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Abstract

Since the current licensed system codes for Non-LOCA safety analysis are applicable only for a
specific type PWR, it is necessary to develope a new system analysis code applicable for all types of
PWRs. As a R&D program, KAERI is developing TASS code as an interactive and
faster-than-real-time code for the NSSS transient simulation of both CE and Westinghouse plants. It
is flexible tool for PWR analysis which gives the user complete control over the simulation through
convenient input and output options. In this paper the code applicability to Westinghouse type
plants was verified by comparing the TASS prediction to plant data of loss of AC power and loss of
load transients, and comparing to the prediction of RELAP5/MOD3 for feedline break, locked ro-
tor, stearn generator tube rupture and steam line break accidents.
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1. Introduction

There are two licensed Non-LOCA safety analysis
codes availlable in Korea for PWR design
applications, i.e., NLOOP[1] and CESEC(2]. NLOOP
is used for NSSS transient simulaton of
Westinghouse plants and CESEC is used for CE
plants. Since the two codes are hardwired programs,
it is not possible to apply NLOOP code for CE
plants or CESEC for Westinghouse plants. In order
to overcome this applicability limit, an unified com-
puter code applicable for both types of PWRs is
necessary. As a R&D program, TASS (Transients
and Setpoints Simulation) code has been developed
to meet this need through generalization of inputs
and controller models which provide perfect simu-
lation of all kind PWR controllers. TASS provides a
digital simulation of a Nuclear Steam Supply System
(NSSS) for a wide range of operating conditions.
TASS is a highly flexible analytical tool which models
major plant components for both the primary and
secondary systems as well as the control and protec-
tion systems. It calculates the transient behavior of a
PWR for normal and abnommal conditions including
accidents. TASS determines the core power and heat
transfer through the NSSS. It also computes the
thermal and hydraulic behavior of the reactor coolant
in the primary and secondary systems. It includes the
primary and secondary control systems and the bal-
ance-ofplant fluid systems. Extensive testing and
verifications were performed for Westinghouse nu-
clear power plants by comparing the results of TASS
with plant data {loss of AC Power and loss of load),
and with the predictions of RELAP5/MOD3[3],
which is a NRC developed computer code used for
accident analysis including LOCA.  For the
comparisons with RELAP5/MOD3, the following
Non-LOCA design basis events were analyzed.
—Seized Rotor Accident
—Feedline Break Accident
— Steam Generator Tube Rupture Accident
— Steamline Break Accident
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Each of the above four events was chosen as a
most extreme case of flow transients, RCS heatup
transients, RCS coolant flow loss transients, and RCS

cooldown transients.
2. Mathematical Model
2.1. Reactor Coolant Model

The RCS thermal-hydraulic model is formulated
with five one-dimensional conservation equations.
The conservation variables are mixture (liquid and
steam) mass, liquid mass, mixture energy, steam en-
ergy, and mixture momentum. The mass and energy
for the mixture are calculated for each node. Mass
flowrate is calculated for each flowpath. The conser-
vation equations are :

— Conservation of Liquid Mass

dM,
‘gl— =3(1—x) WH+Weu

—Conservation of Mixture Mass

aM _
a - =W
—Conservation of Mixture Energy
4dE _
dt YwhtQ

— Conservation of Steam Energy

dE.n
_d?_ = Zxthlm +Qun —Weo hstm+
W oons, bt (hnm - hg)

+Wcmd, surf (hslm - h[) +wmnd, wall (hsrm _hj}

The summations in the abowve four equations are
over all momentum and non-momentum paths con-
nected to each given node.

— Conservation of Mixture Momentum
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where,

M =mixture mass, Mi=liquid mass, x=steam
quality, W=mixture flow rate, Wi=liquid
flow rate, Wena =total condensation rate,

E =mixture energy, Esm=steam energy,

Q =heat rate,

hg =saturated steam enthalpy, hi=saturated
liquid enthalpy,

hstm =steam enthalpy, Q«==heat rate to steam
region,

Weond, bl =boiling rate (negative), Weond wat =conden-

sation rate on wall

Waond. sat =condensation rate on liquid surface,
L =path legnth,

A =flow area, P.=upsteam pressure,
P4 =downstream pressure,

APaw =pressure change by elevation,

APpump = pressure change by pump,

Ks =Reynolds number dependent friction k-fac-
tor for turbulent flow[4],

Ko =geometric k-factor, g=gravity constant, p
= density,

¢ =two-phase friction multiplier (Tom and

Martinelli-Nelson)[5, 6].

The above equations are obtained by means of
standard integration procedures of the multidi-
mensional conservation of mass, energy and momen-
tum equations[7, 8, 9). In addition, for convenience
during the integration procedure, an additional con-
servation equation (conservation of steam mass Ms)

dM.
— =y —
dt HXW and
is integrated. The code will use the pairs M, M or M,,
M depending on the non-equilibrium condition

(pressure, and liquid and steam enthalpy).
2.2. Secondary System Models
The secondary system for a PWR is represented by

node-flowpath model shown in Figure 1. Three
nodes represent the secondary side of each steam
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generatora downcomer (saturated or subcooled

liquid and saturated steam), an evaporator
/riser/economizer region (saturated or subcooled
liquid and saturated steam) and a dome (saturated
One additional node

represents the common steamline header. This sys-

or superheated steam).

tem representation allows accurate modeling of the
recirculation phenomena and the downcomer and
evapoartor water levels. The model represent all
major components including the secondary safety
valves, atmospheric dump and bypass valves, main
steamn isolation valves, steamline and feedline check
valves, and a stearn generator blowdown system. The
steamn generator secondary model conserves mass
and energy in each node by
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Fig. 1. Steam Generator Secondary System Geometric
Model
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where,
M =mass, U=internal energy, W=flow rate,
Q =heat transfer rates, H = specific enthalpies.

Once the above two equations are integrated over
a computational time step, the new pressure is found
by an iterative solution of the equations,

MV (P)+M,V [P)=V,
M+M, =M,
MU (P)+MU,(P) = U,

where,

M, M;=liquid and steam masses,

W, Ve=liquid and steam specific volumes, function of
pressure,

U, Us=liquid and steam specific internal energies,
function of pressure, P =pressure, V=total
wvolume, M =total mass, U =total intemal en-
ergy.

2.3. Control System

TASS provides a very flexible method to handle
control systems for the core, primary system, second-
ary system and selected balance of plant systems.
This is done by shell program and a set of generic
control system modules. The shell provides interface
for the process modules, control modules and the
user. The systerns provided by the shell are :
—Reactor protective system,

— Pressurizer level control and CVCS,

— Pressurizer pressure control,

— Primary system relief valves,

— Safety injection systems,

—Turbine control, admission, isolation, dump, relief,
and bypass valves,

—Feedwater main and auxiliary, and

—Control rod regulating systems.

The actual controllers are defined by means of the
generic control system modules. The system modeller
selects the level of detail to be provided for each
controller and then assembles each controller using
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the generic modules as building blocks. This provides
a very flexible capability to handle plant specific
characteristics of control systems. The resulting con-
trol system modeling scheme enables the system
modeler to define simple or more sophisticated
controllers as needed. The basic building block avail-
able to the control system modeller is the functional
element. It is generic module, designed to perform
the following three functions :

—Input : The element receives information from Glo-
bal Common {eg., pressure, setpoint, control
group outputs)

—Proccesing : The element processes the input data
according to its specific design. TASS provides
twenty-eight functional elements types, performing
simple arithmetic and logical operations, differen-
tial and integral transfer functions, block branching,
simulation of valve characteristics, and specialized
functions.

—Output : The element generates a single numerical
result which is available as input to other elements,
or as the final output of the control group.

Figure 2 demonstrates how these inter-element
communication rules are observed.
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Fig. 2. Schematic Structure of Control Groups
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Fig. 3. TASS Code Nodalization

3. Verification for Westinghouse Type PWRs

Verification of TASS included comparison of plant
behavior as predicted by TASS both to measured
plant data obtained during plant operation and to
the results of accident simulations typical of those
performed in support of Plant A Plant A is one of
two virtually identical units on the same site. The Nu-
clear Steam Supply Systems (NSSS) for both units
were supplied by Westinghouse. The initial license
was to operate each of the facilities at a core thermal
power output of 2775MWht. Site parameters, the
major systems and components including the
engineered safety features and the containment
structures were evaluated at a core power level of
2775 MWt

3.1. Comparison to Plant Data

Two plant transients of Plant A were selected for
comparison to the predictions of the TASS code, ie.,
complete loss of AC power from 100% power, and
loss of electrical load test from 100% power. The
basis for the choice of the transient is that sufficient
data was taken during the transient to perform a
meaningful comparison and that the transient
exercised major models of the TASS code.

Complete Loss of AC Power from 100% Initial
Power

The complete loss of AC power from 100% power
transient was initiated by a breakdown in main trans-
former, which resulted in complete loss of AC power.
Simultaneously, DC power was automatically pro-
vided to the safety-related equipment. The complete
loss of AC power was immediately followed by a tur-
bine trip and a reactor trip. Table 1 show the se-
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Table 1. Sequence of Events for Complete Loss of AC Power from 100% Initial Power

Time (sec) Event Value
TASS Plant Data TASS Plant Data
0.0 0.0 Main Transformer Damage — -
02 02 Turbine Trip - -
02 03 Reactor Trip - -
13 12 RCP Coastdown - -
68.0 680 Minimum Pressurizer 14.5 143
Pressure, MPa
quence of events from both the plant test data and Comparison of TASS 1o Plant A Measurcd Data
the TASS simulation of the event. Figures 5 and 6 o oIt LW T AC Pover o 100% bt P — -
portray comparisons of important parameters. The © e
results show that the differences between the predic- o |

x10*

tion of TASS and the plant data are within accept-

able ranges.

Loss of Electrical Load Test from 100% Initial
Power

The objectives of this test are to demonstrate the
ability of the plant to sustain a 95% load-loss at
100% power without reator trip and turbine trip, and

PRESSURIZER PRESSURE (PA)

to evalute the system reponse to the transients. How- * *? - e e e e
ever, the plant was tripped by a pressurizer pressure TIME (SECONDS)
Jow signal which was caused by an over-response of Fig. 5. Pressurizer Pressure

the pressurizer Power Operated Relief Valve (PORV).
mee Of the four Steam dump bypass Valve banks Compasison of TASS to Plant A Measured Data

opened within 5 seconds after the Power Circuit Complete Loss of AC Pawer from 100% lutial Power

Breaker {PCB) opening. The fourth bank opened 8 5 s
seconds after PCB opening. The PORV also opened

due to the increase of the pressurizer pressure. Table
2 shows the sequence of events from both the plant
test data and the TASS simulation of the event. All
of the control systems were automatically controlled

- r\_‘—”——y——'
b
———
p By N R )

in the TASS simulation. Figures 7 and 8 portray

RCS AVERAGE TEMPERATURE (X,

comparisons of important parameters. TASS
predicted the maximum pressurizer pressure at 6
seconds after the PCB opening while the test data
shows the maximum pressurizer pressure at 8 o0 - e e e

seconds after PCB opening(Fig.7). However, overall ML (SECONDS)

comparison of the pressurizer pressure shows good

agreement. Fig. 6. RCS Average Temperature



Table 2. Sequence of Events for Loss of Electrical Load Test from 100% Initial Power
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Time (sec) Value
Event
TASS Test TASS Test
0.0 00 PCB Open - -
6.0 80 Maximum Pressurizer 163 164
Pressure, MPa
9.7 100 Reactor & Turbine Trip - -
120 13.0 Maximum Hot Leg 6004 599.7
Temperature, K
160 16.0 Maximum Steam Header 74 75
Pressure, MPa
540 450 Minimum Pressurizer 135 131
Pressure MPa
Comparison of TASS to Plant A Measured Data Comparison of TASS 1o Plant A Measured Data
Loas of Electrical Load Test from 100% Initiat Power Loss of Elecirical Load Test from 100% Initial Power
g F
3 H
® 2
g g
TIME (SECONDS} TIME (SECONDS!
Fig. 7. Pressurizer Pressure Fig. 8. RCS Average Temperature
3.2. Comparisons to RELAP5/MOD3 Prediction Feed Line Break

A set of RELAP5/MODS3 results for the Plant A
unit were examined for comparison to the plant
reponse as predicted by TASS. The basis for the
case selection was to challenge the TASS models in
order to identify any significant differences in the
results of the two codes. Therefore the most severe
design basis events were selected for comparison.
Figure 3 and 4 show the nodalization schemes used
for the TASS and RELAP5/MODS3 simulations.

For Westinghouse type plants, the most limiting
feedline rupture is a double-ended rupture of the
largest feed line. Thus, a single feed line break case
was simulated using the TASS and the
RELAP5/MOD3 codes for a double-ended rupture
of the largest feed line. The case assumes that a
largest break (0.13 M?) occurs in the feed line to one
of the steam generators, downstream of the
feedwater check valve. