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NOMENCLATURE
Cross-section area (‘tut
Frictional energy loss per unit mass
Friction loss coefficient
Heat capacity (Btu/1bm)
Droplet diameter (ft)
Hydraulic diameter of volume m (ft)
Pipe diameter (ft)
Internal energy (Btu)
Friction factor
Interfacial frictior
Wall friction for

Mixture mass *1u

'
Gravitational acceleration (ft/sec )

Total enthalpy (Btu)

Specific enthalpy (Btu/1bm)

Volumetric flux (?tj/?{“ sec = ft/sec)
Therma! conductivity (Btu/ft-sec)
Length (ft)

/

(1bm)

Nusselt number
Pressure (psia)
Interfacial surface area per unit length
Wetted perimeter (fl
Prandtl number
Total heat transfer rate (Btu/sec
Heat generation rate thu/*t‘ sec)
)
Heat flux at droplet surface (Btu/ft"-se
Energy flow rate from 1iquid to interface (Btu/sec
Energy flow rate from vapor to interface (Btu/sec)

Reynolds number
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NOMENCLATURE

Vapor mass flow rate froi quid volume bm/se
Liquid mass flow rate \ i volume (1bm/sec
Stanton number

lemperature (degree f

[ime (sec)

Internal energy (Btu)

Velocity (ft/se

Rela.ive velocity between phases

1
J

Total volume (ft
41

Specific volume (ft™/1bm

Void propagation velocit

Mass flow rate (1bm/sec)
Weber number

Thermodynamic quality

Average void fraction (2-volume model)

levation (ft)

levation of two-phase/vapor interface in core (ft)

levation of liquid/two-phase interface in core (ft)
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Vvoid frar

Volumetr i«

ume mode |




NOMENCLATURE (cont.)
SUBSCRIPTS

Node at bottom of core
Bubble
Continuous phase
Droplet
Current node number [see ccntext]
Liquid volume [two-volume model]
Vapor volume
Liquid
v Difference between 1igquid and vapor states

-— o e e e O N T -

Condition within node [see context)
Liquid flow link [two-volume model ]

Node at top of core

Vapor flow link [two-volume model]
Current time step [see context]

Pipe [see context]

Condition at node boundary [see context]

- © v » > Z2 3 3

Relative property

v

Mixture property

sat Saturation condition
T Total volume

v Vapor

xii1
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SECTION 1
INTRODUCTION

Over the past several years Westinghouse has been developing an improved
reflood model for use in the evaluation of large loss-of-coolant accidents in
PWRs. The motivation behind this effort was a desire to demonstrate addi
tional safety margin to the cladding temperature 1imits imposed by Appendix K
of 10CFR.50. Since current evaluation modp‘s[‘] indicated that the peak
cladding temperature occurs during the reflood phase of the accident, major
emphasis was placed on developing improved models to calculate heat transfer

)

and thermal-hydraulics in a PWR during reflood

The first step in the reflood mordel development program was to improve the
core heat transfer and thermal-hydraulic model The current evaluation model
employs the FLECHT correlation followed, as raquired by Appendix K, by a steam
cooling mode] when blockages are predicted at flooding rates less than one
inch per second. The improved core heat transfer model, intended to replace

the current approach, is named BART (Best Estimate Analysis of Reflood Tran-

2]
sients) and is described in HCAP—QSbl.[ * In this reference, an interim

reflood evaluation model is also proposed in which BAKRT is used in piace of
the FLECHT correlation and steam cooling model. However, other aspects of the
evaluation model are kept essentially the same. In particular, the entrain
ment rate used in the WREFLOOD code to determine flooding rate is still
calculated using the FLECHT entrainment correlation (3] This correlation is
based on constant low flooding rate data and the resulting flooding rate

exhibits a quasi-steady behavior as shown in Figure 1-1.

A more dynamic interaction between the core thermal-hydraulics and system
behavior is expected and recent experiments have borne this out. Therefore, a
logical next step in the reflood model development was to use BART to cal
culate the entrainment rate for a given flooding rate, use a system code to
determine loop flows and pressure drops in response to the calculated core

exit flow, and supply BART with an updated inlet flow with which to calculate

61338:1/042683




4 new entrainment rate
zuﬂ‘ﬂ@ transient. somewnat
yupling between core thermal
code chosen for the above appi ath s NOTRUMP (4] Thi ode
some modifications would allow additi } 11 in modeling upper

plenum mass storage, steam generator heat loop resistance

covers the latest phase of lood model development, outlined

ng the BART and NOTRUMP reports as reference document: the report

»

hanges in these codes required to their ym ] on 1to the

system code BASH Additional sections cover verifica yn of BASH

Aigainst ave: labl ¢ ty ref'ood data ' ’Lk\y. in evalua on model using

BART/BASH for 'S performance in PWRs is proposed to replace the current

evaluation model
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Figure 1-1. PWR Core Flooding Rate as Calculated by WREFLOOD and BASH
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>ECTION 2
THE BART CODE

INTRODUCTION

The BART computer code was developed primarily as a best-estimate design code
for application to the reflood stage of loss-of-coolant accident analysis.
The basic features of BART are described in detail in the original

2]

Westinghouse report on the code, WCAP 9561.[

The following models com-
prise the basis of the original work and are the foundation for the refine-
ments described in Section 5 of this report. Brief summaries of these basic
features are given here as background to the development of BART and its

integration into a comprehensive LOCA analysis model:

Basic conservation of mass and energy in liquid, vapor, and two-phase

in the reactor core

Radial conduction heat transfer within the fuel rod.

Heat transfer from rods to coolant in liquid, vapor and two-phase

regions in the core

Quench-front propagation and heat release

Thermal nonequilibrium and heat transfer between phases

MAJOR MODEL DESCRIPTIONS

Basic Conservation Equations

Reflood heat transfer, which determines the peak cladding temperature during

the reflood phase of a LOCA, is governed by local fluid conditions in the
core In ¢t I, 1t is assumed that axial variations dominate so that a

one-dimensional representation will suffice

61336:1/041883




thrat core

4

._AI“"Y"", H\}h(itSJ" > »
3 ¢ n { 4 t9n B
volume f 11 Ve atio (e, < in equation for

i v

betweern

from a hydraul

three regions
vapor fFach

the purpost

report

Mixture ontin equation

Vapor enert




volumetric flux

vapor volumetric flux

1iquid density

vapor density

mixture density

volumetric rate of vapor generation

mixture mass flux

The relative velocity, u_, is determined from drift flux correlations or, in

the case of dispersed flow, 1s calculated from a vapor-droplet force balance.

Simplifying assumptions are:

One-dimensional equations

Fluid properties are independent of small variations in pressure

Radial Conduction Heat Transfer in Fuel Rod

A detailed conduction heat transfer model is used to calculate fuel rod
temperature history and energy transfer to the fluid in BARI For "hot
channel® calculations (these wiil determine the temperature of the hot rod,
see Section 8) the model used is identical to the model developed for the

\
LOCTA-IV program.' ™ For "“average channel" calculations (to determine core
conditions for reflood calculations) a simpler model is used which does not
include the mechanical deformation of the cladding This model is described

f 21

in WCAP-9561.%"




Heat Transfer from Rod to Loolant

The following regions, characteristic ot the

below and depicted schematically in bFigure Z-1.

coolant enters the core,
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fuel rod surface temperature 1s near the fluid
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The model considers radial conduction in the rod and axial conduction along

the rod, which is of the same magnitude as boiling heat transfer to the

l1iquid. The axial conduction leads to additional preheating of the 11quid

before it reaches the actua quench front A typical heat flux profile is

shown 1n "‘]L'?'

A boiling curve based on the assumption of hydrndynam\(aliy controlled heat

¢ lux at the quench front 's used to locate appropriate heat transfer regmes

and the accompanying heat transfer coefficients The regimes near the quench

front include single-phase, TO ced convection, nucleate boiling, transition

boiling and film boiling. Closely spaced isotherms allow very fine detail in

locating boiling zones vt} region {mmediately around the quench front,

which is typically very narfow, \le sacrificing little in computer running

time

to-Vapor Heat Transter

Liquid droj lets in the dispersed regime will evaporate &S they travel up the

bundle Convective heat transter hetween a droplet and superheated vapor 1S

alculated using standard correlations for convective heat transfer to spheres

nduction and convection, 1diation

In addition to heat tre

between the vapor and 11qu? S ounted ftor
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SECTION 3
THE NOTRUMP CODE

NOTRUMP is a nodal network code designed for application to problems requiring

general one-dimensional thermal-hydraulic analysis A rigorous description of

o (4]
NOTRUMP and its capabilities is presented in a WCAP-9236." ° A brief over

view of NOTRUMP is provided here as background to the formulation of the more

comprehensive 'WR transient analysis model, BASH
p y

The basic components of the NOTRUMP model are fluld nodes, metal nodes, fluid
flow 1inks (called "flow 1inks") and heat flow 1inks ("heat links"), each of
which may be of several types The major node types are "interior® and
"boundary" nodes, and the main link types are "noncritical" and "critical”
1inks Interior nodes and noncritical 1inks are the general-purpose
components used for most parts of the system being modeled. Boundary nodes
and critical links are designed to be convenient vehicles for imposing

boundary conditions in the modeling of transients.

Physical problems are modeled by assembling the components to form a network
of fluid and metal nodes appropriately interconnected by flow and heat 1inks
The nodes provide for mass and energy storage while the links provide for mass

and enerqgy transfer

rmal hydraull ts are modeled in the code through various correla
Flow correlations account for the effects of pressure drop and phase
separation. Heat transfer correlations represent all regimes, such as 11quid

leate

convection, nuc 11ing, stable fiIm boiling, forced convecticn

vaporization and steam forced convection

1

Several specific component models supplement the correlations, permitting

4 >

detal l1e¢ ana'! 8 ¢ eq ‘;\‘"\.‘"‘?‘ which is therwise tu.y‘.'\_/} the scope of the

61338:1/053183
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systems. The present application is to the primary coolant loops of a PWR

during the reflood phase of a LOCA transient The different properties of the

various building blocks of the NOTRUMP network are discussed below

Interior Fluid Nodes

An intertor fluid node is defined as a fixed control volume containing fluid
at thermodynamic equilibrium and having associated with 1t one conservation
equation for total mass and one for total internal energy. No flow (only mass
and energy inventory) is assoclated with a fluld node. An interior fluid node
may be connected with other fluld nodes via flow links and with metal noages

via heat 1inks

An interior fluid node has associated with it a number of important quan-
tities. The total volume, V t™) s & constant fhe total internal

energy, U (Btu), s the unknown in the energy conservation equation. The
total mass M (1bm) is the unknown in the mass conservation equation. The
pressure P (psia), temperature T (°f), thermodynamic quality, x, and various
pressure and temperature derivatives are determined from the fl1i:i1 equation of

state given V, U, and M. Saturation properties are then found from P,

Although an interior fluid node 1s restricted to being in thermodynamic
equilibrium, it need not be homogeneous Stratified nodes are allowed. In
these, there is a mixture of steam (bubbles) and 1iquid at the bottom of the

node with a separated layer of steam at the top.

Boundary Fluid Nodes

A boundary fluid node is defined as a control volume containing fluid at a
specified pressure P (psia) and enthalpy h (Btu/1bm) A boundary fluid node
may be connected with other fluid nodes via flow l1inks and with meta! nodes
via heat 1inks

and enthalpy )r boundary uid nodes are specified as arbitrary

61338:1/042683
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The other important
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3.2.8 Critical Heat Links

A critical heat 1ink 1s defined as 4 path in which the energy flow 1s

specified as a function of time only.

A critical heat link 1s always connected to a fluid node and a metal node.

Critical heat links provide a convenient means of impusing heat f lux boundary

conditions.
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SCCTION 4
BART-NOTRUMP INTERFACE

The BASH Code, designed to simulate the reflood portion of a LOCA transient in
a PWR, uses NOTRUMP to mode)] the loops outside the reactor core and BART for

the core therma! hydraulics.

Starting with the upper plenum, all the loop components including the down-
comer and the lower plienum are modeled as NOTRUMP nodes. BART, modeling the
reactor core, has two interfaces with the NOTRUMP nodes:

1. Core-upper plenum interfa.e (at the top of the core)
2. Core-lower plenum interface (at the bottom of the core)

The data transfer between the two codes provides the necessary boundary

conditions for both codes.

The conditions in the core, determined by BART, are sensitive to the flooding
rate and the inlet fluid conditions. A large inlet velocity, in general,
leads to an increase in the mass flow rate out of the core and eventually to
an increase in the pressure in the upper plenum. An increase in this
pressure, which works against the downcomer head, then forces the flocding

rate to decrease.

4.1 CORE FPRESSURE DROP
the conservation of momentum for unit

To evaluate pressure drop in the core,
flow area 1s written as follows (refer to Figure 4-1)

4
d_ " o Rate of momentum) [ Rate of momentum
at 7 P entering at Z, leaving at Z )
1 n
(4-1)
l

N
- (Py-Py) - / " .99z - BP¢ s tyon
\
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The rate of momentum entering (or leaving) the core is given by

ap, u“2 v (1-a) py U,° evaluated at Z, (of ).

The first and second terms on the right-hand side of £q. (4-1), taken
together, represent the pressure drop due to acceleration of the mass through
the core. The third term 1s the total pressure drop in the core, whereas the
fourth term denotes the pressure drop due to gravitational forces.

when all three regions, namely subcooled 11quid, two-phace, and vapor, exist
in the core, the left hand side of Egq. (4-1) s written as

Using Leibniz's Theorem for the three integrals and after simplification, we

obtain

(4-2)

Z; refers to the location just upstream of ZF' whereas Z; refers
toe the location just downstream of ZF. Assuming that (pL) remains constant

in the subcooled 1iquid region:

" ————'a
|
‘1 (4-3)

k- _
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The above equation is modified according to the type of interfaces in the core

at any particular time in the transient, as shown in Figure 4-1.

The pressure drop in the ccre 1s therefore given by:

o ja
l
|

(4-4)

- |

In Eq. (4-4), AP gravity represents the major part of the total core

pressure drop.

z

N
8P ravity './ Z, b 94

drop is calculated by using a suitable friction factor
The rate of

The frictional pressure
representing the total resistance of fuel assemblies and grids.
momentum stored at the two-phase vapor interface 1s denoted by the next two

terms in the equation. These terms drop out of the equation once this

interface moves out of the core.

(Z‘-Z]) %{ (pu) represents the pressure drop due to inertia of the 1iquid In
the 1iquid reglon of the core. The last two terms 'n Eq. (4-4), which account
for the pressure drop due to the time rate of change cf momentum in the two-

phase and vapor reglons, contribute 1ittle to the total pressurée drop and are

presently ‘gnored.
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BART -NOTRUM} INFORMATION R ANSF ER
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AART MODIFICATIONS FOR BASH

The BART code described in Reference [2] 1s a thermodynami¢ model of the fuel
intered during the reflood transient The

rod bundle under ( nditions encol

{fied against FLECHT tesis, as indicated in the

model has been ex tensively ver

reference This section describes .everal model improvements and

modifications made to BART code to make possible calculation
flow blockage and gr the reflood portion of the accident

A key aspect of the reflood transient is the presence of a dispersed droplet
regime 1in *\“,qh’y "\‘;:o"ht’dt(l\‘_ steam at upper elevations in the core The heat
transfer process may aiso he affected by f! yscillations induced by core-RC

loop feedback efte«

for integration into BASH, several areas were tdentified in which BART could
be improved 1o yield K‘qm*’\(dﬁt?, better predictions of real core response to

transients

reversad

effects

the various models are outlined A detalled

veritl t1on of these models appear: in Reference (8]

the analysis of

JART code with these mode) improvements 15 applicable to

flow and cladding ballooning and

reflood transients in which reverse COr€

rupture occur The ation mechanistic and 1s a best estimate in the
i welling and flow blockage models remain

thermal/hydrau area

1 ¢ p \ 1
blockage 1 alculated

conse vative he




§.1.1 Nonequilibrium Two-Phase Filuid Model

A one-dimensional nonequ!librium two-phase fluid model is used in BASH to
determine the local fluid conditions in the core as a function of time.

The basic regions of interest are:

1. Single-Phase Region -- Equations written for this region and their
solutions are valid for single-phase (subcooled) liguid and
single-phase (superheated) vapor.

2. Two-Phase Region -- This region covers the major portion of the core
during the reflood transient. The flow regimes considered are:
inverted annular, transition, and droplet. Nonequilibrium between the
phases allows the vapor to be superheated while the l1iquid s assumed
to be at saturation temperature.

The detalls of modeling the single-phase and twe-phase regions, along with
their equations, are provided in Reference [2].

5.2 REVERSE FLOW MODEL

Since oscillations in the flooding rate are expected during the reflood
transient, the BART code was modified to handle both the negative and positive
flows.

In the single-phase region, the calculational scheme is not much different for
the two cases 1f the integrations of the equations are performed in the right
direction. However, the procedure for void fraction calculation in the
two-phase region 1s dependent on the direction of the void propagation.

5.2.1 Void Propagation Velocity

The mass conservation equation for the mixture, which is one of the equations
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describing the dynamic behavior inside the core, s given by:

a
%—t- lap, + (1-a)py] + o= {ep U, + (1-a) ply] =0 (5-1)

In Eq. (5-1), a refers to void fraction; Uv' Ul the vapor and liquid

velocities; Pyr Py the vapor and liguid densities.
The volumetric flux J 1s defined as
j = aUv + (\-o)U! {5-2)

In a manner similar to Reference [9], Eq. (5-1) can be converted into the void
propagation equation.

Introducing Ur as the relative velocity between the phases, we have:

Ur = Uv - Ul

Uv = )+ (1-a) Ur (5-3)
and

U! = J - cUr

1) FYIm and Transition Regimes (Drift flux model)

Equation (5-1) can be converted into the vold propagation equation of the form

« K (5-4)
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»"‘"' nove with terminal ve loc ‘ty with VP'~,'U!"( to the vapor,

ymes independent f void fraction a

id propagation velocity is given as

»

Ihe O f1uid dynamic mode propagation approach ftor

calculating the void fractions Since calculations are done on

by-node basis, the method of calculation of void fraction a for a node

node

depends on th of void propagation velocitie: (V ) at the
Qa

boundaries

x and a on within a node and
m p
void ction a4 he boundary, are defined ftor each node The mass conservad

yde 3 ved to obtain the void fraction a

4 )
tion eqQuc« a ) L m




R

different

1 ne
| w




The four cases are:

s Vald 1 Vgl
b
H |
|
| |
} .
] Vali- 1 ‘ Vgli- 1
CASE 1 CASE 2
Va(\) Va(v)

S

A |
T vl ¥ Vi1
CASE 3 CASE 4

§.2.2 Numerical Solution

‘rom the known local fluld ard heat transfer conditions at time t, the fluid
{ Yow equations are solved numerically to obtain the conditions at time

t + At. The numerical solution procedure explained in this section supple-
ments the one given in Reference {2}.

In determining the void fraction from the mixture mass conservation equation,
since calculations are done in the direction of void propagation velocity
(VG) using mplicit differencing, no time step size 1imitation due to
numerical instability arises.
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The relative velocity
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faguation | can bDe 3501V
known vali ) tquat \ J

are then calculated rrom tq

P nr | <
when the void fraction propagates

.l
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!
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obtain
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.

fquation {(5-1 . nite difference form becomes




Case 3.

Vam
!
< ‘ 0‘" Cmii+ 1)
i, ami
& .14 [ up(- 1 EmG-
Vali 1)

Void fractions a, and L are known from the solutions for control
"Ll 14]

voirmes 1-1 and 1+1.

Mass balance for control volume 1, gives

— '-}a
(5-14)
! _
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fase 4.

In this configuration, V° is negative at both the boundaries, so that

VQ(I)
!
Z ; Upi am(l +1)
', am|
'\ o = i
Zi 1 v ooy
Vali 1)

The mass conservation equation in finite difference form, after simpli-
fication, ylelds the following equation for void fraction u?’].

r— -1a
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the above two equations can be combined to obtain

tquation (5-19) ; the equation for conservation of number of droplets and can
be used in the droplet regime for calculating the number density of droplet

The droplet diameter 1s then obtain from

h&I a)

14

Y

he above principle of conservation o wumber of drops, applied to a control

can be written as:

change of number of drops in a volume

[Rate of number of drops entering the voiume] [Rate of number of drops

leaving the volume]

calculate the droplet diameter, the droplet number density equation is

to obtain the droplet number density in a control volume 1

I"‘r' finite l"w’?t’f“'l’w form of thi: "QUJ{M)“ ic¢
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which thermal-hydraulic conditions are calculated using the basic BART equa-
tions and between which flow 1s calculated using a simplified set of axial and
radia) momentum equations. There are two assumptions employed in the flow

redistribution model:

1. The flow redistribution 1s by steam only. This assumption rests on
the fact that droplets possess significant inertia and cannot easily
be deflected from their axial path through the bundle.

2. The steam crossflow can be adequately calculated with simpiified
momentum equations outlined in Reference [8). The applicability of
these equations 1s demonstrated in the detailled description and veri-

s1cation of the model t®)

§.3.2.1 IquChannel Mode! -- Two BART channels are employed to calculate
steam flow redistribution from a blocked channel. The two-channel model is
f1lustrated in Figure 5-1. Calculations begin at the point where dispersed
droplet flow 1s first calculated. At this location, axial flow is assumed
uniform and the crossflow is assumed to be zero. It s assumed that the
blocked assembly resides ir an infinite array of unblocked assemblies. 1iis
will maximize the flow out of the hot assembly. Conditions in each channel
are calculated using the models described in References [2] and [8].

One of the primary objectives of the ymproved BART code models 1s to calculate
the local heat transfer effects caused by the fuel rod blockage interaction

with the two-phase flow.

A review of the avatlable flow blockage data indicates that thece are perhaps
four heat transfer effects which need to be examined during reflooding:

1. Flow redistribution effects due to blockage and their effect on the
enthalpy rise of the steam behind the blockage. Bypass of steam flow
may result in tncreased superheating of the remaining steam flow
behind the blockage region. The higher the steam temperature, the
lower the rod heat flux and resulting heat transfer behind the

blockage.
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fffect of blockage downstream of the blockage zone and the resulting
mixing of the steam and droplet breakup behind the blockage. The
breakup of the entrained water droplets will increase the 1iquid sur-
face area so that the drops will become a more effective heat sink for
the steam. The droplet breakup should desuperheat the steam; this
would result in greater rod heat transfer behind the blockage zone in
the wake of the blockage. The crossflow effects of the vapor can also

enhance the cooling of adjacent rods.

The heat transfer effects in the immediate blockage zone due to drop
impact, breakup, and mixing, as well as the increased steam velocity
due to blockage flow area changes. The drop breakup is a localized
effect primarily caused by the blockage geometry; it will influence
the amount of steam cooling which can occur farther downstream of the

blockage.

Effect of blockage on the upstream region of the blockage zone due to

steam bypass, droplet velocities, and sizes.

In simpler terms, the flow blockage heat transfer effects are a combination of

two key thermal-hydraulic phenomena:

%

A flow bypass effect, which reduces the mass flow in the blocked
region and consequently decreases the heat transfer

A flow blockage effect, which can cause flow acceleration, droplet
brzakup, improved mixing, steam desuperheating, and establishment of
new boundary layers, which consequently increases the heat transfer.

These two effects are dependent on the blockage geometry, the amount of block-
age, and the flow regime (single- or two-phase). They counteract each other
such that it 1s not evident which effect dominates over a range of flow condi-

tions.
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prematurely and cause droplets to shatter in the two-phase environment

encountered during refleed. These effects will cause additional 1iquid
evaporation and desuperheat the steam downstream of the grid, with a resulting

improvement in heat transter.

Models to calculate these effects in BART are developed and described in

Reference [8].
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SECTION &
NOTRUMP MODIFICATIONS FOR BASH

6.1 TWO-VOLUME NGNEQUILIBRIUM MODEL

At several time: and in several parts of the RCS, phase separation occurs
during a LOCA. That is, 1iquid fails to the bottom of a component such as a
reactor vessel lower plenum, while vapor collects at the top. To model this
phenomenon, a bubble rise, or “stratified" model was developed and incorpo-
rated into the NOTRUMP rode.[‘] The bubble rise model accounts for the flow
of vapor from a lower two-phase mixture to an upper, vapor phase. The volume
of the two-phase mixture s determined by calculating the rate at which vapor
is accumulating in the lower phase.

The bubble rise model is a thermal equilibrium model in which the 1iquid and
vapor are at saturation. Thus, situations in which subcooled water or
superheated vapor are injected into the veolume cannot be adequa'ely analyzed.
In addition, the upper phase of ine bubble rise model s assumed to be vapor.
Therefore, situatisns in which the upper phase s a dispersed droplet mixture
(such as would occur in the upper plenum during reflood), cannot be modeled.

To account for these and other special situations the following two-volume
nenequi 1ibrium model has been put into the NOTRUMP code.

6.1.1 Two-Volume Mode' Pressure Calculaticn

Let two fluld volumes Y and ) be connected to each other and to other nodes in
the system as shown in Figure 6-1. This arrangement 1s typica' of node con-
nections in NOTRUMP. The number and nature of flow 1inks which connect the
two volumes to other fluid nodes in the system 1s arbitrary; however, for

physically realistic situations some restrictions apply, as will be discussed
later.
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Figure 6-2. Typical Link Connection Between
Volume Sets and Fluid Nodes
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iwall or interface)

perimeter

W regime)

various vo fractions which wi be used in the two-voiume model! should

be defined ! nie ( see




between




link between a volume set and a stratified fluid node

A
m n

stratified fluid node, @ o s equal to the mixture vo'd fraction and

s equal to one Otherwise the same relationships as in "a" are

) renresents the twc-chase mixture anc upper vapor phase of

"\n
employed to calculate a, ® and a

Flow 1ink between volume set and homogeneous fluid node

resents a4 homogeneous fluid node, a

»

in

In some cases 1t is known in advance or can be assumed that a volume will
alway cover" a ticular w 11ink Then a single flow link can be

specified, rather than a pair, and upstream and downstream quantities are

alculated a= in

ase, the fraction of the pipe

occupied by the fl s always equal ) one.

Flow Regime: . | Pipes

As the area occug i ach 1ink in the pipe changes and the link flow rate:

change, the flow In Bt in be expected to change In the case of

norilzon Ow i 5 { ' the

upper 1ink is nearly all vapor and the
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Flow Regime 2 Bubbly Flow

Assume spherical bubbles of diameter Ur determined by:

In a2 manner ¢ ( dispersed regime, the following quantities can be

defined:

’

Assume that the bubbles make negligible contact with the wall; then C
; m

and £, become

Annular Flow

(smooth interface)




Flow Regimes 5 and b

assume: f = 0.015 (smooth)

1fquid/vapor | and vap ‘ interfac

respectively) e calcul j from geometr

'S given Dy:

and h s the height

T

N O "\ A 2 -
he interfacial area « cul . t 1 surtace but

nate for the rough intertace




e p—

. Flow Regime 3 - Slug

Assume this flow regime is a combination of bubbles and annular flow:

A 1

T l D..,
%

1
T

T

Assume the void fraction @y in the bubbly regions is 0.1, and the void
fraction a, in the annular reglons is 0.9. Then, using the models
developed for the bubbly and annular regimes, with the modification that the

continuous phase is assumed to be the vapor phase for slug flow.

— —a

(6-30)
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and

S¢ = Pglg My (6-33)

where A is the interface area, and

1

0.239.K
g = Upp [8y7:925)(pg/pg) ")

e
"

2.0.25
1.53 [G(Pf - Pg) g/Pf ]

IA

K =149 , A3, <]

b

v
—

« 2.3 , W jg/Urb

At higher void fractions (>0.2), and depending on the mass flow rates entering
and leaving the volume, the vapor flowing through the lower phase may entrain
droplets.

The minimum vapor velocity for entraining liquid is taken to be equal to the
free-fall velocity assuming a critical Weber number (7.5 - 10) and a suitable
drag coefficient (~ 0.45).

(p p.)9 e
4 “ed 'f " g - g
Ugm - |3 ] = Uprg (6-34)

I[f the vapor velocity is greater than Ugm' the droplets are entrained with
void fraction a, (0.9 - 0.99); ag is defined such that

a
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we obtain

HT
Ug- -A——o(l-u‘)pfu

/ [a, p
1 r i

g * (1 -ay) pl (6-40)

The above equations can be used to obtain U_with vgj (or Ur) either
given as above or specified by any other drift flux model.

b. Interfacial Heat Transfer

To calculate heat transfer rates, the fiow regime within the volume set must
be determined. This s accomplished with the flow regime map (Figure 6-3)
using estimates for the vapor and liquid fluxes as follows:

), - iv/vavs (6-41a)
)y = il/plkvs (6-41b)

where GV' gp are appropriate average values of the 1ink flowrates (for example
iv = 0.5 (Wq) + Wp2) iIn Figure 6-4) and Ayg = average volume set flow

area (depends on component being modeled)

The only flow regime in which the heat transfer at the interface 1s reasonably
well understood for subcooled 1iquid is the stratified regime. ~owever, 1t
can be assumed that the approach to equilibrium will be fairly rapid in the
dispersed, bubble, and slug regimes. Thus large heat transfer surface area
and large interfacial heat transfer coefficients are used in these regimes.
For the stratified and annular regimes the following models are used.
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for the verification, both the H.T.F.S. correlation and the two-volume non-
equilibrium model were appiled to two-phase flow in a system of horizontal
pipes. The modeled system is shown in Figure 6 5. Several system pressures
were included in the verification tests as well as many 1iquid and vapor flow
rates to simulate all flow regimes. A sampling of the test series is pre
sented in Table 6-1 and, graphically, in Figures 6-6 (a) and (b). The "50%
l1ines" indicate where the pressure drop prediction by one method exceeded the

prediction by one method exceeded the prediction by the other method by 50%

With the sole exception of the annular regime, pressure drop predictions of

the nonequilibrium model are well within + 50% of the predictions of the

H.T.F.S. correlation, quite good when compared to the scatter of experimental

steam-water flow data, as presented in the Harwell Report H.T.F.S. predictions

(he nonequilibrium model has the advantages of being essentially mechanistic
and providing clear characterization of the flow pattern and related para

meters (e.g., drop sizes, percent entrainment, stratified 1iquid depth, etc.)

6.2 METAL HEAT RELEASE MODEL

The metal heat release model calculates the transient temperature distribution
inside a metal. Of particular interest is the amount of heat released (or
absorbed) by the metal components inside a nuc lear reactor during a
loss-of-coolant accident Generally, the neat transfer from these components
‘s conduction-limited and cannot be accurately modeled with the simple lumped

parameters approach used in NOTRUMP.
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TABLE 6-1

NONEQUILIBRIUM MODEL VERIFICATION
(10' LENGTH OF 5" I.D. PIPE, PER FLECHT)

fFlow Wi Wg System HTES 2-Vol  AP(2Vol)
Regime (1bm/s) (1bm/s) Pressure AP AP AP(HTES)
Dispersed 146.65 0.57225 215 0.587 0.738 1.26

. 161.00 0.23161 60 0.666 0.860 1.29

" 163.85 0.10222 14.7 0.776 0.874 .53
Bubbly 19.874 0.023512 215 0.017 0.0M 0.65

. 21.870 0.011531 60 0.020 0.022 1.10

. 13.449 0.003087 14.7 0.0098 0.0101 1.03
Slug 12.038 0.77861 215 0.0€9 0.054 0.78

