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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COASUSTION ENGINEERING, INC. NEITHER~ COMBUSTION ENGINEERING
NOR ANY PERSON ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR. REPRESENTATION, EXPRESS OR
IMPUED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTA81UTY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRihGE PRIVATELY
OWNED RIGHTS;OR

8. ASSUMES ANY UA81UTIES WITH RESPECT TO THE USE OF,OR FOR
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DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
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CRITERIA FOR PROPRIETARY IMFOR."ATI0f!

information contained in this report which is delimited by means of surrounding
, brackets is proprietary to Combustion Engineering, Inc. Code numbers 1-6 have

haen placed in the vicinity of such brackets to classify this proprietary
i n forma ti on. The following list identifies the classification criteria
associated with these code numbers.

Code Criteria

1 The information reveals privileged cost or price
inform'ation, connercial strategies, production capabilities,
or budget levels of Combustion Engineering, Inc., its
customers or suppliers.

2 The infornation reveals data or material concerning
Combustion Engineering or customer funded research or

development plans or programs of substantial present or '

potential competitive advantage to Combustion Engineering,
Inc.

3 The use of the information by a competitor would
substantially decrease his expenditures, in time or
resources, in designing, producing or narketing a similar
product.

4 The information consists of test data or other sinilar data
concerning a process, method or component, the application
of which results in a substantial competitive advantaga to
Combustion Engineering, Inc.

5 The information reveals special aspects of a process,
method, component or the like, the exclusive use of which
results in a substantial conpatitive advantage to Conbustion
Enginne.-ing, Inc.

6 The information contains idaas for which patent prntection
is likely to be sought.
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ABSTRACT

This document describes the latest C-E versinn of tha CESEC (Cnnbustinn
Engineering Systems Excursion Code) computar program. CESEC provides a

digital simulation of the fluclear Steam Supply System (NSSS) for a wide ringe
of operating conditions. The code is a highly flexible analytical tool which

models the major plant components for both the primary and secnndary systems,
as well as the control and plant protection systems. CESEC is used by C-E in

flSSS and reload licensing analyses, to provide an4)ytical-support to the plant
- start-up tests, and in support of the development of plant emergency procedure

guidelines and training packages.
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1.0 INTRODUCTION

I The CESEC digital computer program (References 1 through 8) provides for the
simulation of a Combustion Engineering Nuclear Steam Supply System (NSSS). The
progran calculates the plant response for non-LOCA (loss of coolant accident)
initiating events for a wide range of operating conditions. The information
presented in this report revises information given in References 1 through 8.

'ihe CESEC program, which numerically intagrates the one-dimensional

conservation equations, assumes a node / flow-path network to model the NSSS.
The primary system components considered in the code include the reactor

vessel, the reactor core, the primary coolant loops, the pressurizer, the steam
*

generator' , and the reactor coolant pumps (see Figure 1-1). The secondarys

system components, shown on Figure 1-2, include the secondary side of the steam
generators, the main steam system, the feedwater system, and the various steam
control valves. In addition, the program nodels some of the control and plant
protection systems.

The code self-initializes for any given, but consistent, set of reactor power
level, reactor coolant flow rate, and steam generator power sharing. During
the transient calculation, the time rate of change in system pressure and
enthalpy are obtained from the solution of the conservation equations. These
derivatives are the'n numerically integrated in time, under the assumption of
thermal equilibrium, to give the systen pressure and nadal onthalpies. The
fluid states recognized by the code are subcooled and saturated; superneating
is allowed in the pressurizer. The fluid in the reactor coolant systen is
assured to ba homogeneous.

In the sectioris which follow, a description of the major models which comprise
the latest version of the CESEC code, namely CESEC-III and hereafter referred
to as CESEC, is given.

The input, output, and plot package descriptions are provided, respectively, in
Appendices J, K, and L.

1-1
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2.0 RCS THERNALHYORAULICS ~

The CESEC cade uses a node / flow-path type network to mocel the Reactor

Coolant System (RCS). The consrtrvatioq of mass and anergy equations are solved
for control volumes or nadas. ',Tne conservation of mo:nentum equation is solved
independent of the conservation of mass and energy equations to obtain the
pump. flows for the thermalhydraulid model (see Section 3.0 on Flow Model).

The RCS, consisting ~of the reacto'r coolant loops, the reactor vessel, and the ;
pressurizer is divided into 26 nodes of constant volume. The nod 17 scheme

given in Figures 2-1A and 2-1B was chosen to appror.riately simulate the RCS''
comannent volums and, thus, provide an adequate description of the s'patial
variation of the coolant properties. Node 26, yhich is the pressurizer node,
is subdividad into a steam and a liquid region having variable volmney.' The

,

fluid in nodes 1 through 25 is assumed to be homogeneous and in thynal "
,

equilibrium.- Each reactor vessel channel represents one half of the inlet
downcomer section,' the lower plenun and inactive core ragion, tne core region
and hypass flow, and the upper plenum and inactive core region._ The two -t

symmetrical channels are linked by the cross flow at the reactor vessel inlet '

- and outlet sections and by the flow mixing within the reactor vessel lower ~
'

~

plenum, uppar plenum, and closure or upper head. The nodal scheme for the
reactor vessel allows for the effect of a temperatuwtilt in. the reactor core

to he explicitly accounted for during a steam lin$[/tceak event and other( non-symetric ~ ehnts.

/,

During the rapid contraction of the primary coolant which takes place as a
resultofthelimitin'gdep7essurizationeventsjthepressurizerenpties
and/orvoids begin to form in the RCS. Since flow through the closure head is
only a small fraction of the RCS flow, the temperatures in the closure hv.d
remain high and voiding first occurs there. To some extent, tha closure hrad
itself then begins to perform the function of a pressurizar. Therefore, the
reactor vessel closure head region is explicitly modeled in CESEC to more
accurately predict the RCS pressure. The coolant flow from the upper plenum
nodes (upstrean half) to the vessel head node is specified by user input
fractions. The vessel head fluid returning into the outlet plenum nodes
(downstream half) is assumed to be evenly distributed. The mixing

2-1
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flows '42,15'"14,3' S.19, and !4gg 7, are calculated using constant,
experinentally determined nixing paramters, F and F , defined such that:

g 0

N2,15 = F, '42,3

14,3 = Fg 14,15U~ U

,

6,19 = F0 6,7N
t

and

13,7 = Fg 13,19U W

where W2,3' N14,15' N6,7, and Wgg,gg are found from the solution of the
tim? dependant conservation of nass and energy equations.

The CESEC code thermalhydraulic nodel solves the conservation of mass 'and
,

energy equations coupled with the equation of state for each control volume or

node. The solution assumes that the volume of each node is constant (see
Figure 2-2). The system of equations is solved by a matrix solution for the
internodal flows, the pressurizer pressure time derivative, the rate of.
vaporization or water enthalpy time derivative of the pressurizer water region,

, and the rate of condensation or steam enthalpy time derivative of tha
t ,

p essurizer steam region. Computation of these parameters allows for the,

calculation of the RCS pressure time derivative, the tint derivatives of the
no'dal enthalpies, the nodal sppcific volumes, and the nodal masses. The,

integral values of the time derivatives are obtained by using a fontard
(explicit) finite difference scheme. The flow model described in Section 3.0
is applied to determine the mass flow rate through each reactor. coolant pump.
A major assumption of the'thermalnydraulic model in CESEC is that the pressure
around the reactor coolant loops and vessel is assumed to be uniform.

*The notation '.4 j j is used to denote the flow from the ith to the jth nod?.

2-2
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The basic differential equation governing mass and energy conservation for each
RCS node,1, can be written as follows (see Appendix B):

+ o ( IhW ,g)g +dh=ebg ( IW ,g)g g g g gg

where b =v -h '

g g g

I*ia =
i Bh

P

Y i id =
i i + zg

3h &P
P h

M,,g) gbg( M,,g) g - og-Q -o =
g g

Bh _

P ._

i = 1,..., 25 RC3 nodes as defined in Figure 2-1 (Excludes Pressurizer) ~

3
V9 = node volume, ft
hy = node specific enthalpy, BTU /lbm
P = RCS pressure, psia

3
g = node specific volume, ft /lbmv

g = node mass, 1bmm

Q net heat rate into ith noce, BTU /sec (see Section 9.0 for dall heat
4 = addition, Section 10.0 for core heat addition, and Section 13.0 for

steam generator heat load computation)

(IW,nt)i = net mass flow rate (1bm/sec) into ith node due to flows from all
' connected nodes.

(IWext)1 = net mass flow rate (1bm/sec) into ith node due to external flows.

(IhWirit)i = net energy transport rate (BTU /sec) into ith node due to flows
from connected nodes.

(IhWext)i = net energy transport rate (BTU /sec) into ith node due to external
flows.

.

2-3

. , . - - - - .. .



For tha pressurizer node (i=26), the governing equations depend on the state of
th's prassurizer. The CESEC pressurizer nodel (see Figure 6-1) assumes stean
and liquid regions to exist in one of the following eight thermalhydraulic
states:

State 1: supernaated steam, subcooled water
State 2: superheated steam, saturated water

State 3: saturated steam, subcooled water

State 4: saturated steam, saturated water
State 5: superheated steam, no water
State 6: saturated steam, no water
State 7: subcooled water, no steam
. State 8: saturated water, no steam

.

The equations for each of these states are derived in Appendix 8.

At each time step, the coefficients of the system of equations are calculated
in CESEC by evaluating the fluid property derivatives as specified in Section
8.0. The updated values for the fluid property derivatives are then entered
into the coefficient natrix in order to simultaneously solve the resultant
matrix equation for the unknown par,,mnters. There are 20 equations with 29

,
unknowns for the case that the pressurizer contains steam and liquid regions.
For the case that only one phase exists in the pressurizer, the number of

| equations and unknowns is reduced to 28. A constraint in the calculational

| model is that the axial pressure drop for the two parallel halves of the

| reactor core is assumed to be equal. That is (see Figure 2-1A),

3,5'3 * 15,17*15 (2-2)

| The constraint providad by Equation 2-2 is necessary in order to match the
number of unknowns with the number of equations to be solved (see Appendix 8).

!

2-4
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C
NODE PHYSICAL DESCRIPTION

1 COLD LEG A
2 UPSTREAM HALF OF INLET PLENLH (BEFORE FLOW MIXING)
3 DOWNSTREAM OF INLET PLENUM (AFTER FLOW MIXING)
4 COLD LEG B
5 CORE
6 UPSTREAM HALF OF OUTLET PLENUM

'

7 DOWNSTREAM HALF OF OUTLET PLENLT
8 HOT LEG-

9 STEAM GENERATOR INLET PLENUM -

10 UPSTREAM HALF OF STEAM GENERATOR TUBES
11 DOWNSTREAM HALF OF STEAM GENERATOR TUBES
12 STEAM GENERATOR OUTLET PLENUM
13 SAME AS 1 IN OTHER STEAM GENERATOR LOOP
14 SAME AS 2 IN OIEER STEAM GENERATOR LOOP
15 SAME AS 3 IN OTHER STEAM GENERATOR LOOP
16 SAME AS 4 IN OTHER STEAM GENERATOR LOOP
17 SAME AS 5 IN OTHER STEAM GENERATOR LOOP
18 SAME AS 6 IN OTHER STEAM GENERATOR LOOP

-

19 SAME AS 7 IN OTHER STEAM GENERATOR LOOP( 20 SAME AS 8 IN OTHER STEAM GENERATOR LOOP
'

21 SAME AS 9 IN OTHER STEAM GENERATOR LOOP
22 SAME AS 10 IN OTHER STEAM GENERATOR LOOP
23 SAME AS 11'IN OTHER STEAM GENERATOR LOOP
24 SAME AS 12 IN OTHER STEAM GENERATOR LOOP

'

25 REACTOR VESSEL CLOSURE HEAD
26 PRESSURIZER

.

FIGURE 2-1B

PHYSICAL DESCRIPTION OF NODES

-
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3.0 FLOW M00EL

The CESEC flow model calculates the nass flow rate (1bm/sec) through
each reactor coolant pump. The model includes explicit simulations of the
reactor coolant pumps and of the effects of natural circulation flow. The

calculation is based on a solution of the one-dimensional momentum equation for
each pump loop. Each pump loop (4 in all) also considers the reactor
vessel, a hot leg, and a steam generator (SG). The loops are divided into a
numbar of nodes (Figure 3-1) whose densities, temperatures, and flows are

obtained from the thermalhydraulic modeg (The average of the properties and the
totil flows from parallel nodes are used for nodes representing the reactor
vessel). The flow model utilizes this nodalization of the loop to calculate the
sum of the varicus forces around the loop. The forces acting on the fluid
volume consist of (1) gravitational forces due to density and elevation changes
around the loop, (2) viscous forces due to wall friction and geometric
expansions and contractions of the piping, and (3) forces due to the RCS
punps. The one-dimensicnal momentum equation for each closed loop is written -

as follows:

Ri 1 fric,1 ,RP8I ii I 1
~

gee,i ,g,

i=1 i=1 o o pu:npg g
" ~

dW
,

_

de n
(3-1-)

I (I.g/A )g
i=1

3-1

*

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



_______________________.

where,

W = mass flow rate at the pump, Ibm /sec

tl i = nass flow rate of ith node, Ibm /sec

pin = average fluid dansity of ith node, lbm/ft
pis = single-phase fluid d?nsity of ith node, lhm/ft ,

Z =Zin,i - Zout,i = the elevation difference across the ith node,j
ft

'

$ = Two-phase multiplier for the ith nod? (Thom, P. >_250 psia; _ . ,

fia rtinelli-Mel son ,

P < 250 psia)
,

f4 = Darcy friction factor for the ith node
L4 = effective finw path length for the ith node, ft
A4 = effective cross sectional flow area of ith node, ft

L /D,,gR i=
g

i
.

..

E-

R ,,,i =gg

D, =effecchediameterofithnode
K = dimensionless geometric Proportionality constant

_.

The first term on the right hand side of Equation 3-1 rapresents the net
pressure change around the loop due to the gravitational force acting on each

~

fluid node. The second term represents the total pressure change around tha '

loop due to the frictional loss and the geometric expansions and contractions.
The R factors in the equation are constants and are determined by the initial
conditions. The form loss K-factor is flow direction deper.d?nt, that is,
steady stata (design) values are input for forward and reverse flow conditions.

3-2*
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The homogeneous model is assumed in the calculation of the forn losses.

In the homag:neous model, a mixed nean value is employed for the fluid density
to deternine the form losses in a two-phase mixture.

| The non-recoverable frictional losses are hased on an isothermal friction
factor which is Reynolds number, Re, dependent. The Darcy friction factor, f,
is determined by the following correlations:,

f = 64/Re Re < 1250

f = (-0.000004)Re+0.056 1250 < Re < 600')

f = 0.184/Re .2 Re > 6000
0

_

The friction factor is evaluated assuming saturated water is finwing at the
mixture mass flow rate when vapor is present.

The single phase frictional pressure drop calculation is based on the flow
path liquid density and the Reynolds number depends.nt friction factor.

The code uses a combination of the Thom (References 9 and 10) and tiartinelli-
"

Nelson (References 10,11,12,13,14, and 15) two-phase pressure drop
,

correlations for predicting the frictional lesses in two-phase flow. The Thom
correlation is used down to. pressures of 250 psia at which pressure the code
then switches to calculate the two-phase nultipliers based on the Martinelli-

Nelson correlation. The transition from the Thom correlation to the tiartinelli-
f!elson correlation is made by ,a step-wise change. The Martinelli-Nelson
correlation as programmed in the CESEC code is corrected for mass flow

dependency, while the Thom correlation is not (see Appendix C).

The third tern in Equation 3-1 represents the pressure difference AP
,p

across the RCS pump, wnich is calculated by the dynamic pump model described in
Section 4.0

3-3

. _ _ . __ _



_ _ _ _ _ _

1

|

(23) (22) (10) (11)

25 24 10 11

(24) 26 23 22 21 7 8 9 12 (12)

(21) (20) (19) (7) (8) (9)

(18) 20 8 (6)

(17) 19 5 (5)
.

.

(15) 18 4 (3) -

(13) (13) (1) (1)
(14) (2)

15 16 17 3 2 1

27 28 14 13

(16) (16) (4) (4)

' (1) NUMBER INSIDE THE PARENTHESIS REFERS TO THE CORRESPONDING THERMAL-
-

HYDRAULIC NODE WHOSE PROPERTIES ARE USED IN THE CALCULATION

(2) THE AVERAGE OF THE PROPERTIES AND THE TOTAL FLOWS F V i PARALLEL NODES
ARE USED FOR NODES REPRESENTING THE REACTOR VESSEL

(3) FOR N00ES OTHER THAN THE REACTOR VESSEL AND THE REACTOR COOLANT PUMPS
(1,13,15,27),THE AVERAGE OF THE UPSTREAM FLOW AND THE DOWNSTREAM
FLOW IS USED

,

CESEC FLOW MODEL.

3-4 NODAL SCHEME
'

~

Figure 3-1
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4.0 RCS PUliPS

The reactor coolant pump algorithm is based on the homologous relationships
between pumps of similar specific speeds and uses singla-phase plant test data
as its foundation. The fundamental equation of the nodel is an angular
momentum balance applied to the pump / motor / flywheel assembly. ]

The homologous pump model in CESEC allows calculation of the pressure
difference or pump head across each pump for use in the conservation of

monentum aquation, the pump speed, and the electrical, friction /vindage, and j

hydraulic torques. Single-phase and degraded two-phase pump performance curves j

based on experinental data are used in conjunction with a two-phase degradationi

multiplier to generate a degradation function which is applied to the punp head
equation. The algorithm models the following modes of operation: positive
flow, positive rotation (normal operation); raverse flow, positive rotation
(energy dissipation); reverse flow, reverse rotation (turbine operation); and
positive flow, reverse rotation (reverse pump operation).

,

The pump head calculated from the homologous curves, which is a function of the
pump speed, the volumetric flow, and the flow direction, is used to determina
the tine rate of change of the mass flow rate in each of the four pump loops.
The hydraulic torque is also determined from the homologous curves and is a

| function of the pump speed, volumetric flow, flow direction, and fluid
! density. The hydraulic torque is used in conjunction with the electrical and

friction / windage torques to determine the time rate of change in pump speed
from an angular nomentun balance. The electrical torque versus pump speed is a
user input table in CESEC. The table is used to determine the electrical
torque for a given speed using linear interpolation. The friction / windage
torque is assumed to be proportional to the squara of the ratio of the pump
speedtotheratedpumpspeed(ala!).

CESEC options include capability for the user to cycle each RCP on and off at
selected times during an event. Additionally, there is a loss of AC option.
If the loss of AC option is not exercised by the user for simulating a
coastdown, the user has the option of specifying a time at which all the RCPs

will be shut off. This can also be accomplished by use of the individual pump

4-1
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speed versus tina tables. The latter option takes pr?cedence ovar the time 1

tablas and loss of AC options, and the loss of AC option takes pracedence ovar
the time tables. The pumps are shut off in all the above cases by simply
setting tha electrical torque equal to zero. Whenever the pumps are turned '

;

on, the electrical torque is determined by setting its value equal to the I

value calculated from the interpolation of the pump speed versus electrical

| torque table.

The CESEC locked rotor option allows the user to specify for which pump and at
which time a locked rotor event is to occur. The rotor is assumed to stop

instantaneously at the specified time. The locked rotor simulation does not
use the homologous pump curves to determine pump head in that loop. Instead,

the pump is modaled as a geometric loss within the specified loop.
!

The CESEC sheared shaft option also allows the user to specify which pump and
at which time the event is to occur. The sheared shaft is nodelad by setting

,

the moment of inertia of the pump equal to the nonent of inertia of the pump
impeller and by setting the electrical torque equal to zero.

Tha CESEC pump model also includes an algorithm to lock out the "eactor coolant
pump rotor whenever tne pump speed falls below 5 percent of the rated pump
speed.

|

| The nethematical nodel for the RCS pumps is described below.
The pump hydraulic torque is calculated from the following equation:

|
|

'

2 fr v/a < l.0(S/m )(,2)(7 )(,f,R)("c)7 R.

