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LEGAL NOTICE

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

A. MAKES ANY WARRANTY O= REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN THIS
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OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS; OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR
DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
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b fim2 depandant consarvation of mass and enarqy equations.
The CESEC code ."‘"""‘u‘,ﬁl"y\‘_."/\',“‘i\i mode]l solves the conservation of mass and
“ anergy oquations coup’ed with the equation of state for each control volum2 or
nod2, The solution assumes that the volume of each node is constant (see
5\ 2 .
Figure 2.2). The system of equations is solved by a mat~ix solution for the
internnda "1(3_,5‘ the prossurizer pressure time derivative, the rate of
VACOrization or water J'\"h}fj‘y time darivative of th2 nressurizar water ra2gion
. ) L J
and the rate of condensaticon or steam enthalny time darivative f th»
pressurizer steam region. omputation of these parameters a ws for the
calculation of th RCS pressure time darivat ya. the tirn darivatives of ti
1 P - 1 - 1 « ) | ’
nodal enthalpies, the nodal specific volumes, and th 31 masses, The
\
integral values of the time derivatives are obtained by using a forvuard
1 i : - o)
(explicit) finite diffarance scheme. The flow model described in Saction 3.
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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):

s S (2-1)
by, (IV, ), ¢ o ( ThW, ), *+ P =e
v
where b, = v =h, _
i 1 ™
a « My
i ah
v v
di ® vi .__i - ‘1 -
3 h 3P
h
o4 * -:i‘- by ( IWope)y = 3y TBWege)y
P
i=1,..., 25 RC3 nodes as defined in Figure 2-1 (Excludes Pressurizer)
v1 = node volume, ft3
h1 = node specific enthalpy, BTU/1bm
P = RCS pressure, psia
vy ® node specific volume, ft3/1bm
m, = node mass, 1bm
Q1 = net heat rate into ith noge. BTU/sec (see Section 9.C for ~all heat
addition, Section 10.0 for core heat addition, and Secticn 13.0 for
steam generztor heat load computation)
(Z“'nt)i = net mass flow rate (1bm/sec) intc ith node due to flows from al}
; connected nodes.
(:Hoxt)i = net mass flow rate (1bm/sec) into ith node due to externa! flows.
(zhumt)1 = net energy transport rate (BTU/sec) into ith node due to flows
from connected nodes.
(zhuext)1 = net energy transport rate (BTU/sec) inte ith node due to externa)

flows.
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For tha prassurizer node (1=26), the gaoverning equations depead on the stats of
the prassurizer, The CESEC prossurizer modal /see Fiqurs f1) assumes stoan
and liquid reqions to exist in one of the following eight tharmalhydraulic
states:

1: supern2ated ste2am, subcooled water
2: suparhnated steam, saturatad water
3: saturatod steam, subcooled water
4: saturated staam, saturatad water
State 5: superheated steam, no water

6: saturated steam, no water

7: subconoled water, no steam

8: saturated water, no steam

The equations for =ach of these stataes are derivad in Appendix R,

At sach time step, the coefficiants of the system of equations are calculatad
in CESEC by avaluating the fluid property derivatives as <nacifiad in Section
8.0. The updatad values for the fiuid property derivatives are then enterad
intn tha coaefficient matrix in order to simiitanaously solve tha resultant
matrix equation for the unknown par.metars, There are 29 equations with 2°
unknowns for the case that the nressurizer contains steam and liquid regions.
For the case that only one phase existe 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
reacter core is assumed to be equal, That is (see Figqure 2-1A},

H2 = “2

3,593 15,17"15 12-2)

The constraint providad by Equation 2.2 is nacessary in order fto match the
number of unknowns with tho numbar of equations to be solvad (see Appendix 8],
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PHYSICAL DESCRIPTION

— e e

UPSTREAM HALF OF INLET PLENUM (BEFORE FLOW MIXING)
AM OF INLET PLENUM (AFTER FLOW MIXING)

COLI LEG B

:

UPSTREAM HALF OF OUTLET PLENUM
DOWNSTREAM HALF OF OUTLET PLENUM

HOT LEG

STEAM GENERATOR INLET PLENUM

UPSTREAM HALF OF STEAM GENERATOR TUBES
DOWNSTREAM HALF OF STEAM GENERATOR TUBES

STEAM GENERATOR OUTLET PLENUM
SAME AS 1 IN OTHER STEAM GENERATOR LOOP
SAME AS 2 IN OTHER STEAM GENERATOR LOOP
SAME AS 3 IN OTHER STEAM GENERATOR LOOP
SAME AS 4 IN OTHER STEAM GENERATOR LOOP
SAME AS 5 IN OTHER STEAM GENERATOR LOOP
SAME AS 6 IN OTHER STEAM GENERATOR LOOP
SAME .S 7 IN OTHER STEAM GENERATOR LOOP
SAME AS 8 IN OTHER STEAM GENERATOR LOOP
SAME AS 9 IN OTHER STEAM GENERATOR LOOP
SAME AS 10 IN OTHER STEAM GENERATOR LOOP
SAME AS 11 IN OTHER STEAM GENERATOR LOOP
SAME AS 12 IN OTHER STEAM GENERATOR LOOP
REACTOR VESSEL CLOSURE HEAD
PRESSURIZER

FIGURE 2-18

PHYSICAL DESCRIPTION OF NODES
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K; ; = dimensionless geometric proportionality cons
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The first term on tha right hand side of Equation 3-1 rapresants the

o 1 , - v ~ 1 € - o B par
prassyre change around thes lToop due to the gravitationa orce acting on each
fluid node. The sacond term represents the total pressure change around th»

loop due to the frictional loss and the geometric expansions and contractions
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(20) (19)

(18)

(13)

16

28 14

(16) (4)

NUMBER INSIDE THE PARENTHESIS REFERS TO THE CORRESPONDING THERMAL-
HYDRAULIC NODE WHOSE PROPERTIES ARE USED IN THE CALCULATION

THE AVERAGE OF THE PROPERTIES AND THE TCTAL FLOWS FR' i PARALLEL NOCES
ARE USED FOR NODES REPRESENTING THE REACTOR VESSEL

FOR NODES 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
NODAL SCHEME

Figure 3-1
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spead versus time tables, The latter option takess pracedance over tha rime
tablas and loss of AC options, and the loss of AC option takes precadance over
the time tables, The pumps are shut off in all the above casas by simply
setting th2 electrical torque =2qual to zero., l!henevaer tha pumps are turnad
on, the alectrical torque is determin2d by setting its value equal to the
value calculated from the interpolation of the pump speed versus electrical

torque table,

The CESEC locked rotor option allows th2 user to specify for which pump and ar
which time a locked rotor avent is to occur., The rotor is assumed to stop
ins*antaneously at the spacified time, The 1nckad rotor simulation does not
use the homologous pump curves to determine pump head in that loop. Instead,
tha pump is modaled as a geometric loss within tha spacifizd loop.

The CESEC sheared shaft option alsc allows the user to spacify which pump and
at which time the evant is to occur, Th2 sheared shaft is modeled by satting
the moment of inertia of the pump equal to the moment of inertia of the pump
impellar and by setting the electrical torque equal to ze~o.

The CESEC pump model also includes an algorithm to lock out the r~eactor coolant
pump rotor whenevar tna2 pump spead falls below 5 percant of the rated pump
spnad.,

The mathematical model for the RCS pumps is dascribad halow,
The pump nydraulic torque is calculatad from the following equation:

1 o (BN (@) (T (/o) @) for Ma| < 1.0
(a-1)

(8/%3) (V) (Tp) (/o) (@) for /a| > 1.0

8 = Ratio of che hydraulic torque to the rated hydraulic torques, 3= rh/‘tR

@ = Ratio of the pump speed to the rated pump speed, a = w/u):
v = Ratio of the volumetric flow rate to the rated volumetric flow rate,

lejQ'
4-2
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CESEC modals tha operation of the prossurizer safety valvas, Figure 6-2 shows
the valve opening and closing characteristics programmad in the code,

The input parameters are the opening pressurs, ‘he accumulation and blowdown
pressurcs which are input as percent of the opening pressure, and the
fractional opening area at the corrasponding pr-ssures, Up to five individual
valves may be simulated by the _ode. Various v.lve failure conditions may be
modellad through user options on a par valve bhasis, whan tha valye opans, tho
dischargs of the pressurizer fluid, cither steam or water, is assumad to be
choked, The critical flow is calculataed hy using the appropriate crirical
flow calcuiational mod»1 (s2e Saction 16.0),

6-2



PRESSURIZER
TWO VOLUMES (STEAM AND WATER)
CONSTANT VOLUME CONSTRAINT

‘ ,_ Mgvg + My vy = Vp= CONSTANT
——— Mg = TOTAL MASS OF STEAM
vg = SPECIFIC VOLUME OF STEAM
My = TOTAL MASS OF WATER

vy = SPECIFIC VOLUME OF WATER
Vp = TOTAL VOLUME OF PRESSURIZER

-

,.J"l SAFETY VALVE

INTERFACE FLOWS
Wg = BOILING FLOW RATE
We = CONDENSATE FLOW RATE

CONDITIONS WATER STEAM
1 SUBCOOLED SUPERHEATED
SATURATED SUPERHEATED
SUBCOOLED SATURATED
SATURATED SATURATED
NONE SUPERHEATED
NONE SATURATED
SUBCOOLED NONE
SATURATED NONE

HEATERS

SURGE FLOW

1300W H3ZI4NSS3ud




FRACTIONAL

VALVE
OPENING
AREA

FRACTIONAL

VALVE

OPENING

AREA

A. PRESSURE REACHES Ppee

—»
Pace

PRESSURIZER PRESSURE

B. PRESSURE DOES NOT REACH Ppcp

PeLD PseY
SRESSURIZER PRESSURE

= ACCUMULATED PRESSURE AT WHICH VALVE FULLY OPENS
= SET PRESSURE AT WHICH VALVE STARTS TO OPEN
= BLOWDOWN PRESSURE AT WHICH VALVE CLOSES

PRESSURIZER SAFETY VALVE
OPERATING CHARACTERISTICS

Figure 6-2




7.0 SURGE LIME

7.1 MOMENTUM EQUATION

The tarns includad in the momentum 2quation for calculating tha static pressure
diffarnnce batwean the pressurizer and the RCS are friction, grometry, gravity,
and inertia, Applied to the friction term is 2 two-phase multipliar to account
for changes in frictional affects with quality. For prassures gre2ater than or
aqual to 250 psia, the Thom correlation is used and for prassures lass *han

25N psia, the "artinelli<tielson corrnalation is usad ‘s2e Rafarances 9 and 1N,
regpactivaly), The friction term is included to take intn account the viscous
nffocts, the geometric term considers the effacts of sudden contractions or
axpansions and ba2nds, the gravitational tarm accounts for tha difference in
alavation betwaen the praessurizer fluid and the RCS, and the surge line fluid
ard the RCS, and the inartia *term raprasents the tomporal chang? in mass flow

rate,

Tre mathamatical moda) is as follows /se2 Fiqure 7.1):

PO L
(6] ;
p. - 2. = X aw L/Def M kg| Wl W
1 h T € R B Rw (7-1)
ov Q' 5
""1-66(:"2!) - m— (Zp -Z') + %ﬁ (Z.-zz)

where ,
A = area of surgeline (ftz)

¢ = two-phase multiplier
Thom correlation used for surge
pressure >250 psia
Martinel17-Nelson correlation used for surge
pressure <250 psia o :
The surge pressure = 1/2 (P +TIT (Z-2,) + TII \Zp-Zw) +P)

7-1



surge line length (ft)

diameter of the surgeline

pressurizer pressure (psia)

reactor coolant system pressure (psia)
friction factor

64.0/Reynolds Number Re <1250

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

0.2 a0
0.184/Re”"“ 6000 < Re <15000

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

acceleration due to gravi

surgeline mass flow rate (1bm/sec

surge line geometric "k" factor
pressurizer actual water level (ft)
column height of steam in the pressurizer (ft)

elevation of pressurizer above the hot leg (ft)

density of pressurizer water (lbm/ft

A X 3,
density ¢f pressurizer steam (1bm/ft™)

~

density of surge fluid at the surge pressure (l1bm/ft~

density of surge pressure for qualities < 0 or > 1.
For C<quality <1, p=p. (saturated water density




= guess of time derivative of the static pressure drop
between the pressurizer and the RCS for the m th iteration
8 m(m-1) = m-1 iteration value of the time derivative of the st
pressure drop between the pressurizer and the RCS

« difference between AP used for the m-1 iteration and
the m-2 iteration
d(aP,.) =difference between AP
line momentum equation
m-2 iteration.
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where,

enthalpy of node i

conversion factor

pressurizer pressure time der»
L

volume of node i (ft~)

heat addition to node
net rate of energy
from internal flow

net rate of energy transporti to
from external flow paths (i.e.,
injection, etc.) (8TU/sec

nodaq 1

chargini,

Equation 8-1 can be writte

mhy +ahy = kP, +Q + (InWI)

1
-

™ ™. ) .'v
“in 4 o (?..

