained liquid are at the same temperature so
that only one liquid energy equation is required.

4, the conduction heat flux can be partitioned into a wall term and a
fluid-fluid conduction term. The latter is assumed negligible in the
entrained liguid. Thus,

Sy (°vgvg) e (°vgvg) * Qv
(3.9)
Ve (aQy + 9,0,) = -V (ag,) +Q
where Q;;and Q;i are the wall heat transfer rates per unit volume to the
vapor/gas mixture and liquid, respectively, q, is the fluid-fluid
conduction vector for the continuous liguid and gvg is the fluid-fluid

conduction vector for the vapor/gas miature.
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5. Al mass entering a phase is at saturation. Therefore,

T -
hv = h9 (evaporation)

(3.10)
hI = hy (condensation)
Al mass leaving a phase is at the phase enthalpy. Therefore
hS = hv (condensation)
(3.11)

h: = h! (evaporation)

3.2.3 Three-Field Equations

Substituting Equations 3.4 through 3.10 into Equations 3.1 through 3.3 and
including separate mass equations for the noncondensable gas mixture and the
vapor yields the three-field conservation equations used in COBRA-NC.

Conservation of Mass (4 eguations)

a . = " . "

at (°v°v) s (°v°v!vg) rv . “vPvg tDvwv . ch

a LR "

3t (3gpy) * 7 0 (opp,U)) = 10"+ S,

(3.12)

a - " L

" U (sgpgly) = Tg' * Sgq

2 : . .

Fid (ava) + Ve (nvpmggvg) v °v°vg tDVHg + ch
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Conservation of Momentum (3 equations)

3
k3 (cvpvggvg) >V (avpvgl-’vggvg) - Qv %Pl

T
+ Ve a ( + ) ST LT Lo 4 (P‘"u) + S
v gvg Ivg -wv lvl 'lve v = mv

‘g't' (agpgly) + 7 = (agpligUy) = -3, W + aypgg

T L} 1] ' "
* V. e (gt Iy ’-‘;z*-"iu‘(’ii’)’ me

% (%0dy) * 7 (G0R0) 0P e arg e T

i (p.eug) + S; (3.13)

Conservation of Energy (2 egquations)

2 . . T
® 4(ah ¢ ") * Ve alph, ¢ pg"g)yvg - uvg(gvg * 9y,
r

L " " v "
’th*ql\'*qw*avi’sev

% (ag+ a)ph, + Ve (aphli)+ Ve (c!o,h,ye)

L TR T TRT TRICRITE SR TRHY
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The following terms have been added to the equations to account for sources of
mass, momentum and energy as a result of chemical reaction or source boundary
conditions:

SE; = entrained drop mass source per unit volume
Séé = noncondensable mass source per unit volume

SE; = continuous liquid mass source per unit volume

SE; = vapor mass source per unit volume

Set * combined liquid energy source per unit volume
Sev * vapor/gas mixture energy source per unit volume
S;; = entrained drop momentum source per unit volume

S;i = entrained drop momentum source per unit volume
S;; = vapor/gas mixture momentum source per unit volume. (3.15)

The use a single energy equation for the combined continuous liquid and liquid
droplet fields means that both fields are assumed to be at the same
temperature. In regions where both liquid droplets and liquid films are
prese  this can usually be justified in view of the large rate of mass
transfer “etween the two fields, which wiil tend to draw beth to the same
temperature. The use of single momentum and energy equations for the vapor/gas
mixlure means that the vapor and the noncondensable gas mixture travel -at the
same velocity and have the same lemperature within each computation cell.

Additional mass transport equations are solved to determine the mass of each

gas species in the noncondensable gas mixture. If the gas mixture is
comprised of N species, then N-1 gas continuity equations are solved for the
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mass concentraticns of N-1 species of the gas mixture. The mass concentration
of the Nth species is determined from the expression:

N-1
ot oy ify el (3.16)

The first N-1 mass transport equations have the same form as the vapor and
noncondensable gas mixture mass conservation equations shown in Equation 3.11.

A transport eguation for the drop area is solved that accounts for area source
due to drop injection and area change due to phase change. The area transport
equation is

aA'I'; 65;' 2 Ai;'\r"' -
AL (A,dg.) £ 381 (3.17)

"

where AI‘ is the drop surface area per unit volume, S“' is the
volumetrqc drop source, and D is the diametc of the injected drops.

3.3 Component Form of the Momentum Equations

The momentum equations in COBRA-NC can be solved in the full three-
dimensional form shown in Equation 3.12 or in a lumped parameter form where
the momentum flux term and the viscous and turbulent shear terms are
neglected. The standard version of COBRA-NC, available through the Nuclear
Regulatory Commission, solves the three-dimensionai momentum eguations on a
rectanguiar mesh. For the geometry of the Catawba ice condenser cylirdrical
coordinates are more appropriate. As part of this modeling effort, a
capapility to use 2-dimensional generalized coordinates was added to the
code. The third dimension is the vertical direction so that the computational
mesh is a stack of 2-dimension generalized coordinate grids. The details of
the generalized coordinates are described in Section 4.1 in conjunction with
the other changes made to the code specifically for these simulations.