$ (4-1)2(S/v )(y2)( ) (g /p } ("c) fr v/a > 1.0R
$

where,
'

8 Ratio of the hydraulic torque to the rated hydraulic torques, $1 T /T=

h R
Ratio of the pump speed to the rated pump speed, a E w/wa an

r

Ratio of the volumetric flow rate to the rated volumetric flow rate,v =

Ib
-

.

"
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Density of coolant, ibs/fep =

3ens ty c rresp nding to pump raced conditions, Dm/fto =
R

Degradation multiplier (function of void fraction)m =

2 2The values of S/a and S/v as a function of v/a and a/v, respectively, are
determined from the single phase homologous curvas. The single-phase data is
pump d? pendant and, thus, is input by the user (see Appendix A). The

degradation multiplier for the hydraulic torque is also user input. The
friction / windage torque is calculated from the following equation:

f ,, = (K) a l m | (4-2)T

where K = Input constant,ft-lbf.

Tho pump head is determined from the following equation:
"2 2 2(a )(H ) (h/a ) - (h/a )g for|v/m| < 1.0R

"
2

> 1.0 (4-3)( 2 2(v )(H ) .h/v ) - (h/v ) p , for|v/a|R

'
where:

H = Pump head, ft of water

HR = Rated pump head, ft of water
b = Ratio of the pump head to the rated pump head, h E H/H

p,

h = Degrada'. ion multiplier', the degradation multiplier is a functionm

2(h/a ) g of the void fraction (see Appendix A).
= Difference between single phase and dagraded two-phase heads as2

(h/v )U obtained from the " difference" honologous head curve (See Appendix

A).

2The values of h/a , and h/v as a function of v/a and a/v, respectively,
are determined from the single phase homologous curves. The single phase data
is pump dependent and, thus, is input by the user. The degradation multiplier

( function is also user input (see Appendix A for recommended values). The

f tables for (h/a ) p and (h/v ) as a function of v/a and a/v ,2 2
p

I respectively, are included in the pump nodel in the form of "0ATA" statemants.
These curves as well as the degradation nultiplier for the punp head calculation
were generated from the Semiscale 1 1/? loop systen pump (References 16 and
17).

4-3

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



._ - - _ _ _ _

The change in the pump ie.peller speed is determined from the angular momentum

tquation. The equation is

dw (4-4)
s- = %e e

dt I

-.

where,

w = Angular velocity of tha rotatirs assembly, rad /sec
t = Time, sec

2
g = Gravitational constant, 32.174 lbm-ft/lbf-sec .

e I
! = "omant of in1rtia of the rotating assembly, ihm-ft
T = tiet torque, ft-lbf.

n2t

The n2t torque T = (T,3 - Th-Tf,,); T,) being the electrical ,net

torque, T being the hydraulic torque, and Tf,, b?ing the friction / windageh

torque.

The locked rotor option models the pressure drop through the affected pump as
a geonetric loss. Thus, the homologous pump curves are not used to determine
the differential pressure across the affected pump. The locked rotor pressure
drop is calculated as follows:

gp (4-5)
aru" 8

288pge

where,
,

AP = Geometric pressure loss as a result of the locked rotor (psi)g

K = Geometric K-factor / Area 2(1 For forward flow = K forward
.

loss,forreverseflowKEYr)e.9 verse loss. These wo loss factors
in general are not equal.

g = Mass flow rate through the pump (1bm/sec)

4 -4
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5.0 E'ITHALPY TRANSPORT CALCULATION (CORE Atto STEA!1 GENERATOR i:00ES)

Tha h.vt addition and rennval in the core and stean generator nodes accounts
for the heating of the fluid as it traverses the nodes (Reference IR). Thus,
the code can distinguish between the average and the exit fluid conditions in
these nodes. That is, it provides for a relationship between average and exit
node fluid conditions which is needed to perform a correct system energy
balance. The equation for the enthalpy change is given as follows (see
Appendix 0 for derivation):

# . . -

(5-1) [5]

. .

where,

hg = enthalpy of fluid leaving node i, Btu /lbm '

E = average enthalpy of node i, Btu /lbm

m = total mass of node i, Ibs
g

= average flow in node i, Ibm /secgg
W = flow out of node i, Ibm /secg

Qj = rate of heat deposited in node i, Btu /sec (see Sections 10.0 and 13.0)
3

V = volume of node i, ft
4

2'f = average pressure in flow path connected to node 1, lbf/ing

which has the solution

-
.

(5-2) [5]
.

D
,

where
2(hgh

...
1 ..

S #
i ikk.0 i f.- -

DI* " h i + |W|f | 777 98
+

|W g dtg t

.

'
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' lote that at steady state (t=0) Equation (5-1) reduces to the following

O U-Ug

h =hg+yg
L

.

which represents the proper limit for heating under steady state conditions,
,

since

dh dP*

g g
dc = 0, de = 0, and W =Wg g

.

e

9
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6.0 PRESSURIZER

.

The CESEC pressurizer nodel assumes steam and liquid regions to exist in one of
the eight thermalhydraulic states shown in Figure 6-1. The model considers
such components as sprays, heaters, and relief / safety valves. The Pressurizer
Level Control System which controls charging flow and letdown flow by means of
pressurizer level setpoints, is also modeled. The loss of heat through the
pressurizer wall (user input constant heat rate) is accounted for in the
conservation of energy equation.

.

The mass and energy transport between the two fluid regions is assumed to occur
as a result of liquid vaporir-+4an and/or stean condensation. The spray flow
which enters the pressurizer is assumed to condense the steam if it is in the
saturation state. That is,when the steam region is at saturation, the spray
droplets are assumed to reach saturation temperature and will result in bulk
condensation of the steam. However, when the steam region is superheated,

'

the spray droplets are assumed to evaporate into the steam region.
8

The code models two spray operating modes, continuocs and proportional. The
continuous mode spray is a user input constant flow which is added continuously
to the pressurizer. The proportional mode spray flow originates at the pump
discharge in the RCS loop and is linked to the pressurizer. The spray flow for
the proportional made is controlled automatically by two pressure totpoints
which turn the spray nn and off, respectively. Within these two setpoints, the
spray flow increases linearly with the pressurizer pressure.

The code also models two types of heaters located near the bottom of the
pressurizer: (1) the proportional heatars which are controlled by the
Pressurizer Pressure Control System to generate heat at a rate which decreases
linearly with increasing pressure between two pressure setpoints and (2) the
backup heaters which turn on and off at two pressure setpoints.

In addition, the backup heaters are also controlled by the measurad deviation
of the pressurizer liquid level from the programmad leval. The addition of
heat from heaters to the fluid is accounted for in the conservation of energy
equation.

6-1



CESEC nodels the operation of the pressurizer safety valvas. Figure 6-2 shows
' the valve opening and closing characteristics programmad in the code.
The input parr. meters are the opening pressure, :he accumulation and blowdown
pressures which are input as percent of the opening pressure, and the
fractional- opening area at the corresponding pri ssures. Up to five individual
valves may be simulated by the code. Various valve failure conditions may be
modelled through user options on a per valve basis, v! hen tha valve op=ns, the
discharge of the pressurizer fluid, alther steam or water, is assumed to be
chnked. The critical flow is calculated by using the appropriate critical

flow calculational mod 91 (see Section 16.0).

.

O

d

|

|
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PRESSURIZER

TWO VOLUMES (STEAM AND WATER)SAFETY VALVE
CONSTANT VOLUME CONSTRAINT'

s

W 'W " V = CONSTANTM 'S * MS PRM
4 M = TOTAL MASS OF STEAMSgag

'S = SPECIFIC VOLUME OF STEAM| Mg

Mw = TOTAL MASS OF WATER

vg = SPECIFIC VOLUME OF WATER

Vp = TOTAL VOLUME OF PRESSURIZER

INTERFACE FLOWSg

WB = BOILING FLOW RATET . _ . _ , . ._.__m_._._, .....

" WC = CONDENSATE FLOW RATE

WB'

CONDITIONS WATER STEAM-

1 UB M ED M ERHEATED
HEATERS

2 SATURATED SUPERHEATED

3 SUBCOOLED SATURATED

4 SATURATED SATURATED
).

5 NONE SUPERHEATED

6 NONE SATURATED

7 SUBCOOLED NONE

5 8 SATURATED NONE

$ SURGE FLOW

n -

.,

E 8 -

a n
?
- g

O

m
c-

-

-
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A. PRESSURE REACHES PACC

A

A(3) - - --
-

FRACTIONAL A(4) L----

E ING A(2) - --

AREA A(1) ---- ---

U a

O

PSET PACCPBLD
,

PRESSURIZER PRESSURE

B. PRESSURE DOES NOT REACH PACC
.

>

Mb

.

A(1) - - - - - - -

FRACTIONAL
VALVE " d
OPENING
AREA

O

PBLD PSET

PRESSURIZER PRESSURE

PACC = ACCUMULATED PRESSURE AT WHICH VALVE FULLY OPENS
-

PSET = SET PRESSURE AT WHICH VALVE STARTS TO OPEN

PBLD = BLOWDOWN PRESSURE AT WHICH VALVE CLOSES

PRESSURIZER SAFETV VALVE

OPERATING CHARACTERISTICS

Figure 6-2
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7.0 S'JRGE LIP:E <

7.1 MOMENTUM EQUATION

Tha terns included in the nonentun equation for calculating the static prassure
difference between the pressurizer and the RCS are friction, geometry, gravity,
and inertia. Applied to the friction tern is a two-phasa multiplier to account

for changes in frictional affects with quality. For pr?ssures greater than or

equal to 250 psia, the Thon correlation is used and for prassures less than
250 psia, the 'tartinelli-Nelson correlation is used (see References 9 and 10,
raspactivaly). The friction tern is included to take into account the viscous
effects, the gennetric term considers the effects of sudden contractions or
expansinns and bands, the gravitational torn accounts for the difference in
elevation betwean the pressurizer fluid and the RCS, and tha surge line fluid
and the RCS, and the inertia tern represents the temporal change in mass flow
rate.

,

Tt i nathematical nodel is as follows (see Figure 7-1):
_

-

} f L/ Deb h 4 ,kgfWlWQ + 288 pg A
P -P ~

y 2 288 5g A4de 4144g
(7,j)

Av As
+ g4(Z ,-Z ) + 144 (I -Z) + o (Z ,-Z )p 144 2

where,
2A = area of surgeline (ft )

$ = two-phase multiplier
Thom correlation used for surge
pressure >250 psia
MartinellT-Nelson correlation used for surge
pressure <250 psia o p

--

The surge pressure = 1/2 (P +14 (2 -Z ) * (Z ~Z ) + P )2 w a p w j

7-1
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L = surge line length (ft)

D, = diameter of the surgeline (ft)

P2 = pressurizer pressure (psia)

P) = reactor coolant system pressure (psia)

f = friction factor

= 64.0/Reynolds Number Re <1250

= (-0.000004* Re) + 0.056 1250 <Re <6000
0

= 0.184/Re .2 6000 < Re <15000e ,

For Re >15000 an interpolation from a table of values is used

2g = acceleration due to gravity (32.174 ft/sec )

W = surgeline mass flow rate (1bm/sec) = W
s

k = surge line geometric "k" factorg

'(Z,-Z,) = pressurizer actual water level (ft)
.

(Z -Z,) = column height of steam in the pressurizer (ft)p

(Z,-Z ) = elevation of pressurizer above the hot leg (ft)2
3

p, = density of pressurizer water (1bm/ft )
3p = density of pressurizer steam (lbm/ft )

s
3p = density of surge fluid at the surge pressure (lbm/ft )

p = density of surge pressure for qualities < 0 or > 1.
3-

For 0 < quality <1, p=pf (saturated water density) (1bm/ft)

.

7-2
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7.2 SURGE ITERATION SCHEME

The surg? lina pressure drop iteration schene raquiras a guess for the value of
the time derivative of the pr1ssure drop betwaen the pressurizer and the
reactor coolant systen (d) . The equation used to deternin? this guess is
presented below and is derived in Appendix E.

g ,d(d )
g"s(*g

Th(a-1) }d (APv,)
(7-2)g

(8)
..

3 1 - d (d )-

3

d (AP,,)
n

where,
,

.

d (") . guess of time derivative of the static pressure dropD between the pressurizer and the RCS for the m th iteration .

N (m-1) E m-1 iteration value of the time derivative of the staticn
pressure drop between the pressurizer and the RCS

d(d ) . difference between d used for the m-1 iteration and
2 the m-2 iteration

d(d ,) - difference between d as calculated from the surgey
line momentum equation for the m-1 iteration and
m-2 iteration.

The Af'Th(m) calculated from Equation (7-2) is inserted into the
thermalhydraulic equations and a new surgo flow rate (1I ) is datermined.

s
Knowing M , the pressure drop b?tupen the pressurizer end RCS is detarnined
from the momentum equation (see Equation (7-1)). The tino d?rivative d

Ws (m)
is detarmined by taking a difference between the d calculated by the momentun
equation and that used for the last time step and dividing this difference by
the tine step size. Convergence of the solution is determined by conparing

the value of dw (m)to tha . of d Th(m). 1'henever the absolute value of lA$ (m)~s Ws
A@Th(m)|islessthan2.0 psi /secthesolutionisassumedtohaveconverged. .

7-3
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MODEL FOR THE DEVELOPMENT

OF THE MOMENTUM EQUATION '

Figure 7-1
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A.0 FLUIn STATE DETER::lflATin:1

The stean table dynamic algorithm in CE3EC uses data generatad fron the

McClintock and Silvestri routines (Reference 19). The calculation of the
subcnoled, saturated, or superheated specific volume, temperature, and quality
is performed with the VOLPHT function. This routine uses a random access file
table of specific' volumes and tenperatures as functions of enthalpy for
constant pressure. The data values are stored at pressure incraments of 6
psi. The calculation of the water and stean specific volumes and enthalpies
fron known values of pressure and temperature are calculated using a modified
version of the VOLPHT function, called VOLPTH. The nodification includad
adding an entry point for this operation which searches the temperature data
for a constant pressure. The specific volume and enthalpy are detarmined from
an interpolation of the tabular data.

The specific heat is obtained from the ratio of the enthalpy change and the
tenperature' change from the points in the tabular data used to interpolate tha
temperature when either VOLPHT or VOLPTH is used.

The saturation properties routine (SATUR3) obtains th3 saturation properties
from the random access data stored in the table used by VOLPHT. Since large
amounts of data storage would be required to store the whole table, only tha
saturation information is obtained from each record read by SATUR3. Five sets
of data are stored for the tabular data int.srpolation to enable tha progran to

retain data between calls and to minimize the number of reads required when the
fluid properties are varying slowly with time. The calls were basically set-up

for the following five pressure cases:

a. Pressurizer
b. RCS loop

c. Steam Generator

d. Secondary System

e. Other (includes cases when the saturation temperature is nnt to be

evaluated)

8-1
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The deterninatinn of 3 saturation pressura f rom a known saturation * rperaturn
uses a polynomial from the f!cClintock and Silvestri set of routines.

The CEFLASH-4A (Ref.erence 18) routines DPOLY and '.1ATPR have been incorporated

into CESEC for deternination of water property derivatives for pressures
greater than 550 psia. Subroutine OPOLY is used to determine the total
derivatives for the saturated liquid and saturated vapor enthalpies with

respect to pressure [ dhf and dh4 ) . All othar der vatives are deterninad by
dp dp g.

.

using the function routine tIATPR. This function rot.:ine has various entries

A |h' 1 |p' and dv for the subcooled and superheatedfor computing
ap Bh dp

regions. The two phase region partial derivatives 3v ! indav!p are
5'p h liii

determined from equations developed for this case directly f m th? water
properties assuming a homogeneous mixture. These equations are used in

subroutine PRPOER, the calling routine for subroutine DPOLY and function

UATPR. These derivatives are a function of the, quality, specific volume,
enthalpy of saturated water and saturated steam, and the total derivatives

,

dvo .dhf bdvf q
dp ' dp ' dp ' and dp *

The equations for these derivatives are presented in Appadix G. The two phase

ragion derivatives are derived in Appendix H. Also prosentad in Appendix G ara
the Brookhaven National Laboratory (BNL) derivatives. These derivatives were
generated from Reference 20 and have also been incorporated into sutroutine
PRPDER to represent the various partial and total derivatives needed for the
CESEC thernalhydraulic calculation for pressures less than or equal to 550
psia.

The time darivative of enthalpy for each RCS node is datermin?d fran the
conservation of energy equation and the equation of state:

8-2
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h(mh)-k@Vg=Q4 + (IhWI) 9 + (thWE)$ (8-1)jj

where ,

g = mass of node 1 (Ibn)m

h, = enthalpy of node 1 (BTU /lbm)
3

k = conversion factor 0.18508 BTU /ft
psi

$ = pressurizer prassure time derwative (h)
3 *

V, = volume of node 1 (ft )

Q = heat addition to node 1 (BTU /sec), (see Section 2.0)j

(IhWI)j = from internal flow paths (BTU /sec)
net rate of energy transport to node i

(IhWE)$ = net rate of energy transport to node i
from external flow paths (i.e., charging, letdown, safety,
injec' tion, etc.) (BTU /sec)

Equation 8-1 can be written as:

ti+mhg g = N + g + (& W .)i + (EhW)1 (8-2)h g

l$g = TQ4 + (IhWI), + (r.GT), ~ + kPV $<% ]or
4 -

mi

but from the conservation of mass equation
'

kht i ((IVI)t + (IWE)g) (8-3)=h

where,

(IWI)j = net mass flow rate to node i from internal flow paths (1bm/sec)

(IWE)j = net mass flow rate to node i from external flow paths (1bm/sec)

Thus,

hg = (Q4 + (IhWI)4, + (IhWI)g + k h + b)Vi - ha ((IVI)4 + (IVE)<))
11

. (8-4)where,

pressurizer bCS + pressurizer - RCS

8-3
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9.0 'lALL HEAT '00EL

Th2 CESEC wall haat nodal allows th? code to calculate the heat transfer to the
prinary system fluid caused by the thermal interaction between the 1555
conponent metal and the fluid (see Section 2.0).

The wall heat model allows for the interaction between one slab of ' metal and
the fluid for each thernalhydraulic node. In addition, the model only allows
for one wall thickne.s, one value of thermal conductivity, and one value of
specific heat to be input for all NSSS components. However, these thrae
parameters can be input separately for the cladding and the base metal.

The metal temperatures at thirteen nodal points throughout the base metal and
'

the cladding are calculated using an equation of the form (Reference 21):

- T = (1-2(Fo)) T + Fo (T ,g g + T , )
'

g,g,1 g g g [g,))

whare,

T ' i+1 = Tenperature at location n at the (1+1)th time step (UF)n
i = Temperature at location n at tha ith time step ( F)n,i

Fo = Fourier number

The heat conduction through the region closest to the coolant is used to
calculate tha overall heat' transfer rate to the coolant. The outer surface of
the wall (i.e., farthest away fron coolant) is assumed to have zero heat
transfer to the environment.

9-1
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For tn? explicit modaling of the vessel internals in the upper h?ad region a
simplified model has be?n incorporated into CESEC. The nodel assunes the
temp?rature of the wall to follow that of th? coolant. This assumption is
valid since the thickness of the CEA shrouds is small, typically 1/2

inch. Th? haat rate to the coolant is d+termined by the following equation:

(f)g=-M ~

C c (1+1) c(i) (9-2)gp

where, .

_
(h)j,) = The heat rate to the closure heat fluid on the (i+1) th time step.

(Btu /sec)

M = Total CEA shroud metal mass (lbm) -

sh

C = Specific heat of CEA shrouds (Btu /lbm 7 )
p

T (9,j) = Temperature of the closure head fluid (CEA shrouds) at the (1+1) thc Otime step (F )

T(i) = Temperature of the closure head fluid (CEA shrouds) at the ith
c time step (FO)

at = Time step size (sec)

<
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10.0 REACTOR CORE
.

10.1 REACTOR KINETICS

The energy source in the CESEC code is from fission in the fuel < This fission
energy consists of two parts, the instantaneous fission power and the decay
power released by the fission products. The instantaneous power is determined
by solving the standard point kinetics neutron equations with six delayed
neutron groups while th? decay power is calculated from an 11 fission product
group decay heat model (see Figures 10-1 through 10-4 and Reference 22).
The kinetics input includes provision for the user to select the values of the
effective delayed neutron fractions and decay constants. The decay heat level

'

is based on the fission product inventory which would result from long term
steady-state operation at a soecified initial power level. The code also has

the capability for calculating tha core power fron a user specified function of
time. Additionally, there is an option in the code to shut off the reactor

kinetics calculations and follow the ANS decay heat curve for the hypothetical
.

infinite reactor operating time (Reference 23).