A

"_‘.Y 10

Ty

but from the conserva‘ion of mass equation

ilhi = h ((IWI) + (IWE),

where,

net mass flow rate to node i from

= pnet mass flow rate to node i

interna)

from external

£1o
| OV

where,
>
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valid since the thickness of the CEA shrouds s small, typ
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incii. Th> hoat rat2 to the y1a Aatnrmine A

where,

The heat rate to the closure heat fluid on
(Btu/sec)

Total CEA shiroud metal mass (1bm)

Specific heat of CEA shrouds (Btu/1bm 7°)

Temperature of the closure head fluid (CEA shrouds) at the
\

time step (F°)

Temperature cf the closure head fluid (CEA shrouds) at the
time step (F9)

Time step size (sec)
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FIGURE 10-1
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PROGRAMMED FISSION PRCDUCTS

GROUP_NUMBER FRACTION

0.00299
.00825
.01550

01935
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DENSITY

SPECIFIC HEAT
TEMPERATURE AT RADIUS r
RADIUS

THERMAL CONDUCTIVITY
TIME

SPECIFIC HEAT GENERATION DEPENDING ON RADIL3
AND THE REACTOR KINETICS POWER

HEAT FLOW EQUATION

Figure '10-5




FIGURE 10-6

FINITE DIFFERENCE EQUATIONS

HEAT BALANCE I
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HEAT RATE
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13.1 HEAT BALANCE

staam qgon2rator mode

transfer coefficient for eac am generator node.

* 0 TN raATAr Arima 3 ~ -~ E y \ -
steam erator p \ary noge E 9 - IS CO

J

from the following relationship:

transfer




Dr1MAary
resistanc

assumed ¢t

1 in

the user input heat transfer area is used

1

inventories less than a second usar input wate
is raduced tq ‘ For liquid inventorias b

massas, th=2 heat transfer area is

paffacrtive heat transfer areca is

13.2 MODES OF HEAT TRANSFER

aam g2nerator ~odel allows for for
verse (sacondary-to-primary haat f
.rqr\sf.u-, the .'7"7”\3(‘_,' g'}’_‘a heat *
he code are subcooled forced convection and t
he sacondary side haat transfer mechanism is
haat transfer, the primary side heat transfaer
wo=-phase finw with boiling

frae convection, each
ws the user
ximum of

,

srator moadg=

ASSum2s

boiling modes of heat transfer for the nrimary and

raspectivaly,

SACO




[ 0.79 0.45 0.49 0.25
ho=o0.00022f% G e S (a1)0:28 (4p)0-75¢
0 Ug Mgy Pg (13.7)
- -
) - 0.8174
b 0.1 oo 0.5 0.9
Fel+1.6 L(ug) e (15-8)
1
S =
1+ (1.63)(10°)(1-X) Reg prl.es (13-9)
AT = [T, = Tg,,l

Tw is the wall temperature, O

Tsat is the saturated fluid temperature, %

&P = Py (T) = Py (T

sat sat) l

Psat is the saturation pressure, psia

hfg is the latent heat of vaporization, Btu/lbm

Cp 15 the fluid specific heat, Btu/ 1bm-°F
g, = 32.174 1bm-ft/1bf-sec’

gis the surface tension, 1bf/ft
uis the viscosity, lbm/ft-hr
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13.3 SECONDARY SIDE MODEL
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18.0  STEAM SYSTEM

Th2 path of the steam flow from the secondary sid2 of the steam ganarator is
illustrated in Figure 1-2. Downstrram of the main steam isolation valve, the
main st2am lines from each steam generator are connacted togathar at a common
staam header (see Vigure 15-1). At the initial steady state, the steam flow in
each steam line is datarmined consistent with the reactor coolant flow rate in
aach sta2am g2nerator loop.

Juring the transient calculation, tha steam flow ’ses Figura 15-2) is
detarmined by the turbine power demand and the operation cf the secondary
valvas or for stoam 1in2 break avents tha broak area,

The code simulatas the turbine stop 2nd admission valves, the steam

bypass valves, tha main steam safety valves, tha atmospheric dump valves, and
the main steam isolation valvas, The steam flow through each valve is assumad
to be choked. Thus, a critical flow correlation (see Section 1.1 for stean
is usad to calculate the flow rate. The control schemes for these valves are
briafly d2scribed b2low,

Turbine Admission and Stop Valve:

The area of the turbine adnission valve is sizad at cach time step such that
tha nower demand which is input as a tabular function of time, is met., At the
time of a turbin2 trip, th2 valve is closed at a rataz spacified by a user inout
to simulate the closing of the turbine stop valves,

Steam Rynass Valves:

Tha code providas thrae opticns for the control of the steam hypass valvas:

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

2. A proportinnal-plus-intagral-plus darivativa (PIN' controller modal, ard
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Main Steam Isolation Valves (MSIVs):

The code simulatas two main steam isolation valves, one for 2ach main staam
lina, Thase valvas ar2 normally open and do not affect steam genarator
operation unlass the steam gonarator prassura drops below a specifiod
satpoint., Onc2 this occurs, the MSIVs begin to closa aftar an input dalay
time, As the MSIVs close, steam flow to the turhine and othaer downstream
components tarminatas. The steam flow frem tha main steam safety valves, th»
atmospheric dump valves, and from a steam line break upstream of the ™SIys is
unaffected by ISIV closure,
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FIGURE 15-1A

HEADER SIMULATION
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PHEAD  HEADER PRESSURE

“TOT TOTAL STEAM FLOW THROUGH HEADER
hg ENTHALPY OF STEAM AT HEADER PRESSURE
“gR FLOW FROM RIGHT STEAM GENERATOR
ng FLOW FROM LEFT STEAM GENERATOR
pSECR RIGHT S.G. STEAM PRESSURE
PSECL LEFT S.G. STEAM PRESSURZ
FRC EFFECTIVE FRICTION COEFFICIENT OF PIPING
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FIGURE 15-1A (continued)
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FIGURE 15-18

HEADER SIMULATION

NEWTON-RAPHSON ITERATION ON HEADER
PRESSURE SUCH THAT:

-8

HTOT TOTAL STEAM FLOW THROUGH HEADER

WaR  FLOW FROM RIGHT S.G.

“gL FLOW FROM LEFT S.G.
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FIGURE 15-2

STEAM GENERATOR STEAM FLOW

DMPR

DMPL

Wep TOTAL RIGHT STEAM GENERATOR STEAM FLOW

HSL TOTAL LEFT STEAM GINERATOR STEAM FLOW

“QR RIGHT STEAM GENERATOR STEAM FLOW TO HEADER

HgL LEFT STEAM GENERATOR STEAM FLOK TO HEADER
WsaR RIGHT STEAM GENERATOR SAFETY VALVE FLOW
HSAL LEFT STEAM GENERATOR SAFETY VALVE FLOW
“DHPR RIGHT STEAM GENERATOR ADV FLOW
WompL LEFT STEAM GENERATOR ADV FLOW
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16.0 CRITICAL FLOM MONELS

Tha CESEC computer cod2 providas the user with tha options %o selinct one of
twn critical flow correlations for steam discharge and one of four sets of
critical flow tables for subconlad liquid/saturated liquid/two-phase mixturs
discharge. The correlations for steam discharg2 are CRITCO (Rafarance 31) and
Murdock and 3auman (Refarenca 32), The liquid and two phass dischargs tables
built into the code are Henry-Fauske (H-F), Moody (M), Henry-Fauskes/oody (H-
F/), and th~ Homog2neous Equilibrium “Model /HE'), The ahove sets of tablas
were axtractad from the CEFLASH-4A code (Reference 18).

The ahove corralations have ganeral applicability [see Fiqure 16-1) for
calculating mass flow rates for all fluid phases through primary safety and
reli=f valves, secondary safety and atmospheric dump valvas, tube ruptures in
right hand and left hand steam genarators, and arhitrary nodal 122ks in all RCS
thermalhydraulic nod2s (see Figure 2-1A) with tho axception of the

pressurizer. If a nodal 12ak is specified only one staim gen~rator tube
rupture is allowed, [f two nodal leaks are spacifind no stea' gunerator tube
rupturas 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 foadwater lina break. Other features of the CESEC critical flow model
ar» as follows: the sink prassure for 2ach of the spacified 2pplications is a
user input quantity excapt for the cas2 of a steam genarator tube rupture.

For this case the sink pressur2 is assumad to be tha sccondary system prossura
of the ste2am generator whare the tube rupture occurs., The leak flow areas for
the steam g2n2riator tube rupture and RCS nodal leaks are 3also user input and
are a function of time, Finally, the user can input a dischirge coafficiant
which is multiplied by tha calculated mass flow rate and is a function of
quality, for calculating the net flow rate for each anplication discussad above,

Tha H-F, M, H-F/M, and HEM critical flow corr2lations ‘sr2 Fiqure 15-2) used
in CESEC ar2 in table form, For given values of stagnation prassure, a rangs
of values is tabulated for stagnation enthalpy varsus mass flow rats per unit
area and stagnation anthalpy versus thronat pressura., Thus, th2 mass flow rate
per unit arca and throat pressure are datarmined hy intarpolation, Tha

ca.culatad mass flow rate per unit area is thon myitipliad by tha flow area and
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an appropriata discharge coafficiant to generata the net mass flow rate flowing
through a specifiad componant and/or ruptura, If the caleylatad throat
pressure is 12ss than the sink pressure then the mass flow rate is calculatad
using the orifica aquation,

The CRITCH relationship is tha standard tachnique used for determinacion of the
critical mass flow rate for steam, A complete discussion of this ampirical
relationship, as wel®l as th2 test data from which it was developed, can ha
found in Referance 1. The formulation, which is given in terms of the source
pressure, is as follows:

¢ J1977.6 P (16-1)
1

H- .
where,

G = Mass flow rat2 per unit area (lhm/sec-ftz)
P = The source pressura (psia),
H = Enthalpy of the steam (Btu/ibm)
The net mass flow rate of steam is determincd from the relation

M =G x 0 x AREA (1R-2)

x
"

Mass Flow Rate /1bm/sec)
Discharge Coefficient (dimensionless)
Break Arasi (ftz}

=2
"

AREA

Tha throat pressure is calculated by assuming 3 critical pressure ratio, Rc,
equal to 54,5% (Refarence 33), This value is an average value in the expectad
range of oparation (Referance 32).
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The "Murdock and Bauman relationship is also usad (as a user's option) for
datermination of the critical mass flow rat> for steaam, Tha mass flux is
calculatad as follows:

G = Fs (pp)}/2 (15-3)

where,

/
Fs = constant (in/sec-ftl’z) dependent on liquid and two-phase discharqgs

table
*

3,

p = dansity of tha s%nam at source conditions (1bm/ft

The nat mass flow rate of steam and the throat pressure are calculatad in the
same manner as with CRITCO,

Whanever tha sink pressure is groater than the calculated throat pressure, the
orifice equation is usad to calculate tha mass flow rate. This equation is of
tha following form:

6 = (CaPp) '/ (16-8)
where
p is the fluid d2nsity (1bm/ft3)

AP is the source *to sink pressure drop (1b/ft2)
C = 2 x accaleration due *to gravity = 2.4 ft/sec

2
The net mass flow rate is then calculat2d in the same manner as with CRITCO.
For the cas2 that th2 steam generator tube rupture option is axercised, the

orifice equation is nultiplied by {I/K)l/z whare K is rapresentative of th»
friction and geometric 1nsses.
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The CESEC computar code does not account for primary to secondary mass
deplation far stoam janerator tube leakago, The amnunt of fluid laaked is
relatively small, its main influance being in the calculation of any activity
transfarrad batwoen tha paactor zoolant and main steam systans, The analyses
proparly account for any activity transferrad and its effact on the doses
calculated from the st2am 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

TABLE LOOK-UP (SUBCOOLED WATER, SATURATED WATER
(OR WATER-STEAM MIXTURE))

W=A f(P,h) D(X)

A AREA
h  ENTHALPY
P PRESSURE

W MASS FLOW RATE

D DISCHARGE COEFFICIENT

X  QUALITY
CORRELATIONS (f(P,h)):
HENRY - FAUSKE
MOODY
HEM
HENRY - FAUSKE /MOODY
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17.0 REACTOR PROTECTIVE SYSTEM TRiPS

Tha reactor is shutdown by th2 insertion of the contrnl element assamhling
(CEAs) following tha generation of a trip signal. A trip signal is initiatad
when 3 -~ “tain system parametar reaches a value which axceeds tha corresponding
user input trip setpoints. The delay time betwean the initiation of the

trip signal and the s*art of CEA motion is accountad for in CESEF, The CEA
motion is rapresented hy an input rod worth versus time table., The following
trips are programmed in the CESEC code:

high power trip,

high prassurizer pressur2 trip,
low pressurizer pressure trip, .

low coolant flow trip,
low steam ganerator pressure trip,

low steam ganarator level trip, and

N AW N -
-

manual trip.

To generate the trip signal on the low steam generatar watsr loval, tha steam
generator water lavel is determined from a3 set of steady state input data and
the transient liquid inventory in tha steam genarator, The sat of stnacdy state
curves relatas steam genarator water lavel to secondary wator mass and steam
genarator Inad, This data is then us2d in a2 tabla look-un routin? to obtain
tha steam genarator water lavel for the purpose of determining the trip signal,
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13,7 "AJOR DIFFERENCES SETLEEM 7CESEC-1, CESEC-II, ~MD) CESEC-117

(]

Tha significant Ziffaronces inpacting analysas hatwaan the diffarant CESE
varsions, namaly CESEC-I, CESEC-II, and CESEC-III 2re summarizad in Figur>
]’3-].