62106:1b-111385 30



WESTINGHOUSE PROPRIETARY CLASS III

3.4 Physical Models

The conservation equations presented in Section 3.2 are solved numerically on
a finite-difference mesh made up of numerous computational cells. Closure of
the equation set requires physical models for the mass exchange among the
tnree fields at the phase interfaces, the exchange of momentum at the
interfaces, the drag forces at solid boundaries, the viscous stress and
turbulence terms in the continuous fields, and the entrainment rate. In
addition, property relations for water and noncondensable gases are needed.
The reader should refer to the code documentation for a complete description
of these models.

3.5 Heat Transfer Models

The heat transfer models in COBRA-NC account for the stored energy, heat
generation and heat transfer to the surrounding fluid for various types of
structural components. A1l of the heat transfer calculations are performed at
the beginning of each time step before the hydrodynamic solution. Heat
transfer coefficients based on old time fluid conditions are used to advance
the material conduction solution. The resultant heat release rates are
explicitly coupled to the hydrodynamic solution as source terms in the fluid
energy equations. Although the code is capable of modeling nuclear fuel rods
and the associated boiling heat transfer, dryout and quenching, these models
are not generally important for containment analysis and will not be discussed
here. Rather, this section will concentrate on the important aspects of the
heat transfer mode! for the superheat problem in an ice condenser containment.

The code can mode! composite conductors with thermal connections to fluid
cells on either or both sides of the conductor. The allowable conductor types
are shown in Figure 3.1. Wall conductors may be insulated cn one side or
connect to fluid cells on both sides. Cylindrical conductors can be solid or
hollow with fluid connections on both inside 4nd outside surfaces. Heat
transfer in these :onductors is one dimensional, i.e. perpendiCular_'g the
wall or tube surface. The conduclors can be made up of layers of various
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CONCRETE
INSULATION STEEL
SN PAINT y
r. Y. .- -
1R’ "ol
1 .

T+ E . :
(a) b}
INSULATED CONCRETE WALL COMPOSITE WALL
WITH STEEL LINER AND PAINT FACING CONTAINMENT
COATING FACING CONTAINMENT ATMOSPHERE ON
ATMOSPHERE ON ONE SIDE B0OTH SIDES

C[)/
L/

L/
(c) (g
SOLID ROD MADE HOLLOW TUBE MADE
OF ANY NUMBER OF OF ANY NUMBER OF
MATERIALS MATERIALS MAY HAVE
FLUID ON BOTH INSIDE
AND OUTSIDE SURFACE

FIGURE 3.1. Available Conduction Types
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materials. The one dimensional conduction equation solved for the walls and
cylinders is

al _

ocp -V .k T (3.18)
with boundary conditions

VT = 0 for insulated surface or solid cylinder centerline
or

- Asva = A‘HV(Th - Tv) + A‘H‘(T‘ - Tt)
where As is the surface area of the conductor, Av and A! are those portions of
the surface in contact with vapor and liquid respectively, Hv and H. are the
associated heat transfer coefficients, Tw is the conductor surface

temperature and Tv and T! are the bulk vapor and liquid temperatures.

3.5.1. Wall Heat Transfer

A given fluid cell may be thermally connected to any number of heat transfer
surfaces, each haying its own temperature distribution and heat transfer
coefficient. The fluid conditions used to calculate the heat transfer
coefficients are the same for all heat transfer surfaces connected to the
cell. The wall heat transfer logic is formulated so that the heat transfer is
to @ liguid film or to single phase vapor, or a combination of both during
transition as films form or dry out.

For the containment superheat problem the wall heat transfer logic has been
specifically designed to allow condensation of steam in the presence of a
subcooled surface ichen the bulk steam temperature is superheated. Because of
the different wall types connecting to a single fluid cell, it is possible to
arrive at a situation where the fluid temperature is higher than the surface
temperature of some walls bul lower than that for other connecting walls.
This creals a polential heat path from the hot wall to the cold wall through
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the intermediate temperature fluid. The wall heat transfer logic is
formulated to eliminate this possible heat path as described below.

The first step in calculating the wall heat transfer coefficients and heat
fluxes is to determine the wettable surface. A conductor surface is defined
as wettable if the surface temperature is subcooled and is below the liguid
temperature. These are the surfaces that could be covered with a liguid
film. Eliminating surfaces with T, T, from the film heat transfer

regime ensures that all heat is from the 1iquid to the wall and consequently
there is no heat transfer between walls connecting to a common fluid cell.