The kinetics equation is solved numerically by a (nurth order Runge-
Kutta/Merson method for the power generation at each time step.

The tctal reactivity in the point kinetics equation is calculated as the sum of
the control rods, moderator, fuel temperature (Doppler), and baron
contributions. The cod? also has an explicit function of tine simulating
control rod reactivity insertion. The table of rod reactivity versus time
after initiation of scram is user input. The moderator feedback effects

considered include the moderator density or the moderator temperature. The
moderator and Doppler reactivity feedback terms are calculated at each time
step by interpolation of user input tables. The baron reactivity effect
includes th? contribution from the Safety Injection System and the letdown and
charging portions of the Chemical and Volume Control Systen.

For staam line breaks CESEC incorporates a 3-0 reactivity feedback model to
more accurately represent the post-trip reactivity offects of the temperature
distribution at the core inlet plane, the stuck CE4, and changes in the core

10-1
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power distribution. The 3-0 reactivity contributions based on neutronic
analyses are input into CESEC as tabular functions of normalized core flow
fric+ ion, normalized fission power to nornalized core finw ratio, and
tamperature tilt (the difference between the hot and cold edge temperatures
at the core inlet plane). Tabl-e interpolation routines determine the dynanic
3-D feedback from this input data for each time step after CEAs are inserted.

1G.2 HEAT CONDUCTION 110 DEL
|

I The CESEC core heat transfer nodel represents a fuel rod at core avarage
conditions. The cylindrical configuration (see Figure 10-5) nodels the fuel,
gap, and clad. The fuel rod is divided into three equal-volume radial nodes.

The third radial node is assuned to contain the, outer portion of the fuei, the
gap, and the clad. The radial energy aquation (see Figure 10-6) is fornulated
for each node with the nndal properties (e.g.., specific heat and thernal
conductivity of fuel and clad) deternined by temperature dependent
correlations. The input parameters required by the model include the fractions -

of power generated within the fuel, the clad, and the nodarator and the gap
conductance which is assumed to be a constant. Within the fuel region, a
uniform power distribution is assumed by the code. The host transf2r to th?
primary system fluid from the thernal interaction between the fuel rods and tne
fluid and that direct fy transfer from the fuel to the fluid is calculated from
equation given in Figure 10-6 (see Section 2.0).

Initially, the steady state fuel tenperatura distribution is deternin9d by a
scheme which solves the radial energy equation iteratively based on the initial
reactor power output,the gap conductance, and the initial coolant condition.
Thr radial energy equation is solved numerically at each time step by a fourth
order Runge-Kutta/Merson method.

10-2
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13.3 HEAT TRANSFER

The heat transfer at tha clad-coolant int?rface is assumed to 5e given by tha
following correlation for all fluid conditions (Reference 24):

2 0h = 0.14P. (1+0.01T - 0.00001T ) y .8

(10-1)

where,

T = fluid temparature, F
~

V = fluid velocity, ft/sec
,

0 = channel hydraulic diameter, ft
h = convective heat transfar coefficient, Rtu/hr- ft - F

.

S

$
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FIGURE 10-1

RATE OF FISSION AND PRECURSOR
CONCENTRATION EOUATIONS

FISSION RATE

d tl , 6 3 n(t) + E A Cpj pg + S

n(t) = Fission Rate

6k = Total Reactivity

B = Effective Delayed Neutron Fraction

1* = Prompt Neutron Lifetime

A = Decay Constant for ith Group ofpg
\ Delayed Neutron Precursors

Cpg = Delayed Neutron Precursor Concentration

S = S6urce Term .

.

DELAYED NEUTRON PRECURSORS

P n(t) - A C"
dt i pg pg

5 = Effective Delayed Neutron Fraction for ith
9

Group of Delayed Neutron Precursors

.

NORMALIZED PRECURSOR CONCENTRATION

I* A
X Pi
pg = B, n(0) C ,p
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FIGURE 10-1 (continued)

NORMALIZED RATE OF FISSION. EQUATION

0
d Mnt 6k-B n(t) 1 S(t)
'd? n(0) , T'~ 'nTUT + TT [.i -1 *P1 + nToT

8

.

NORMALIZFD PRECURSOR CONCENTRATION EQUATION

.

dXpg(t) n(t)* api n(0) ~ P1( }dt

|
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FIGURE 1042

FISSION PRODUCTS

PRODUCTION OF FISSION PRODUCTS

dC

" T j (t) - ADj Djn C
Ddt

C = INVENTORY OF Jth FISSION PRODUCTDj

yDj = YIELD OF Jth FISSION PRODUCT

ADj = DECAY CONSTANT OF Jth FISSION PRODUCT _

'

NORMALIZED FISSION PRODUCT CONCENTRATION

C
X Dj Dj
Dj = Yg (0)n

NORMALIZED FISSION PRODUCT CONCENTRATION EQUATION

Dj ( )-XDj)"A
d

\

10-6

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



..

_ _____ ___. _ _ _ _ _ . ._ _.

FIGURE 10-3

TOTAL VARYING NORMALIZED POWER

)

*(I-#) # X
D "Dj Dj

3

o FRACTIONAL POWER FROM DISINTEGRATION OF .

D

FISSION PRODUCTS

FRACTIONAL POWER FROM OISINTEGRATION OFag
jth FISSION PRODUCT

.

4

i
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FIGURE 10-4

PROGRAMMED FISSION PRODUCTS

ROUPNUMBER FRACTION DECAY CONSTANT

1 0.00299 1.772 E+00

2 0.00825 5.774 E-01

3 0.01550 6.743 E-02

4 0.01935 6.214 E-03

5 0.01165 4.739 E-04

6 0.00645 4.810 E-05

7 0.00231 5.344 E-06

8 0.00164 5.726 E-07

9 0.00085 1.036 E-07

10 0.00043 2.959 E-08

11 0.00057 7.585 E-10

.
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HEAT FLOW EQUATION
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FIGURE 10-6

FINITE DIFFERENCE EQUATIONS

HEAT BALANCE IN FUEL R00

dT
P-K12(Tg-TF2)(MC)1 dt 1

"

dT

P+K12(T) -TF2) - K23(TF2 - TF3)
~

(MC)2 dt 2
"

p

dT

(MC)3 dt 3 23(TF2 - TF3) - K3w(Tp3-T)=C + g

HEAT TO WATER

Q =K3W(TF3 - Tyg) + C ,Pg
,

T AVERAGE FUEL NODE TEMPERATUREp

MC NODE THERMAL CAPACITY

C HEAT GENERATION FACTOR

K EFFECTIVE THERMAL CONDUCTANCE

Q HEAT RATE

P REACTOR TOTAL POWER FRACTION

10-10
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11.0 CHARGING At:0 LETDnTI
.

The CESEC code provides a model for calculating the charging end letdown 1

flows. The contributions from the charging and letdown flows are included in |
the conservation of nass and energy equations for the corresponding RCS
nodes. Included in tha model is a Dressurizer Level Control System which
determines the daviation between the measured pressurizer water level and the
progranned level. The programmed level is given by an input table as a
function of either power or average RCS temperature. The algorithm by which

.
the measured level is calculated is described in Reference 5. The charging

L

i flow is provided by a set of constant speed charging pumps, with the charging
flow rate automatically controlled by switching each pump on or off at two
input level deviation setpoints. The letdown flow control is provided aither
by a set of letdown control and backpressure valves, with the flow rata either
controlled by the opening or the closing of each set of valves at two level
deviation setpoints, or by a linear letdown flow control model.

.

The letdown fluid tenperature downstream of the heat exchanger is user input.
The charging and the letdown fluid temperatures are selected to be those
corresponding to the steam generator outlet temperature. The boron

concentration from the letdown and charging portion of the Chemical and Volume
Control System (CVCS) is only accounted for in CESEC when the Safety Injection
Systen is activated. However, the user can optionally turn off the letdown and
charging systams and take no credit for the boron reactivity contribution from
the letdown and charging systems. The calculation of the boron concentration in
the reactor coolant is described in the Safety Injection System section.

.

The letdown line break model is provided in Appendix F.

11-1
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12.0 SAFETY Itk1ECTIO'l SYSTE!d

The borated safety inj'ection water from the high and low pressure safety
injection pumps is injected into each cold lag nod? downstream of the reactor
coolant pumps. The borated injection flow rates versus pressure are specified
by input tables. Once the safety injection flow reaches the cold leg node, it
is assumod to mix homogeneously with the reactor coolant in that node. The*

baron is transported through the RCS by solving at each time step
the continuity equation for each coolant node for the boron concentration:

0

fih =Win in - "out C (12-1)

where,

C is the boron concentration
C is the inlet boron concentration

.in
!!in is the inlet flow rate
ll is the outlet flow rateout
M is the mass inventory in tha node

Tha baron concentration for the reactor core nodes is used to calculate the
reactivity contribution due to boron via an input reciprocal boron worth.

A time delay is input to CESEC to account for the time required to start the
diesel generator and/or to bring the safety injection pumps to full speed. An
additional time delay is calculated to account for the time required for the
unborated water in the safety injection line to be swept out before borated
water from the refueling water tanks enters the cold legs.

CESEC also solves an orifice equation to determine the rate of safety injection
flow from the safety injection tanks into the RCS as a function of time. The
input paranters are the initial nitrogen pressure, volume of water, volume of
gas, water specific volume, and elevation head of the safety injection tanks.

12-1
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The flow coefficient and flow area of the safety injection lines are also user
input. In addition to tha nitrogen pressure within the safaty injection tank,
the static head of fluid within the safety injection piping is considered when
calculating the instantaneous pressure difference across the orifice. The

nitrogen expansion process is assumed to be isentropic.

In computing the safety injection flow rate by means of an orifice equation,
the code takes into account the effect of piping friction, bands, and
exoansion/ contraction losses through the use of a single equivalent loss
coefficient which is bas 2d on the minimum cross-sectional flow area. The

.

instantaneous liquid discharge rate at time t is given by

288.g aP(t) 1/2 (12-2)
ew (t) = A( 1,gy

'

(12-3)

AP(t) = P (t) + PE' RCS(U)g
where,

.

W is the mass flow rate in ibm /sec
2A is the flow area of safety injection tank line in ft

K is the faiction loss coefficient for the flow area
v is the soecific volume of liquid in ft /lbm

P (t) is the nitrogen pressure at time tg

P is the elevation head
E

g3(t) is the RCS pressure at time tD

If AP is less than or equal to zero, the code sets this variable equal to zero
in ordar that no liquid mass be ejected from the tank for this condition.

The instantaneous liquid volume V in the tank at time t is then

V(t) = V(t-t.t) - W(t) at v (12 4)
where at is the tim step interval.

The instantaneous gas volume v in the tank at time t is given by
G

v (t) - v (o)+v (n) - v (t) (12-5)g g

12-2
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wh:re V (0) and V (0) are the initial gas volorn and liquid volum,g

raspacti vely.

The instantaneous gas pressure in the tan'< at time t is givan by:

P (t) = PG (0)( Y (0)) (12-6)Gg
V (t)g

12-3 ,
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13.0 STEArt GEf!ERATOR

13.1 HEAT BALANCE

The CESEC steam generator model performs a detailed computation of the overall
heat transfer coefficient for each steam generator node. The heat load for *

each steam ganerator prinary node (see Section 2.0) is computed at each tine
step frorti the following relationship: -

O =U^n n (Tpr$ -Tsec) (13-1)n

for n = 1 through 4

where,

2U is the overall heat transfer coefficient, Rtu/hr-ft - F
,

2 -

A is tha outside surface tube heat transfer area, ft

T is the avarage primry fluid nodal temperature, Fpgj
T is the secondary fluid temperature, "F

sec

Th? ov?rall heat transfer cnefficient is defined as ,

1.0
0=

Rpri + Rg7 + R (12'2)sec

!
where,

i
R is the primary side resistance = hppj Pri

R is the wall / fouling resistanceyf

1
R is the secor.dary side resistance = hsec sec

h is the prhary side heat transfer cnefficientppj

h is the secondary side heat transfer co*fficinnt
sx

13-1
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For each time step during the transient the appropriate heat transfer regine
is selected and the local heat transfer coefficients ar? calculated for tha
primary and secondary sides of the stean ganarators. The tube wall / fouling
resistance is determined initially from design full power conditions and is
assumed to be constant thereafter during the transient.

To prevent instabilities in the transient solution, a user input option allows
the steam generator heat transfer area to be reduced on decreasing secondary
water mass. For stean generator inventories above a user input water mass,
the user input heat transfer area is ured in Equation (13-1). For liquid
inventories less than a second user input water mass, the heat transfer area e

is reduced to zero. For liquid inventories between the two user input water
masses, th? heat transfer area is scaled linearly between the setpoints. This
effective heat transfer area is then used in Equation (13-1).

13.2 MODES OF HEAT TRANSFER

The CESEC stean generator model allevs for forward (prinary-te-secondary heat
flow) and reverse (secondary-to-primary heat flow) heat transfer. During
forward heat transfer, the primary side heat transfer regimes considered by
the code are subcooled forced convection and two phase flow with condensation.
The secondary side heat transfer mechanism is pool boiling. During reverse
heat transfer, the primary side heat transfer regimes are subcooisd forced
convaction and two-phase flow with boiling. The secondary side heat transfer

mechanism is free convection. For each of the five heat transfer nethanisms
the code allows the user to input a minimun coefficient. Tha code will then
select the maximum of the calculated and input coefficient. Initially (t=0.0),

tha steam ggn?rator modal assumes the subcooled forced convection and pool
boiling modes of heat transfer for the primary and secondary sides,
respectively.

13-2
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0.79 0.45 0.49 0.25
k Ch = 0.00122 B p pf g (AT)0.24 (3p)0.753e

b
0.5 0.29 h .24 0.240
f uf fg g (13.7)

p

. _

- 0.8174

(%).1
'u 0 0.5 0.9

( ) (f-X) (13-8)F = 1 + 1.6
. -

1

S=
5

1 + (1.63)(10 )(j_x) g,g p-1.25 (13-9)

,

AT = [ T, - T !

.
'

sat

T ,is the wall temperature, OF

T is the saturated fluid teiperature, Fsat

AP=|Psat (T,) - Psat(sat)!

P is the saturation pressure, psiasat
h is the later.t heat of vaporization, Btu /lbmfg
C is the fluid specific heat, Btu /lbm UF

p
2

g;=32.174lbm-ft/lbf-sec
cis the surface tension,1bf/ft

pis the viscosity, 1bm/ft-hr

|
|
l
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Primary side:

f .For subcoolad flow, the film heat transfer coefficient is giv?n by the Dittus-
Bo?ltor correlation (Reference 25):

K

0.9 0.4h = 0.023 . rte pp (13-?)pp, g g

where,

k is the liquid conductivity, 8tu/hr-ft OF
0 is the hydraulic diameter, ft
Re is the Reynolds nunby
Pr is the Prandt1 number
B refers to the fluid properties evaluated at the bulk temperature

in the two-phase flow with condensation regi,ne, the correlation used is
(References 26 and 27):

0. .l 0.333h = 0.0265 Re pp (13 4) -

9 g

where,

Re,, = Ray- [( 1-X ) + X O.3.3 * ]
- Of

X is the quality
3pf is the saturated liquid density, lbm/ft

3is the saturatad steam density, lbm/ftpg

In the two-phase finw with boiling regime, the correlation used is (References
28 and 29):

hpri * htp + hb . (13-5)

where,

K

h = 0.023 . [(1-X-) Re ] '8 (Pr )0.4 F (13-6)tp g g
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Secondary side:

The nodified Rohsenow pool boiling cncrelation is used in the calculation of
the secondary side heat transfer coefficient during forsard heat transfer
(Reference 6):

g (0/A)2/3 (13-10)h =Kg

where,

h is the secondary heat transfer co?fficient, Stu/hr-ft OFec
Q is 'the heat rate, Btu /sec

2A is tP heat transfer area, ft

(
'

.

K for P <800 psia
R= sec 5]

.

(. -

for Psec 1 00 psia

During reverse heat transfer the McAdams (Reference 30) correlation for free
convection is used to determine the secondary side heat transfer coefficient:

k
h =C (Gr Pr )" (13-11)3 g g

i
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where,

C = 0.13
9for Gr Pr >103 g

n = 1/3
i

C = 0.59

for Gr Pr 110g g
n = 1/4

'
.

Gr is the Grashof number
L is the tube length, ft

The selection of the appropriate prinary side heat transfer coefficient is
based on the direction of heat flow between primary and secondary and an

~

enthalpy check (determines if fluid is saturated). In the secondary side, the
selection of the secondary heat transfer coefficient is solely based on the

,

direction of heat flow.

l'3. 3 SECONDARY SIDE MODEL

The secondary side of each steam generator is represented by a control volune

(see Figure 13-1). The control volume consists of saturated liquid and
saturated steam. The fluid properties and mass inventory are deternined by
solving the conservation of nass and energy equations in conjunction with the
equation of state. The initial conditions of the secondary sida of the stean
generator are determined by iterating on the secondary pressure, given the
initial heat flux and load demand as specified by the user.

13-6
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STEAM GENERATOR SECONDARYP =

PRESSURE

TOTAL STEAM MASS IN STEAMM =
8 GENERATORo Wh MASS BALANCE V, SPECIFIC VOLUME OF STEAMss =

TOTAL WATER MASS IN STEAMMi =

g + dM = W , + W - WS GENERATORdM f g L
I SPECIFIC VOLUME OF WATERVg =

9' W VOLUME BALANCE Wrw = MASS FLOW RATE OF FEEDWATER

% ~ "*"" " ""#"
_ - d(M,v,) + mg g) . W . aVo __ _ _ __-=- _ ---

MASS FLOW RATE OF STEAM_
w = 7( W =

dt dt s
4 LEAVING STEAM GENERATOR.

ENTHALPY OF STEAM FLOWENERGY BALANCE' h, =

Mg, Vg
MASS FLOW RATE OF WATER LEAKINGWL =

OUT OF STEAM GENERATOR TUBESd(M h ) + d(M h,) . o + j44 V dP +gg g
ENTHALPY OF LEAK FLOWdt dt J dt hL ='

" " O HEAT RATE=

W, ,h , + W hg - W,h,g Lh, y TOTAL VOt.UMEgo .

o

h [Wiw STATE: SATURATION J 778; =
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h*WLo> Lmd
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I
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14.0 FEE 09ATER SYSTE:1

The feedwater flow is optionally determined in CESEC by the following three
methods: 1) matching the steam flow, 2) input table of flow rate versus time,
and 3) automatic feedwater control on the steam generator water level. The
initial feedwater flow is assumad to match that corresponding to the power
demand at time zero. The flow during an event is calculated according to the
user option selected. The feedwater isolation valves are programmad to close
at a specified rate of closure following the main steam isolation signal which
is actuated on low steam generator pressure. The f?adwater enthalpy can be
specified by input tables of enthalpy as a function of either power demand or
time.

,

The auxiliary feedwater flow can be optionally controlled by the following five
nethods: 1) manual control through an input table of flow rate versus time,
2) low steam generator pressure setpoint trip to actuate the auxiliary

,

feadwater flow, 3) low steam generator water level trip setpoint to actuate
'

the auxiliary feedwater flow, 4) automatic steam g?nerator water level control
(actuation on low steam generator water level), and 5) automatic steam
generator pressure difference control. The auxiliary feedwater enthalpy is
modeled using an input table of enthalpy versus time.

14-1
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15.0 STEA1 SYSTE'i

The path of the steem flow from the secondary sid2 of the stean generator is
illustrated in Figure 1-2. Downstream of tne main steam isolation valve, the
nain steam lines from each stean generator are connected together at a connon
steam header (see Figure 15-1). At the initial steady state, the steam flow in
each steam line is determined consistent with the reactor coolant flow rate in
each steam generator loop.

During the transient calculation, the steam flow (see Figure 15-2) is
determined by the turbine power demand and the operation of the secondary
valves or for steam lin? break events the break area.

.

The code simulates the turbine stop and admission valves, the steam
bypass valves, the main steam safety valves, the atnospheric dump valves, and
the main steam isolation valves. The steam flow through each valve is assumed

.

to be choked. Thus, a critical flow correlation (see Section 16.9) for stean
is used to calculate the flow rate. The control schemes for these valves are
briefly described below.

Turbine Admission and Stop Valve:

The arei of the turbine adnission valve is sized at each time step such that
the power' demand which is input as a tabular function of time, is net. At the
time of a turbine trip, the valve is closed at a rate specified by a user input
to simulate the closing of the turbine stop valves.

Steam Rypass Valves:

The code provides three options for the control of the stean bypass valves:

1. An input table of valve area as a function of time,

2. A proportional-plus-integral-plus derivative (PID) controller model, ard

15-1
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3. A linear control schene which operates the bypass valves as a function of
the stean line headar pressure. That is, the valves start to open when the
pressure reaches an input setpoint and then open linearly as the pressure
increases. As the pressure drops, the valves will close by following the
same path.

Main Steam Safety Valves (|tSSVs):

The main steam safety valves are of the accunulation, blowdown type (see Figure

6-2). Up to ten individual banks of valves may be used with associateo
opening, accunulation, and blowdown pressures. Various typas of valve
calfunctions, such as valve sticks open, valve sticks closed, and one valve
inadvertently opens, can 5e simulated for each individual valve.

Atmospharic Dump Valves (ADVs):

The operation of the atmospheric dump valves can ba simulated by the following
four techniques:

1. an input table of valve area as a function of time,

2. a step function control scheme which operates the ADVs as a function of the
stean genarator pressure and allows the simulation of various types of
valve malfunctions (one valve sticks op9n,'one valve sticks closed, and one
valve inadvartently opens initially).

3 a PID controller model, and

4 a control scheo? operated on the reactor coolant temperature.

.
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. Main Steam Isolation Valves (MSIVs):
The code simulates two main steam isolation valves, one for each main steam

' line. These valves are normally open ani do not affect steam generator
operation unless the steam generator pressure drops below a specified
setpoint. Once this occurs, the !!SIVs begin to closa after an input delay
ti me. As the ftSIVs close, steam flow to the turbine and other downstream

components terminates. The steam flow frcm the main steam safety valves, the
atmospheric dump valves, and from a steam line break upstream of the MSI'vs is
unaffected by ilSIV closure.

.

S

e '
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FIGURE 15-1 A
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FIGURE 15-1A (continued)
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FIGURE 15-1B
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FIGURE 15-2 .

STEAM GENERATOR STEAM FLOW
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16.0 CRITICAL FLO!!?iODELS

The CESEC computer code provides the user with the options to select one of
two critical flow correlations for steam discharge and one of four sets of
critical flow tables for subcooled liquid / saturated liquid /two-phase nixture
discharge. The correlations for steam discharge are CRITCO (Reference 31) and
Murdock and Bauman (Reference 32). The liquid and two phase discharge tables
built into the code are Henry-Fauske (H-F), Moody (M), Henry-Fauske/*ioody (H-
F/?i), and the Homogeneous Equilibrium Model (HErt). The above sets of tables

were extracted from the CEFLASH 4A code (Reference 18).

The above correlations have general applicability (see Figure 16-1) fnr
calculating mass flow rates for all fluid phases through primary safety and
relief valves, secondary safety and atmospheric dunp valves, tube ruptures in
right hand and left hand steam generators, and arbitrary nodal leaks in all RCS
thermalhydraulic nodas (see Figure 2-1A) with the exception of the

.

pressurizer. If a nodal leak is specified only one steam generator tube
rupture is allowed. If two nodal leaks are sp?cified no steam generator tube
ruptures are allowed. Secondary side breaks to which the critical flow
routines apply are a main steam line break with or without moisture carryover
and a feedwater line break. Other features of the CESEC critical flow model
are as follows: the sink pressure for each of the specified applications is a
user input quantity except for the case of a steam ganerator tube rupture.
For this case the sink pressure is assumed to be the secondary system pressure
of the steam generator where the tube rupture occurs. The leak flow areas for
the steam ganarator tube rupture and RCS nodal leaks are also user input and
are a function of time. Finally, the user can input a discharge coefficient

; which is multiplied by the calculated mass flow rate and is a function of

quality, for calculating the net flow rate for each application discussad above.
!

The H-F, M, H-F/M, and HEfi critical flow correlations (see Figure 16-2) used
in CESEC are in table form. For given values of stagnation pressure, a range

, of values is tabulated for stagnation enthalpy versus nass flow rata per unit
l

area and stagnation enthalpy versus throat pressure. Thus, the mass flow rate
per unit area and throat pressure are datarmined by interpolation. Th=

caiculated mass flow rate per unit area is than multipli?d by the flow araa and
|
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an appropriate discharge coefficient to generate the net mass flow rate flowing
through a specified component and/or rupture. If the calculated thrn9t
pressure is l9ss than the sink pressure then the mass flow rate is calculated
using the orifice equation.

The CRITCO relationship is the standard technique used for daternination of the
critical mass flow rate for steam. A complete discussion of this empirical
relationship, as well as the test data from which it was developed, can he
found in Reference 31. The formulation, which is given in terms of the source
pressure, is as follows:

g _1977.6 p (16-1)
H-lB5.0

.

where,

G = Mass flow rate per unit area (lbm/sec-ft )
P = The source pressure (psia),
H = Enthalpy of the steam (Btu /lbm)

The net mass flow rate of steam is determinad from the relation

W = G x 0 x AREA (16-2)
where,

W = Mass Flow Rate (lbm/sec)
D = Discharge Coefficient (dimensionless)

AREA = Break Area (ft )
.

The throat pressure is calculated by assuning a critical pressure ratio, R ,
equal to 54.57, (Reference 33). This value is an average value in the expected
range of operation (Reference 32).

.

9
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The Murdock and 9auman relationship is also used (as a usar's option) for
datermination of tha critical nass flow rate for steam. The mass flux is
calculated as follows:

G = Fs (Pp)I/ (16-3)
where,

Fs = constant (in/sec-ftI/2) dependent on liquid and two-phase discharge
table

e

p = density of the stean at source conditions (lbm/ft3)

The net mass flow rate of steam and the throat pressure are calculated in the
same manner as with CRITC0.

. .

Whenever the sink pressure is greater than the calculated throat pressure, the
orifice equation is used to calculate the mass flow rate. This equation is of,

the following forn:

G = (CAPp)1/2 (16 4)

where,

p is the fluid density (lbm/ft )

AP is the source to sink pressure drop (lb/ft )
2C = 2 x acceleration due to gravity = 62.4 ft/sec

The net nass flow rate is then calculated in the same manner as with CRTTCO.

For the case that the steam generator tube rupture option is exercised, the
orifice equation is nultiplied by (1/K)1/2 where K is representativo of the
friction and geometric losses.

16-3
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The CESEC conputer code does not account for prinary to secondary mass
depletion for steam generator tube leakaga. The a :ount of fluid le;*ked is

relatively small, its main influence being in the calculation of any activity
transferred between the reactor coolant and main stean systans. The analyses
properly account for any activity transferred and its effect on the doses

calculated from the steam releases.
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FIGURE 16-1

CRITICAL FLOW MODELS

APPLICATIONS

PRIMARY SAFETY AND RELIEF VALVES

SECONDARY SAFETY VALVES

,

RIGHT HAND STEAM GENERATOR TUBE RUPTURE

LEFT HAND STEAM GENERATOR TUBE RUPTURE
~

ATMOSPHERIC DUMP VALVES

STEAM LINE BREAK

FEEDWATER LINE BREAK

UP TO TWO ARBITRARY LEAKS IN ALL NODES EXCEPT PRESSURIZER

.
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FIGURE 16-2
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17.0 REACTOR PROTECTIVE SYSTEM TRIPS

The reactor is shutdown by the insertion of the control element assanblins
(CEAs) following the generation of a trip signal. A trip signal is initiated
when a '~'tain system paraneter reaches a value which exceeds the corresponding
usar input trip setpoints. The delay time between the initiation of the
trip signal and the start of CEA motion is accounted for in CESEC. The CEA
notion is representad by an input rod worth versus time table. The following
trips are programmed in the CESEC code:

1. high power trip,
2. high pressurizer pressure trip,
3. low pressurizer pressure trip, .

4 lou coolant flow trip,

5. low stean generator pressure trip,
6. low stean generator level trip, and

.

7. manual trip.

To generate the trip signal on the low steam generator watar level, the steam
generator water level is determined from a set of steady state input data and
the transient liquid inventory in the steam generator. The set of steady state
curves relates steam generator water level to secondary water mass and stcan
generator load. This data is then used in a table look-up routine to obtain
the steam generator water level for the purpose of determining the trip signal.

t

i
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13.1 :!AJ3R DIFFERENCES SElt.'EEN CESEC-1, CESEC-II, Alla CESEC-III

Th= si oificant differences impacting analyses betw?en th2 diffarant CESECt

versions, namaly CESEC-I, CESEC-II, and CESEC-III are summarized in Figure
13-1.

For all Chapter IE avents for which the pressurizer fluid is calculated to

drain into .the hot leg, or the system pressure drops below the saturation
pressura of the hottest fluid in tha syste.a, tha hottest fluid will ba located

in the ralatively stagnant upper '1ead region of the r? actor vessel. The CESEC-
I and CESEC-II versions do not explicitly model the steam formation in the

reactor vessel uppar head region. The latest version of CESEC, namaly CESEC-
III, explicitly codels steam void formation and collapse in the upper hed
region of the reactor vessel. Heat transfer frnm metal structures to tha

reactor coolant systera (PCS) fluid is nodeled in addition to flashing of the
reactor coolant into steam during depressurization of the RCS. Following the

-

reactor coolant pump (RCP) coastdown due to loss of offsite power or manual
shutoff following SIAS, thermalhydraulic decoupling of the upper head region is
characterized in the latest version of CESEC'by progressivaly decreasing flos
to the uppir head from the upper plenum region.

l

(

.

1
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FIGURE 18-1

SUMMARY OF SIGNIFICANT DIFFERENCES

BETWEEN CESEC-I, CESEC-II, AND CESEC-III

MODEL CESEC-III CESEC-I, II

THERMALHYDRAULIC * 26 NODES, UPPER HEAD 16 NODES

EXPLICITLY MODELED
e

RCS FLOW EXPLICITLY MODELED INPUT TABLE

RCPs FOUR, EXPLICITLY MODELED TWO SIMULATED

WALL HEAT EXPLICITLY MODELED NONE

SGTR OPTION CRITICAL FLOW CHECK DARCY EQUATION

MIXING IN RV ASYMMETRIC RESPONSE ASYMMETRIC RESPONSE

EXPLICITLY MODELED INCLUDED IN REAC-

TIVITY CALCULATION

FOR SLB

30 FEEDBACK YES NO

* MASS CONSERVATION: CESEC-I,-II .-III MODELED

j ENERGY CONSERVATION: CESEC-II,-III MODELED, CESEC-I ASSUMED

|
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19.0 VERIFICATION

Assessmant of CESEC by C-E includes comparisons of code predictions to existing
experimental data for C-E operating plants and to other C-E design codas. This
information is presented in Appendix I.

.

Observations that can be nada from the CESEC model validation effort against
experimental data to date are as follows:

1. CESEC predicts transient response consistent with physical assumptions
made.

2. CESEC deviations from test data are in most cases within the uncertainty of
o the neasurement.

3. CESEC satisfactorily predicts the transient response trends for cases that '

the data collected is not comprehensive enough for performing an in-depth
code assessnent. .

4 CESEC is basically a best estimate code. The conservatism of analysas for
Chapter 15 events is mainly introduced through the input rather
than the coda.

The main conclusion from the CESEC model validation activity to date is that
the code is capable of predicting system rasponse for PUR non-LOCA initiating
events for a range of operating conditions. Thus, CESEC can be effectively
used as a predictive tool for the non-LOCA events analyzad in Chapter 15 of
C-E's safety analysis reports. The CESEC verification effort will be continued

with the assessment of the code against data which will be gathered during the
power ascension testing of San Onofre Unit 2, Waterford Unit 3, St. Lucie Unit

2, and Palo Verde Unit 1.

|

!

.

19-1

!

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



- - .

20.9 PEFERENCES

1. CEUPD-in7, "CESEC nigital Sinnlation of a Cor:bustion Engineering *:nclerr
S*. san Supply Systen", C-E Proprietary Report (ip ri l , 1074' .

2. CEr1PO 107, Supplenant 1, "ATils Model Modi fications to CESEC", C-E

Proprietary Raport (Septambar,1974).

1 CE"PO-107, Suppio,,nnt 2, "AT"5 Modals for Raac+1vity Fred 5acg and
,

Effect of Prassure on Fuel", C-E Propriotary R9 port, (Sap'.9?ber,1674}.

a. CEqPn 197, Supplkmant 3, "AT95 Model Modi fications to CESEC", C-E Man-

Proprietary 9 aport (August,1n75).

5. CE'JP9 107, Supplanent 1, Amendnent 1.-P. " ATUS 'iodal Modi fications *.o

CESEC", C-E Proprietary R. aport (Nov>mber,1975). .

6 CENPn-107, Supplamant 4, "ATUS n del Modi fications to CESEC", C-Eo

Propristary Report (Decembar,1975).

7. CENPG-107, Supplenant 5, "ATUS ilodel itndifications to CESEC", C-E

Propri stary Report (Juna, 1976).

fl . CEr!PD-In7, Supplement 6, "CESEC - Digital Sir'ulation of a Corbustion
Enginescing *luclaar Stean Supply System", C-E !!on-Propriotary Raport
( iugu s t , 197'!) .

a. Thoa, J. R. S., "Pradiction of Pressure Drop quring Forced Circulation
Boiling of I!.=ter", intarnational Journal of oaat and 'inss Tr.'osfqr , Volo'n

7, pp. 794-724, 1664

.

13 1 :lli s, Grahan 9. , Ana ninansinaal Two Phas Flow , "cGras Hill , Inc.
3

1959.

!

20-1

. -- - - - - -. . . _ - - _ - , _ _



|

11. "artin *lli, R. C., ind Naison, n. R., "Pr? diction of Pc'ssur > Orop Ouring
Fnaced Circula* inn 3ciling of '.!ater", Transactinns of th > tt!E , Augus*.,
la49

1. 2 . Pyle, R.-S., "STDY-3: A Program for the Thornal Analysis of a Prassurized
'later ?!aclear Reactor During Stmady-State Oparatinq", ilAPD-Tt-1-211, June ,
1950,

13 Sher, it. C., "Estination of Railing ind '!nn-Poiling Pressure nrop in
Rectangular Channels at 2000 psia", '!APD-TH 700,

14 Sher, !!. C., and Green, S. J., "8niling Prassure 7 rop in Thin Rectangular
Channals", Chamical Ennineering Progress Symposiuri Serias , Volun? 55,
1o59.

15. "COS':n-IV A Thernal and Hydraulic Staady-State Oasign Code For !!atar
Cooled Reactors", CEt!PO-9, January 1971.

16. CErlPD-132, " Calculative Methods for the C-E Large Re?ak LOCA Evaluation
!!ndal", Volume 1, August 1974

'

17. D'iR-7-74, "Best Estimate Pump Head and Torque u d31s from Semiscale Pungn

Data", April ?O,1974.
r

19. CEflPD-133, "CEFLASH-4A, A FORTRail IV Dinital Computer Progr.ri for Reactor

Bloadown Analysis", ?,ugust, 1974
<

|

Ic. ':cClintock, P. S., and Silvestri, G. J., " Formulations and Intsractive
Procedures for the Calculation of Proparties of Stean", AS"E Publication
4-17, 19C7.

21. n'!L *!!JREG 9953a, "Devalognent of a Computer Cada for Tharna1 hydraulics

of Ruactors (THOR)", Fifth Quarterly Pengress Raport, Oc*.nbar-Decamber,
1075, July,1976.

i

?

!

20-2
t



2!. Eck ert , E. R. G. , and Drake, Jr. , R. M. , Analysis of I'9at and n=ss
Transf?r , "cGra 4-Pill , Inc. ,1972..

2?. UAPD-TM-Sla, "FliSH-A Progran for Digital Sinulation of the Loss of
Cool ant Accid >nt", f!ay ,1965

23. " Proposed Standard, Energy Paloase Following Shutdo9n of Uranium-Fueled

Thernal R$ actors", Subconnitta? a'lS-5 of American Nuclear Society,
June 11, 1968.

24 Glasstona, S., and Sesonske, A., f!nclear Reactne Engineerinc , O. Van
'lostrend Company, Inc. ,1963.

25. 91ttus, F. II., and Boelter, L. N. K., " Heat Transfer in Automobila
Ra tiators of th, Tubular Type". Pub. in Eno. , Vol . 2, n. 12, Uni v. of
California, pp. 443 261, 1930.

.

26. CEtlPD-]?3, Supplement 3 "CEFLASH of S f. Conputer Progran for the Reactor
Blovdown Analysis of thk Small Brnak Loss of Coolant Accident", January,
1477.

27. Akers, '!. U. , 0=ans, H. A. , and Crossar, O. K., " Con iansing Hn9t Transf ar

!!ithin Horizontal Tubes", Proc. 2nd f:at. Haat Transfar Conf. , iS*'E/ATChE,
iugust, la53. '

1 2 11 . Chan, J. C., "Corrolation for Boiling Heat Transfer to Seturated Fluids in
Convectiva Flow", ISEC Process Dasian and Davelonnent ji , pp. :122-229.

?9. Hoeld, A., "A Theoretical Model for the Calculation of Large Transients
in f|uclear Matural-Circulation U-Tube Stean Gonerators ' Digital Code

I UTSG)", "oclear Eng. and Design 47, , pp. 1-23. 197?.

10. !>cAdans, ti. H., Heat Transnission , fic iraw-Hill Rock Co. , P! rv Ynrk , I CF t.c

|

31. f:=havandi, A fl. , and Rashevsky, M., " Computer Progran for Critical Flou
Dischargo of Two Phise Stean 'Jatar 'lixturns", CV!!A-1?9, Fabruary, ICF2.

20-3

i
|

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



_

'' citt edock , J . '!. , and lauma n , 1. 't. , "The Critical Flow Function for Super-.

Hated Steare , Journ=1 of Pasic Enginering, .W4E Tr,nsactions , Vol . '16,
S<tatember, 1964, pp. 507-518.

11 El-Nak il , f'. !4. , f|uclear Heat Tr.,nsport , international Textbook Company,
1971, p. 158.

.

O

,

,

!

|

!

i
|

| 20-4

,

1

!

.



APPENDIX A

'TWO-PHASE PUMP HEAD PERFORMANCE INFORMATION

A.1 Pump Head Degradation Multiplier vs. Void Fraction

Void Fraction (a) Degradation Multiplier (m )
h

0.0 0.0

0.10 0.0

0.15 0.05

0.24 0.80

0.30 0.96

0.-40 0.98

0.60 0.97

0.80 0.90

0.90 0.80 -

0.96 0.50
*

1.00 0.0

A.2 Homologous pump Data for the Difference Between Single-Phase and

Degraded Two-Phase Heads

See Table A-1.

.
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TABLE A-1

HOMOLOG 0US PUMP DATA FOR THE DIFFERENCE BETWEEN SINGLE-PHASE

AND DEGRADED TWO-PHASE HEADS

.

|"| or |{| 0 .1 .2 .3 .4 .5 .6 .7 .8 .9 .10

HAN 0.000 0.833 1.089 1.098 1.048 1 .017 1.014 1.012 0.983 0.940 1.000

HVN 0.000 -0.040 0.003 0.095 0.210 0.331 0.449 0.560 0.674 3.804 1.000

HAD 0.000 -0.495 -1.295 -2.090 -2.667 -2.909 -2.786 -2.360 -1.773 -1.242 -1.111

HVD 0.110 0.083 0.054 0.020 -0.023 -0.084 -0.174 -0.307 -0.501 -0.776 -1.111

{ HAT 0.000 -0.178 -0.345 -0.504 -0.652 -0.792 -0.927 -1.058 -1.188 -1.323 -1.468

HVT 0.110 0.134 0.1 51 0.152 0.130 0.071 -0.043 -0.230 -0 .51 2 -0.91 5 -1.467

HAR 0.000 0.667 0.811 0.785 0.761 0.734 0.701 0.655 0.591 0.502 0.380

HVR 0 es0 -0.043 -0.066 -0.071 -0.058 -0.027 0.021 0.086 0.168 0.266 0.380

1
-

,

i

%
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LEGEND FOR TABLE A-1

Dependent variables are of the form XYZ. The definition of
; X, Y, and Z are provided below:

X E H implies a head curve

X E B implies a torque curve

Y E A implies v/a is the independent variable

Y E V implies a/v is the independent varicble

Z E N implies normal operation (positive flow, positive rotation)

Z E D implies energy dissipation (reverse flow, positive rotation)

Z = T implies turbine operation (reverse flow, reverse rotation)
'

Z = R implies reverse pump operation (positive flow, reverse rotation)

i

!

l

<

!
!

|

|

|
|
!

!
I
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APPENDIX B

_ DERIVATION OF THE THERMALHYDRAULIC EQUATIONS'
*

8-1 Physical Assumptions
.

. - . .

Physical assumptions used in simplifying the basic differential equations are
stated below.

1. The basic differential equations for mass and energy conservation are simplified
assuming pressure to be spatially uniform throughout the entire primary coolant
system.

2. Each RCS node is assumed to have how geneous flow. When voids are present,
#the node is assumed to consist of saturated steam and liquid in thermal

equilibrium. Slip between phases is neglected in RCS nodes. (One exception

is the closure head node) . .

.

3. Complete phase separation is assumed to occur in the pressurizer. The

pressurizer node consists of separate steam and liquid regions. Initially

(consistent with steady state operation) both regions are assumed to be at

saturation. Thereafter, the thermodynamic state of each pressurizer region
is calculated including mass and energy transport across the steam-liquid
interface as follows. When the steam region is at , saturation, instantaneous
removal of liquid droplets formed by bulk condensation is assumed. ,9 hen the _,

~

water region is at saturation, instantaneous surface evaporation is assumed.
If a region is not at saturation, it is not a source for mass or energy transport

i across the steam-liquid interface (i.e., surface evaporation and surface con-
densation at the interface are neglected).

4. The spray flow in the pressurizer is assumed to be 100% effective in
condensing steam. When the steam region is at saturation, the spray droplets
are assumed to reach saturation temperature and can result in bulk condensation,
consistent with the basic differential equations for mass and energy conserva-
tion. When the steam region is superheated, the spray droplets are assumed to
evaporate into the steam region.

B-1
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B-2 Derivation of Equations

Mass Conservation

b * (W) 4 (Wext i+(N
"

i
~

int i

i = 1,..., 25, S, W

S = pressurizer steam region, if existing

W = pressurizer liquid region, if existing

Energy Conservation

d
7g (m h ) - pV =Qg + (IhW)g B-2gg 1

which can be written,

Ehgg+mh=Qg + (IhW) + pV B-3gg

1 = 1,..., 25, S, W

Constant Volume Node Constraint

av = 37 = constant , i = 1,..., 25 B-4'g 1

_ which in differential form can be written,

Evgg+mrg g = constant, i = 1,..., 25 B-5
*

For the pressurizer node which can consist of a steam anda liquid
region, the constant volume constraint is:

i

m,v, + m,v =V = constant B-6

which in differential form can be written,
. . . . '

m,v, + m,v, + m,v '+ m,v =0y B-7

Equation of State

The following equation of state is applied for subcooled liquid or
superheated steam:

= v (h ,p) , i = 1, . . . , 25, S, Wv g g B-8

which in differential form can be written,

=h p$ g +v 1 p,i = 1,..., 25, S, W B-9g h

B-2
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For satursted liquid in the pressurizer, the equations of state are:

v, = v (p) B-10
f

h,= h (p) B-11g

which can be written in differential form as

v, p B-12=

h p B-13=

For saturated steam in the pressurizer, the equations of state are:

v = v (p) B-14s g

h = h (p) B-15
s g

which can be written in differential form as

=b p B-16v
s dp

=b ~

h p B-17
s dp

Using Equations B-9, B-12, and B-16, V for i = 1, . . . ,25,S ,W can be

eliminated from the basic conservation Equations B-1, B-3, B-5, and B-7.
At any given time, the following physical variables are known.

1. heat rates, Q
1

2. external mass flow rates, (IW g)
3. external enthalpy transport rates (IWext)1
4. mass flow rates at the RCS pumps (w24,13' 24,16' 12,l' 12,4)
5. volumes, V

1
6. pressures, P and Ppg g73

7. enthalpies, h
1

8. masses, mg

9. specific volumes, v
1

In addition, the following derivatives are known at any given time (Jee

Reference 4)

av av dvf dhf dvg dhg
i i, , , , ,

, , , , ,

Bh 3p dp dp dp dp
p h

B-3
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The unknowns in Equations B-1, B-3, B-5, and B-7 (assuming elimination of '

y using the equations of state) are:

p, is, or V ' f r i = 1,...,25, 5 for i = 1,...,25, W# B' *s' v' i g 2'c w

2,3' 3, S '' 5,6' 4,2' 6,7' 7,8' 8,9' 9,10' "10,11' "11,12' "14,2' "19,7' W13,14'

14,15' 15,17' 17,18' "16,14' 18,19' 19,20' 20,21' 21,22' N22,23,

23,24' 25,19 " 25,7 " 1! 25' 8,26

Likewise,either$1,orWB "#*
/

Either h, or W are unknowns but not both.
unknowns but not both. W are unknowns which appear in the termsB "" e

( IWgg)g and ( IhWg,g)g for i = S,W when either region of the pressurizer
is at saturation. For this condition, Equations B-13 and B-17 can be used

. .

to eliminate h ,or h,.

Thus, we have identified 80 equations and 81 unknowns. Consequently, one
' additional constraint equation is necessary. The additional equation was
selected by assuming that the axial pressure drop for the two parallel
halves of the reactor core are equal. This can be expressed as:

3.5'3 " 15,17 15 B-18
#

or

=0 B-193,5 - 15,17

Therefore, Equations B-1, B-3, B-5, B-7, and B-9 are a set of 81 linear

simultaneous equations involving 81 unknowns. This set of equations could
be solved numerically for all unknowns. In order to reduce computation
time, the set of 81 equations was analytically reduced to a set of 29

equations and 29 unknowns. The analytical simplification for nodes 1

through 25 follows.

Equation B-3 for conservation of energy may be written:

ah = -$1 h +Q + (IhW) + pV B-20

B-4
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Combining Equations B-5 and B-9

in v + m it 1 +m 1_ h=0# 0#
fg B-21

Bh ap
P h

Substituting Equation B-20 into B-21 yields

3#
In vif+ 1 -d h +Q +(IhW)g+p[ #+m 1. 1 p=0 B-22

Sh ap-
-

P h

Expressing (IW)g as the sum of net flow from connected nodes and net flow
from external flows and (IhW) as a sum of net enthalpy transport rate due
to flows from connected nodes and due to external flows, we have:

4

(IW)1 = (W,xg)1 + (Wint)1 -3

(IhW) = (IhW g)g + (IhWint}i ~' '

and defining terms as follows:

#
8 =v -h 1

1 g B-25
Sh

P

"ia = B-26
ah,

'

P

# #
6 =V 1 +m 1 B-27

ah 3p
p h

#
c = -Q 1 - S (IW g) - a (IhWext)1 B-28g

Bh
P

, yields the following equation:
(

.

S (Wint}i + $( int i + 1 " *i B-29i

i = 1,...,25

B-5
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This equation describes the conservation of mass and energy for each coolant node
except the pressurizer. The specific nodal equations for i = 1,25 consistent
with Figure 1 follow. The definition of h = h W > 0 is used for enthalpy.1

j (3 W<0

Node 1

- (S1 + a h )W1,2 + 1 " *1 ~ (01 + "1 12} 1yy B-30
2 1

where

( ext 1 " s1 + charging sprays
~

(IhW,g) y = h,1 W,1 + hcharging charging - h,p,,y,Ws rays

Node 2

(82 + "2hl)W ~ (02 + "2 2)(1 + F )W2,3 + (02 + "2hh ) 14,2 -2 7
2

Node 3

(S3 * "3 2)"2,3 + (03 * "3 14) F7 14,15h *W ~ (03 + "3 3) (1 + F ) #3,5h
B

+6h=c B-32
3 3

|

Node 4
.

-(84 + a h )N4,12 + 6 P =c ~ (0
4 12) P2
h B-3344 4 4 4

| 2 4
|

where

! ( ext 4 " si + charging ~ sprays

| (IhW g)4 W -h= h,1 ,1 + hcharging charging sprays sprays

Node 5 -.

|
e

l (8
.

5 * "S 3)W ,5 - (0 * 5 5 ) 5,6 + 6 F " 8h -

3 5 5 5

where h' is the enthalpy at the outlet of node 5 (core).
5

3-6
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Node 6

6 5) "5,6 + (86 "o3)FR 3,5 - IO6 66 o+ F ) 6,7 6 " "6 B-35(8 D h +6 H

Node 7

(07 " 7 6) "6,7 + (0h h7 " 7 18) F,W18,19 + (07 " 7 19) Wyg,7 + 0.5 (87+h

h 7 B-36
7 "7 7) W ,8 +6 5 = cah7 25) "25 ~ (0 7 7 7

7 8

Node 8

(8 87) 7,8 ~ (08 " 8 8) "8,9 - (05"88} 8,26 + 8 ""8h8 ~

9 268

Node 9
' .

(8 4 h } "8 S - (098 9 " 9 g ) W ,10 + 9h P=c B-389 9 9
9 10

.

where h is the enthalpy at the intersection of nodes 9 and 10.
9
10

Node 10
t f e

(010* *10 9) "9,10 ~ (010 +"10 10) "10,11 +610 l0 B-39
h P=c

10 11

where h is the enthalpy at the intersection of nodes 10 and 11.0
11

Node 11
e .

(011 +"11 id) 10,11 ~ (011 +"11 11) 11,12 +671 yyh P=c B-40

12
,

,

where h is the enthalpy at the intersection of nodes 11 and 12.g
12

Node 12 ~

^

(012 +"12 1 ) UM +012 gh P=c 4- ( S 2 +"U 12) + (On +"12 12) W
h h R B-41

12 1 4 P2

B-7
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Node 13

~ (013 * 13 13) "13,14 +013 " *13 - (013 **13 24) N B-42h
p1

where 14 13

( * + ~

es t.13 si charging letdown

( ext}13 * -h
si si charging charging ietdown letdown

Node 14

(014 *"14 13 13,14 ~ (014 +"14 y4) W14,2 ~ (0
h

h 14+"14 g) (1 + F ) W14,15h
714 B-43

2e

+6 P=c14 y4

Node 15

5015 **15 14} 14,15 + (015 +"15 2) F7 2,3 15 +"15 15} (1 * B) 15,17h W ~ (0
B-44,

+6 # " *1515

Node 16

~ (016 +"16 16) "16,14 +016 " *16 ~ (016 +"16 24) 2
h h B-45

14 16

where
( ext 16 si + charging letdown

~

( ext}16 * si si + charging charging letdown letdown
~

Node 17

- (0 5=c B46
- (017 +"17 15} 15,17 17 +"17 17) 17,18 +617 y7

where h '7
' is the enthalpy at the outlet of node 17 (core).y

Node 18

h' h W - (0 h(018 +"18 y7) W17,18 + (018 + 18 15) F3 15,17 18 18 18X1 +f + Ph B-476

18,19 + 018 " *18

B-8
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Node 19

(019 * 19 18) 18,19 + (019 * 19 6) F, W6,7 + 0.5 (S19 19 25) 25h%
B-4819

- (019 * 19 19 19,7 19- (0 19 19) W19,20 19 19
h P=c

7 20

Node 20

(020 * 20 19} 19,20 20- (8 20 20) 20,21 20 20
h "8 B-49

20 21

Node 21

0 21 20} 20,21 21 21 2 21,22 21 21
- (0 "8 B-5021

21 22

where h '1 is the enthalpy at the intersection of nodes 21 and 22.2
22

.

Node 22

h' P-c B-51 .(0 22 2 ) w21,22h ~ (022 * 22 22) +022 2222
22 23

where h is the enthalpy at the intersection of nodes 22 and 23.
22
23

Node 23

(0 23 22) 22,23 ~ (023 * 23 23) W23,24 +623 **23 ~'23
23 24

where h '3 is the enthalpy at the intersection of nodes 23 and 24.2
24

Node 24

h' h h B-53(024 * 24 33 ) W23,24 +024 " *24 +IO24 * 24 24) l' + (024 * 24 24) 2
24 13 16

Node 25

(0 25 6 )h F "6,25 *IO25 * 25 18) FH 18,19 25 25 25) 25 +625 " *25 3-54h ~ IO25 H
25 25

The pressurizer equations will be derived next. When both the stean and liquid

regions exist in the pressurizer, any of the following 4 pressurizer states can

occur:
B-9
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State 1: Superheated steam, subcooled liquid

| State 2: Superheated steam, saturated liquid *

State 3: Saturated steam, subcooled liquid
State 4: Saturated steam, saturated liquid

When only a single phase exists in the pressurizer, any of the following 4 states
can occur:

Scace 5: Superheated steam, no liquid
State 6: Saturated steam, no liquid
State 7: Subcooled liquid, no steam

State 8: Saturated liquid, no steam

State 1: Superheated Steam, Subcooled Liquid i

Using Equations B-1 and B-2 for conservation of mass and energy, respectively, and
the definitions from Equations B-23 and B-23, we obtain for the steam and liquid
regions:>

- m,v,p + h, (IWg g), - (ZhWg,g), + m,b, = Q, + (IhW,,g),- h,(W,,g) , B-55

-a,v)+h,(IWht)w - (IhWg,g),+ m,b, = Q, + (IhW,xt) ,- h,(IW,,t) , B-56

For this state (IWht)s and (IhWg,g), are zero since there is no flow or enthalpy
transport between the liquid and steam phase. The terms (IW g), and (IhW g),
include the mass flow rate and enthalpy transport due to sprays, relief valves,

and safety valves. Q, is the net heat rate into the steam region due to wall

heat losses. The terms (IWht)w and (IhWht)w ***

(IWg,g) ,= W ,26 ''
8

(IhWht)w = h,,g 8,26 ~'W

where

h *I =f8' 8,26 >0 B-59
*

(,h , W8,26 <0y

Consequently, Equations B-55 and B-56 become:

-a,v,$ + m,It, = Q , + (IhW,g), - h,(IW,g) , B-60

'h,- h 8,26 + "w w "O + (IhW g) ,- h ,(IW,g), B-61 i*VP+ www srg w

:

B-10
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| Substituting the mass balance (Equation B-1) 'and steam properties into the
i

! constant volume constraint (Equation B-7) yields:

" 3* hg 0* *

a, BP
+ m, P + V ,W + m, ( = - GWgs w

3P'

3h Bhh h1

p p B-62

- v,(IW g),

These equations (B-60, B-61, and B-62) describe the conservation of mass and
,

energy consistent with the equation of state and the pressurizer constant volume
constraint for pressurizer State 1.

State 2: Superheated Steam. Saturated Liquid

In a similar manner we derive the equations for state 2:

1 -
. , , o

- m,v,P + m,h, + h, - h WB " S + (IhWat)s - h,(IWext)s B-63s

r

,

'

I
~' 1'dhf *

g m,P + h -h Ng arg 8,26 + h -h W = ( + (ZhWext}w
-v ~

g g B
j dp g , i i

B-64- -1

f( ext)w
f av, dv }. Sv,g 3

,

+m P+vW
s s f B " "s (f 8,26 + 's + *~#

m, B y ext s,

P dp adh|
' k A

, ,

ti p B-65

"f ( ext w

State 3: Saturated Steam. Subcooled Liquid

I I '

Av mP+ h -h W =Q +(IhWext)s -hg (I Wext)s B-66a f g c sg
(dP j b 4

t i.

W + "w y= Q, + (IhW g),-~ "w# P + h, - h 8,26 + h, - hg e
h

w srg

h,(IW ),

B-11*
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dv av 3vd +m P+vW v V W +m

" "
s dp w 3p w 8,26 + i w

a h =-

g, c w Sh w
" "

p B-68

(IW,g), - v, (IWat)w-v

State 4: Saturated Steam. Saturated Liquid

'dh f *

__g - v mP+ h -h' W =Q + (IhWext)s -hg (IWext)s B-69g a g, c s
L dp ,

t i e i i i

dhi vg m,P + hg-h w
stg, 8,26 + ,h -h WB"O +g g w

i P B-70

(IhWat)w - h (IW g),g

.

+ "w + # N + *f 8,26 + f ~ *g C g
* ~ "f Bs

d ' B-71

g (IWg ) , - V, (IWg),=-v

State 5: Superheated Steam, No liquid

e .

8,26(h-V P + W srg) + m h =Q + (IhWext)s -hs (IWext)s B-72-h
p s ss a

av av.

* #+ s 8,26 + *s ah s "~ #s( ext)s ~

s

h p

State 6: Saturated Steam. No Liquid

m, b-V h -h WC"9 + (IhW,xg), - hS (IW,xg),8,26(h stg) +P+W -h g g sg
i dp

B-74

bP-vW B-75+vWg 8,26 = V (IWext)s
m

s gc gdp

B-12
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State 7: Subcooled Liquid. No Steam

. . , , .

-VP+ h, - h w hp arg, 8,26 + "w y = Q + (thW t)w - h, (IW g) B 76

av av." "
m, P+vWy 8,26 + "w Bh 'w " ~ "w (Zwnt)w B 77

h p

State 8: Saturated Liquid, No Steam

, dh g 3 ,

srg 8,26 + h -h, W = ( + (IhW,,t) ,ff"w dp p
+~ ~

g B
I

d

B 78

h (IWut)w
-

g

m fP+vW g 8,26 " ~ f(I ext)wy ~

For this state, boiling flow is included when the pressurizer valves are open. The
single phase saturated liquid state can exist only if the relief and safety valve
flow rate exceeds the rate of formation of saturated steam due to boiling at the
top of the pressurizer. In deriving the equations for this pressurizer state, it
is assumed that WB 1 valve, valve t tal mass flow rate (1bm/sec) through#* =

the pressurizer relief and safety valves. We also define h ,7y, = average specificy
cnthalpy (Btu /lba) of the above flow, W It is assumed that there is noy,1y,.
clip between phases at the valves, so that the relation
h wvdve @e = h W .+ h (Wy,1y, - W )gB g B

~

is applicable. In deriving the equations for this state, we have used:

(IhWext)w =-h Wvalve valve + h W B 81spray spray
This can be re-expressed as

e

(IhWut)w = (EhWat)w - (h -h)W B 82g f B

t

where (IhWext)w =-hWf valve + h W B-83spray spray

B-13
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THE THOM AND MARTINELLI-NELSON TWO-PHASE PRESSURE DROP CORRELATIONS
.

The CESEC code has a treatment of two-phase multipliers based on

a combination of the Thom and Martinelli-Nelson correlations. The
Thom correlation is used down to pressures of 250 psia at which pres-
sure the code then switches to calculate the two-phase multipliers
based on the Martinelli-Nelson correlation. The switch at 250 psia
takes place because the data taken on unheated pipes applies only
down to this pressure. The transition from the Thom correlation to
the Martinelli-Nelson correlation is made by a step-wise change.
At low pressures the Martinelli-Nelson correlation is still con-

sidered the best.

The Thom two-phase multipliers are given as functions of pressure
and quality. CESEC uses the, unheated tube data (see Table C-1) .

The formulation of the modified Martinelli-Nelson correlation presently
.

employed by the code is as follows. Note that bulk boiling is assumed.
in the flow paths. When the quality is 0.'0, the two-phase multiplier
is set equal to 1.0-

In the bulk boiling range where the quality, x, is >0.0, the following

equations are used for the calculation of the two phase multiplier.

For pressures, P, less than or equal to 2000 psia $2 is given by:

42 = 1.0 0< X> 0.02 (C-1)_

C-1
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TABLE C-1

VALUES OF FRICTION MULTIPLIER USED IN THOM'S CORRELATT.ON FOR UNHEATED TUBES

AS A FUNCTION OF PRESSURE AND QUALITY

.

Pressure (rsia)

Quality 250 600 ' 1250 2100 3000

1 0.0 1.00 1.05 1.00 1.00 1.00

2 .010 2.12 1.h6 1.10 1.00 1.00

3 .015 2 71 1.60 1.16 1.00 1.00

h .020 3.22 1.79 1.22 1.06 1.00
.

5 .030 h.29 2.13 1 35 1.11 1.00.

6 .0h 0 5.29 2.h9 1.h8 1.16 1.00,

7 .050 6.29 2.86 1.62 1.21 1.02

8 .060 7 25 3.23 1 77,. 1.26 1.03
,

9 .070 8.20 3.61 1 92 1.31 1.04

10 .d80 9.15 3 99 2.07 1.37 1.05

11 .090 10.1 ' h.38 2.22 1.k2 1.06

12 .100 11.1 4.78 2.39 1.h8 1.08

13 .150 15.8' 6.60 3.03 1 75 1.16

1h .200 20.6 8.h2 3.77 2.02 1.2h

15 .300 30.2 12.1 5 17 2 57 1.k0-

16 .h00 39.8 15.8 6.59 3.12 1 57

17 500 h9.h 19 5 8.03 3.69 1.73

18 .600 '59.1 23.2 9.h9 4.27 1.88

19 700 68.8 26.9 10.19 h.86 2.03
*

20 .800 . 78.7 30.7 12.ho 5.h5 2.18

21 900 88.6 3h.5 13.80 6.05 2.33

22 1.000 98.86 38.3 15.33 6.66h 2.k80
.

C-2
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X(0 9326 - 0.226x10-3 p)
42

1.65x10-3 + P [ 2 988x10-5 + P (-2 528x10-9) + P2 (1.1hx10-ll) ]

0.02<xc_0.2 (C-2)

X(1.0205 - 0.2053x10-3 p)
42-

7 876x10" + P I 3.177x10-5 + P (-8.728x10-9) + P2 (1.073x10-11) ]
0.2<x<1.0

(C-3).
.

The values of 42 are then corrected for r. ass velocity, thus, the following

equations are yielded for lov pressure (<1850 psia) tulk boiling

for 0 > 0 7x10

"
f 6' I 6' "

42= 1.26 - 0.0004 P + 0.119 + 0.00028 P 10
, G j, (C-4) -

for G<0'.7x10 :

c42= 1.36 + 0.0005 P + 0.1 - 0.000714 P 4 (C-5)
'

6
. 10 l >106;l

|

:
|

,
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APPENDLX D
a

Di.RIVATION OF ENTHALPY TRANSPORT EQUATION (CORE AND STEAM GENERATOR NODES)
.
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In the occnn generator nodes, a reference exit temperature is calculated for
-

comparison with the calculated exit temperature to insure that the heat transfer

has not violated the 2nd law of thermodynamics. The reference temperature

of the exiting flow of a node for heat transfer into the secondary: side must

be > to T For heat transfer into the primary side, the referencesecondary.
temperature must be < to Tsecondary *

l

| If the temperature of the exiting flow does not violate the 2nd law, then
.

the solution progresses without corrections. However, if the calculated

temperature does not satisfy the applicable constraint (see previous para-

graph), then the enthalpy of the exiting flow is recalculated.

|

For subcooled water and two-phase fluid, the exiting enthalpy is set equal

to the node enthalpy:

h (t + at) = h (D-15)
g node

D-3
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When the exit fluid temperature is set equal to the reference temper'acure,
the net heat transfer rate into the node must be recalculated using Equa-
tions D-13, D-14, and D-15 and solving for Q. If the temperature of the

primary fluid is close to the temperature of the secondary side node, it
is possible that the heat transfer rate as recalculated will be in the

opposite direction from the heat transfer rate originally calculated by
the steam generator algorithm. When this condition occurs, the heat

transfer rate for the node in question is set equal to zero for that
time step.

1

)

r

1

1
.

.

D-4
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APPENDIX l

DERIVATION OF THE SURGE

ITERATION SCHEME *

N (1) = Delta in pressure between the pressurizer and RCS pressureLet h
derivatives with respect to time. Used in the thermal-
hydraulic equations to determine the surge mass flowrate,
w( (ith) iteration).

d,,(1) = Delta in pressure between the pressurizer and RCS pressure
derivatives with respect to time. Determined from the
solution of the momentum equation ( (ich) iteration) .

In ordge for convergence to occur the values of dTh and N , must intersect
the 45 line shown in Figure E-1. at the same point or the in,tersections must
be within a certain deviation of each other. The deviation is defined by
the convergence criterion.

N (m) be the value used' for the mth iteration of the solutionLet Th
of the thermal-hydraulic equations. In order to predict

the new value of AFw (m) lets

( - AiTh(m-1)) d(ofw,) = change in dw, (E-1) ,Th(m)
d(APg)

where, -

d(AP ,) , N ,(,,1) - k (m-2)w y s

d(APg) g (m-1) _ gTh Th(m-2)

As shown in Figure E-1 "a" must equal "b" for convergence to occur, thus,
,

change in d , = d (,)- d"s(m-1)y g (E-2)
'

and (g )

s (m-1))Th(m) Th(m-1) (4h ) Th(m) W~ ~ ~

y
, s .

(E-3)_
Rearranging terms and solving for d (m) yields,h ,

d(APg)
~

w (m-1) (E-4).Th (m-1) d(APw )g (m) ss.,

! Th 1 - d(APg)
d(APw,)

,

The above, equation has the characteristic of predicting the resulting APw (m)
3given a AP Thus, it intrinsically converges on the proper solution.g.In coding kuation' (R ~4), consideration was given to the possibility of the

prevents a division by,) being equal to zero.denominator and d(AFw The logic built into the code
zero.

E-1

'
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SURGE LINE ITERATION SCHEME

Figure E 1
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F.1 Introduction

The nodal of the letdown line break used in CESEC is briafly descrihed in this
appendix. A sample schenatic of the nain components of the Chemical and Volune
Control Systen (CVCS) associated with the evant is shewn in Figure F-1. As

sean from this figure one end of the letdown line is connected to the cold leg
of tha Reactor Coolint System (RCS). The letdown flow passas through th9 tube
side of the Regenarative Heat Exchanger (RHX) and to the outside of the
containment building through a penatration in the contain.aent wall. Tha
letdown flow is cooled in the RHX by the charging flow in the shell side. The
lar.down line can be isolated by means of isolation valves inside the
containment. A break in the letdown line upstream of the letdown control
valve is identified for the purpose of illustriting the nodel.

The pressure and enthalpy of the prinary coolant in the cold lig of the RCS at
any given time is known from the CESEC cada computations. The latdown line
break model itaratively calculates the pressure drop in the letdown line and
the heat transfer in the RHX. The flow through the break is computed using
critical flow tables.

F.2 *!athematical Modal.

Two simplifying assumptions are made in the modal. The pr'ssure drop in the
letdown line assumes single phase (liquid) flow. The heat transfar in the RHX
also assures single phase (liquid) flow in the tube and the shell sides of
the RHX.

F-2
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The single phase turbulent flow pressure drop in the letdmn line can be
calculated using th* Darcy oquetion

"'2 K (F-1).

1 g

h2g
c

wh?re,

AP is the pressure drop batwean points 1 and 4 in tha lordown lina (saayj
Figure F-1), lbf/ft-

s is the letdown flow rate, Ibm /hrj
2A is the cross tactional area of the letdown line, ft

g is the gravitational constant (4.17x10'3.lbn ft/lbf hr )i
c ,

p is the averag9 density of the coolant in the lotdown lina, Ibn/ft",

K is tha total loss co9fficient (i.e., friction + entrance + exit + bends)gj
Pnd is assumed to be constant.

.

The pressure at the break location (location a in Figure F-1) is given by

AP4=Py- P4 (F-2)t

Tha pressure drop b<itwean points 1 and 4 is smaller for single phase flow than
for co responding two-phase phase flow. Consaquently, the pressura at the

;

' break location would be larger for single phasa finw, leading to a larg'r nass
discharge through the break. Henco, the assumption nide in the model, that tha
pressure drop calculatinn assumes single phase fluid leads to conservative
results. ,

,

The anthalpy drop of the letdown fluid through th? RHX is dapendant on th*
mass flow rates and the inlet temperatures of the latdown and charging fluids.

!

. F-3
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The temperature of the letdtr.vn fluid at the RHX exit is calculated from the

following squatiems:

|
I

t 1-exp UA(1-Rf - t1j (1-R)ci
"A Cp - (F-3)j g

t =

1-R)
: R - exp

A Cpjl

where, AC
I DI

R=ACc pc

t), and t 2re the temperatures of th* 1etdown fluiri at the RHX inlet andjg
outlet, "F.

t is the temperature of the charging fluid at ths RHX inlet, "Fci
$ , A are letdown and charging finw rates, lha/5r

3 c
Cp,C are the specific heats of letdown and charging fluids,pc

RTU/lbm OF

U is the overall heat transfer coefficient, BTU /hr-ft - F

2A is the heat transfer area, ft .

The haat transfer coefficiant U is dependent on the letdnwn and ch9raine finw
rates. UA is givan by the following C-E generated empirical equation.

(UA)~I = X * G10.8 ,y . G-0.8 ,7 (p.4)
c

where,

r,3 and r,c are the letdown and charging flows in gallons / minute.

X,Y, and I are constants dep?ndent on the design of tha RHX.

F-4
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The an*halpy of the I edown fluid at the exit of the RHX is assumd to be the
'

saruration liquid enthalpy at tamperature t unce the prissure andjg.

enthalpy of the 1!tdown fluid at the break are computed, the flow through ths
break can b1 solved for fron the critical flow tables built into CESEC.

F.3 itorative Procedure

The following iterative procedure is used to calculata tha flow throug5 th7
braak

1) A reasonable value is assumd for the pressure drop AP)4(e.g., APj4= RCS)2

2) The pressure at the br?ak location is calculated from Equation F-2.

1) I! sing Equation F-1 the Darcy flow rate in tha letdown line is calculatad.

.

4) Using the Darcy flow rate in Equations F-3 and F 4, the temperature of the
letdown flow at the RHX exit and the corresponding saturation enthalpy can
be calculated. ' The values of other paran9ters such as t tc9, andjj,

n an pmiN by CESEC.
e

5) Knowing the pressure and enthalpy at the break location the critical flow
through the broat is calculated from tables.

6} Steps 1 to 9 are repeated by iterating on AP (Newton's n.3thed) until the
calculated values of the narcy flow rate and tha critical flow agree within

a specifi $d criterion.

7) Tha value of i (see Equation F-U is recalculated based on the new flou

| r.ite and tenparaturas. (p is the avarage density at P and T whan
RCS

T = ( T + T.,) / ? ' Saa F i gu re F-1) .
j 1

B) Staps 1 to 7 are repeated using the new averag3 density until tuo
successiva values of p conv$rge within a specified criterion.

F-5
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Figure F.1

F-6 i

.-e+.-,.- . - _ _ . - , - . , , _- - - - - - , . _ . . _ , _ _ , ,,---,--7.- y._ -.9_ - ., y m., , ,, %. w-- ,---w y-,-, w



_

'

APPENDIX G
,

FLUID PROPERTY DERIVATIVES

G.1 Pressures Greater than 550 osia
Saturated fluid enthalpy total derivatives (Subroutine DPOLY):

8
f nA P"~1 (G 1).

dp n
n=1

# 8
n-1 (G.2)nB P=

n=1

.

Subcooled water specific volume partial derivatives (Function WATPR):

4

(C h + 2C Ph ) Vsub (P,h) ( G.3)-
k,2

BP k=0

2

(C p" + 2C p"h + 3C Ph + 4C Ph) V,3(p,h) ( G.4)=
3,n 4,n

Oh

p n=0

where

Vs b(p,h) exp Z(p.h) ( G.5)=

4 2

C p"h ( G.6)Z(p,h) =

k=0 n=0

(
|
|

| G-1

|

|
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Superheated vapor specific volume partial derivatives (Function WATPR):

av
_

E -Ep-2 + E h - E hp ( G. 7)
-2

=
2 2 5 6

BP
h

av
-l4+Ep+EP (G.8)=E

5 6_

Sh

.P
t

Two phase specific volume partial derivatives (Subroutine PRPDER):

dv dv gj dh dh- -v
av g fv -

g g
*(1-x) +x= (1-x)_ .

+x -

dp dp gh h j dp dp
-

g3p . -

h
,

|
Sv v -v v

8 f f8 (G.10). .
_

Sh h -h h
g g gg

i
|

|
Total derivative of specific volume (Function WATPR):

d_v. , ,3_v, av dh (G .ll)4
dp 3p Bh dp

h p

|

G.2 Pressures Less Than or Equal to 550 psia

Saturated fluid enthalpy total derivatives (Subroutine PRPDER):

'

dhg 7

= A1 (L10E)/ P(A2-log 10(P)) + A4 (L10E)/ p + 2A5 (log 0(P) )L10E/p (G .12)g 1

f 1

| |

I = dh f - Bl(L10E)/ p (log 10(P) + B2) + B4(L10E)/p (G.13)
! dp dp i j

| |

|

| G-2 '

l
.
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Subcooled water specific volume partial derivatives, h < 277.2 BTU /lbm (Sutroutine
PRPDER):

_

-

av = - (C4 + C5h +C6h )/(p1 ) (G.14)
,

3p
h

av = - (2C2h + 4C3h + 2C5ph + 4C6ph )/(p1 ) (G.15)N
P

.

where

p1 = C1 + C2h + C3h' + C4p + C5ph + C6ph (G .16)

Subcooled water specific volume partial derivatives, h > 282.8 BTU /lbm (Subroutine
PRPDER):

I = -(1/p2 ) D4 + 1/(h-D3-D6p) D6 D2 + D3p)/ [h-D3-D6p) + DS) (G .17)

3p
, h

-

(L/p2h ( D2 + D5p ) / ( h - D3 - D6p ) (G.18)=

Sh

P

where

p2 = D1 + D4p + (D2 + D5p)/(h - D3 - D6 p) (G.19)

Subcooled water specific volume partial derivatives, 277.2 < h < 282.8 BTU /lbm
(Subroutine PRPDER):

03 = Kpy + (1-K) p2 (G .20)

where

3K = (-3S + 10S - 15S F 8)/16 (G .21)

S = (h - 280)/2.8 (G.22)

= -(1/p3)[K(C4+C5h + C6h ) + (1-K) (D4+(D2+D5p)D6/(h-D3-4

3P h D6p) + D5/(h - D3 - D6p) (G. 23)

G-3
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= -(1/p3)(K(2C2h+4C3h3 + 2C5ph + 4C6ph ) + (p - 0 ) -
Y

y 2,

Bh
p (1-K) (DZ + D5p)/(h - D3 - D6p)2 (G . 24),

where

dK
--- = 1/16 (-5.357143S2 + 10.71429) - 5.357143 (G.25)
dh

Superheated vapor specific volume partial derivatives (Subroutine PRPDER):

[ is given by Equation G.7
Sh

h

_', is given by Equation G.8
Bh

P

The total derivatives of the saturated liquid and saturated vapor specific volumes
with respect to pressure are given by Equation G.11.

3* #
The equation used for the partial derivatives and for the case of a

Bh ah
P p

j two phase mixture are the same as was used for pressures greater than 550 psia
| except the independent variable derivatives are determined using the BNL func-
| tionals.

!

1
1

G-4
,
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G.3 Nomenclature and Constants, --

h Enthalpy (BTU /lba)
p Pressure (psia)

,

k,n

k/n 0 1 2

0 -0.41345E + 01 -0.59428E - 05 0.15681E - 08
1 0.13252E - 04 0.63377E - 07 -0.40711E - 104

2 0.15812E - 05 -0.39974E - 09 0.25401E - 12
3 -0.21959E - 08 0.69391E - 12 -0.52372E - 15
4 0.21683E - 11 -0.36159E - 15 0.32503E - 18

3v Specific volume (ft /lbm)

-| x Quality
3v Specific volume of saturated water (ft /lbm)g

v Specific volume of saturated steam (ft /lbm) -

g
h Enthalpy of saturated water (BTU /lbm)g

h Enthalpy of saturated steam (BTU /lba)
8

A, 0.182609E + 03

A 0.144140E + 01y

A -0.387216E - 02
2

A 0.651417E - 05
3

A -0.638144E - 084

A 0.369701E - 11
5

A -0.124626E - 14
6

A 0.225589E - 18
7

A -0.169253E - 22
3

- B 0.115216E + 04
0

B 0.460395E + 00y

B -0.159024E - 02
2

B 0.286502E - 05
3

|
G-5
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B -0.299850E - 084

B 0.185137E - 115

B -0.664224E - 15
6

B 0.127776E - 18
7

B -0.101790E - 22
8

E -8.1735849 x 10 '
-

1

E 1.2378514 x 10"
2

3
E -1.0339904 x 10

3
~

E -6.2941689 x 10
4

E -8.729216 x 10
S

E 1.2460225
6

log 0(*}L10E
1

Al 1376.8
,

A2 5.1085

A3 -199.78
A4 24.262

A5 1.71 *

B1 500.0

B2 -4.062
B3 1158.86

34 -13.56
C1 62.4

-5
C2 -8.73 x 10

~

C3 2.32 x 10
C4 2.14 x 10
C5 1.43 x 10 '

~

-15
C6 -6.2 x 10

D1 92.924

D2 39440.2

D3 1377.35

D4 5.761 x 10 '
~

D5 1.6386

D6 0.035704

30 Density (1bm/ft )

G-6
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APPENDIX H -

,

'

DERIVATION OF THE SPECIFIC VOLUME PARTIAL
DERIVATIVES FOR A TWO-PHASE MLXTURE

.

For a two-phase mixture

v(p,h) = (1 - x(p,h) v (p h ) + x (p.h)vg (p h )g g g

Fu av
'

we have
- (H.1)'

.

Sh

P

f(P,h ) +#
(1 - x (p,h)) v (p,h ) + (1 - x(p,h)) g=

g g
Bh Bh Bh

'
P

P -

x(p,h) v (p h ) + x(p,h) g(P,h )#
g

Sh 8 8 Sh

P P
.

and

.

3x (p,h) B f h-hg) 1
(3,3),

. __

Bh Bh h -h h -h
i 8 fl 8 fp

P

i Therefore, |~;

3] ~# # # -#
= g f (H.4)f + g -=

3h h -h h -h h -hg g g g g

;

! For av we have

! BP

| h
!

3[1 - x(P,h)) y
av (p,h )'3# g g + (H.5)

f f) , _ ( )- =

|
-

| 3p 3p 3p
! h h h

|

3x(P,h) 3* (P,h )
v (p,h ) + x(p,h) g g

8 8 ap -
3p ,-

h ~

H-1 ht s
x

,
% *,
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*
.

<

.

and, *

3x(p,h) 3 h - h (p)-

g
-

3p h (p) - h (p)
3p g g

.

which yields

3 x(p,h) fdh dh l
~

-(h-h(p))h(p)-h(p) 8 f= - -

g g
dp dp ;3p h

*, _1

(h(p) -h(p)) dhg
g g

3x(p,h) .

1 .

b -x
dh ,dhg" ~

gx
3p h (p)- h (p) dp dp dpg

~

h
'

3x(p.h) ~

1 (1 - x) dh dh
f + g (H.7)= -

dp dp
3p h -h-

I f "

h' ~ "

''

Therefore,

av dv v' -

+xb + (1-x) dp
#

f-x)dpf f= ~
_

_

h -h dp h -hSp g g g
h - -

.

dv+b +x g (H . 8)(1-x) f

dp dp dp
*

.

or

+xb - * ~ "f (t_x) dh
OV = (1-x) d#f

"

g dhg ,x i gg,9)
dp dp h -h

f dp dp3p j
,

.h -

\ .

-

H-2,

i

e-

h
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In summary, for a two-phase mixture

(H.10)=

Ip

and

'

(1-x) "f + x b - (1-x) dhf +x (H.11)=

dp dp h dp dp
h kI a ,. .

The total derivative of specific volume with respect to pressure is

I = (1-x) xb -h (1-x) f + x +h $ (H.12)
#
f +

dp dp dp h dp dp h dpg g

or

+xb+v b (H.13)
#

(1-x) f=
gg

dp dp dp

where
.

dx 3x 3x dh+ (H.14)=

dp 3p Sh dp
h p

i

l
:

l
i

H-3
i

!
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The purpose of the essessn91t of CESEC is to examine the capihility of the
co@ to pr1 dict rysten responsa for P'!R non-LOCA initiating evenes for a ranga
of operating c'Aditions. This activity includes varification of code /nodels

through cor141 son to applicable experimntal data and benchmarking of
coda /nodels through comparison t.3 other code /nodels performing a sinilar
calculation. Th= assessment of tha code against plant test ('ata satisfies an
URC request that experimental data be used in the verification of safety
an= lysis computer codas.

Dir1ct compreison of CESEC his been perforrod against the following C-E
codes:

1} COAST't) - Four pump coastdown
i

2) CEFLASH 4AS(2) - Oapressurization event
.

Qualification of the CESEC code against experimental results includes the
following tests:

1) Hot z ro power four pump coistdown
2) Turbine trip

3) thtural circulation cooldown

To show t% accuracy of the pump nodel described in Section d.0, a comparison
has b?qn nide of the volunetric core ficw fraction during a four punp
coastdown transinnt. Figu rl T-1 shows excellent agroemnt between the CESEC
and COAST codes. The C0AST code is an ?!RC approved digital computer progran
us.ed by C-E to analyze coastefown transients for the reactor coolant pumps.

III CEMPD-M, "C3AST CODE DESCRIPTT0fi", April,197?

2? upp1*mnt 1 to CE!'PO-133, "CEFLASH aAS o Computer Program for the 7eactorS

Blnwdown Analysis of t!ve Small 9rnak Loss of Coolant Accident", tugust,1979.
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Figure I-2 shows a comparsison of the flow fraction predicted by the CESEC
code against test data. The data corresponds to a hot zero power coastdown
transient performed during the plant start-up of a C-E NSSS. Again excellent
agreement is shown between CESEC and tha reference data.

To show the adequacy of CESEC in predicting pressurization and depressurization
transients, a comparison has been made of the code response during a full pever
turbine trip test. The test data was compiled during the plant start-up
testing of a C-E NSSS. The turbine trip is an avent which results in a rapid

increase in primary and secondary system pressures. For the test, the plant
control systems were all in the automatic mode and operating normally except
for the steam dump and bypass control system (SBCS). One atmospheric dump

valve (ADV) located downstream of the main steam isolation valves (MSIVs) was
isolated and the two atmospheric dump valves located upstream of the fiSIVs were

in the nanual mode.
.

The test was initiated by manually tripping the main turbine from the control
rnom. The SDBCS responded to the turbine closure by initiating quick open
signals to the dump and bypass valves. However, the capacity of the valves to
pass stean was degraded to about 45 percent of the full power steam flow. The
main feedwater floa which tried to m3tch steam flow was also degraded.
Therefore, as a result of the mismatch between energy generation and energy

I removal, both the primary and secondary systems internal energies increased,
the primary and secondary temperatures increased, the primary and secondary
pressures increased, and the steam generator level decreased. The pressurizer
spray flow also increased in an attempt to moderate the increase in pressurizer
pressure. At 6.1 seconds into the transient, .the reactor tripped on a steam
generator low level water signal. Following the reactor trip, the pressure

,

increases terminated.

( . . _. ..

| After the primary and secondary pressures reached peak values, the pressures

| began to decline and signals were generated to close both the pressurizer spray
valve and the steam dump and bypass valves. The three turbine bypass valves

~ ~ ' fully' clos ~ed, ~ b6~t 1ihs ' press 6rizer s;friplilve' failedlo reseaf~and the
~

j atmospheric dump valve remained fully open. The unexpected failures of these
valves enhanced the cooldown of the system. All three charging pumps were

! -
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automatically activated and a SIAS was generated. The pressurizer pressure and
temperature continued to decrease and the pressurizer emptied. Following NRC's
directive, the operator shut off all four RCPs after the SIAS was generated.
After isolation of tha ADV by closure of the f1SIVs, following = :nain steam
isolation valve signal (MSIS), the cooldown was terminated and the pressurizer
began to refill.

Comparisons of the turbine trip test were performed using the CESEC-I and CESEC-
III versions of the CESEC code. Table I-1 summarizes key events during the
transient and demonstrates the closeness of the CESEC pr? dictions with test
data.

The steam generators 1 and 2 pressure responses are given in Figure I-3. The

pressure responses exhibit non-symmetric behavior caused by the non-symmetric
staam flow. Steam generator 1 experiences a low:fr peak pressure and a lower
mininum pressure than steam generator 2. This is consistent with the steam
flow behavior which is caused by having two bypass valves and the single
operable dunp valve connected to the steam generator 1 steam line header and
only the third bypass valve connected to the stean generator 2 steam line
header. The calculated CESEC results agrae well with the experimental results
as saen from Figure I-3. The peak pressures calculated by CESEC are higher
than those recorded in the test. This difference in secondary peak pressure
can be partly attributed to the st.lection of the data values for steam flow

which were used for driving CESEC during this initial transient tim period.

Figure I 4 shows the rasponse of the pressurizer pressure. The pressurizer
pressure calculated by CESEC agrees well with the test results over the entire
transient time simulated. The agreement is within the range of uncertainty
one would expect to exist from the assumptions made in the analysis and
from uncertainty within the data. The pressurizer water level was not directly
recorded until about 22 minutes into the event. However, Figure I-5 shows a
comparison of the CESEC predicted water volume in the pressurizer against that
calculated by related test data. Again as seen from Figures I 4 and I-5, the
calculated CESEC results agree well wit 4 the experimntal results.

I-4



0The CESEC-III calculated subcooled margin had a minimun value of about 10 F
in the closure head node which is the hottest point in the reactor coolant
system during the conldown portion of the transient.

The conclusions from the turbine trip simulation can be sumnarized as follows:

1. CESEC is able to satisfactorily predict the najor fnatures of the
transient.

'

2. Inproved infernation on the experimental steam and feedwater flow rates and
feedwater enthalpy would have eliminated much of the uncertainty in the
simulation as these parameters were used to drive CESEC. For example,

the experimental steam flows level out at a dump capacity of about 12
percent until the 'iSIVs are closed. Closure of the MSIVs should terminate

all steam flow. However, the reduced data indicates a small steam flow
fraction. This inconsistency is believed to be due to uncertainty in

.

the AP measurement used to calculate steam flow rate at icw flow
conditions. The uncertainty in the measurement during low flow conditions
is the highest. Sinilarly, this inconsistency was observed in the
feedwater flow during low flow conditions. The ramped down design value is
5 percent. However, data indicated a ramped down value of 10 percent of
the full power value. Additionally, the emergency feedwater finw was not
measured because the test circuitry used to measure this parameter was not
available for the test. Finally, the temperature (or enthalpy) of the
emergency feedwater was not measured in the test.

To demonstrate CESEC's capability for predicting steam formation in the reactor
vessel upper head, a comparison has been nada of the code response against data
during a natural circulation cooldown. On June 12, 1980 a loss of component
cooling water event occurred at a C-E NSSS. The event was initiated by a short
across a terminal board which caused the cooling water return valve from the
reector coolant pumps (RCPs) to fail closed. Once the failure was discovered
by the operators a manual reactor trip was initiated and all the RCPs were
tripped within the next two minutes. RCP 181 was started and stopped once
thereafter. Nith the raattor coolant systen in a natural circulation mode, th?
operators began the cooldown by reducing the p essure within the primary system.

._
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This was accomplished by using charging, letdown, and auxiliary spray and by
cycling the atnnspheric dunp valves. At approximtely 3.5 hours after reactor

trip the operators observed an unexpected rate of pressurizer level increase
when depressurizing with the auxiliary spray system. Subsaquently, a drop in
pressurizer level was observed when charging flow was shif ted from the
auxiliary spray to the cold legs.

The results of the CESEC analysis are presented in Figures I-6 and I-7. Figure

I-6 shows the pressurizer pressure and level as a function of tima and Figure
I-7 shows the core inlet and outlet temperatures as a function of time (number
in parenthesis is wall clock). The plant pressurizer response was simulated in
CESEC by the proper selection of charging, sprays, and letdown flows. This
information was not available and, thus, in running the code, assumptions had
to be made for the simulation of tha operator actions in regard to charging,
sprays, and letdown.

'

The following conclusions were drawn from the CESEC simulation of the natural
circulation ccoldown.

1. . The pressurizer liquid response is a good indicator of voiding within the
closure head. The pressurizer level behavior occurring after 12000 seconds

~

is the result of a steam bubble being forned in the reactor vessel
closure head region and part of the upper planum. This indicated rate of
increase of the pressurizer liquid level is as nuch as four times as great
as should have been caused by the rate of volumetric addition of liquid to
the reactor coolant system.

2. The maximun fraction of voids predicted did not exceed the reactor vessel
,

fluid volume above the top of the hot leg nozzle. The CESEC results
3indicated that the steam bubble reached a maximum size of about 1158 ft

before the voids started to collapse. Collapse of the voids was predicted
3to occur before the hot legs started to void (about 1300 ft ). Addition-

ally, the CESEC simulation indicated that the voiding did not nitigate to
other regions of the reactor coolant system. The reactor vessel outlet

temperature was sufficiently subcooled to prevent this phenomenon from
occurring.

I-6



3. The CESEC code was able to satisfactorily predict the transiant response of
the natural circulation cooldown event. Th? code predicted results which
were consistant with the physical assumptions made. flore information on
the transient, such as nper3 tor actions annd auxiliary feedwater enthalpy
and flow, would have reduced the number of assumptions which hari to be
made to drive CESEC. Thus, the additional information would have provided
a more realistic data base with which to assess the code predictions.

To further substantiate CESEC's capability to simulate depressurization events,
a comparison was also made between CESEC and another C-E thermalhydraulic code,

CEFLASH AAS. The event analyzed was a leak in the cold leg piping at the
junction between the cold leg and the letdown line. The size of the leak was
representative of twice the size of the letdown line. The results shown

in Figures I-8 through I-10 should only be viewed in terms of the capability of
both codes to sinulate the system responsa resulting from such a leak (e.g.,

_

partial depletion of the reactor vessel water inventory) and not in terms of
consequences resulting from a letdown line break as analyzed in Chapter 15.5 of
a FSAR (e.g., no depletion of reactar vessel water inventory). The assumptions
for this analysis in terns of systems operation (e.g., CVCS in manual),
location of break (e.g., inside containment), etc., are not compatible with the
assumptions nade for Chapter 15.6 analyses (e.g., CVCS in automatic) for the
limiting letdown line break which for dose consequences is located outside the
containmant.

Figure I-8 shows a comparison of the RCS pressure response between the two

codes for 1000 seconds of transient time. The comparison was terminated at
1000 seconds as after 421 seconds the safety injection flow (HPSI) begins and
starts balancing the mass losses resulting from the leak. The peak in RCS
pressure predicted by CESEC at about 175 seconds results from the partial
closing of the turbine admission valve which is trying to maintain the load
(steam flow) constant as CEFLASH-4AS did (note that the reactor pnwer increasas
prior to reactor trip). No pressure peak is shown by CEFLASH-4AS as the
turbine admission valve is not modeled by the code. The second RCS pressure
peak predicted by CESEC following reactor trip results from the full closing of;

i

the turbina admission valve following turbine trip. Again CEFLASH 4AS did not

I-7
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predict this peak as it does not model this system. After reactor trip CESEC
predicts a slightly lower RCS pressure than CEFLASH 4AS. This is compatible
with results shown in Figures I-9 and I-10 which show, respectively, that CESEC
inventory in tha inner vessel is slightly higher than that predicted by CEFLASH-
4AS and the integrated leak flow at 1000 seconds is slightly lower.

The conclusion from this comparison is that both codes predict very conpatible
results. The naximum deviation in RCS pressure, excluding pressure peaks,

between both predictions is within 60 psi. Tho variation,in effective inner
' vessel two-phase mixture volume after trip is within 2n0 ft . Lastly , -the

difference in integrated leak flow at 1000 seconds is within 5 percent of each
other. Calculational differences between both codes as shown in Figures I-3
through I.10 are attributed to modelling differences. For example, CEFLASH-4AS
is basically a heterogeneous code with nodal fluid conditions evaluated at
local pressures while CESEC is basically a homoganeous code with nodal fluid
conditions evaluated at the avarage system pressure.

.

.

!

!
!

|

i
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TABLE I-1

TURBINE TRIP CESEC COMPARISON

(98 PERCENT POWER)

EVENT TEST CESEC-III CESEC-I

MAXIMUM PRESSURIZER PRESSURE 2382 PSIA / 238(c >SIA/ 2362 PSIA /

8.0 SECS. 8.5 SECS. 9.55 SECS.

MAXIMUM SG1 PRESSURE 1029 PSIA / 1054 PSIA / 1071 PSIA /

12.7 SECS. 14.5 SECS. 18.3 SECS.

MAXIMUM SG2 PRESSURE 1091 PSIA / 1114 PSIA / 1134 PSIA /

12.7 SECS. .14.5 SECS. 18.3 SECS.
~

MSIS 241.5 SECS. 231.0 SECS. 231.3 SECS.

MINIMUM PRESSURIZER PRESSURE 1350 PSIA / 1269 PSIA / 1299 PSIA /

248.0 SECS. 237.0 SECS. 245.0 SECS.

! PRESSURIZER EMPTIES 151.0 SECS. 135.0 SECS. 165.0 SECS.

PRESSURIZER STARTS TO REFILL 308.0 SECS. 331.0 SECS. 323.4 SECS.

.

:
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3 FLOM #00EL--INFORMATI0" 2052-2455,2064,4976-77,6400-688:

4 GENERAL-aEAGTOR-GnHE-INFDAMATION 506,548,4424,1425,454018562-851e tSl4-8517,4 532 rib 43-202b,2051,r,

.

2056-2460,2063-2067,3950

5 REACilVITV INFORMATION 505,511-530,640,645,647,649,8101-1915.1128-1835,1141 8854,1161-1874,
1888-1267,3300-3350,3444-3450,3500-3550,3684-3659,3780-3750,3000-3450,
3877-3879,3888.3942-194),5500-5899

'

{
6 NEACTOR NINETICS INFORMATION 1300-1451.1518-1534

_

7 NEACIOR Cool. ANT PHMP N00EL 8028-1824,1097-1999.1531,1531-8582,2426-2050,6252-6262,6265,7000-7056,
,

7060-7064,78el-7442,750s --

c.,

b 4- PRE 850H I 2 ER-lhF0kM A T IO" t36,3978-1992,3997-4 ele,4el2-4428,4433,4058-4244,4246,
4338-4355,4337,4338,4573

9 SAFETY INJECTION INF0HMATION 258,272-425,435,475,5900-5907

le STEAM GENERATOR INFORMATION 805,833,2880-2284,2290-2292,2507,3001-3005,3008-3033,3440,3048,3153-3155
- 3158,3864-3842,5890,3898,1286,4574,4990,4996,4994,4995,6500-6608 -

,

!! F E E!" * ! 5 " "Y "' 5"O ("*!" ^ _^"".' 2 * * r? " * 2,2e " ^ 4644,JM2ia " , t !i" .

_ .. 12 -.--_ U - N . A - 3 -8 -I-Gr-M- 5 " --

13 SIE AM-SV8 teal-AND-V AL#Es "539-4544,4564,4575 4577,460s-465194653-4668,4664-4666,4713-4759,
4761-4763,4765-4767,4799-4895.4922-4924,4935-4938

14 SPECIAL OPTIONS 2303,5006-3008,3156,3157,4340-4343,4550-4558,4600,4667-4782,4924,4921
,g ---- - - - - - - . 4924,4950-4975,4974,4992,4996-4999 -- --- -

7079-7481,7045
_

15 IRIP INF0HMATION 250,252-258,260-265,426,428-434,442,443,4573,4572'

16 CHITJCAL FLHW MODfL 5001-5006,5081-5018,5021 5028,5031-5038,5041,5042,504a-5369

! 17 IIHkON CONCENTRAT!HN 266.-27 8,3n9 3 -394 8

!* 18 CESEC III PLHf PACNAGE 24-65,8026=1481 '

D____......_.._.. ._ ._ _ . . _ . . _ - . _ . _ . . . _ _ _ . - - . . _ . . _ . . . ... . . _ _ . . _ ._. %

--._-- . - . - . - . .. - . . . . - . . . . - . . . - . . . . . . . - - . - - . - . . - - .- -
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ANE REPLACED DV THIS VALUL ( 0.01 ). !
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tis-e-U8E-FLO4-MODEL ,

0.0 m TA8ULAR INPUT 8

|

A(lo21) DESIGN VOLUMETRIC FLOW RATE FOR RIGHT HAND COOLANT PUMP 3 CPM 3624E*06 I

A(1022) DESIGN VOLUMETRIC FLOW RATE FOR RIGHT HAND COOLANT PUMP 2 GPM .1624E+06

A(1023) DESIGN VOLUMETRIC FLON HATE FON LEFT HAND COOLANT PUMPl GPM 9250E+05

A(1024) DESIGN VOLUMETRIC FLUM RATE FOR LEFT HAND COOLANT PUMP 2 GPM 9250E*05

FRACTION OF FULL MASS FLOW V8 TIME
-a
i

A(1553) NUMBER-OF-POINTS-IN-TABLE s2000E+0i

TIME (SEC) RH LUDP FLun(FRAC) LH LOOP FLOW (FRAC)
'-vEGTe" ' ALMS vic!" "*LU "-VEG:"" e d L-US*

-
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*
m HEAD MULTIPLIER VS. VOID FRACTION TABLE

A(727T) NUMgER OF POINTS IN TABLE .Il00E+02

HEAD MULTIPLIERS VOID FRACTIONS
A= VECTOR VALUE ^= VECTOR VALUE

^!?2793 0, ^!?244! 0
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10RuuE HULTIPLIER VS. VOID FRACTION TAHLE

A( 7278 ). --- NUMUER OF POINT 3-IN-T ABLE - - - - - - - -- - - -- - - - - - - - - - -- - ---- -- . 2 0 0 0 E + 0 B -- -- -- -- - .'.

l' 'l
TONQilE MilLTIPLIERS VOID FRACTIONSO A=VLCTOR V Al.UE A-VECinH - - - - - V A L U E - -- -- --- - -- - - -- - - - - - - - - - - - W

g
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A(4002) PRE 880RIZER-VOLUME FT3 el589E+44

A(4003) PRE 88URIZER-CR088 8ECTIONAL-AREA FT2 5820E+02

A(4334) INITIAL VOLUME OF MATER IN THE PRESSURIZER IF SETPOINT 0.

V ALUE-NU T-U8ED ,--IF-e se,-8ETPOINT-VALUE-16-USED, --

.

A(4338) A C T884 L-L E N G T 54-GF-P R E 8883R I F E R-s uR C E-L-I N E F7 ih25E+02

'443323 '': A"E45 " "" ^"C O SU" Eli" 0;;"0" L:M TT 0436:000

-A(4333) GEHMETRIC-M. FACTOR---FLOW-INTG-THE-PRE 88URIZER 2380E+48 - - - - -

A(4535) HE A T-LOS8-T HR048CN-PRE 880R I ZER-W A LL 8 - BTU /8EC 2070E+02
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PRESSURIZER PROGRAMMED LEVEL VS PHwtR OR COOLANT AVERAGE TEMPERATURE

.

A(4027) CAIN CONSTANT ON MATER LEVEL ERROR AS CALCULATED FROM POWER e.
-- V8-LEVEL-PHOCRA"

A(4028) GA IM-50R-RRE88tsR IZER->A TEp-LE VEL-ERR 04 A8-C ALCUL ATED- FROM- 3000E+08.

LEVEL V3 T. AVG PROGRAM

A(4033) NUNRER OF PHINTS IN TAHLE 5000E+01

PumER(FRAC) TEMPERATURE (F-) VuLUNE(FT3) g

A. VECTOR VALHE A. VECTOR VALUE A. VECTOR VALUE |

|
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- --
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CESEC*lli/88300= INFO = (BASEDEChel300) DATA CHMBUSTION ENGINEERING DEPT. 9487 CE8EC.III PAGE 68
RUN-04TE-ll/06/81 'OS-NOgAGNADI" BEGIN-TIME-15653635 CPU-8ECONDS 13695 V E R S ION--8130 0 C A 8E- NU r--I

::r ::::::::::::::::::::::::::::::

',
e e

t e r-STE AH-GENER ATOR-INFORM AT ION-*
e e
ce**eaeeeeeeeeeeeeeeeeeeeeeeeeeeee:

#

eme-8 I E A M-GENE R A TOR-SPEC I F I C A l lONS -* *

2 8: m:8:
DESCRIPilON UNITS LUCATION VALUE LOCATION VALUE COMMENIS

- ...... ..=- r.......

STEAM GENERATON VOLUME F13 A(3001) 8006E*04 A(3851) 8006E+04

NUMBER OF TUHES A(3002) 84tlE+04 A(3152) 848tE+04,

U=iUHE SURFACE AREA FT2 A(3003) 8945E+05 A(3153) 8945E+05

U. TUBE SPECIFIC HEAT OTU/F A(3004) 1960E*05 A(3154) 1960L*05*

c4 WOLUME OF NATER CONTAINED IN U-TURES FT3 A(3005) .ill7E+04 A(3155) .lllTE+04
b
cn INSIDE DIAMETER OF TUHE IN A(3008) 6540E*00 A(3158) 6540E+00

NUMBER OF U.lDHLS (DESIGN) A(304u) 8485E+04 A(319G) 8485L*04

DESIGN MASS LHS A(3041) 34tlE+06 A(3191) .14tiL+c6
_

NUMBER OF STEAM GENERATORS IN PLANT A(3012) 2000 Ecol,

*

HHSG & LHSG DESIGN U.TURE SURFACE AREA Fi2 A(3201) 9023E+05

4

STEAM-GENERATOR-NA83-Vs-PUuER-LEVEL
...................................

_ . _ _ . .

A(3013) NUMMER OF POINis FOR HHSG TABLE 3000E*02 A(3862) NUMHEN OF POINf3 FOR LHSG IABLE 1000L*02

RHSG LHSG
- POWEN-LEVEL MA33(LEN) - - POWE R . L E V EL MASS (LBM) ----

A. VECTOR VALHE A.VFCinH VALUE A.VECIOR VALUE A.VLCTOR VALUL
__

Af3024) 8 A(30lm) 223tE*06 4(3173) O. A(1963) 225tE+06
"(4a25: .50005400 *!?.015? 3444 F441 'A4874: ,1000E+00----4641644 2444E+06
A(3026) 2000E+00 A(3016) .1954E+06 A(1875) 2000E*00 A(3565) 1954t+06

-- -- A(3027) 3000E+00 A(3087) ,1845L+06 A ( 317 6 )---- . 3 0 0 0 E + 0 0 A(1866) . 3 8 4 5 E + 0 6 ---
A(3028) 5000E+00 A(1018) .l68tE+06 A(3177) 5000E*00 A(3167) .168tE*06

-- - A(1029) 6000E+00 A(10le) ,1620E*06 A(3178) 6000E+00 A(Il68) .3620E+06
A(3030) 8n00E+00 A(3020) .l508E*06 A(3179) 8000E*00 4(3169) .3508t+06
'4843!? 40404400 ^ ! !oa t! .!456E*05 ^63440) ,9000L+00 ^J-5870! .8456E+0t
A(3032) 5000E+0! A(3022) 44tlE*06 A(3tes) 3000L+08 A(3171) .34tlE+06

O - ----g ---- A ( 30 3 3 ) .-- , i l 0 0 b e 01 A(3023) . l I65E * 0 6- - A(3182) - ll00L+01 A(ll 72)- .1365E+06 ---
_ __ - _ _ _ _ _
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K.I Hajor Edits

I. Transient time and CPU time, seconds

II. Reactor Core Inforration

A. Core Power and Heat Flux

Total Pom r, Mit

Instant Power,:4 tit

Decay Power, 'f f t

Power Fraction

Heat Flux Fraction
Average Linear Heat Rate, KU/ft

8. Core Tenperatures,0F

Core Inlet
Core Outlet
Coolant Channel

Cladding Surface

Radial Fuel !! odes

.

C. Core Soron (PPil)
.

D. Reactivity Insertion, 6k = k(t) - k(0)

Total
Poppler

Moderator (D), Reactivity as a function of moderator density
Boron

Control Rods

Scram Rods

Time Reactivity

Mod 9rator (T), Reactivity as a function of nodarator tamperature

K-2

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



. .

TIT, Raactor Coolant Syston Information

A. Pressuriznr

Pressure, psia (steam and water)
Volone, ft3 (steam and water)

Tanperature, OF (stean and water)
Mass, Ibm (steam and watar)

Enthalpy, BTU /1bn (stean and water)
Pressurizer status
Flows, lbm/sec

Surge line
Sprays

Condensation

Boiling
.

Heaters, BTU /sec

Proportional.

Rackup

Heat loss
Net heat to pressurizer

Average heater tenperature, F
Safety and Relief Valves

Flow, lhm/sec

Integral flow, Ibn
2Area, ft

Throat pressure, psia
Sink pressure, psia
Type of fluid discharged (stean, water (pure watar or

steam /. vater mi xture))
Correlation used for flow calculation

Pressurizer Levels, ft

Actual

Deviation (nessured-programmed)

Measured

Progranned

K-3



9. RCS Flow and Pressure

RCS Pressura, psia

left Loop Flow, lbm/sec and Flow Fraction
Core Flow, Ibm /sec and Flow Fraction

Right Loop Flow, Ibm /sec and Flow Fraction

Bypass Flow, Ibm /sec and Flow Fraction

Charging: Flow (Ibm /sec), Enthalpy (BTU /lbn), Integral (lbn)
Letdown: Flow (15m/sec), Enthalpy (BTU /lbm), Integral (lbn)
Safety Inj?ction Pumps: Flow (1bm/sec), Enthalpy (BTU /lbn),

;

Integral (Ibm)
Safety Injection Tanks: Flow (lbm/sec), Enthalpy (BTU /lbm),

Integral (1bm)
RHSG Tube Rupture: Flow (lbn/sec), Enthalpy (BTU /lbn),

Integral (lbm)
LHSG Tube Rupture: Flow (lbm/sec), Enthalpy (BTU /lbm),

Integral (1bm)

| C. RCS Temperatures, "F
l

RCS Loops

| Reactor Vessel

Stesn Generator (tubes)
,

Pressurizer (stean, water, surge lina)
| \

IV. Steam Generator Heat Transfer

A. Primary Side
|

Right and Left Hand Stean Generators

Fluid condition
Correlation used for heat transfer calculation
Tenperature, UF
Heat transfar coefficient, BTU /sec OF-ft

Wall fouling cnefficient, RTU/sec OF-ft

K-4



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

B. Seconitary Side

Right and Left Hand Stean Generators

Fluid condition
Correlation used for heat transfer calculation
Temperature, OF

Heat tra.isfer coefficient, BTU /sec OF-ft

C. Overall Heat Transfer Coefficient

Right and Left Hand Staan Generators
2Heat transfer area, ft

UA, BTV/sec- F

Heat Rate, BTU /sec

.

V. Secondary Systems Information

A. Right Hand Steam Generator

Steam Generator level, ft
Pressure, psia
Temperature, "F

tlater Mass, lbm

Steam Mass, iba

Stean Flow, Ibm /sec

Feedwater Flow, lbn/sec
Leak Rate, Ibm /sec

Integral Stean Flove, ibm
Integral Feedwater Flow, Ibm
Integral Leak Flow, Ibn

B. Left Hand Steam Generator

Sane paramaters as Right Hand Stean Generatnr

.
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C. Nornal Secondary Valve Operation

Headar Pressure, psia

Exit Pover Fraction - ('.l h ~Wfw fw)/ design full powerhss

2Flow (1bm/sec), Area (ft ), Integral of flow (lbm)
LH Safeties
RH Safeties

RH Cunps
* LH Ounps

Bypass

Turbine

Total

Critical Flow Calculation for Valves (PH + LH Safeties, Dunps)
Throat pressure, psia
Sint pressure, psia

Fluid state
Correlation used for flow calculation

D. Feedeater System

Feedwater Control Options:

Feedwater Flow:

1. Matches steam flow (flow after trip ramps down)
2. Input table (pre-trip and post-trip tables)
3. Automatic Level Control (after trip ranps down)

Feedwater Enthalpy

1. Function of steam delivery to turbine (function of power)
2. Input time table (pre-trip and post-trip tables)

Main Feedwater:

1. Finw to RHSS ?, LHSG, Ibn/sec

2. Enthalpy - RHSG ! LHSG, BTU /lbn

Auxiliary Feedwater:
Sane parameters as flain Feeddater

._
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VI. Reactor Protective Systen Information (Trip Signals)

A. Scram

B. Power Changa Rate

C. Power lavel
0. High Pressurizer Pressure
E. Low Pressurizer Pressure
F. Low Flow

G. Low Steam Generator Pressure
H. *1anual Trip

I. Low Steam Generator Level

J. Safety injection Actuation Signal
.

VII. Control Rod Information

A. Rod Speed
,

B. Temperature Reference

C. Temperature Error

D. Power Demand

E. Power Error

F. Pressure Error
G. Total Error

VIII. CESEC Energy and Mass Conservation ' Conservation Check on Primry

Coolant)

A. Energy (mass x enthalpy): Pressurizer, RCS ?, Surge Node, Total

Now, (current value)
Initial, (initial value)

Change, (= now - initial)
Check, (= VDP + Heat + ext. flow)
VDP, (volume x P)

Heat, (external heat addition)
Ext. Flow, (heat carried by the external flows)

-.
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B. Mass (Ibn)

Mow , (current value)

Initial (initial value)
Change, (= now - initial)
Check, (= Ext. Flow)

C. Percentage of !!on-Conservation for Energy and !! ass

(Change-Check)* 100.0/ Check

IX. Thermalhydraulic Sumary

A. Table
.

Node (RCS nodes f, surge line)
Volume, ft

Q, BTU /sec

WE, lbm/sec (external flow)
HWE, BTU /sec (enthalpy x external flow)
H, BTV/lbm

3SPVOL, ft /lbm

Mass (lba)
D!!/DT

Tempera tu re , F

Ouality
Void Fraction

B. Pressurizer Region (steam and water)

Same parameters as above (Steam and water volumes are printed
in the Pressurizer section of the Reactor Coolant System Infnrma-

tion. Total volune is shown in this section.)

.

K-8
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C. Additional Pressurizer ? Systen Information

PPRES, Pressurizer Pressure, psia

PRCS, Reactor Coolant System Pressure, psia

P00T, Rate of Change in Pressurizer Pressure, psia /sec
WS, Surge Line Flow, lbm/sec

MDOT, Rate of Change in Pressurizer Mass, lbm/sec

WB, Rate of . Boiling in Pressurizer, Ibn/sec
WC, Rate of Condensation in Pressurizer, lbm/sec

e

D. Thermalhydraulic Solutions of Unknown Vector Elements

X. Flow Model Sumary

A. Loop information

.

Loop Number

Mass Flow, ibm /sec
2Mass Flow Derivative, Ibm /sec

Mass Flow Ratio

Node Number (Flow flodel Nodal Scheme)
Path Height, ft

2
Path Area, f t

Path lenght, ft

L/A, ft-1
RHUGH, Elevation Pressure drop, psi

PFRIC, Frictional Pressure drop, psi
PGE0M, Geometric Pressure drop, psi

Hydraulic Diameter, ft

R MUM, Reynolds Number

Friction Factor
PHI, Two-phase multiplier

Ke9
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B. Pump Information

Met Torque, ft-lbf

Electrical Torque, ft-lbf

Hydraulic Torque, ft-lbf

Friction and Hindage Torque, ft-lbf
Pump Head, ft and psi

Pump Speed, rad /Sec and rpm

Ratio of Volumetric Flow to Rated Volunetric Flow
Ratio of Pump Speed to Rat?d Punp Speed

K.2 Internediate Partial System Edits

1. Tine, sec

2. Power Fraction; Heat Flux Fraction

3. Reactivity, 6k; Core Flow, Ibm /sec
4 Core Inlet Temperaturn, "F; Core Outlet Temperatura, OF

5. Core Average Temperature, F; Pressurizer Status
6. Pressurizer Pressure, psia; RCS Pressure, psia
7 Left lland Steam Generator Pressure, psia; Right Hand Stean Generator

Pressure, psia

8. Left hand Steam Genarator Leval, ft; Right Hand Steam G?nerator Level, ft
9. Left Stram Flow,15n/sec; Right Steam Flow, Ibn/sec

10. Left '.latar mass, Ibm; Right flater mass, iba
11. Closure Head Flow, Ibm /sec: Quality Node 25
12. Surga Line Flow, iba/sec; void Fraction Node 25

K-10
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K.3 Special Print Edits

.

Ref9r to Section K.1 for items I, II, and III, and to Section K.2 for item

IV.

I. Moderator Density at Core Edge or Average Moderator Density are printed

for Steam Line Break transients in the Reactor Core Information section.

II. Stean Lina Break (SLB) Information: (printed in Secondary Systems

Information)

A. Indication of SLB - position of break
2B. Break Size (ft )

C. Break Flow Rate (lbm/sec)
D. Integral Flow (ibm)
E. Throat Pr!ssure at the Break (psia)

,

F. Sink Pressure (psia)
G. Type of Fluid Discharged (steam / water)
H. Correlation Used for Flow Calculation

III. Feedwater Line. Break (FWLB) Information: (printed in Secondary
Systems Information)

A. Indication of FULB
B. Break Size (ft2)
C. Break Flow Rate (lbm/sec)
O. Integral Flow (lbn)
E. Type of Fluid Discharg3d (water / steam)
F. Correlation Used for Flow Calculation

IV. Intermediate Partial System Edits Special Prints

A. Alarns and Trip Signals
B. Pressurizer Status - Status Change Flag
C. FULB Break Flow (lbn/sec) printed at every 1 second interval

X-11
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L.1 General Capabilities of the CESEC Plot Package

The CESEC plot package enables the user to plot any variable as a function of

time. Three types of plots are presently available:

1. Fixed format line printer plots; size of plot is fixed (50 lines by 100
columns) generated at the end of the print of a CESEC run.

2. Variable format drum plots; size of plot is user defined (usually 6" X 5")
plotted at the data center from the plot file.

3. Fixed format drum plots; size of plot is 2" X 5", four plots per sheet,

coman time axis, plotted at the data center from the plot file.

The plot package, when exercised, consists of nine standard plots. In

addition, the user has the option of selecting any of fourteen user determined
plots. The user determined additional plots whose Y-axis labels are supplied
by the user require parameter identification by index number. Multiple

curves can be plotted in the same graph by the use of negative index numbers.

L.2 User Information

The line printer plots can be requested by the user by setting A(25) equal to
3.0 (or 2.0 if both printer and drum plots are desired). The user must then

define the CPLOT variables in vectors A(26-65) and A(1026-1031). These

vectors specify the information relevant to the variables to be plotted. As a

user's option, the scale factor and axis length for a plot may be set by the
code. The user should only exercise this option when he cannot anticipate tha
case results and, therefore, would not know what scale factor to use.

The variable format drum plots are requested by setting A(25) equal to 1.0 (or
2.0 for both printer and drum plots). The CPLOT variables are defined as

detailed in the previous paragraph.

.
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The fixed format drum plot option (4 curves per shaet) is requested by setting
A(24) equal to 1.0. The CPLOT variables nust be defined for a 6" X 5" plot.
This is necessary for the code to convert to the proper scale factor.
Ilhenever A(24) is set equal to 1.0, then A(25) must not b7 set equal to 0.0 or
no plots will be generated.

The generation of drum plots requires the user to attach the CALC 0!1P post
processor by inserting the following control cards after the "CESEC" control
card:

ATTACH (POP, POP,ID=SYSLIBE)

POP.

L.3 CESEC Plot Package Input Description

Optinns
,

A-vector Description

A(24) 2" X 5" PLOT OPTION (For A(25) > 0.0)

0.0 Option off

1.0 Four plots per sheet

A(25) NPLOT PLOT VARIABLE

0.0 No plots

1.0 Drun plots only

2.0 Printer and drun plots

3.0 Printer plots only

L-3
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Time Information

A-vector Fortran Name Description

A(26) CPLOT (1,1) 1.0 if plots are requestad

A(27; CPLOT (1,2) Initial time value (seconds)

A(28) CPLOT(1,3) Time axis length (inches)
e

A(29) CPLOT (1,4) Tine axis scale factor (seconds / inch)

If A'28) and A(29) are set equal to 0.0, the code will set the X-axis length to
.either 4 or 5 inches, whichever fits the data better. For the fixed format
plots (A(24) = 1.0), the time axis is automatically set to 5 inches.

Y-Axis Information ( A(30-65). A(1026-1081))

A-vector Fortran Name Description

A(N) CPLOT (J,1) 0.0 for no plot

1.0 for standard nine plots

or

+ Variable index nunbar for user
,

determinad plots

A( ?!+1) CPLOT (J,2) Initial Y-axis value (Parameter units)
.

A(?!+ 2) CPLOT (J,3) Y-axis length (inches)

A(N+3) CPLOT (J,4) Scale factor (units / inch)

When A(? +2) and A(f!+3) are set equal to 0.0, the Y-axis length (naxirmn length
is 10 inches) and scale factor are selected by the plot package. For the
fixed format plots (A(24) = 1.0) the Y-axis length is automatically set to 2

inches.

L-4
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Standard Plots

The following is a list of nine standard plots with their corresponding ;

vectors. The user has no control over the printed order of these plots.

A-vector Description

A(30-33) Reactor power

A(?4-37) RCS temperaturesI

(
,

A(38-41) RCS pressure

A(42-45) SG pressures (right and lef t)

.

A(46-49) Reactivities

.

A(50-53) Core heat flux

A(54-57) Intagrated leak flow

A(58-61) Minimum DNBR
,

A(62-65) Integrated steam flow

User Determinad Plots

The user determined plots are specified by exercising A-vectors 1026-1081 (4
per parameter). The index number for the desired parameters
must be entered in CPLOT (J,1). Multiple curves on the same graph can be
plotted by using a negative value of the index number in CPLOT (J,1). A

positive index number must be used for the last paramter to be plotted on the
sama graph.

L-5
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The Y-axis labels for the fnurteen additional plots must be suppliad by the
user. The labels are input in the first ten columns of the last input card

(/line) for an A-vector series. Thus, since each additional plot has four

input values associated with it, all of the information (label and A (f"
1

through A (fl+3) can be defined on the same card (/line)). '

For the fixed format drum plot option, the plots are arranged (4 per sheet) in
the order they are requested in the input. The parameters are plotted from
botton to top.

L.4 Subroutines g the Plot Package

GRAPH 2 - writes CESEC variables to f!17 at each time step -

PLOTR2 main calling program for the plot package-

GRAPH 2 - title and call for printer plots

TWGRF2 writes printer plots to output file-

PRAX 2 calculates scale factor and axis size if not supplied by the user-

AXIS 2 locates axis, writes title, writes scales, and generates curvas-

for user format drum plots

|
AXIS 4 locates axis, writes title, writes scales, and generates curves-

for fixed format drun plots

PLOTP writes binary coded decimai pen motion comands to DISK file for-

drum plots

LOGP writes large CESEC letters at end of CESEC run-

|

|
'
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L.5 Filas Used by Plot Packaqo

A list of files used by the CESEC plot package is provided below:

OUTPUT printed output file (also sent to FILMPL for fichs)-

TAPE 6 same as GUTPUT-

PLOTP short forn printer output, includes dayfile, A-vector array, and-

line printer plots

TAPE 16 sane as PLOTP-

DISK drum plotter file, to be read by plotter post processor-

TAPE 8 same as disk-

.

N17 list of variable values at each time step, also called TAPE 17-

ARRAY < 400 point reduced plot file-

A generalized flow chart ' f the plot package is provided in Table L-1.o

.

L-7



,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_

OVE R LAY (CESEC,2,0)
PROGRAM PLOTR2

1f

REDUCE N17

WRITE ARRAY

1f

CALL PRAX 2

1f

CALL 1WGRF2,
y READ ARRAY;

PRINTER PLOTS 7 r CALL GRAFP2 r WRITE TO
OUTPUT

N

:

1f

Y Y CALI. AXIS 2 CALLPLOTPUSER DEFINEDDRUM PLOTS 7
PLOTS?

READ ARRAY WRITE TO DISK

N _

,

1 r

CAR A m M ROW4 PLOTS
PER PAGE7 READ ARRAY WRITE TO DISK

N
.

_
U

,

i f

CALL LOGP

WRITE TO OUTPUT
,

PLOT PACKAGE
'

GENERALIZED FLOW CHART
END

TABLE L.1
. - - - - - -
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