For all Chaptar 15 avents for which the prassurizer fluid is calculated %o
drain into tha het 12¢, or the syst2m pressura droos h2low the saturation
prassur2 of the hottast fluid in th2 systoa, tha2 hottest fluid will b2 locatad
in the r2lativaly stagnant upper 12ad r2gion of tha r2actor vassel, The CESEC.
[ and CESEC-II varsions do not expliritly model tha stoam formation in tha
r2actor vess2] upp2r h2ad ragion, Th2 latast version of CESEC, namaly CESEC.
[TI, 2axplici®ly -models stuam void formation and collzas2 in th2 uppar hazd
ragion of the reactor vessel. Heat transfar from matal structurss to th2
r2actor conlant syst2m (PCS) fluid is mod:lad in addition to flashing of th2
reactor coolant into steam during depressurization of the RCS., Following the
reactor coolant pump [(RCP) coastdown due to less nf offsite power or ma2nuai
shutoff following SIAS, thermalhydraulic cecoupling of th2 upper h2ad ragion is
characterizad in the laznest varsion of CESEC by prograssivaly dacrzasing flow
to the upp2r ha2ad from th2 uppar pl2num r2gion,
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FIGURE 18-1

SUMMARY OF SIGNIFICANT DIFFERENCES
BETWEEN CESEC-I, CESEC-II, AND CESEC-III

DEL CESEC-II1 CESEC-I, II
THERMALHYDRAULIC* 26 NODES, UPPER HEAD 16 NODES
EXPLICITLY MODELED
L ]
RCS FLOW EXPLICITLY MODELED INPUT TABLE
RCPs FOUR, EXPLICITLY MODELED TWO SIMULATED
WALL HEAT EXPLICITLY MODELED NONE
SGTR OPTION CRITICAL FLOW CHECK DARCY EGUATION
MIXING IN RY ASYMMETRIC RESPONSE ASYMMETRIC RESPONSE
EXPLICITLY MODELED INCLUDED IN REAC-
TIVITY CALCULATION
FOR SLB
30 FEEDBACK YES NO

* MASS CONSERVATION: CESEC-I,-I11,-III MODELED
ENERGY CONSERVATION: CESEC-II,-IIT MODELED, CESEC-I ASSUMED
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19.0 VERIFICATION

Assassmant of CESEC by C-E includes comparisons of code predictions to axisting
axperimental data for C-.E£ operating plants and to other C-E design cod2s, This
information is presented in Appendix I.

Obsarvations that can be mada from the CESEC mode]l validation effort against
axperimental data to date ara as follows:

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

2., CESEC deviations from test data are in most cases within the unrertainty of
the measurament,

3. CESEC satisfactorily predicts the transient response trends for cases that
the data collectad is not comprzhansive enough for performing an in-depth
cnde assessmant,

4, CESEC is hasically a best estimate code. The corservatism of analys»s for
Chaptar 15 avents is mainly introduced through the input rathar
than thz coda,

Tha main conclusion from tha CESEC modnl validation activity to date is that
the code is capable of pradicting system rasponse for PUR non-L0CA initiating
avents for a rang2 of operating conditions. Thus, CESEC can ba effectivaly
used as a pradictive tool for the non-LOCA 2vents analyzad in Chapter 15 of
C-E's safety analysis reports, The CESEC verification effort will be continu=d
with the assessment of the code against data which will be gatherad during the
power ascension testing of San Onofre Unit 2, Waterford Unit 3, St, Lucie Unit
2, and Palo Verde Unit 1.
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APPENDIX A
TWC-PHASE PUMP HEAD PERFORMANCE INFORMATION

A.1 Pump Head Degradation Multiplier vs. Void Fraction

Void Fraction (a) Degradation Multiplier (m,)
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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v

a v
151 or 151

HAN
HVN
HAD
HVD
HAT
HVT
HAR

HVR

o

=]

c © ©o e © o

.000
.000
.000
110
.000
110
.000

-0

0.833
-0.040
-0.495

0.083
-0.178

0.134

0.667
-0.043

TABLE A-1

HOMOLOGOUS PUMP DATA FOR THE DIFFERENCE BETWEEN SINGLE-PHASE

.089
.003
.295
.054
. 345
151
.811
.066

-2

-0.

-0.

AND DEGRADED TWO-PHASE HEADS

.098
.095
.090
.020

504

152
.185

071

1.048
0.210
-2.667
-0.023
-0.652
0.130
0.761
-0.058

1.017
0.331
-2.909
-0.084
-0.792
0.on
0.734
-0.027

1.014
0.449
-2.786
-0.174
-0.927
-0.043
0.701
0.021

.012
.560
.360
.307
.058
.230
.655
.086

0.983
0.674
-1.773
-0.501
-1.1388
-0.512
0.591
0.168

.940
.804
.242
776
303
NS
.502
.266

.10

1.000
i.000
1.1
1.1
-1.468
-1.467
0.380
0.380



LEGEND FOR TABLE A-l

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

X = H implies
X =B implies
Y = A implies
Y =V implies
Z =N implies
Z =D implies
Z =T implies
Z =R implies

a head curve

a torgue curve

v/a is the independent variable

a/v is the independent varicble

normal operation (positive flow, positive rotation)
energy dissipation (reverse flow, positive rotation)
turbine operation (reverse flow, reverse rotation)

reverse pump operation (positive flow, reverse rotation)
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APPENDIX B

DERIVATION OF THE THERMALHYDRAULIC EQUATIONS

g8=1 Physical Assumptions

Physical assumptions used in simplifying the basic differential equations are

stated below.

1.

2.

3.

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

system.

Each RCS node is assumed to have homegeneous 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),

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 ptelsufizer region
is calculated including mass and energy transport across the steam-liquid
interface as follows. When the steam region is at saturation, instantaneocus
removal of liquid droplets formed by bulk condensation is assumed. Vhen thie

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

across the steam=~liquid interface (i,e., ;urface evaporation and surface con-

densation at the interface are neglected).

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-2 Derivation of Equations

Mass Conservation

g = @) = (DD )

I & Yinvey 25, 8. W
S = pressurizer steam region, if existing

W = pressurizer liquid region, if existing

Energy Conservation

S (m,h,) -pv, =Q, + (Ch¥)
dt 11 % i i
which can be written,

nihi + m h & Q1 + (Zhw) - pV
L8 Lioesy 25, 85, ¥

i

Constant Volume Node Constraint

v, = Yi- constant , i = 1,..., 25
which in differential form can be written,
n1v1+ "ivi. constant, i = 1,..., 25

For the pressurizer node which can consist of a steam anda liquid

region, the constant volume constraint is:
n'v. + u v = Vp = constant
which in differential form can be written,

. - - -
V +mv + v '+ v =
.ll s s nww mww 0

Equation of State

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

vi-v(hi,p) v 1 1,..., 25 8, W

which in differential form can be written,

. av . v, ! o
v, * ah h +:§1hp’i & livevy 23, 8, W

B=-2



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

V' = Vf(P) B-lO

hw - hf(p) B-11

which can be written in differential form as

* de .
Va dp P B-12
s dhf .
hw Tp P B=13

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

. vg(p) B-14
h. = hg(p) B-15
which can be written in differential form as
. - dvg . .
Vs "3 P B-16
.

o dhg . -
h. s 7 B-17

Using Equations B-9, B-12, and B-16, A for 1 = 1,...,25,5,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, Qi

2. external mass flow rates, (zwext)i

3. external enthalpy transport rates (zwext)i

4., mass flow rates at the RCS pumps (024 13° WZA 16,w12 1 "12 4)
& ’ s ’ bl
5. volumes, Vi

6. pressures, PPRE and PSYs

7. enthalpies, h1

8. masses, »,

9. specific volumes, vy

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

Reference 4)



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

\ using the equations of state) are:

,h or W, h or Was i', ﬁu’ &i ST S - ii for 1 = 1,...,25, W

s ¢’ w W o

£ O

2,3* ¥3,5" ¥s5,6" 4,20 ¥, 70 7,80 ¥8,9° ¥9,10° "10,110 "11,12* Y14,2° ¥19,7* ¥13,14°

"14,15° 15,17° ¥17,18° ¥16,14° ¥18,19° "19,20° ¥20,21° ¥21,22° ¥22,23,

= 1/2W

¥23,24* 25,19 * Was,7 25° ¥8,26

.
Either h’ or Wc are unknowns but not both. Likewise, either %w or WB are
unknowns but not both. WB and VC are unknowns which appear in the terms
( zwint)i and ( thim:)1 for { = 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 ﬁ or h .
W s

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 a.e equal. This can be expressed as:

2 2
W53 " ¥is,17%1s 3-18

or

"3,5“"—3' - W57y = 0 B-19

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
equaticns and 29 unknowns. The analytical simplification for nodes 1
through 25 follows.

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

4 . .
m hi ‘nihi + Qi + (zhu)1 + pV B-20

i




Combining Equations B-5 and B-9

. s v v P =0 B=21

uivi - mihi i i
ap

I
Substituting Equation B-20 into B-21 yields

i p=0 B-22

v . .
nivi + ults ¢ [-mil'l1 + Qi + ():hW)1 - pV] +m

Expressing (}:W',-i as the sum of net flow from connected nodes and net flow
from external flows and (ZhW)i as a sum of net enthalpy transport rate due

to flows from connected nodes and due to external flows, we have:

(zw)i - (mext)i + (th,_)1 B-23
(EhW)i - (zhwex:)i + (Zhwint)i B-24
and defining terms as follows:
i v
o Thal Bl e | B-25
3h
i B-26
B=27
1 i 1
h
€ 1 Yal - 8 (me“)i - ai(ZhWext)i B-28
an
P
yields the following equation:
By (Wynedy + QI )y + 6P = ¢, B-29

i - 1,0..'25
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This equation describes the conservation of mass and energy for each coolant aode
except the pressurizer. The specific nodal equations for 1 = 1,25 consistent
W > 0 is used for enthalpy.

with Figure 1 follow. The definition of h = {hi

h

j jw<0
Node 1
= By *ah )W, S+ 8P =¢) - (B + b)) “:1 B-30
2 1

where
(zwcxt)l - Usi » wcharging - wsprays

(ChW__ ). = h +h

ext’l a1 st charging wcharging a hsprayswsprays

Node 2

B-31
(32 +a nl)wl g ® (32 +a, 2)(1 +F ) 2,3 + (32 + azhlb)wla’z

2 2

Node 2

( By +agh))Wy 3+ (B +azhy,) « Fy* W, 15 = (By+ashy)(1 + Fpluy ¢

+ 63p =€,y B-32

Node 4

- R =

where
=y

cxt)4 si i wcharging - wsprays
)y = bWy

IW

(ZhW

ext’ 4 chnrging charging hsptaylwlprays

Node 5 .
] .
(Bg + aghy)W, ¢ = (Bg+ aghg JWg o + §5F = ¢4

where h' is the enthalpy at the outlet of node 5 (core).
5
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Node 6

' .
(8¢ +u6h5) Ws g * (85 +a by ) Fkﬂs's = (Bg +ach )1 +F + Fy) We. 7 P e, 3-135
Node 7
(By +aghg) W,z + (By %ashg) FoWyg 19 + (By +a;hig) Wig 5 + 0.5 (8, + i
. 7 -
ashgs) Was = (B; +ash,) W, g +8,P w ¢,
7 8
Node 8
(Bg +aghy ) Wy g = (Bg +aghg) Wg o = (By +aghg ) Wy ,¢ +65P = ¢, B=37
9 26
8
Node 9
' .
L]
where h9 is the enthalpy at the intersection of nodes 9 and 10.
10
Node 10
] ] "
(B10* %10M9) Mg 10 = (Byg *310M10) Wig,11 *510P = €10 B-139
10 11
'
where th is the enthalpy at the intersection of nodes 10 and 11.
11
Node 11
' ] .
(811 *911890) ¥10,11 = (Byy *oyMyp) ¥opi00 *O0P 7 oy B=40
11
, 12
where bu is the enthalpy at the intersection of nodes 11 and 12.
12
Node 12
+a . h ) W +6 P 8 he.) W + (B.. +a..h R B-41
(812 *9y, ﬁ) ¥11,12 *O12F * G * (Byy *9yy 2’ Yol 12 *12M2) W
4
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Node 13

R L
(By3 *o13M3) ¥13,00 #6313 F = g3 = (B3 *agghy) W 0 B=42

where 14 13

(W

o 13 w.i i wclutsing = ¥ etdown

(ThW__ )., = h +h

ext’13 si"li charging "charging - hlctdovnwlctdovn

Node 14

(814 *a14hy3) Wig.04 = (Byy % ) W
14

2

)(1+1-')w

16,2 = (Byataghyg 14,15

B-43

+ 6 l;-c

14 14

Node 15

F'H

(Bys *oyshy) W 14,15 * (Byg *ayshy) 2,3 = (Bg *a gh o) (1 +Fpu

15,17
B=44

+ 6151’ = 1:15

Node 16

-
= (B1g *o16M16) Wi6,14 *E16F = €16 = (Byg *oyehal) Wy W, B-45
14 16
where

(wut)m - wsi 8 "charging - wJ.ol:ck:nvm

(mwut)m P hu w'i » hchargingwcharging o hlctdownuletdown

Node 17

' Ll
(817 *a;78ys) Wys,17 = (By *ayshyy) Wiy 18 #815F = €y b=t

i
where h17 is the enthalpy at the outlet of node 17 (core).