. 13.265 0.38185 60 0.082 0.074 0.90

- 8.1574 0.10222 14.7 0.0364 0.0274 0.75
Annular 2.6860 5.7532 215 0.209 0.522 2.49

" 2.9598 2.8215 60 0.226 0.0461 2.03

. 1.8202 0.75529 14.7 0.09876 0.1327 1.51
Stratified 0.98814 0.00639122 215 0.0009 0.0005 0.56

- 1.0889 0.0311344 60 0.0012 C.0014 1.16

" 0.66960 0.0083906 14.7 0.0005 0.0003 0.50
Rough Str. 0.98814 1.2837 215 0.019 0.024 1.26

" 1.0889 0.49031 60 0.0163 0.0169 1.04

- 0.85979 0.13125 14.7 0.0079 0.0065 0.82
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hea transfer coefficient

metal surface temperature

surrounding coolant temperaiture

direction normal to the surftace

[ransient one-dimensional heat conduction equations in a) rectangular, b)

cylindrical (radial) and ¢ spherical (radial) coordinates 1s solved

numer ically using an implicit finite difference method

for composite materials consistin of two or more layers as In the case of a
4 y '

metal component with 1ining of a different material on 1ts surface, the layers

are assumed to be in perfect thermal contact at the interfaces

fhe model assumes

Constant thermal properties (focr composite material, constant thermal

perties withi each layer)

No heat generation inside the metal




Either of the following two boundary conditions can be considered on each of
the two outside surfaces:

1. Temperature specified (Tv)
2. Heat transfer coefficlent specified (h, Ta)
This madel s used whenever large surface heat transfer coefficients require a

detalled thermal conduction calcuiation within the metal. In other areas the
simnler lumped parameters approach described in Section 3 1s adequate.
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2. Loop Conditions in Selected Components and Location

Liguid and vapor inventories
Liquid and vapor flow rates
Liquid and vapor temperatures
Nodai pressures

Steam generator heat transfer

- o a N T &

S. G. primary fluid evaporation rate
71.2.1 General Description of Run 31058
This test was run for 154 seconds. Rod power input was reduced in time

according to a preset program simulating decay heat release. The initial
conditions of run 31058 were:

Containment pressure = 59 psia

In1tial cladding temperature = 1100°F

Peak Power = 0.84 kW/ft

Coolant injection temperature = 152°F

Average housing temperature = 306°F

Injection flow rate = 12.3 1bm/sec for 14 sec,
variable thereafter

S.G. secondary level (cold) = 24.0 ft

S.G. secondary temperature = 512°F

1.3 BASH MODELING OF FLECHT-SET

7.3.1  BART Noding

The BART core noding scheme used in modeling the FLECHT-SET tests is presented
in Figure 7-4. The heater rods are divided into 21 nodes, with the actual
heated length extending from node 3 to node 21 (defined as being from 0 to

12 feet). A1l nodes iIn the heated region were 7.2 inches in length, except
for the highest two nodes, 20 and 21. This scheme achieved the refinement of
detal] desired wit:: the minimum number cf nodes. Figure 7-4 also shows the
BART rod power profile discretization used.

61378:1/041983 1-1
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7.3.2 NOTRUMP Noding

The NOTRUMP noding scheme modeling the FLECHT-SET PHASE B tests is presented

in Figure 7-5. The model includes control volume simulations of the core and
its inlet and outlet plenums, the hot and cold legs of the broken and intact

loops, the steam generators, the downcomer and safety injection 1ine, and the
blowdown line and containment tank.

The core node 1s a "dummy" node in that its transient conditions are provided
by BART rather than being generated by NOTRUMP. A1l other nodes except the
downcome are assumed to contain a homogeneous mixture of liquid and/or vapor
at therma) equilibrium. In the downcomer, the “"two volume nonequilibrium®
mode! is used to more accurately simulate the important thermal
discontinuities and phase separation in the downcomer due to ECCS injection,
intact loop recirculation and flow reversals in the core. The PWR primary
coolant pumps were simulated in the FLECHT apparatus by orifices with flow
resistances scaled to PWR pump resistances. In NOTRUMP, the FLECHT “pump"
orifices are modeled as constant additive resistance coefficients in the
appropriate flow 1inks.

The NOTRUMP hydraulic simulations of the two FLECHT steam generators include
an inlet and outlet plenum, a U-tube primary divided into a hot-side
(ascending) node and a cold-side (descending) node and a secondary side
(stagnant fluid, thermal boundary condition) node. Each steam generator's
thermal model includes the secondary fiuld boundary node, the primary fluid
nodes, and two tube bundle metal nodes which correspond to the primary fluid
nodes. These nodes are thermally connected by heat 1inks with heat transter
coefficients defined to produce in BASH the same overall steam generator
energy input to the primary fluid as was observed in the FLECHT tests.

61378:1/041983 1-9
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1.4 BASH COMPARISON TO FLECHT-SET 31058

figures 7-6 and 7-7 present peak cladding temperature histories at the 6-foot
and 8-foot core elevations, respectively, as measured in FLECHT and as
predicted by BASH. The plots of FLECHT cladding temperature data shcw the
mean temperature of all instrumented rods at given times as a dashed line and
show the standard deviation of the recorded temperatures about the (sample)
mean temperature as vertical bars.

Both the FLECHT and BASH cladding temperatures peak early in the transient.

In the early phase of the transient (up to about 30 seconds), BASH conserva-
tively predicts “"average" rod temperatures and follows the trend of the FLECHT
data well. After correctly beginning the gradual decline, however, BASH clad-
ding temperatures tend to declin? more slowly than observed in FLECHT at lower
core elevations or actually rise once more later in the transient at higher
elevallons.

BASH predicts peak cladding temperaturas well early in the transient. The
later temperature rise, which is more pronounced the higher the elevation, is
symptomatic of a key assumption in the present BASH model. The assumption is
that a top-down quench front will not propagate into the core from aoove.
This maintains vapor superheats at high levels in the upper regions of the
bundle, a phenomenon not observed in the FLECHT experiments.

Through the complex interactions of upper elevation cladding temperatures,
rod-to-fluid heat transfer, vapor generation, loop pressurization, core
flooding rate, downcomer head, etc., the "no top-down quench" assumption
manifests itself in all aspects of the transient. The effect 1s minor for
most BASH transient variable predictions (the late-time, high elevation
cladding temperature excursion is the most direct and pronounced effect) and
the trend s always towards increased conservatism.

Figure 7-8 shows the envelope of quench front elevation versus time measured
for all instrumented rods in FLECHT 31058, along with the BART/BASH predicted
quench front movement. Early in the transient the BASH results are precisely

61378:1/041983 -1
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Figure 7-18. Quench Front Elevation
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Figure 7-20. Rod Temperatures at Six Feet Six Inches
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CONCLUSIONS

BASH has been compared with data from two tests with widely different geomet-
ries. It has been shown that BASH properly predicts the system behavior, and
in particular, the inlet flooding rate. The present heat transfer model pre-
dicts conservatively high rod temperatures due to the absence of grid effects
and a "top-down" quench model. This in turn leads to a slower quench front
movement and slightly lower flooding rates late in time.
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SECTION 8
PROPOSED ECCS EVALUATION MODEL USING BART/BASH

8.1 DESCRIPTIONS OF THE CODES IN THE MODEL

The BASH program can be used alone to analyze the reflood portion of a loss-
of-coolant accident. As an integrated reactor core and reactor coolant system
model, 1t provides a comprehensive prediction of the performance of the emer-
gency core cooling system during reflood. In this section, BASH is considered
as a part of a larger ECCS evaluation model, capable of performing an analysis

of all phases of a loss-of-coolant accident from break initiation through to
cladding temperature turnaround.

An integrated ECCS analysis model exists. The present model would be the
foundation for the proposed ECCS model, which would incorporate BASH and, for

particular purposes, BART to replace much of the present empiricism with more
analytic modeling techniques.

This section presents descriptions of both the present and the proposed com-
prehensive ECCS evaluation models. Brief descriptions of the individual codes
which make up the present and proposed models are provided, followed by a
discussion of the structure and assumptions of the overall ECCS models.

8.1.1 SATAN

The SATAN program is an analytical model for the blowdown portion of a loss-
of-coolant accicent which is part of the present Westinghouse ECCS evaluation
model and which is planned for inclusion in a slightly modified role in the
ECCS model now under development. A brief summary of SATAN's key function and
features 1s given here. A more comprehensive description of the code is con-
tained in the Westinghouse report, HCAP-BBOZ.[?OJ

8.1.1.1 SATAN VI: Current Version - SATAN is a finite element code which
models thermal/hydraulic phenomena in a reactor core and the reactor coolant
system during after a large break of 2 primary coolant pipe. It was deve loped
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mode) proposed for SATAN utilizes the metal heat release model described
earlier in paragraph 6.2 to calculate the transient temperature distribution
in each metal componment and to provide the following improvements to the
original SATAN approach:

1. Calculation of the metal-water interfacial heat transfer coefficient
using the standard correlations for forced convection, nucleate

boiling, transition and film boiling heat transfer regimes employed in
the LOCTA code.l>]

2. Modeling of the stainless steel surface layer on metal components by
the composite material capability of the metal heat release model
discussed in paragraph 6.2.

3. Programming logic to allow a number of geometries in each SATAN metal
element.

4. More detailed modeling of the steam generator primary-to-secondary
heat transfer. The old approach made independent calculations of the
tube stored heat release and the primary-to-secondary heat transfer.
The proposed method uses the two-sided boundary condition capability
of the new metal heat release model to rigorously treat primary-to-
secondary heat transfer, including the tube heat capacity.

8.1.2 BASH

The BASH code (the combination of BART and NORTRUMP) is described extensively
in this report. Sections 2 and 5 present BART, the mechanistic core thermal/

hydraulic model, while Sections 3 and 6 discuss NOTRUMP, the detalled reactor
coolant system model.

BASH 1s planned as an integral part of the proposed ECCS evaluation model,
replacing WREFLOOD to provide a more realistic thermal/hydraulic simulation of
the reactor core and RCS during the reflood phase of a LOCA. Figures 8-1 and
8-2 Y1lustrate how BASH w'll be substituted for WREFLOOD in calculating tran-
sient values of core inlet flow, enthalpy, and pressure for the detailed fuel
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In the current ECCS evaluation model, the portions of the LOCA transient
addressed by WREFLOOD are the core refill and reflood phases, which occur
after the primary coolant system has depressurized due to water loss through
the break (the blowdown phase). WREFLOCD calculates the variations in basic
thermal/hydraulic parameters such as core flooding rate, core and downcomer
water levels, and fluid thermodynamic properties and mass flow rat=s through-
out the primary system.

In the proposed ECCS model, however, after the end of the refill stage of the
LOCA (1.e., when the RV lower plenum has been refilled and core flooding
begins) WREFLOOD 1s relieved of all of the above responsibilities by BASH.

The WREFLOOD code, less detailed in its thermal/hydraulic models than BASH, is
used in the proposed model only to provide values for accumulator flow, SI
flow, and containment pressure and temperature boundary conditions during the
reflood.

To do this WREFLOOD runs a simplified RCS simulation prior to BASH. For con-
tainment calculations WREFLOOD, the RCS code, supplies COCO, the containment
model, with the break mass and energy discharge rates. COC0 calculates and
returns updated values of containment temperature and pressure. The basic
inputs to WREFLOOD are provided through input data for the overall ECCS model
and through SATAN output at the end of blowdown. WREFLOOD will run its simu-
lation of RCS response concurrent with, but independent of BASH during the
reflood phase, returning containment boundary conditions at each timestep.
WREFLOOD, in this respect, can be utilized as a verification of the BASH tran-
sient calculation.

8.1.4 COCO
The COCO code is a mathematical model of the containment. Selection of

various options in the code allows the creation of models of particular con-
tainment buildings. COCO is described in detail in HCAP-8327.[2]]
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The containment analysis s based on time-dependent conservation equations for
mass and energy, equations of state, and other auxiliary functions and

tables. Transient conditions are determined for both the containment steam-
air mixture and the sump water. The energy equation is applied to the
containment skell to obtain temperature gradients, eiergy storage, and heat
conduction in the structure. Heat removal from the containment atmosphere by
venting, sprays, energy storage in equipment, ventilation fan coolers, and
sump water recirculation is considered.

for analytical rigor, the conta'~ment air-steam-water mixture is separated
into two distinct systems, the air-steam phase and the water phase in the
containment sump. This diviston permits a more accurate representation of the
different physical phenomena occuring in the two systems. At the RCS break
point, the discharge flow flashes into steam with entrained water during the
two-phase portion of the LOCA. The water falls into the sumps while the steam
remains aloft, joining the steam-air mixture.

The steam-air mixture and the sump water each are assumed to have uniform pro-
perties. Specifically, thermal equilibrium between 2ir and steam is assumed,
along with complete thermal mixing of the sump water. This does not, however,
imply thermal equilibrium between the steam-air and the water phases 2ela-
tionships to determine the interphase "eat trausfer behavior are included.

Air inside the containment is treated as an Ydeal gas. Thermodynamic
properties of water and steam are derived from avallable compressed water and

steam tables.

Heat transfer through, and heat storage in the walls of the containment
structure, are treated using a multi-layer flat wall model. Heat transfer in
any direction other than perpendicular to the wall surface is neglected.
Also, the thermal conductivity, density, and specific heat of each layer are

assumed to be independent of temperature.
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Mass and energy flow rates through the RCS rupture are provided to COCO by
separate analysis of the reactor vessel blowdown and core thermal transient.
Reflood mass and energy releases may be supplied either by input or by a
concurrent analysis of the reflood rate and containment pressure.

In both the present and proposed ECCS models, COCO is run simultaneously with
WREFLOOD, which provides the necessary mass and energy inputs to the contain-
ment on a continuous basis. In the proposed model, though, WREFLOOD is only a
subsidiary code, running parallel to the main transient analysis code, BASH.
During reflood, the WREFLOOD/COCO system is used only to provide containment
boundary conditions required by BASH.

8.1.5 LOCTA/BART

The LOCTA code is a computer program that evaluates fuel, cladding and coolant
temperatures during a LOCA. A more complete description than is presented
here can be found in HCAP-8301.[S]

In LOCTA, the highest power fuel assembly is analyzed and is considered to be
composed of a high-power rod surrounded by average rods. The fuel rods are
analyzed with tinite-difference conduction equations in both the radial and
axial directions. Descriptions of the fuel rods are flexible in that a rod
can be divided into an arbitrary number of radial and axial nodes.

Internal heat generation is calculated, including fission product decay heat
(ANS infinite +20 percent). Also considered in the code are heat generation
due to the exothermic Zircaloy-water reaction and the effects of cladding
swelling and burst.

During blowdown, before the core is uncovered, heat transfer regimes analyzed
by LOCTA include single-phase convection, nucleate boiling, transition boiling
and stable film boiling. After the core i1s uncovered, laminar or turbulent
heat transfer film coefficients are used in computing heat transfer from rods
to steam. Heat transfer coefficients are computed for each axial node on the
basis of local coolant flows, qualities, and temperatures. During lower
plenum refill the rod-to-rod radiation heat transfer 1s also considered.
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8.2 PROPOSED ECCS EVAULATION MODEL CODE INTEGRATION

The previous paragraphs have described the models available for calculating a
more realistic reftlood transient. The following paragraphs deal with the
methods used to obtain a conservative prediction of a PWR reflood transient.

8.2.1 Comprehensive Calculational Scheme

Figures 8-1 and B8-2 Y1lustrate, respectively, the current and proposed calcu-
lational steps and information flow among the computer codes which make up the
ECCS evaluation model. Both models are used to predict the peak ciadding
temperature during a large LOCA. The main differences between the two ver-
sions are: (1) the use of BASH to calculate the flooding rate for input into
hot channel computations (superseding WREFLOOD); and (2) the use of BART to
calculate hot channel fluid conditions and heat transfer coefficlients for the
LOCTA hot rod calculations (replacing the FLECHT correlations).

8.2.2 Reflood Assumptions in the Proposed Model

Several conservative assumptions are made in the proposed model to ensure that
the calculations yleld pessimistic predictions of core reflocd rate and asso-
ciated phenomena. In other areas a mechanistic approcach is employed. A
detalled discussion of the important reflood models and assumptions follows.

8.2.2.1 Entrainment Rate - The entrainment rate controls the mass accumula-
tion in the core and therefore the flooding rate. The current model employs a
correlation derived from FLECHT datats]. which is based on low flooding rate
tests. This results in predictions of early entrainment, regardless of the
initial flooding rate, as can be seen in typical WREFLOOD calculations.

In BASH, the entrainment rate wil)l be calculated by BART. In this model,
entrainment may be delayed due to the high initial flooding rates, which sup-
press boiling. Tests have shown that this interaction between the core and

the system leads to a period of oscillatory flooding which tends to enhance
heat transfer and bundle quenching.[]sl
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Metal Heat Release A1l structural metal in the RCS is considered in
calculating heat release to the fluid leaving the core In the reactor vessel

downcomer and plenums the heat transfer may be considered conduction-limited

due to the presence of liquid. In these components, the detalled metal heat
» lease model descrived in paragraph 6.2 is used. In other components, where
fluid 1s expected to be hotter, the simpler lumped parameter metal node

(paragraph 3.2) is used.

991
- L €< o
8.2.2.6 ECCS Mixing Data from steam/water mixing tests  indicate that

1
{

the injected ECCS water mixes completely with steam flowing througn the cold
legs, so that equilibrium conditions are achieved only a short distance down
stream ot the injection point. The cold leg 1: therefore modeled with an
equilibrium fluid node. An additional resistance is applied in the current
mode]l during accumulator injection to account for increased resistance arising
trom pressure oscillation: This extra resistance will also be applied ir

BASH

Downcomer The downcomer will be modeled with the "two volume" con
'*:;ufd’,“q described in paragraph 6 | This will permit the calculatinn of

level changes in the downcomer and 30\}?&q9 from the broken cold ‘Fg

ore Heat Transfer Hot assembly heat transfer is calculated using
BART code The models in BART are designed to give a realistic represen
of the core heat transfer for a given transient flooding rate. The

assumptions outlined above ensure t the calculate inlet flooding rate wil)
e conservai.ivel W There ar ) ( , add lond! conservatisms within
the BART core heat transfer model whi« u be pointed out:

)p down quench and thimble quench There s no provision for calcu
lating the top down quenching of fuel rods, nor the quenching of
thimbles oth « ch ld enhdance the core heat transfer through

vapor d [ AN wcreased core 1ic accumulation
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SECTION 9
CONCLUSION

The BASH computer code has been developed to improve several aspects of the
prediction of core and RCS behavior in the reflood phase of a LOCA. The

proposed models incorporated in BART and NOTRUMP as portions of BASH builld

1
| |

upon models already submitted; the BART interim model' "’ and the NOTRUMP
|

(4]

mode | At this point, review of BASH should concentrate on overall

A

system behavior prediction capability

] -

Modeling assumptions have been included with the explicit intent of ensuring

conservatism in the model and compliance with 10CFR50, Appendix K

requirements The proposed BASH model is not presently a best-estimate model
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