The fraction of a wettable surface that is covered by a film is a function of
the amount of liquid film available in the fluid cell. As the liquid film in
the cell disappears the fraction of wetted heat transfer surface area
approaches zero. For each wettable surface, the wetted surface area is
calculated as

1!
Auet = Asurf min (3.19)

6/6min

Va

6:——‘l
2: wettable
cell
where ewin is the minimum allowable film and thickness, V is the cel)

volume, °, is the liquid film volume fraction and Awrf is the surface
area of the conductor associated with the fluid cell. The actual film
thickness, &, is calculated as the film volume in the cel) divided by the
total wettable heat transfer surface area associated with the cell. The

C
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On the wel portion of the surface the heat transfer coefficient is calculated
assuming the surface is covered with a film of thickness 8. The heat
transfer coefficient is given by

kl
3.66 ot
h

k

.8 4 Tt
H! = max .023 Re‘ Pr‘ Uh— (3.21)

s

k .
2. '. §_ = max i» ki
T e 5

where K, is the liquid conductively, Dh is the hydraulic diameter, Re; is the
liquid Reynolds number, and Pr‘ is the liquid Prandt! number. The heat to
the wall f:om the 1iquid for one surface is computed as

Qwi - HtAwet (Tt ) T") (3.22)

where T‘ and T“ are the bulk liquid temperature and the wall surface
temperature, respectively.

Single phase vapor heat transfer is used for the dry portion of any conductor
surface. The surface may be dry for one of two reasons; either there is not
sufficient liquid film available to cover the surface, or the wall temperature
is greater than the liguid temperature. If the wall temperature is subcooled
and less than T then condensation is allowed to occur on the surface.

The condcnsat1on rate is obtained from the Uchlda(s 6) heat transfer

correlation and the total heat flux is the sum of convective and condensation
components, i.e.
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For T, { T‘ and Tw Ve Ts
(3.23)

-1)

Q = A H (Tv : Ts) i Ae!ry NU (Ts B

- dry v
where Hv is the convective heat transfer coefficient, HU is the Uchida
heat transfer coefficient and Ts is the saturation temperature at the steam
partial pressure.

The Uchida correlation is based on experimental data for condensation of
saturated steam. The correlation has been used in the COBRA-NC code to mode!
various experiments that includes the condensation of saturated stear. The
comparisons with data for these simulations is generally gooc as documented in
the COBRA-NC mnua1s.(3) The condensation heat transfer is based on the
temperature difference Ts - Tw and, therefore, does not depend directly on

the vapor superheat.[

1%
3.66 kvg/Dh
N B 4 "y
H = max .023 Revg Prvg (3.24)

¢

e
LT
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280.
min
79.33 (s./5.)"8
v's (3.25)

where kvg’ R‘vg' Prv are the conductivity, Reynold's number, and
Prandt] number for the steam/air mixture, Py is the steam density and

p. is the air dcnsity.[

3+

The condensation rate consistent with the condensation heat transfer is
given by

HU (Ts - Tw)
rU & —F—'Bf_ (3.26)

v

The condensate leaves the vapor at hv and enters the liquid at hf with the
heat of vaporization going to the wall. The vapor and liquid heat sink terms
are therefore given by

- v 5 Hv(Tv . Ts) *

h
w v

U
(3.27)

le ki rUhf

There are corresponding mé  source terms for the vapor and the liguid film
given by
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range of flow regimes. The COBRA-NC documentation should be

information on the wall heat transfer logic not covered here

Interfacial Heat and Mass Transfer

heat transfer package in COBRA-NC accounts for heat tra
f the phases across the phase interfaces. The interfacia
vided into four parts; subcooled liquid, superheated
r, and superheated vapor The heat transfer coeff

are calculated individuall \d the interfacia

ith the assumption 3t the interface is at

Dé written as

energy storage at the inrterface, the heat
anced by an appropriate

above are independent of
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Qe * Tger (hy = %)
Qh1 * Tgm (hg = hy)
Osev * Toev (hy = hy)
Qshv " T (h° - h‘) (3.30)

where rscl' rshl‘ rscv and rshv are the phase change rates

associated with the four components of the interfacial heat transfer. The
enthalpy jumps used are (hv - hg) and (hg - hl) rather than hfg'

This is because some of the heat to the interface from one phase must be used

to bring a portion of the other phase to saturation before the phase change can
be accomplished.

The net rate of phase change is given by

Fe rscI o rsh1 - rscv * rshv (3.31)

The interfacial area and heat ‘ransfer coefficients depend on the flow regime
dictated by the wall temperature and fluid conditions. In this report only the
film/drop flow regime is considered. Details concerning other flow regimes are
available in the COBRA-NC documentation. In the film/drop regime, the total
heat transfer coefficient is given as the sum of drop and film heat transfer
coefficient, i.e.

= A

+A, H

H
ld scld lf sclf

= A + A

Id Hsh]d !f Hsclf

scv Ald Hshvd ¥ AIf HSCvf

{
A Maew, * M Mo (3.32)

where the d and f subscripts refer to drops and film, respectively.
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The drop interfacial area is calculated using the volumetric drop area
obtained from the solution of the drop area transport equation discussed in
Section 3.2. Thus,

Al = VA" (3.33)
d

where V is the cell volume.

The film interfacial area is the total wetted surface area in the fluid. To

be consistent with the wall heat transfer model AI is calculated as
f

At ® ZI Avet (3.34)

|
f Heat Transfer Surfaces
Connecting to Cell

The heat transfer coefficients used for the various interfacial heat
components are listed below.

H = 0, (3.35)
sc]d
Kl
H = 17.76 (3.36)
schld Ud
. . .5p,..333
H‘“a "”‘"a (2.0 + 0.74 n.qurm ) kg /Dy (3.37)
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K.y =2.0 Max) 8 2g0.

. Coop N
min 79.33 (;!).8 Btu/hr-ft
g

sc1f

2.0¢

Hshlf =1, x 106 Btu/hr~ft2 -°F

i -2/3
o.Sprvgcp I u, -y, ‘ Prvg
= H = Max ve

H
SCv shy
f f s 'b

fy = 0.005 (1.0 + 75.0,)

There are two departures from the documented COBRA-NC heat

I

(3.38)

(3.39)

(3.40)

(3.41)

transfer model in

the heat transfer coefficients listed above. For the containment superheat
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analysis the subcooled liquid heat transfer coefficient for the drops was set
zero. The reason for this will be discussed in conjunction with the drain
mode! in Section 4.3. The second difference is in the use of the Uchida
correlation for the case of a subcooled liquid film. This was used so that
the condensation heat transfer on a subcooled wall would be the same for both
film covered and dry subcooled walls. The factor of 2 on the Uchida
correlation accounts for the liguid film temperature being midway between Tw
and Ts' The subcooled 1iquid heat component is

Qsc1 =2 HU ‘Tt - Ts) (3.42)
substituting

T! = 5 (T, ¢+ Ts) (3.43)
gives

OsCY = Hy (T, - Ts) (3.44)

which yields the same condensation heat transfer as a surface at Tw without
the film.
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4, MODIFICATION TO COBRA-NC FOR ICE CONDENSER CONTAINMENT ANALYSIS

Several modifications were made to COBRA-NC specifically for performing the

MSLB transient analysis for an ice condenser containment. [ Ja, &
-l —a,l
2 -
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PAGES 44 THRU 114 ARE CONSIDERED PROPRIETARY
IN THEIR ENTIRETY
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6 RESULTS AND DISCUSSION

Selected results for the three simulations are presenied and discussed in this
section. Figures 6.1 through 6.15 show results from Model 1 with the drain
flow discarded. Results from Model 2 are shown in Figures 6.16 through 6.23
and results from Model 3 with the finer noding are presented in Figures 6.24
through 6.70.

6.1 Mode! 1 Results

Figure 6.1 shows the volume weighted average steam/air temperature of the
lower containment during the MSLB transient. The outer compartments are not
included in this average. The temperature increases rapidly from its initia)
level of 120°F to about 295°F. During this period , the tubes in the steam
generator are still covered and the steam leaving the steam generator is at
saturation. At 100 seconds into the transient the tubes begin to urcover and
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FIGURE €.1. Model 1 Steam/Air Lower Containment Average Temperature
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there is a corresponding increase in the break temperature. The bulk
temperature reaches a peak of 337°F at approximatey 230 seconds. The break
cell temperature does not reach its peak until 300 seconds when it is 350°F.
The bulk temperature begins to drop earlier than the break temperature because
the vaporization increases as some of the film water accumulates in the lower
containment. The transient was not run out all the way to 600 seconds when
the deck fans come on since it was apparent that the peak temperature had been
reached. The shape of the curve is very similar to those obtained from the
LOTIC-III code which does not predict any upturn in temperature after the
initia) peak. Furthermore, previous runs with slight differences in some of
the models were run to about 500 seconds with no upturn in the temperature.

Figures 6.2, 6.3 and 6.4 show the local temperature for three channels in the
lower containment. The break is located in channel 31 at level 6, channel 23
is half way around the lower containment, and channel 11 is on the colder side
of the containment, directly opposite the break. In general the local
temperature curves follow the shape of the bulk temperature. The peak local
temperature occurs at the break cell and is 358°F. It should be noted that
the local temperatures are average temperatures for the computational cell.
There may be some significant temperature distribution within the break cell.
The temperature just downstream of the break orifice is likely to be close to
the break temperature. For other cells, the surrounding temperature
distribution is rather flat and the cell average temperatures are good
indicators of the actual local temperatures. The temperature of the level 2
cell in channel 31 drops off fairly rapidly at about 230 seconds. This is the
result of condensate films running down the walls and collecting on the

floor. In this particular cell the vapor flow is coming in from all sides and
going out the top, causing water to build up in ‘he cell to a volume fraction
of .02.

Channels 23 and 11 show about tHe same temperature history with the peak
lemperalure decreasing as we move arcund the containment. The peak in channe)
23 is 350°F and in channel 11, it is 33i°F. In channels away from the break
where Lhe bouancy force is relatively more significant the peak temperature
generally occurs near the top of the lower containment. The temperature dip a!
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300 seconds at level 2 of channel 11 resulted from an ice condenser door
opening and closing causing a change in the flow pattern. Cold vapor from the
outer compartment was drawn into the cell. The flow at 300 seconds is going
from the bottom of channel, through the pipe tunne! and up into the ice
condenser above channel 36.

Figure £.5 shows temperature contaur plots at 300 seconds for the lower
containment. The three plots corvespond to the three unwrappec radial rings.
The first plot is for the ring adjacent to the crane wall followed by the
middle ring and the ring next to the biological shield wall. The break
location is noted in the outer ring. Because of the averaging required in the
contour plotting program, local peaks and valleys may get washed out. This is
evident in these plots since the high break cell temperature does not show

up. "evertheless, the plots do give a vather clear picture of the mixing in
the lower containment, There is very little axial temperature gradient and
the circumferential gradient is limited to about 30°F.

Some typical slab temperatures around the containment are shown in Ficures
6.6, 6.7, and 6.8. These curves are for the surface temperatures of threze
conductor types at level 6 in channels 31, 23, and 11. As can be seen in
Figure 6.6, the thin stee) d-ies out within the first 30 seconds of the
transient and starts Lo superheat. The concrete surface temperature remains
Just below the saturation temperature throughout the transient. The thicker
steel dries at about 60 saconds but heats up more slowly than the thinner
steel. The same behavior can be observed for the conductors in channels 23
and 11 although the degree of superheating is much less. These results are
censistent with Figure 6.9 that shows the total wetted surface area in the
lower containment (excluding the outer compartments and the vesse! enclosures)
as a function of time.

Condensate from the superheated steam quickly raises the wetted surface area
from an value of 2ero to around 43,000 ft.z The thin and thick steel begin

lo dry out and the wetted surface area tapers off to about 27,000 ft.2 This
1s very close to the amount of concrete surface area in the lower containment.
That is, the only surfaces that are condensing and have a liquid film on them
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during the later part of the transient are the concrete walls,*floors and
ceilings.

The total condensation and vaporization in the lower containment are of
interest because they can be related to the revaporization model used in
LOTIC-III. Relevant plots are shown in Figure 6.10 through 6.13. In
LOTIC-I1I, approximately 8.0 percent of the condensate is immediately
revaporized and the remaining l1iquid immediately removed to the sump. As can
be seen in Figure 6.10 and 6.11 the cummulative vaporization is much less than
8.0 percent of the cumulative condensation during the first 200 seconds of the
transients but reaches nearly 7 percent at the end of the calculation at 380
seconds. Figures 6.12 and 6.13 show the total lower containment condensation
and vaporization rate as a function of time. For the first 200 seconds the
fraction vaporized is 5 percent or less. The higher steam temperatures and
the increased ligquid inventory cause the vaporization rate to increase so that
at 300 seconds it is about 23 percent of the condensation rate.

Figures 6.14 and 6.15 show some vector plots for the steam/air velocity at 300
seconds. In these plots the arrow length indicates the magnitude of the
velocity. The maximum arrow length and its associated velocity are shown at
the bottom of each plot. Figure 6.14 shows a cut through the entire
containment through the break. On the hot side of the containment the
circulation pattern induced by the steam jet is clearly seen. The jet
entrains fluid from above and below and even from the outer compartment behind
it. It creates a flow down along the containment floor and up through the
outer compartments. The circulation pattern on the cold side is not easily
seen from this plot alone. Similar vector plots at other times indicate that
the flow pattern is not constant on the cold side of the containment, typical
of mired convection flow regimes.

figure 6.15 shows vector plots for the three computational rings of the lower
containment. These plots are arranged from the outermost ring to the
innermost ring going from top to bottom. The jet entrainment can be seen in
the outer ring. The vector plot is somewhat misleading because of the
averaging required to find the cell centered velocities. It appears here that
the axial entrainment is much larger than the lateral entrainment. The lateral
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velocities are smaller than the axial velocities because of the high latera)
loss coefficients around the steam generators and the cell aspect ratio. The
latera) velocities are about 35 ft./sec. compared to 55 ft./sec. for the axial
velocities. The center ring shows only axial velocities in the break region
because the steam generators on either side block any lateral flow. The
bottom plot shows the velocity pattern in the cells adjacent to the biological
sheld wall. It is interesting to note that since all the ice condenser doors
are at this time closed on the cold side of the containment, the cold side
flow is due mainly to steam going all the way around the biological shield
wall, down through the pipe tunnel and up through the ice condenser door above
channel 36.

6.2 Mode! 2 Results

Mode! 2 differed from Model 1 only in that the ice condenser drains flows were
injected into the lower containment in Model 2 as described in Section 4.3.
Comparing Figure 6.16 for the lower containment bulk vapor temperature to the
same results from Model 1, it is observed that the drains flows decreased the
peak bulk temperature by 46F to 291F. The peak occurs later in time at about
360 seconds.

Figures 6.17, 6.18 and 6.19 show the local temperature histories in the break
channel (31), channe) 23, and channel 11. Except for the spike at 275 seconds
in the break cell, the peak local temperature is 330F occurring at 230 seconds.
The anomolous spike is due to injection of a large number of drops into the
break cell for a very short period of time. To accommodate the drain test
data, the normal entrainment and de-entrainment models were turned off in
COBRA-NC. While this approach worked well in the lower containment, it
created some unanticipated behavior in the ice condenser and drain model.
Early in the transient, high vapor velocities carried some of the drops up
into the ice condenser. Since there was no mechanism for de- entrainment, the
drops began to accumulate in the ice condenser, being held up by the high
steam flow rate through the few doors that remained open. AL 275 seconds into
the transient Lhe door localed directly above the steam line break closed.

The suspended drops fell to the bottom of the ice condenser, de-entrained

6911B:1b-110485 129



WESTINGHOUSE PROPRIETARY CLASS III

3501
-
F“— ——
ié 250
!; 200
<
;
¥
: |
> 100 -
0 100 200 300 400 $00 600

TIME, SECONDS
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on the floor and were then included in the drain flow rate. This produced an
unphysically high drain flow rate for a brief period and caused a large number
of drops to be injected into or near the break cell. The drops rapidly
vaporized in the presence of the high jet temperature causing the flow pattern
at the jet to be reversed. Rather than entraining flow from all directions,
the high vaporization rate caused flow to be out of the cel) on all sides of
the jet. The high drop injection rate rapidly returned to a normal value 't
in the time it tock for tne flow pattern to be reestablished, there was :ieam
entering the cell at nearly 450F with no cooler steam being entrained.
Consequently, the cell temperature quickly approached the break temperature.
The momentary high vaporization rate created a substantial amount of steam at
the saturation temperature showing up as a drop in the bulk temperaturé as can
be seen in Figure 6.16. In summary, the spike observed in the break cell
lemperature is a numerical anomally caused by the nonphysical treatment of the
drop field in the ice condenser had the COBRA-NC de-entrained models been
opertive, this effect would not have occurred. From the shapes of the local
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and average temperature curves, it is evident that the short excursion did not
appreciably influence the transient behavior that followed.

In channels 23 and 11 the peak temperature occurs at the top of the lower
containment just as it did in the simulation without drains. The peak
temperature at the top of channel 23 is 296°F while in channel 11 it reaches
only to 269°F. Apparent in Figures 6.17, 6.18, and 6.19 and the contour plots
in Figure 6.20 is the larger axial variation in the temperature as compared to
the same results for Model 1. The drops continue to cool the atmosphere as
they fall to the containment floor. Also, the drain mode] injects some drops
directly into the lower levels of the lower containment and does not give them
a chance to interact directly with the hotter steam at the upper elevations.
From the contour plots it can be seen that the degree of mixing around the
containment is about the same as for Model 1.

Figures 6.2]1 and 6.22 show the ice condenser door velocities versus the
transient time. The doors represented in Figure 6.2]1 are for the ice bed
sectors above channels B, 12, 16 & 20 in the lower containment. Figure 6.22
is for the doors associated with channels 24, 28, 32 and 36. Referring to the
doors by their associated channel numbers, from Figure 6.21, it can be seen
that door 12 closes first followed by doors 8, 16 and 20 in order. Once the
doors close, they stay closed except for the brief period at 275 seconds when
the rapid drop vaporization at the break forced the doors slightly open. Door
8 remains open longer than door 12 because it receives most of its steam flow
from the pipe tunnel and is therefore closer to the break location,

On the hotter side of the containment, door 24 closed at 200 seconds, door 28
above the break closed at about 275 seconds, door 24 never completely closed
and door 32 received most of the steam flow during the later parts of the
transient. The door closing sequence is consistent with the flow patterns
shown in Figures 6.14 and €.15. Flow goes from the break, around the steam
generalor, bypassing door 28 and leaving through door 24, On the other side
of the break, flow is forced through door 36 because of the presence of the
spent fuel storage region wall, Door 32 tends to close because of the low
pressure region induced by the jel.
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6.3 Mode! 3 Results

Mode! 3 differs from Mode! 2 because of the finer noding in the vicinity of
the jet and the finer noding in the ice bed and ice condenser doorways. The
bulk average temperature history is shown in Figure 6.24. The temperature
reaches a peak of 285°F at around 230 seconds and remains fairly steady
throughout the rest of the transient. The drop in temperature at 300 seconds
is again due to drops collecting in the ice condenser and being dropped into
the lower containment as a door closes. The temperature during the first 120
seconds of the transient is somewhat lower and flatter than that for Mode! 2.
The lower temperature results from increased jet entrainment because of the
finer noding. At about 120 seconds some of the doors near the break begin
closing and the drain flow decreases. The reduced drop entrainment in the jet
causes the temperature to rise to a leve! very close to that obtained with
Mode! 2.

Loca’ temperatures for channels 107, 23 and 11 are presented in Figures 2.25,
6.26 and 6.27. In Mode! 3 the break is located at level € in channel 107.

The treak cel) temperature reaches a peak of 334°F at 200 seconds. This is
slightly higher than the break cell peak in Model 2 of 330°F. As the mesh size
is reduced, the temperature at the break cell is expected to increase since
the jet occupies a greater percentage of the cell volume. The spike at 130
seconds is the result of a door closing near the break. At Tower elevations
in the same channe! there is a small dip in the temperature at the same time
resulting from the increased vaporization. In channel 23 the peak temperature
is 316°F at 200 seconds and remains at about that level for the remainder of
the transient. On the cold side of the containment, the peak temperature
attained in channel 11 is 295°F,

Local temperatures in the outer'compartments are shown in Figure 6.28 through
6.35. The peak outer compartment is 286 and occurs in channel 16, level 7 at
300 seconds. The temperature at level 8 for some of the channels approaches
the initial structure temperature towards the end of the simulation. These
cells have very limited communication with the surrounding cells. Some steam
was forced into these compartments during the initial stages of blowdown,
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causing the initial heatup. This steam condenses leaving a steam fraction of
about 10% at 300 seconds and therefore, a much lower saturation temperature.