Node 18

A %
(818 *31g017) ¥Wi7,18 * (Byg *a1ghys) Fy * Wyg 17 = (Byg #oyahygXl #F+ FY 4 5
18,09 * S18 F " €19



Node 19

(Byg *w19M1g) ¥1g,19 * (819 *ayghg) F * W 5 + 0.5 (B)g 4 gh,0) Wy Fey
19 »
= (Byg *uyghyg) Wyg 7 = (Byg *ayghy o) Wig 5o 0P = € g
7 20
Node 20
.
(By0 *20"197 ¥19,20 = 820 *20"20° ¥20,21 *$20F * €20 B-49
20 21
Node 21
(831 *m31Pa0) ¥ag,21 = By *eyy hy) 1,22 ¥, o * ey B=30
21 22
where h21 is the enthalpy at the intersection of nodes 21 and 22.
22
Node 22
(855 *ay; hyy) Wa1,22 = 8y *u,, Mag) Wgob - €0 B-51
22 23
’
where h22 is the enthalpy at the intersection of nodes 22 and 23.
23
Node 23
(83 +a,3h,5) Wy2,23 = (Bp3 %, hy3) Wa3,26 *629F €55 =32
23 24
where hzs is the enthalpy at the intersection of nodes 23 and 24.
24
Node 24
(8., +a. . h. ) W +5,,P = ¢, +(B,, +a,,h,,) W.+ (8., +a,,h,,) W B-53
26 T924M23 ) Wag g4 ¥24F = £gy *(By, tey by Wi+ (By, tapuhy) W,
2% 13 16
Node 235
.
(855 *agshg ) FyWg 25 +(8y5 +aysh g) FyWig 19 = (Byg +apghyg) Wyg #8,P = )5 B=54
25 25

The pressurizer equations will be derived next. When both the steam and liquid
regions exist in the pressurizer, any of the following 4 pressurizer states can

occur:
B-9



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:

State 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

Using Equations B-1 and B-2 for conservation of mass and energy, respectively, and
the definictions from Equations B-23 and 8-23, we obtain for the steam and liquid

regions:

L
- -lvlls iy hs (zwint)l b (zhwint)l T .lhl . Ql » (zhwcxt)l = hc(chxt)s B-55
-.vvup v hw (twint)w . (zhwint)w = -whw - Qw *.(Zhwext)v N hw(tuext)V B=56

For this state (rwint). and (xhwint). are zero since there is no flow or enthalpy
transport between the liquid and steam phase. The terms (tw‘xt)s and (thﬁut)s
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 (xwint)w and (ZhW, ) are

int'w
B=57
(T¥inedw = ¥g,26 5
. B-58
(zhwint)w - h.r;"a,za
where
Byrg hgs Wg, 26 >0 B-59
Consequently, Equations B-55 and B-36 become:
P - z - B-60
-.v'P ¥ 'sﬁ- Qs » (“hwcxt)l hs(zwext)-
. .
- = - -6
-a v P+ [uw h.r'] Wg.26 * BN, = Q * (ThW ) = b (TW ) B-61

B-10



J

Substituting the mass balance (Equation B-l) and steam properties into the
constant volume constraint (Equation B-7) yields:

v ! 3vw p av oy
— v -
-. - -+ nw . P + Hwa’zﬁ + n. st L h" - vs(:uext)s
P P 3h 3h
h
& vv(zwcxt)w

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

B-62

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:

-ayvP+ah + [u. i h‘) Wy = Qg+ (ThW_ ) =h (W )

dhf :$ - )
:;- - Vg 'HP * (hf A h.tg) w8,26 " (hg ¥ hf) wB Qw ’ (zhwext)w
hf (zwcxt)w
v dvf - avs .

m +m —P + v W +m —| h +|v=v.]| W, =« (ZW )

s » W dp f 8,26 S adn s f) B s ext's

P
- (wcxt)v

State 3: Saturated Steam, Subcooled Liquid

dhg 4
g re ext’s g ext’s

hf-hg) W, = Q +ERN_ ) =h @W_)

- = - - 3 = : -
‘wv;P * (hw hsrg) w8,26 " (hw hf) wc . mwhw R ( hwext)w

hv(mcxt)w

B-11

B-63

B-64

B-65

B-66

B=67




State 4: Saturated Steam, Saturated Liquid

) B-69

ext’'s

d .
' ) s+ [hg = ho) ¥ = Qu+ (hH) - b (v

(i‘.‘.ﬁ = vf) 'wl; . (h£ - h"g) "8,26 + (hs - hf) wa -Q, +

dp B-70
(thﬂut) - ht(wcxt)w
i dvs dvf | ¢
\n. a__ao-uw b P+ v£w8,26+(vf-vgl We + (vl-vf) Wy
P P B-71
S vg (an:). * % (wut)v
State 5: Superheated Steam, No liquid
K L}
-vpp g "8,260‘: s hsrg) tah, o+ (ThE ), =, TV ), 3-72
3V . 3\' ’
J —’ -
.: ap e e vcw8,26 * B 3h hs vl(zwcxt)s 8-73
h

State 6: Saturated Steam, No Liquid

- P " ENE -h (W )
By B = Vo | P+ Vg g6lhg =By * (hf Bgl ¥e = Qg + (ThW 0 = Mg (Fexe’s
dp B-74

dv_ s - B-75
s d—pl : vswc g v8w3,26 i vs(zwcx:)l

B-12



A

State 7: Subcocled Liquid, No Steam

- vpP o (h" . hsrz) "8,26 TR TR (), - By (¥l B=76
avu . 3Vv .
ol TtV W Ry ® = ¥y (TWatly s

State 8: Saturated Liquid, No Steam

dh
f : !
(n" = - vp) P + (hf - n"d Wg,26 * {hg - hf] Wy = Q + (TW_ )

B-78
dv,_ ¢
L E;£ P+ vfus,zé = . vf(zw :)w B-79

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 W, <W where W

B — valve, valve
the pressurizer relief and safety valves. We also define hva

enthalpy (Btu/lbm) of the above flow, wvalve'
8lip between phases at the valves, so that the relation

hvalvcwvalve hgwb 3 hf(w wB) ’

= total mass flow rate (lbm/sec) through
lve ™ @verage specific
It is assumed that there is no

valve

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

- <81
(thcxt)w - hvalvcwvalve - hopray“spray .
This can be re-expressed as
'
(Zhw‘xt)w (thw‘xt)w (hg hg) WB B
L
- Ny " Re¥veive * hspraywspray 8-83

B-13



- APPENDIX C

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 correlaction 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 cthe 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 ¢ is given by:

$% = 1.0 0< X> 0.02 (c-1)



TABLE C-1
VALUES OF FRICTION MULTIPLIER USED IN THOM'S CORRELATTON FOR UNHEATED TUBES

AS A FUNCTION OF PRESSURE AND QUALITY

0 (s -] -3 [+, v = w n -

© ®» 5 &a % ¥ U K E B

20

Qualitv
0.0

.010

koo
.500
.600
.T00
.800
.900

1.000

250
1.00

2.12
2.1
3.22
k.29
5.29
6.29
7.25
8.20
9.15

10.1"°

1.1
15.8
20.6
30.2
39.8
49.4
59.1
68.8

L T8.7
88.6
98.86

600
1.00
1.L6
1.60
1.79
2.13
2.k9
2.86
3.23
3.61
3.99
L.38
4.78
6.60
8.42
12.1
15.8
19.5
23.2
26.9
30.7
3k.5

38.3

Pressure (psia)

1250
1.00
1.10

1.16

1.35
1.&8
1062

1.77 .

1.92
2.07
2.22
2.39
3.03
3.77
5.17
.59
8.03
9.49
10.19
12.40
13.80
15.33

1.00
1.00
1.00
1.06
1.11
1.16
1.2
1.26
1.31
1.37
1.k2
1.48
1.75
2.02
2.57
3.12
3.69
k.27
L.86
5.45
6.05
6.66L

3000
1.00

1.00
1.00
1.00
1.00
1.00
1l.02
1.03
1.04
1.05
1.06
1.08
1.16
1.24
1.4%0
1.57
1.73
1.88
2.03

2.33
2.k80



x'0-9326 - 0.226x10™> ®)

42 =

1.65%1073 + P [ 2.988x10"> + P (-2.528x10~0) ¢ P2 (1.24x107+) j

0.02<X<0.2 (c-2)

J x(1.0205 = 0.2053x10°2 p)
‘ =

7.876x10° + P [ 3.177x10™° + p (-8.728x107%) + 22 (1.073x2071%) ]

0.2<X<1.0 (C=3)

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

equations are yielded for low pressure (<1850 psia) bulk boiling

for G >O.7x106
106 106
$2 = [1.26 - 2.0004 P + 0.119 T} + 0.00028 P = 3 (C=4)

for G<0.7x10°:

$2 = [1.36 + 0.0005 P + 0.1 ‘-93} - 0.000714 P {-Qg)l 2 (C=5)
10 10

C-3
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APPENDIX D

DERIVATION OF ENTHALPY TRANSPORT EQUATION (CORE AND STEAM GENERATOR NODES)

D-1

(s]




D-2

[5




(5]

In the stecan generator nodcs, a reference cxit temperature is calculated for ‘
comparison with the calculated exit tcmperaturc to insurc that the heat transfcr
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 Tuecondary' For heat transfer into the primary side, the reference

temperature must be < to Tnecondary'
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:

hl(t + At) = h (D-153)

node

D-3



When the exit fluid temperature is set equal to the reference temperature,
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 conditior occurs, the heat
transfer rate for the node in question is set equal tc zero for that

time step.

D=4



APPENDIX T
DERIVATION OF THE SURGE
ITERATION SCHEME o~
Let AiTh(i) = Delta in pressure between the pressurizer and RCS pressure

derivatives with respect to time. Used in the thermal-
hydraulic equations to determine the surge mass flowrate,
".( (ith) iteration).

Aiw.(i) = Delta in pressure between the pressurizer and RCS pressure
derivatives with respect to time. Determined from the
solution of the momentum equation ( (ith) iteratiom),

In ordgr for convergence to occur the values of Airh and Aﬁw must intersect
the 45 line shown in Figure E-1 at the same point or the 1n§ersections must
be within a certain deviation of each other. The deviation is defined by
the convergence criterion.

Let Anrh(n) be the value used for the mth iteration of the solution
of the thermal-hydraulic equations. In order to predict
the new value of 8Py (m) let
(APTh(n) = Al"Ih(m-l)) d(A?".) = chacge in Aﬁq‘ (E-1)
d(APTh)
where,
d(AR's) - AP"s(m-l) - AP":(m-Z)
d(APm) . ™ .
Cm@-1) ~ Fm@-2)

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

change in 4P, = APTh(ﬂ)- Aqu(n_l) (F=2)
and ’ . d (Al.’.m) . r
i@ " Fme-n TT @) Cne T Pse-)’
s
(E-3)
Rearranging terms and solving for AP yields
() iad_)
. Th .
Th (m) - b
1 d(ARTh)
d(&Pyg) .
The above equation has the characteristic of predicting the resulting ﬁPws(m)
given a AF . Thus, it intrinsically converges on the proper solution’

h 4
In coding Qﬁhfgfon (E-4)y consideraticn was given to the possibility of the
denominator and d(iF, ) being equal to zero. The logic built into the code
prevents a division b¥ zero.

E-1



SURGE LINE ITERATION SCHEME

Figure E-1



APPENNIY F

LETDCUN LINE °REAK *“ODEL

F-1



F.1 [ntenduction

Tha mod21 of *ha 13tdown 1ina Sreak usod in CESEC is hriefly descrihad in *his
sppendix., A sample schomatic of the main componants of the Chemical and Volune
Control System (CVCS' associated with th2 avant is shown in Figure F-1, As
seen from this figur2 one end of the letdown line is connactad to the cold leg
of the Reactor Coolawnt Systom ‘RCS). The latdown flow passes through the tybe
side of the Rnganerative Yaat Exchanger (RHX) and to tha outside of the
containmant building through 1 penatrationn in tha containmant 4all, The
latdown flow is cool2d in the RHX by the charging flow in tha shall side, The
landown 1ina can be isnlatad hy means of isolation valves insids tho
containnent, A br2ak in the letdown 1in2 upstream of the letdown control
valva is idantified for *9¢ purpose of illustrating the modal,

The prassure and enthalpy of the primary conlant in the cold 1:g of the RCS at
any qivan time is known from the CESEC cod2 computations. The latdown line
brrak model itoratively calculates the pruessure drop in the 1gtdoun line and
tha haat transfar in the RAX, The flow through the break is computed using
critical flow tablas,

F.2 ‘athematical Modal
Two simplifying assumptions ar2 mada in thay madel, The pragsura drop in *tha
Intdown line assumas single phas2 [liquid) flow. Tha haat transfar in the RHX

11so assumes singi2 phase (liquid) flow in tha tubs and *tha shall sidas of
the RHEX,

F-2



The singla ghase turhulant flow prassurs A4rop in the 1atdown line can Ha

calcula*ad using *ha Narcy squation

oz (F‘l)
AP = m] K]—”"
=27 9.7

vhara,

Apl‘d kS the pressucs are) gthe°" points 1 and 2 in tha latdown lins /gea
Figurs Fol), 1of/fe°

M, is tha lotdown flow rate, 1bm/hr

A is th> cross sectinnal arna of the latdown lina, £+?

% is the gravitational constant (4"7!108.lbm £+ /1bf hr’) ’

P is the avaraga density of the cnnlant in the lotdown lina, I1hm/f+”

Kiea '8 the total lass cosfficiant (i.e,, friction + entrance + axit + bands)

and is assum?d to be constant,
The prassure at the hreak location (1ncation 4 in Figure F-1) is given by

Ap4 = Pl - P‘.’a Fa2)
The pressura drop hatwaan points 1 and 4 is smallar for single phese flouw than
for co~responding two-phasa phase flow, Consequently, tha prassura at the
break lacation would be largrr for singla phasn flaw, laading to 2 larosr mass
discharga through the break, MHenca, the assumption made in the mndal, that the
prassur> drop calculatinn 2ssum=s singla phasa flyid Yeads to conservative

results,

The anthalpy drop of *he latdown fluis through tha RYX is dapsndant an +ths
mass flow ratas and the inlet tamperatures of the latdown and charging fluids,



Tha tamparatur2 of tha letdown fluid at the WX axit is calcula*e4 from tho

fni l()wﬁng :q..afi.,qs:

. {l-cxp [um;s;z]}- t;; (1-R) il

t
o
R‘.xp UA]'R
P
where
“';l_gi
pc
t and t are tha tamparaturns of tha latdown fluid at tha 24X inlet and

1i 1n

ontlet, O,

Qci is the tamparatur2 of tha charging fluid at *ha QMY inlat, F
ﬂ‘. ﬁ, are latdown and charging flow ratas, Thm/4r

Cp], C g " the specific heats of letdown and charging fluids,
RTY/1bm-"F

e
I} is tha overall heat transfer coafficient, aTy/r-fr-."f
2
A is tha heat transfer area, f+°,

Tha heat transfar confficiant 1) is A3pendant nn the latdawn and chargine flow

ratas, A is given by the following C-E ganeratad empirical equation,

()" e x c 608y - 6084y (F-4)
whare,

fi, and Gc ara tha latdown 3and charqing flows in gallons/minute,

1

X,Y, and 1 are constants dapandant on tha dasign of tha PHX,
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The anthalpy of the latdown fluid at tha axit of the HX is assumad fo b« tho

sarturation liquid anthalpy ar tamperatura 'lo’ linca *ha grassurs and

anthalpy of the 1:tdown flyid at the braak ara computed, tha flow through ths

hroak can b2 solvad for from tha critical flow tablnas huil* into CESEC,

F.?

Ttorative Procedura

The following itarativa procedure is used *n calculata the flow through ths

hraak

8

5\

7\

P
A reasonabla value is assumed for tho pragsure drop AP“‘(e.g., AP1‘4' -ng)

Tha prassur= at the br2ak location is calculated from Equation F-2,
l'sing Equarion F-1 the NDarcy flow rate in the latdoun line is calculater,

Using tha Darcy flow rate in Equations F-? and F-3, the *temparature of the
1atdown flow at the RHX exit and th2 correspondinc saturation enthalpy can
be calculatad, The valyss of othar paramtars such as t]i' .ci' and

m, ara providad by CESEL,

Knowing the prassure and anthalpy at tha hreak lncation tha critical flow
through tha brrax is calculated from rablas,

Staps 1 to & ara ropoatad by iterating on AP /Newton's mathed) yntil the
calculated values of the Narcy flow rate and tha critical flow agra2e within
a spacifind ¢criterion,

The value of § (sea Equation F-1' is racalculated basad on tha naw flow
rate and tamperaturss, ‘p is tha avarage density at pRCS and T whon

Te= (TloT,)/? 'See Fiqura F-1),

Steps 1 to 7 are rapeated using tha naw average dansity until tuo

succassive values of p convarne within a specifiad aritarion,
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APPENDIX G

FLUID PROPERTY DERIVATIVES

G.1 Pressures Greater than 550 psia

Saturated fluid enthalpy total derivatives (Subroutine DPOLY):

dp n
n=1

dh. 8

dp u

Subcooled water specific volume partial derivatives (Functiom WATPR):

4
3 v
. Z [ s 2, ,oh )] V. (P (6.3)
ap
2
v (. p®+2c. p"h+3C, pHE+4c, p"n)| Vv _(p.h)  (G.4)
— l.np Z,np 3.np lo,np sub P’ s
3h
P n=0
where
V(@) = exp [Z(p,h)] (G.5)
4 2
ow - 3T g "

k=0 n=0



Superheated vapor specific volume partial derivatives (Function WATPR):

e e B =E.07% 4 Bh - Ehp 2 (G.7)
- - Sy 5 6P .
ap

h
av -1
| = +Ep+Ep (G.8)
3h

p

Two phase specific volume partial derivatives (Subroutine PRPDER):

po- dvf dv‘ vs - vf dhf <lh8 ian
. = (l-x) — + =z - (1-x) + x *
39Lh dp dp h‘ - hf dp dp

v v - vf vt

e " 2 = _: (G,10)
sh . h' - hf hfl

Total derivative of specific volume (Function WATPR):

dv v L 3v| dn (G.11)
dp ap sh| dp
h P

G.2 Pressures Less Than or Equal to 550 psia

Saturated fluid enthalpy total derivatives (Subroutine PRPDER):

dh

f
2
‘d—p- = Al (LlOE)/(P(AZ - loglo(p) ) ) + A4 (L10E)/ p + 2AS (loglo(p) JL10E/p (G.12)
dh a f:f_ - B1(L10OE)/ (p (loglo(p) + 32)2) + B4(L10E)/p (G.13)
dp dp



Subcooled water specific volume partial derivatives, h < 277.2 BTU/1bm (Sutroutine
PRPDER) :

v = « (C4 + csh2 wbhl‘)/(nlz) (G.14)
E)

h

3 3 2 15

v = = (2C2h + 4C3h™ + 2CSph + 4C%ph™)/(pl"%) (G.15)
k)

P
where

2 4 2 4

pl = C1 + C2h + C3h + C4p + CSph” + Céph G .16)

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

/ / 3 \

hd -(1/922)(06 + (1/(h—D3-D6p)) (vs /2 + D5p) / (n=D3-Dép) + os/;) G.17)
ap

h

2

¥ @/623(D2 +D5p) /(h - D3 - Dép) (G.18)
3h

P
where
02 = DL + Dép + (D2 + DSp)/(h = D3 = D6 p) (G.19)

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

oy = Ko, + (1K) »p, ©.20)
where
K = (-35° + 108> - 155 + 8)/16 G.21)
S = (h - 280)/2.8 (G.22)
ZI ==y (Rech + csh? + con®y + (1) (4 + (D2 + DSPID6/ (he D3 -
®In  v6p)? +D5/(h - D3 - D69))) (6.23)
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dK

., -(1/932) (K(2C2h + 4C3h°> + 2CSph + 4C6ph) + —— (.= 5.) =
- ; T

» (1-K) (DZ + DSp)/(h = D3 - Dép) G .24)
where
« 2 2
— = 1/16 (s (=5.3571438% + 10.71429) - 5.357143) (6.25)
dh

Superheated vapor specific volume partial derivatives (Subroutine PRPDER):

is given by Equation G.7

v

okt is given by Equation G.8
3h

P

The total derivatives of the saturated liquid and saturated vapor specific volumes
with respect to pressure are given by Equation G.1ll.

The equation used for the partial derivatives 3: and i: for the case of a

sh 3h
P

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.



G.3 Nomenclature and Cons:iants

ck,n
k/n

< X <

> o <
® m W m

& J F 7

3
w

a?

>

& W N = O

Enthalpy (BTU/lbm)

Pressure (psia)

0
=0.41345E + 01
0.13252E ~ 04
0.15812E - 05
-0.21959E - 08
0.21683E - 11

1
-0.59428E
0.63377E
-0.39974E
0.69391E
=0.36159E

Specific volume (ft3/1bm)

Quality

- 05
- 07
- 09
- 12
- 15

2
0.15681E
-0.40711E
0.25401E
-0.52372E
0.32503E

Specific volume of saturated water (ft3/1bm)

Specific volume of saturated steam (ft3/lbm)
Enthalpy of saturated water (BTU/lbm)
Enthalpy of saturated steam (BTU/lbm)

0.182609E + 03
0.144140E + 01
-0.387216E - 02
0.651417E - 05
-0.638144E - 08
0.369701E - 11
-0,124626E - 14
0.225589E -.18
-0.169253E - 22
0.115216E + 04
0.460395E + 00
-0.159024E - 02

0.286502E - 05

G=5

08
10
12
15
18



L10E

FERELRERE

Cl
c2
c3
C4
C5
Cé
D1
D2
D3

D5
D6

h ~

-0.299850E - 08
0.185137E - 11
=0.664224E ~ 15
0.127776E - 18
-0.101790E -~ 22

-8.1735849 x 10~%

1.2378514 x 10

-1.0339904 x 10°

-6.2941689 x 10~°

-8.729216 x 100

1.2460225
loglo(e)

1376.8
5.1085
-199.78
24,262

1.71

500.0

-4.062
1158.86
-13.56

62.4

-8.73 x 107>
2,32 x 10720
2.14 x 107
1.43 x 1077
-6.2 x 10723
92.924
39440.2
1377.35
5.761 x 107
1.6386
0.035704

Density (lbu/ftB)
G-6
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APPENDIX H

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

For a two-phase mixture

vip,h) = (1 - x(p,h) vf(P’hf) + x (p’h)vg (P'hg)

Moe PR Wk Nove (H.1)
3h
p
a : av.(p,h.) -~
f— - _(l-x(ph) v.(p,h,) + (1 = x(p,h)) g(Pshg
sh 3h " Rl ’ = (8.2)
i P
3
p— x(p,h) v (p,h ) + x(p,h) 3v_(p,h )
2 2 wollvmprovollin
. oh
P
and
— = = (h-hf * (H.3)
3h 1 3h | hs-hf hg'hf
P
Therefore,
e e e (8.4)
L hg=he ho-hg ho=h,
P
For av we have
W
h
3:- - 3!3.:.:£2:3» vf(:.hf) $ (l - x(p,h» 3Vf(P.hf * 5. 5)
Ip ap 3p
h h .
ax(p,h) V‘(P:hg) + x(p,h) av_(p,h.)
3p
3p

h -1 |h



ax(p,h - 9 h - hf(p) \i
a -
- v hs(p) hf(P)/'h
which yields
3 x(p,h)
ap h
al a
(hg(® = nge)) e
4 £ dp
3‘(Pth) 1
ap hs(p)- he(p)
h
3!(9.‘1) o
ap h ‘h
h g f
Therefore,
v
I e
3 h_- d
P b g f P
) B 4 ] +x g
dp dp dp
or
a_" = (1-x) dv_f +x 2& -

dh

-2
- - (h - he(p)) (hs(p) - hf(p)) (_f

oy

"
dp

(H.6)

(H.7)

(H.8)

®.9)



In summary, for a two-phase mixture

v v

e— = —fl
3h h
£
P g
and
3 v
5l = o Tee M o (Y| Taw M o4 By
dp dp hf dp dp
h 2

The total derivative of specific volume with respect to pressure is

Yo aw® o+ o P o+ W)y O
dp dp dp l'xfg l dp dp hfs dp
or
dv
dv dv dx
& (1=x) _ £ +x_3g +vf3_
dp dp ap
where
- SR B
dp ap 3 dp

(H.10)

(H.11)

(H.12)

(H.14)
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Tha surpas2 of =he agsasgmant of CESEC is to oxamine the capahility of *ha

cnda to pradice eystan ragponsa for P'R non-LAOCR initiating avanrts for a ranqgs
of oparating < ditions. Tris activity includes verification of coda’modals
tarough cor -cison to applicabla axparinantal 43ta and bancraarking of
cod2/modals through comparison ta other code’/models performing a similar
calculation, Tha assassment of vha code against plant tast data satisfies an
RC raquast that axparimental data be us2d in tha varification of safaty
an2lysis computar cndas,

Nir:ct comparison nf CESEC has baesn perforrmed against th2 following C-E

cndas:

11y
1t CWLST~1 - Four pump coastdown

2\
2) CEFL&SH-dﬂS‘Z' - Naprassurization avant

Qualification of rha CESEC corde against exparimental! rasults includes the

following tosts:

1Y Hot z-ro power four pump coastdown
2 Turbine trip
1Y Matural circulation cooldown

Tn show the accuracy af th2 pump model describad in Section 2,7, 3 ca=parison
has b2 made of tha volumetric core flow fraction during a four pump
coastoun transisnt, Figury T-1 shows excallant agreamant hatwsen tha CESER
and COAST codes, The COAST cnde is an MRC approved digital computer program
us2d by C<E tn anzlyza coastdown transionts for tha raactor conlant pumos.

&8
ICENPD. 0y, “COAST £ODE NESERIPTION®, April, 1977

LE

1N
2 Supplaman® 1 =0 CENPD.122, “CEFLASH-AAS ® Camputar Program for the Rasctor

Blowdown “nalysis of the Small Brmak Loss of Coolant Accident™, fugust, 1979,

[-2




Figure [-2 shows a comparsison of the flow fraction predictad by the CESEC
cod2 against tnst data, Tha 4ata corrasponds to a hot zarn power coastdown
transient performed during the plant start-up of a C-E NSSS. Again axcallant
agraament is shown between CESEC and ths rofarance data,

To show the adequacy of CESEC in predicting pressurization and depressurization
transients, a comparison has been macd2 of th2 cocde rasponse during a full power
turbine trip test, The tast data was compiled during the plant start-up
testing of a C-E NSSS. The turbine trip is 3n 2avant which results in 3 rapid
increase in primary and sacondary system pressuras, For the tast, the plant
control systams were all in the automatic mode and opz2rating normally excapt
for the stoam dump and bynass control system /S3CS), One atmosphoric dump
valve {ADV) located downstream of the main steam isolation valves (MSIVs) was
isolatad and the two atmospheric dump valves located upstream of the MS1Vs were
in the manual mode,

Tha test was initiated by manually tripping the main turbine from the control
room., The SDBCS responded to the turbine closure by initiating quick open
signals to th2 dump and bypass valves, However, tha capacity of the valves to
pass steam was degraded to about 4% parcent of the full power steam flow. The
main fzadwatar flow which tried to match steam flow was aiso dagradad,
Therafore, as a result of the mismatch batween energy genaration and 2nergy
removal, both the primary and secondary systems intarnal energics incraased,
the primary and secondary temperatures increasad, the primary and sacondary
pressuras increased, and the steam generator lcvel decreasad., The pressurizer
spray flow also increased in an attempt to moderates the incraase in pressurizer
pressure, At 6,1 seconds into the transient, the reactor tripped on a stoam
generator low lovel water signal. Following the reactor trip, the pressure
incr2as2s terminatad,

After the primary and secondary pressures reached peak vaiues, 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 closed, but the pressurizer spray valve failed to reseat and the
atmospheric dump valve remained fully open. The unexpected failures of these
valves enhanced the cooldown of the system. A1l 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
diractive, the operator shut off all four RCPs aftar tha SIAS was generatad,
Afesr isolation of *h2 A0V by closurn of %ha *1SIVs, followine » main steanm
isolation valve signal (MSIS), the cooldown was te~minatad and the pressurizar
began to refill,

Comparisons of the turbine trip tast ware performed using th» CESEC-I and CESEC-
III versions of the CESEC code. Table [-1 summarizes key events during the
transient and demonstratas the closeness of the CESEC pradictions with tast
data.