Figure 6.36 shows temperature contour maps at 300 seconds. The results are
very similar to Model 2 indicating good mixing around the containment.

Typical slab surface temperatures are shown in Figures 6.37, 6.38, and 6.39.
The curves are for concrete, thin stee! and thick steel at level 6 in channels
31, 23, and 11. The plots indicate some superheating of the steel although
much less than for Model 1 because of the lower steam temperatures. The
curves show the concrete surface temperature cooling after various times in
the transient. At these times the doors above closed with cold air dropping
down from the upper containment and collecting behind the doors. The steam
partial pressure decreased along with the liquid saturation temperature. This
made the drain water introduced as a film on the crane wall in these channels
substantially subcooled at the lower ccntainment steam pressures. The net
effect of the cold liquid on the walls was reduced revaporization since the
steam must first heat the water to the saturation temperature.

The lower containment pressure history is shown in Figure 6.40. The pressure
history of all three models was nearly identical. Initially the pressure
rises to 21 psia as the air in the lower containment is forced into the upper
containment. The pressure begins to drop off slowly as air drops back down
into the ice condenser and steam that passed through the ice bed during the
initial blowdown phase condenses in the upper containment.

The air concentration is shown in Figures 6.41 and 6.42. Fxcept for the
nearly isolated outer compartments at the top of Channels 16, 20, 24 and 28,
there is very little air left in the lower containment. Figure 6,42 shows the
unwrapped outer compariment arosnd the containment. The region at the top of
Figure 6.42 is the upper deck region in the containment which has & high air
fraction. The air concentration profiles in the lower conpartment indicate
the entrance of the dead ended compartments.
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FIGURE 6.42. Mode! 3 Outer Compartment Air Concentration Contours at 300
Seconds.

Figures 6.43, 6.44, and 6.45 show vector plots of the vapor at 300 seconds.
The maximum velocities are about a factor of three times higher than those
from Mode] 2. This is a direct result of the finer noding in the break
region., The jet momentum is not diffused as rapidly with the smaller cells.
Note that for this cut the velocities in the ice condenser are downward on
both sides of the containment. The axial cuts shown in figure 6.45 are at
levels 2, 6 and 10.

Figures 6.46, 6.47 and 6.48 show similar vector plots for the entrained drop
velocity. From Figure 6.47 it can be seen that drops as far away as channel
23 are being swept toward the break. Figure 6.46 shows that just downstream
of the break the velocity of drops coming up from below is actually larger
than the downward velocity of the drops above the break. That is because the
drops above the break are injected with no velocity and must be accelerated by
gravity and the vapor. Below the break the drops are smaller in diametler due
to vaporization and Lhey {ravel with nearly the vapor velocity.
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Figures 6.63 and 6.64 show the total lower containment condensation and

vaporization rates. These can be compared to the same results for Model 1.
The vaporization rate shown in Figure 6.64 includes the revaporization of

1

lower containment condensate and vaporization of the drain flows. The

~

cumulative condensation and vaporization are shown in Figures 6.65 and

lower containments liquid mass inventory in film and drop is

in Figures 6.67 and 6.68. Assuming a drop size of 0.2 inches the total
~A £+

00 seconds is about 12,000

v

.2. This compares to approximately

t.2 of lower containment concrete which is all covered by film,
ory (film and drop) for level 2, the containment floor,

Based on floor area, 100,000 1bm of water is
3.5 inches of water on the floor. The mass inventory

-

is shown in Figure 6.70.
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6.4 Applicability of COBRA-NC Results of Other Ice Condenser Plants

As Table 6.1 indicated, the major containment parameters for the different ice
condenser units are very similar, therefore it is expected that the
containment response for these different units would be very similar. A cross
section of the lower compartment at the ice condenser door elevation for the
Watts Bar units is shown in Figure 6.67 and can be compared to Figure 2.2 for
the Catawba Unit. The twn figures indicate that the main primary system
components are in the same relative locations such as the reactor coclart
pumps, the steam generators, and the pressurizer. However the ice condenser
drain locations in the Watts Bar units are grouped closer together around the
locations of the steam generators and main steam lines. Where as in the
Catawba COBRA-NC calculation, the containment node in which the break was
postulated only had ice condenser drains directly flowing into this node; a
similar noding for the Watts Bar unit would have ice condenser drains directly
flowing into the break node. Therefore, the superheated vapor from the break
would be immediately brought into contact with large amounts of subcooled
water which would result in even lower break node temperatures for the wWatts
Bar containment as compared to the Catawba COBRA-NC calculation. Therefore it
is expected that the Watts Bar containment temperature would be the same or
lower than the calculated Catawba containment temperature.
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TABLE 6.1

COMPARISON OF WATTS BAR AND CATAWBA CONTAINMENT PARAMETERS*

TOTAL NET FREE VOLUME

(F13)

WATTS BAR
UPPER COMPARTMENT 651,000
UPPER PLENUM 47,000
ICE CONDENSER 86,200
LOWER PLENUM 24,200
LOWER COMPARTMENT (ACTIVE) 285,014
LOWER COMPARTMENT (DEAD-ENDED) 94,000
TOTAL CONTAINMENT VOLUME 1,191,414

STEAM TOTAL MASS
(LBM)

UPPER COMPARTMENT 2,190,149,

28

LOWER COMPARTMENT
ICE CONDENSER
TOTAL

937,333.62
2,342,527.49
5,470,055.39

SURFACE AREA CONCRETE

(F12)
UPPER COMPARTMENT 27,760
LOKER COMPARTMENT 53.744
1CE CONDENSER 16,391
TOTAL 97,895

* Values taken from LOTIC-1II input

69118:1b-111385
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CATAWBA

670,100
47,000
97,348
25,000

273,218
71,799

1,184,445

887,282.91
442,493.77
2,342,572.45
3,672,349.16

18,797.3
31,912.6
16,391

67,100.9
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7.0 CONCLUSION

Three COBRA-NC models were set up and run to simulate a main steam line break
in the Catawba Unit 1 ice condenser ccntainment. The three models taken
together demonstrate the effect of the drain water and mesh resolution on the
temperature distribution in the lower containment. A model with the drain flow
discarded predicted a peak volume average temperature in a lower containment
of 337°F. The local peak at the break cell was 358°F. Including the drain
flow reduced the bulk and local peaks to 291°F and 330°F respectively. Finer
noding in the vicinity of the break did not greatly affect the peak
temperature values, giving a bulk peak of 285°F and a local peak of 334°F,

The temperatures in all of the outer compartments were well below 300°F
throughout the transient simulation for the cases that included the drain flow.

The major cooling effect is the vaporization of drops and films in the high
velocity, high temperature region of the jet. The jet velocity was sufficient
to entrain vapor and drops from a large portion of the lower containment.
Vapor velocities were high enough to carry drops upward against gravity into
the jet. The high steam velocities ensure that the drops will be well
distributed in the lower containment with little chance of any self-shielding
as the drops vaporize.

The jet momentum was sufficient to cause nearly uniform mixing of the lower
containment, Very little air remained in the lower containment.

The ice condenser doors on the cold side of the containment closed as the
breas flow reached lower levels, but this did not adversely affect the
temperature distribution in the lower containment. Circulation within the ice
bed was sufficient to distribute some of the ice melt and drain flow around
the containment. Large drain flows were predicted on the hot side of the
containment where they could provide the greatest benefit in terms of cooling
the jet.

The COBRA-NC models were intended to be realistic representations of the
transient behavior in an ice condenser containment. However, when assumptlions
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or approximations had to be made, a conservative approach was used. The
following conservatisms have been defined in the COBRA-NC models.

1)

2)

3)

4)

5)

6)

The loss coefficients in the lower containment were based on losses
for a sharp edge orifice in a pipe, using the minimum projected open
area. This tended to reduce velocities resulting in less mixing,
lower heat transfer coefficients, and less drop sweeping.

Superficial velocities, rather than velocities based on the restricted
flow area, were used. The consequences of this approach are the same
as for number 1 above.

The large vessels, reactor coolant pumps and the insulated piping were
neglected as either heat sinks or surfaces that could be wetted with
liquid films. This reduced the amount of vaporization from films and
could have been particularly significant in the simulations without
drain flows.

Heat transfer surfaces were removed from the total wettable surface
areas when the surface temperature exceeded the film temperature even
if the surface was subcooled. This caused reduced vaporization since
the total film surface was made smaller.

The minimum film thickness was assumed to be 1/64 of an inch which is
large compared to to the thickness of condensate formation on walls.
This again reduced the total film surface area resulting in reduced
vaporization,

The drops injected to simulate the drain flows were assumed to have a

diameter of 0.2 inches., Westinghouse drain test data indicates a drop
size of between 0.1 and 0.15 inches. The use of the larger drop size

reduced drop entrainment by the jet and reduced the total drop surface
area resulting in smaller vaporization rates.
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7) The ice condenser door mode] was formulated such that the doors were
hard to open and easy to close compared to the actual door test data.
This minimized any cold air dumping into the lower containment which
is an effective cooling mechanism.

8) The COBRA-NC entrainment and de-entrainment models were turned off.
The velocities in the jet region are high enough to entrain drops off
liquid films and drop deposition on surfaces would keep most, if not
all, of the structure in the lower containment subcooled and wet. The
approach used to incorporate the drain flow test data reduced the
amount of vaporization from surfaces.

The COBRA-NC models, with these conservatisms, demonstrated a significant
margin for the environmental qualification limit. Improved modeling technigues
that could eliminate one or more of these conservations would lower the bulk
and local lower containment temperatures even further.
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