The steam g2narators 1 and 2 pressure responsas ar2 givan in Fiqur2 [-2, The
pressure responses exhibit non-symmetric behavior caus2d by the non-symmetric
st2am flow, Stoam ganerator 1 experiences a lowar peak pressure and a lower
minimum pressure than st2am generator 2. This is consistent with the sta2an
flow behavior which is causad hy having two bypass valves and tha single
oparable dump valva connected to the steam generator 1 steam line header and

only the third bypass valve connacted to tha steam genarator 2 steam lin2

header, The calculatad CESEC results 2graa wall with the experimental results
as sean from Figure [-3, The peak prassures calculated by CESEC ara higher
than those racardad in tha test, This difference in sncondary peak prassurs
can ba partly attributed to the sclection of tha data valuss for steam flaw
#hich were usad for driving CESEC during this initial transisant tim> pariod,

Figura [-4 shows th2 response of the pressurizer prassure., The pressurizer
prassure calculated by CESEC agrees well with the test results over the entire
transient time simulated., The agreement is within the range of uncartainty

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
recordad until ahout 22 minutas into the evant, lHowever, Figure [-5 shows a
comparison of th~ CESEC pradicted water volume in the prassurizar against thar
calculated by related test data. Again as seen from Fiqures 1-4 and 1.5, the
calculated CESEC results agres well wit the exparimental rasults,




Op

Tha CESEC-TI! calculated subcoaled margin had a minimum value of 2hout 17
in the closur2 head node which is the hott2st noint in the reictor coolant

systam during th2 cooldown portion of the transient,
The conclusions from the turbine trip simuiation can be summarizad as follows:

1. CESEC is able to satisfactorily predict the major featuras of the
transient,

2. Improvad infcrmation on the sxnperimental steam and feadwater flow ratss and
faadwater enthalpy would have eliminatad much of the uncertainty in the
simula*ion as thesn parameters wers usad to drive CESEC, For example,
the axparimental steam flows lavel out at a dump capacity of about 12
percent until tha MSIVs are closed. Closure nf the MSIVs should terminate
all steam flow, How2ver, the raduced data indicates a small stoam flow
fraction. This inconsistency is h2lieved to be dus to uncertainty in
the AP measurement used to calculate steam flow rate at low flow
conditions. The uncertainty in the measurement during low flow conditions
is the highest., Similarly, this inconsistency was obsarvad in the
feadwatar 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 flow was not
measurad bacause 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 raactor
vessel upper head, a comparison has been mad2 of the code response against data
during a2 natural circulation cooldown. On June 12, 198N a loss of component
cnoling water event occurred at a C-E NSSS. The avent was initiated by a short
across a terminal board which caused the cooling water roturn valve from the
reactor coolant pumps (RCPs) to fail closad., Once the failure was discoverad
by th2 operators a manual reactor trip was initiated and all tha RCPs were
tripped within the next two minutes. RCP 181 was started and stopped onca
thereafter, 4Yith the r2actor coolant system in a natural circulation moda, th»

operators beagan the cooldown by raducing the p~essure within the primary system.
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This was accomplish2d by using charging, ietdown, and auxiliary spray and by
cycling tha atmospheric dump valvaes, At approximitely 3.5 hours af*er raactor
trip the operators ohserved 2n unaxpactad rata of pressurizar leval incr2ase
when d2prassurizing with th2 auxiliary spray system, Subsequently, 2 drop in
pressurizer lavel was observed when charging flow was shiftad from the
auxiliary spray to the cold legs.

Thae rasul*s of the CESEC analysis ara presented in Figures -6 and [-7, Fiqure
1-6 shows the prassurizer pressur2 and lavel as a function of time and Figurn
[-7 shows th2 core inlet and outlet temperaturss as a function of time [numher
in parenthesis is wall clock). The plant pressurizer respons2 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, acsumptions had
to be made for the simulation of the operator actions in rogard to charging,
sprays, and letdown,

The following conclusions were drawn from the CESEC simulation of the natural
circulation cooldown.

1. The pressurizer liquid response is a good indicator of voiding within tha
closur2 head. The pressurizer laval bashavior occurring aftar 12000 seconds
is the resul® of a steam bubble baing formed in tha reactor vessel
closure head ragion and part of the uppar planum., This indicatad rate of
increase of the prassurizer liquid leval is as ruch as four tinmas as grrat
as should nave been caus2d by the rate of volumetric addition of liquid to
the reactor coolant system.

2. The maximum fraction of voids predicted did not exceed the raactor vassel
fluid volume above the top of the hot leg nozzle. The CESEC results
indicated that the steam bubble reached a maximum siza of about 1158 ft
before tha voids startad to collapse. Collapse of the voids was predicted

3). Addition-

3

to occur before the hot legs started to void ‘about 1300 ft
ally, the CESEC simulation indicated that the voiding did not mitigate to

other regions of the reactor coolant system, The reactor vassel outlst

temperature was sufficiently subcooled to pravant this phenomenon from

occurring,
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3, The CESEC code was able to satisfactorily pradict the transiant responsa of
the natural circulation cooldown 3vent, Th2 code pradictad results which
wara consistont with the physical assumptions miade. !lore information on
the transient, such as operitor actions annd auxiliary fredwatar enthalpy
and flow, would have reduced the number of assumptions which had to be
made to drive CESEC. Thus, the acdditional information would have providad
a more realistic data basa with which to assess the code predictions.

To further substantiate CESEC's capability to simulate depressurization even*s,
a comparison was also made between CESEC and another C-E thermalhydraulic code,
CEFLASH-2AS, Tha event analyzed was a leak in the cold leg piping at th2
Junction betwesn tha cold leg and the letdewn line, The size of the leak was
representative of twice the size of the letdown line. The results shown

in Figures [-8 through [-10 should only be viewed in tarms of the capability of
both codes to simulate the system respons2 rasulting from such a leak /e.g.,
partial depletion of the reactor vessel water inventory) and not in terms of
consagquences resulting from 2 letdown line break as analyzed inm Chaptar 15.5 of
a FSAR (e.g., no depletion of reactir vessal water inventory). The assumptions
for this analysis in terms cof systems operation (e.q., CVCS in manual),
location of braak (e.g., inside containmant), etc., are not compatible with the
assumptions made for Chapter 15.5 analyses (e.g., CVCS in automatic) for thao
limiting latdown line break which for dose consequances is located outside tha
containmant,

Figure 1-8 shows a comparison of the RCS prassure response batween the two
codas for 1000 seconds of transient time. The comparison was terminatad at
1000 seconds as after 421 seconds the safety injection flow /HPSI) Segins and
starts balancing the mass losses resulting from the 12ak. The peak in RCS
pressure prodicted by CESEC at about 175 seconds rasults 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 tha reactor power incr2aso»s
prior to reactor trip). MNo pressure peak is shown by CEFLASH-4AS as the
turbine admission valve is not modaled by the code. The second RCS pressura
peak pradictad by CESEC following reactor trip results from the full closing of
the turbin2 acmission vaive following turbina trip. Again CEFLASH-41S did nnt
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pradict this peak as it does no*t model this system, Aftar raactor trip CESEC
pradicts a slightly lower RCS pressure than CEFLASH-42S, This is compatibla
with rasults shown in Figures [-9 and I-10 which show, respactivaly, that CESEC
inventeory in the inn2r vassal is slightly higher than that predicted by CEFLASH-
4AS and the intagrated leak flow at 1700 s2conds is slightly lower,

The conclusion from this comparison is that both codes predict very compatible
results. The maximum deviation in RCS pressure, excluding pressurz peaks,
batween both predictions is within AN psi., The variatiOQ.in affactiva inner
v:ssel two-phase mixture volume after trip is within 200 ft3. Lastly, -the
diffarence in integratad leak flow at 1000 seconds is within 5 percent of =ach
orther, Calculational differances batween both codes as shown in Figures [-3
through I1-10 are attributad to modelling differences. For example, CEFLASH-4AS
is basically a hetorogeneous code with nodal fluid conditions evaluated at
local pressures while CESEC is basically a homogan=2ous cnde with nodal fluid

conditions evaluated a* the avirags system pressure.
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TABLE I-1

TURBINE TRIP CESEC COMPARISON

(98 PERCENT POWER)

EVENT

MAXIMUM PRESSURIZER PRESSURE

MAXIMUM SG1 PRESSURE

MAXIMUM SG2 PRESSURE

MSIS
MINIMUM PRESSURIZER PRESSURE

PRESSURIZER EMPTIES

PRESSURIZER STARTS TO REFILL

TEST

2382 psia/
8.0 secs.

1029 ps1a/
12.7 secs.

1091 ps1a/
12.7 secs.

241.5 sEecs.

1350 ps1a/

248.0 secs.
151.0 secs.

308.0 se-s.

CESEC-I1I

238 >s1A/
8.5 secs.

1054 ps1a/
14.5 secs.

1114 ps1A/
14,5 secs.

231.0 secs.

1269 psia/

237.0 secs.
135.0 secs.

331.0 secs.

CESEC-I

2362 psiA/
9.55 secs.

1071 psia/
18.3 secs.

1134 psia/
18.3 secs.

231.3 secs.

1299 psia/

245.0 secs.

165.0 secs.

223.4 secs.
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INPUT FEEOWATER FLOW TABLE
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—AL2308) e NUMBL - OF-POINTE N FABLE +3000E+0 ¢ |
FEEBUATER—F L BEFHE R
I o VIME(BEE) ——FLOW-TO AHBG(FRAC) FLOW 36 LHSGIFRACL) — — }
A«VECTOR VALUE A=VECTUR VALUE A=VECTOR VALUE |
AL2307) 0. A2nm J1023E40) Aq2327) JH023E %01
—————— A A R AR M 42— A (2328) vie2dbeor ——
A(2309) +1000E+05 A(2319) J1023E401 A(2329) J1023Ev01 :
S S . - FHE - FOLLOWING - A=vEGTORS - ARE - NOT- ASBIGNED VALUES o S ’
A(2310) 0. AL2320) 0, A(2330) 0,
S 7+ 11 ¢ S—— S A2324) - T I — M — g, —— S
Al2312) 0, A12322) 0, A(2332) 0,
AL23433 ity A62323)— oy atd3ii) T
A(2%14) 0. A(2324) 0, A(233a) 0,
— AR ——— 0y —— M) Y M ———— — gy - -
A(2316) 0, A(2326) 0, AL2338) 0. :
B PR e L ] *E & A Sl U s ole® o St M | N o L
1]
o
ot FEEORATEN—FLON—AETER-FRIR—
= e TIME(BEG) FLON-T0-ANSC(IRAC) — o BLUN-RO-LNEGIENAE )
A=VECTOR VALUE A=VECTOR VALUE A=VECTOR VALUE
A(2397) 0, A(2337) JA023E+01 A(2347) L1020E401 |
e AN e A8 S H000E-83 ————A(234n) vi080E-03
A(23199) +1000E+05 A(2339) L1000E=0% A(2349) +1000E=03
— ; SN FHE FOLLOWING A=VEGTURS -ARE NOT ASBIGNED VALUES S ——— e ~
A(2400) 0. A12330) 0, AL2350) 0,
AG280Y) ——————y————— A ————— Yy M —— ———
A(2402) 0. Af2342) 0, AL2352) 0,
AL2003) oy . AL2343) oy A(2353) oy
A(2404) 0. A(2344) 0, A{23154) 0.
A(240S) — - —— A b)Y MANE)—————————————————Pg——
A(2408) 0. A(2348) 0. A(2358) 0,
e




e TS P “w
e
o Tl ‘o (MOY4 w4 = MOT4 WYILE) TYNSIE BONHI WOT4 NO UNYVE OYVIO ...ru.c
P T % 1IA3Y 98/HY = (ROS2)y ® d _ [
‘o T3A30 ¥ILYM NO ONYE QY (0in2)y
- R M”uooo.. 1 I = | NOTLdD 338 - (son2)y
- i ‘o uuasuI-.Cle 03348 ININTA0 MO INISOTD FJATVA VONANGD NILYMO2I4 4 . (soe2)v
tos3n204" = | NOILdO 338 =~ (Lon2)y
R 90+30001° a = | NN13dD 338 = S ‘.oonn..m
R ‘o €A1 MO 14 WHINDD BILYM0334 JTLVWOLNY 04 INTO4LIR 13A3) 98K I 7.3:
‘o 41 MO 14 FOHANDD ¥31vM0334 JTAVYNOLNY 804 INTO4AIS TIAIT 98HN (f0s2)v
e ——WMUNS-MAT-MHENBS——— —— e

sev £ NOLLLO MUY wss

vivu(oogiexnd303svan)

~04NI=~00519/111-2383)

e N A6V 001N NOTENIA R BONOIIE NdI —— PSETES ST It N9 ATOYNOYON-AOF 19790711 FLVE NOY
9L 394 111=2383)  Leve “1430 ONTHIINIONG NDTLENANOD



e o L Ay o e e e, : ~teevryvy
e (1ie2)vy ‘o (1Zn2)y
— e el et R e tst == e 1 ke o 2 ) Y -
SINTVA QIN9ISSY 10N utc SHULIIAY INIMOTO S M)
b"iﬂ"ﬂﬂlul’ to2redy ﬂ“(ﬂﬂlﬂ"h ﬁlﬁ‘ﬁ Yy
10430001° (e202)v f0+3uk " (Win2)v
s SR L e ey — 10032995 e “teeeyy S—
00430009° (92e2)v §043p0st” (9102)y
e L ae sevd)y — = for3ostE" (Sinz)y — - =
00s30002° (n202)v £0+30192° (vin2)y
se tEen)Iv— £0IPSYHE————————————————— ity —— ——————
R - BOBTONNEL. e N w—— INIA YOLIIAY - — =
(IVYH4I8TIAIT ¥INOd (WAV/NLEISIT4TIVHING ﬁ..
- )
R X RS L L ST OO M It Pt Py —
- e

TFIAIY HINO4 HOLIVIN CA AdIVMINT HILYMOIIS

et e . ONYHIQ HINOG 40 NOTLINAS Aoyt
o | NOLLIAO AdTYHIND wos

e e e OO — A VAN S ADIYHING A3LYMO3I4 HIMGd VIR (0%Le)y
PUNC P EPUCTHONCUEPPUPIIPY SPRIPE VPSP T

I NOTL4O AJIVHIND 36N == 0°1 = (2052)y 41 *1t
————— e —_g0e300082 WA g0 JOHINGD Ad IVHIND HILYMAITs

ARy —

e TN 38V 0TI NOIBNIA —FeL T SONUIIE NI LSETESTST Ini - NESI0 A RHYNOYION 0P —— 19790711 I1Va NNE
o UOCL :-iuzou n.QO .-&x Dl-.b!-,u !-—niu Viva(oosl¥nd3aasva) ét—l..n-.\-:uu:uu

)



—g et Inn et

——e g O 4R R i L

————A4p

‘o
‘o

{952y
(Sef2)v

‘o
o
‘o
‘o

trofdiy
(fa82)V
(2ef2)V
(isf2)v
(0sf2)Y

§0¢300 1"
fos3onint

INTYA

(eet2)v
ting2dy
HOLI3A=Y

WA/ NIRRT O AdTYNINT

9ty o (e002)y
(Seg2)v ‘o (Son2)v
AN P PR el e Ry Y Uy B ) e

tonfd I v————f 4 +Inrint

(se52)v ‘o (gom2)v
(2vg)vy ‘o teone)y
(Ieg2)vy ‘o (1oe2)v
towt2yy ‘o (oonP)Y
SINTIVA OINSIEEY LON FHY BHOLIIA-Y SNIROTYIOS 3N
-ttty ————-=g I —— 1My ————
§043p0in* (sLs2)v 10+30001° (96s2)V
f0+3p0int ety = (tef2)y
INTVA HOLIIA=Y INTYA MOLDAAY
(B NES)IIEHE DL AdTvHiN] (338 3Imn1

(9452)v
(See2)v
(»is2)v

§0s30MID"*

t2ei2)v
thes2)y
(0Ls2)v

(695 2)v

§0+300 10"

MIYA

{98824y
(L9os2)v

HOLIIA~Y

(WA NERIS9RTY AL AdTYHINI

(99g2)v (sls2)y
s d)v (sig2)v
(v9s2)v (nis2)v

+tEt )y y———mm—————————2¢ €19ty ey

. (2952)v (2i1s2)v
o (19¢2)y tiig2)y
‘o (09s2)v (01%2)v
SANTVYA OINTISEY LON - INY SHALI A=Y -INIMOTIIOS IME
f0+300i0" (6552)v So+30001° (60%2)v
§0+dorint £ SR P P P F B S G A A G R G R Y
$0+30min" (L1S52)v ‘0 (Los2)v

INTVA HWOLIIA~Y INTVYA HOLIIA=Y
(WA NEB)ONY OF AdIVYHINDG {238)3Imi

B IS IR A I N S P e

- 2 HoFidO m0Y4 I8 - (v052)vy

SIMVE AAIVHANT H2LYM0334 ANdh}
wew 2 NOILAO AJIYHING wer

L
L

‘on
9v4

Wyl
[11=2383)

oekie
Larve

NOIEHIA

T SaANN2 36 Nd3 *SETES S InEd wiISE AlQyniY UN Q0P 1979607480 31v0 N
1430 S5~ lHIINIONT NOTLISNANOD YAVQ(OOETeND3038Ye) “D4ni=00519/7111-2363)




g S o . o ewe-
CESEC~IT1/81300~INFO- (BASEDECKA1300)DATA COMBUSTIUN ENGINEERING DEPY, 9487 CESEC=111 PAGE 79
T RUN DATE 11406781 JOB- NOAONADEY —— —— BECEN-TINE 15,553,385, CPU BECUNDS 1,020 VERSION — 81300 —— CASE MU, — |
. e .
e - T AUNILTARY- FEEOWATER OVOTEN 9 — - -
* L
——— e REARRREN AR RN AR PR R AR AR AR AR A NP RS - — ————— e
©R2603) - OPTION-TOINIFEATE MUK, FELOWATER WHEN LOW-8G LEVEL THIP w1000k O — -
SETPUINT IS REACHED
- sl S OB e e — e —————————————————————— e ——— —
0.0 = YES
T
— - Al2e04) T R TION- FO-INEFEATE AU, FEEUWATER WHEN-LOW- 86 PRESBURE-FRIP ——— ——3 00N S
SETPOINT 13 REACHED
e — —-— - ~ ——
0,0 = YES
A(2605) OPTION YO INITIATE AUX, FEEOWATER MANUALLY ACCORDING TU TIME 0.
- — e g9 Y€ & —- e —
0,0 = NO
FRACTHON—OF—F LU FO-B FEAM—CENERA TN —F FME
[
o Al2e0s) — NUMBER- 0K ROINTS - IN-TARLE — - —— N e——
~
— TIME(BEG) — RO O AN A FLOW-TOLHBGFRAG) — -
A=VECTOR VALUE A=VECTOR VALUE A=VECTOR VALUE
Af2e07) 0. AfzerT) o, A(2e27) o,
~A(2608) ——  _1800E+04 e AL 204 8) ——y—— A A g, ——
A(2609) «1800E+00 A(26179) «22006E=01 A(2629) «2200E~01
e L L ey 1 ¢ 1 - S MO L2200k~0) —_
ENTHALPY TU STEAM GENERATOR V8 TIME
TIME(SEC ENTHALPY TiI) RHIG(FRAC) ENTHALPY TO LHSG(FRAC)
A=VECTOR WAL A vECTON— —— A AeVECTON— — YALVE —
A(2e07) o, Al(263T) «9065F102 A(264T7) «90065Er02
Aldsony et LR Al2einy —'OOOSWE—ACJ“O‘F——-———'.“SbO.l———
A(2609) «1800E+00 A(2639) « 9065k 402 Al2649) «9065€E¢02
A(2610) — ——+1000E405 - - - Al2640) — e e o YOG SE 402 AL2650) -— +9065k%02
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P C(“é;i'llllllit-lﬂot (BASEDECKB1300)DATA COMBUSTION ENGINEERING DEPT, 9487 CESEC~-1I1 PAGE 82
e RUN-DATE 1 1/06/81—————JOB-NO ADNABIV————HECIN-FEME- 1553535, —— €PU SECUNDS 1 ;046 VERSION 8,300 — — ~CASE NU;— § —

SAa—FURS FNE—ARMIS S HON-—VALVE§-—2ee

Alassa)

TURBINE FULL POWER FLOW WATE LBM/HR JA121E008 A
 AGMS3S)  PRESSURE AT ABOVE FLOW RATE psia L T8a3E+03 PRI
A(4575) MAXIMUM TURRINE VALVE AREA LIMIT MULTPLIER 0.
© AG4838)  TURBINE ADMISSION VALVE TRIP DELAY TIME sec 25006000
© AMS3T}  TIME TO FAST CLOSE TUMRINE ADMISSION VALVE sec 21006000 et
A(4922) IF GREATER THAN 0,0, TURRINE ADMISSION VALVE RATE OF Fr2/8EC 0,
S e GLOBUNE -ON- TR — S et . SRR R S S e
¢ - L ase MAIN STEAN ISOLATION VALVED wae S EEE Fi
e ACABATY - MAXEMUM- FSULATION-VALVE- AREA-PER-VALVE ' S ——
ACAeAR)  RATE OF CLOBURE D5 THE JOALATION VALVE — ——  E2/BEE— BRI
A Ae0) o AREBOURE—A W EEN AU AT N VALV CAUBES Pea IPPPPTIPT S—
S ALISTE) MBIV CLUBURE PELAY- ¥ INE - —8k6 90606400 e -
ACESTTY —— — NUMBER- OF MBEVER- IN-THE PLANY o S B ST S R WL,
wan STEAM DUMP AND BYPASS VALVES aans
~AL8600) 0,0 = MORMAL OGPERATION — — S ST — S——
1.0 = SLB UPSTREAM OF TSOLATION VALVE
3.0 o GHEENS 006 « DU O CEviEe INITIALLY OPEN, THEN ON CONTROLLER
— 8,0 EXCESS LOAD = DUMP AND BYPASS FUNCTION-OFTIME— — s bl
o ALAB9L) 1,0 % UBE-UF PO CUNTRILLER FOR STEAM DUMP AND GYPABS — —— ———  —— _300QE40F — — — _—
0.0 ® ULD STEAM DUMP AND BYPASS CUNTROLLER
A(4924) 0.0 % NO AUTOMATIC CLUSURE OF DUMP VALVE AT LOAC 0,
- - - —1e0 = AUTOMATEC CLUBURE UF DUMP VALVE AT LOAG —_——— — —
C AGaren STEAM DUMP VALVE FLOW RATE © ueMseR rpeeeser
Alare2) PRESIURE AT AROVE FLow PSIA «9850E 40}
Afaoz ) “"i'“i tl“s“d}W}"S'f;n Dﬂﬂ; l"& —V;;SS V“'(s;ii' ‘6'> V"alstc ; o,

000 TF 0,0,A04923)uRBY=(NINMAL CLURURE WATE)

e AL BOUS ) UNRARS - VALVE-—S IR AN ELUN-HATE LHRM/HR

e BB ) PREAINE-—EUR - AN~ O —— e PP

S8Aab 0
TINRIVeSOr

R— TV P — R S———
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CESEC~-111 PAGE 10}
CASE wNO, '

DEPY, 9487
VEHSTION - 81300

COMBUSTION ENGINEPRING
€PU SECUNDS 1,988

(BASEDECKBI300IDATA
JHE - N AUNAD LY

CESEC~111/R1300=~INFO~

RUN DATE 1706784 BECINFIME 15,53,39¢

-l e o e
. .
w48, CENEC 111 PLOY PACKAGE »

FARRARARNARARARAARARSATRARNRTARS

A=YyECIDR CUMMENTS

DESCRISYION

CUMPACT HARDCUPY PLOT OUPTYIIN
le YESC(FOUR FIGURES ON-THE BAME PAGE)
0, NO J

Al22)

PLOT TYPE «3000E¢0)

0, NO PLOF

1. HARDCUPY PLOTS

2y HEGULAR AND HANPCORY PLUTS
3. REGUL@R PLOTS

A(2s)

FOLLUWING 10 PLUTS ARE PHEDETERMINED VARTAWLES wHITH CEBEC BPECIFIES, E£ACH PLUT REVUINES 4 A=VECTURS, THE FiR8T
THE PLOT OPTIUNC 1wyES, O0=ND ), AND THE AEMAINING THREE SPECLIFYING "HWE PLOY SCALE, CESEC SETS 178 OwN PLUT SCALE

18 NOY SPECIFIED Sy THE URER,

UNDS
HES
/IN

I = PLOT vS, Time
INTIAL - FIME VALUE
TIME AXIS LENGTH
TIME aAxis 8CALE FAGTOR

« 1000E+01

PERCENT
INCHES
PERCENT/ZINCH

: - ni%; £Aln“: ngu#u
MINIMUM CORE PUWER
¢=AXI8 LENCTH

PERCENTAGE OF POWER PER INCH

I = PLOY SYSTEMS TEMPERATURES

L1000E401

'y
vy

e DR CRE RS N MM e MR HATURE
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DEGHEES (F/INGH

PSIA

Y=Ax1S LENGTH
DEGREES F PER INCH

i} = PLOT PRIMARY PHESSURE
MINIMM PHE SSURE
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L

«1000E+0}
0.
——— Ry

e JNGHES
PSIAZINCH

RRIA
INCHES
~HEIALINCK

PERCENT DELYA RHD

INCHES

PERC DELT RHUOZIN

PERCENT
INCHES

PERCENT/ZINCH

¥mh Xl B b NCIN
PSIA PER INCH

I = PLOT STEAM GENERATOR PHRESSURE
MINIMUM PRESSURE
Y=AxIS LENGTH

etk L YO RS

§ = PLOT REACTIVITIES
MINIMM REACTIVIYY
Y=AxIg , LENGTH

PERCENT DELTA RHU PER INCH

I = PLOT HEAT FLUX
MINIMUM MEAT FLUX
Y=Axlsg LENGTH
RERCENT RPLN INCH
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«1000E+0)
Oy
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—— e —————————e or,._-_ ——e

s 1000E+0,
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Tr;ng\,)n' *f1me aAanA

orn PDovnr and leat £

Heat Flux Fraction

\varaqga Linear Heat

Temperatures,

Inlet

modarator




Tir,

Reactor Coolant System Inforsmation

A.

Prassurizer

Prassure, psia (steam and water)
Voluma, ft3 (st2am and water)

Temperatura, °F (staan and watar)

Mass, 1bm (steam and water)

Enthalpy, BTU/1hm (steam and water)

Prassurizer status

Flows, 1bm/snc
Surqge line
Sprays
Condensation
80iling

Heaters, BTU/sec
Proportional
Rackup
Heat loss
Net heat to pressurizer

Average heatar temperature, f

Safety and Relief Valvas
Flow, lbm/sec
Integral flow, 1bm
Area, ftz
Throat pressura, psia
Sink pressure, psia

Type of fluid discharged (steam, watar [pure water or

Corr2lation used for flow calculation

Prassurizer Lavels, ft
Actual

Neviation (measurad-programmed)

Measured
Prograrmed

K-3

steam/satar mixture))



q.

RCS Flow and Prassure

RCS Pressure, psia

Left Loop Flow, 1bm/sec and Flow Fraction

Core Flow, Ibm/sec and Fiow Fraction

Right Loop Flow, Tbm/sec and Flow Fraction

Bypass Flow, 1bm/sac 2nd Flow Fraction

Charging: Flow [1bm/sec), Enthalpy (8TU/1bm), Integral /15m’

Letdown: Flow (1hm/sec), Enthalpy (BTU/1bm), Intagral /1bm}

Safety Injaction Pumps: Flow (lbm/sec), Enthalpy /8TU/1bm),
Intagral (1bm)

Safety Injection Tanks: Flow [1bm/sec!, Enthalpy (3TU/1bm},
Intagral (15m)

RH4SG Tube Ruptura: Flow (Ibm/sec), Enthalpy (BTU/1bm},
Integral (1bm)

LHSS Tube Rupture: Flow (1bm/sec), Enthalpy (8TU/1hm),
Integral (1bm}

RCS Temperaturas, i ;

RCS Loops

Reactor Yessal

Steam Ganarator (tubes)

Prassurizer (steam, water, surge lin?)

Steam Generator Heat Transfer

Rs

Primary Side

Right and Left Hand Steam Genarators
Fluid condition
Correlation used for heat transfer calculation
Temperature, b
Hea® transfer coefficient, ATU/sec-CF-ft’

2
“all fouling coefficient, ﬂTU/s1c-°F-ft'

K-4



v.

Sacondary Sida

Right and Left Hand Sta2am Generarors
Fluid condition
Correlation used for heat transfer calculation
Temperaturn, Op
Heat traasfer coafficient, QTU/sac-OF-ftz

Overall Heat Transfer Coefficient

Right and Left Hand Steam Genarators
Heat transfer area, ft2
UA, RTU’sec-’F

Heat Rate, BTU/sec

Secondary Systams Information

A.

8.

Right Han4 Steam Gznerator

St2am Genarator lavel, ft
Pressure, psia
F

‘later Mass, 1bm

Trmpaerature,

Steam Mass, 1bm

Steam Flow, 1bm/sec
Fredwater Flow, 1bm/sec

Leak Rate, 1bm/sec

Integral Steam Flow, 1bm
Intagral Feedwater Flow, 1bm
Integral Leak Flow, 1bm

Left Hand Steam Generator

Same paramaters as Righ*t Hand Staan Generator



C. Normal Sacondary Valva Nparation

Headar Prassura, psia

't p N F i ’ - ('- -'r' ) i ¢
Exi ouar Fraction “shs fwhfw,/doswgn full powsr

Flow {1bm/sec), Area (ftz),

LH Safeties
RH Safeties
RH Cumps
LY Dumps
3ypass
Turbine
Total
Critical Flow Calculation for Valves /PH + LH Safeties, Dumps)

Integral of flow (1hm)

Throat prassure, psia

Sink pressure, psia

Fluid state

Correlation used for f!ow calculation

ND. Feadwater Systam

Ferdwatar Contrel Options:
F2advater Flow:
1. Matches st2am flow (flow after trip ramps down)
2. Input table [pre-trip and post-trip tables)
3. Automatic Leval Control (after trip ramps down)
Feedwater Enthalpy
Function of steam delivery to turbine [function of power)

1x
2. Input time table (pre-trip and post-trip tables)

Main Feoadwatar:

. Tow to RHSG % LHSG, 1hn/sec

2. Enthalpy - RHSG £ LHSG, BTU/1bm
Ruxiliary Faedwater:

Same parametars as Main Feadwater

K-6



VI. Rnactor Protactive System Information /Trip Signals)

Scram

Power Changa Rate
Power Lz:vel

-

High Pressurizer Prassure

Low Pressurizer Prassure
Low Flow

Low Steam fenerator Pressure

“anual Trip

Low Steam Genarator Level

Qo= I O M M I O wWw »
.

Safaty Injection Actuation Signal

VII. Control Rod Information

Rod Spend
Temperature Reference

Temperature Error

Power Demand
Power Error

Pressure Error

O M m O O @ »
.

. Total Error

VITI. CESEC Enargy and "ass Conservation ’‘Conservation Chack nn Primary
Conlant)

F. Enargy (mass x enthalpy): Pressurizer, RCS ° Surge Node, Total

Now, ‘currant value)

Initial, (initial value)

Change, /= now - initial)

Check, = VDP + Haat + nxt, flow)

VvOP, {volume x P)

Heat, (axtzrnal heat addition)

Ext. Flow, [heat carried by the axtarnal flows'

K-7



.onservation for

N/Check

Thermalhydraulic Summary

Table

Volume, ft
~

Q, BTU/sec

WE, 1bm/sec (=2xternal flow

\

HWE, BTU/sac (anthalpy x external flow)

H, 8TU/1bm

SPVOL,

/

1bm)

Mass
nu/nT
DH/D

Temperaty

Void Fraction

: A
Pressurizer Ragion

Same parameters as above

in the Prassurizer section of

y P 1
tion, iotal voliu 1S shown




Additional Pressurizer 2 Systam Information

PPRES, Pressurizer Pressure, psia

PRCS, Reactor Coolant System Prassure, psia

PDOT, Rate of Changa in Pressurizer Pressure, psia/sac
WS, Surge Line Flow, 1bm/sec

MNOT, Rate of Change in Pressurizer Mass, lbm/sec

18, Rate of Roiling in Pressurizer, 1bm/sac

HWC, Rate of Condansation in Pressuriz.nr., ibm/snc

D. Thermalhydraulic Solutions of Unknown Vactor Elements
X. Flow Model Summary

A, Loop Information

Loop MNumber

Mass Flow, 1bm/sac

Mass Flow Derivative, 1bm/sec
Mass Flow Ratio

Node Number (Flaw Model Nodz! Scheme)
Path Haight, ft

Path Area, ftz

Path Longht, ft

L/A, ft'1

RHUGH, Elevation Pressure drop, psi

-

PGEOM, Geometric Pressure drop, psi
Hydraulic Diameter, ft

R-NUM, Reynolds ‘Mumber

Friction Factor

\
PFRIC, Frictional Pressure drop, psi
|
|

PHI, Two-phasa multiplier

K-8




B. Pump Information

Net Torques, ft-1bf

Electrical Torgque, ft-1bf !
Hydraulic Torque, ft-1bf

Friction and YYindage Torque, ft-1bf

Pump Head, ft ard psi

Pump Speed, rad/sec and rpm

Ratio of Volumetric Flow to Rated Volumetric Flow

Ratio of Pump Speed to Rat2d Pump Speed

K.2 Intermediate Partial System Edits

Time, sec

Power Fraction; Heat Flux Fraction

Reactivity, gk; Core Flow, 1bm/sec
Core Inlet Temperaturno, nF; Cor2 Outlet Temperatura, Op
Core Averaga Temperature, °F; Pressurizer Status

. Pressurizer Pressure, psia; RCS Prassure, psia

N U AW e
.

Left Hand St2am Generator Pressure, psia; Right Hand Steam Generator

Pressure, psia
« Laft hand Steam Genarator Leval, ft; Right Hand Steam Ganera2tor Level, f*

O

9, Left Steam Flow, 15m/sac; Right Steam Flow, 1bdm/sa2c
10, Left ‘lat:r mass, lbm; Right ater mass, Ibm

11. Closure Head Flow, 1bm/sec: Quality Node 25

12, Surg2 Line Flow, 1bm/sec; Void Fraction Node 25

K-10
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" %
prasent y

Fixed format line printer plots; size of plot is fi

columns) ganesrated at the end of the print o ES

2. Variable format drum plots; size of nlot
»

]
otted at the data center from the plot

N
1

D

Fixed format drum piots; size of plot i ‘ 1 ts per sheet,

common time axis, plotted at the

The plot package, when exercisa2d, consists of ndare lots.
addition, the user has the option of selacting any of fou uyser determined

plots. The user determined additional plots whose Y-axi ls are supplied

by the require paramater ntification by index ni Multiple

1

curves plotted in the same graph by the us2 of

L.2 User Information

1 ~ 5 ~ o ha - v e
ina printer plots can be requested by the user by sef*

if both printer and drum plots are desirnd)

.

AlIAaNner

dofine tha CPLOT variables in vectors A(26-65) and

actors specify the information relevant to the va

iser's option, the scale factor and axis length for a3

code. The user should only exercise this option when

case results and, therefore, would not know what scale fact

quested by setting
‘.r‘*:."“;(l

paraqranh
» JI Gplle




The fixed format drum plot option (4 curves par sheet) is raquestad hy setting
Al24) oqual to 1.0, Tha CPLAT variablas must b2 dafined for 3 5" X 5" nlot,
This is nacassary for the code to convert to the proper scale factor.

thonayar A124) is set equal to 1.0, then A/25) must not b~ sot equal to 0.0 or
no plots will be g2neratad,

The guneration of drum plots requires the user to attach tha CALCOMP post
processor by inserting the following control cards aftar the "CESEC" control

card:

ATTACH(POP ,POP,IN=SYSLIRE)
POP.

L.3 CESEC Plot Package Input Nescription

Options
A-vactor Description
A(24) 2" X 5" PLOT OPTION [For A[25) > 0,0)
0.0 Option off
1.0 Four plots par shaet
A{25) MPLOT PLOT VARIABLE

n.0 MNo plots

1.0 Drum plots only

2.0 Printer and drum plots
3.0 Printer plots only

L-3



j‘r\"\r»vQOw«‘)’\l

)LS are raquestaa

3 nches

‘,‘,DL"'T ) T \CtO saconds /inch

A(29) are set

inCP‘,)S, N"iih-'

\

the time

Y-Axis Information (A/30-65)

A-vactor Fortran Nama Nescription

for no

for standard

Jariabhle ind»s

determinaqg

al Y-axis




)

vectors, T'he ~ontrol over the printed

A-vector

temperaturas

pressure

prassures
Reactivities
Core heat flux

Integratad leak f1

are specified by exercisi .
) P Jd D) C

> v

actors

index numbor for the desired parameters

r~ "nT fF1 1% TS Y
PLOT |

*#in
’ . v ! pia

curves on the same ar

naaative /€~ nf the indayx mher ot NT

umber mus* be




Tha Y-axis labels for the fourtean additional plots mus® be suppliad by the

user., The labels ar2 input in the first ten columns of tha last input card
{(/1ine) for an A-vector series., Thus, since each 2dditional plot has four
input values associated with it, all of tha information {labal and A 1)
through A (N+3) can ba defined on tha same card (/line)).

For the fixed format drum plot option, the plots are arrangad (4 par sheect) in
the order they are requested in the input. Th2 parametars are plottad from

hottom to top.

L.4 Subroutines in the Plot Package

GRAPHZ2 - writes CESEC variables to M17 at each time step -
PLOTRZ2 - main calling program for the plot package

GRAPHZ - title and call for printer plots

TWGRF2 - writes printer plots to output file

PRAX2 - calculates scale factor and axis size if not suppliad by the user

AX1S2 - locates axis, writas title, writes scales, and genarates curvas

for user format drum plots

AXI1S4 - locates axis, writes title, writes scales, and g2neratas curves
for fixed format drum plots

PLOTP - writes binary coded decima. pen motion commands to DISK file for
drum plots

LnGe - writes large CESEC lettars at and of CESEC run



L.5 Filas Usad hy Plat Package

A list of fiies usad by the CESEC plot package is provicdad below:

ouTPUT printad output file (also sent to FILMPL for fiche)

TAPE6 same as OJUTPUT

PLOTP - shert form printor output, includes dayfile, A.vactor array, and
line orinter plots

TAPE1A - same as PLOTP

DISK - drum plotter file, to be read by plotter post processor

TAPES - same as disk

N17 - list of variable valuas at each time stap, also callad TAPEl?
ARRAY - £ 400 point reducad plot file

A generalizad flow chart of the plot package is providad in Table L-1.

L-7



OVERLAYI(CESEC,2,0)
PROGRAM PLOTR2

l

REDUCE N17
WRITE ARRAY

l

CALL PRAX2

PRINTER PLOTS?

CALL GRAFP2

CALL TWGRF2

READ ARRAY

WRITE TO
QUTPUT

DRUM PLOTS?

pesp~

USER DEFINED
PLOTS?

CALL AXIS2

READ ARRAY

CALL PLOTP

WRITE TO DISK

4 PLOTS
PER PAGE?

CALL AXIS4
READ ARRAY

CALLPLOTP
WRITE TO DISK

!

CALL LOGP
WRITE TO QUTPUT

PLOT PACKAGE
GENERALIZED FLOW CHART

TABLE L1







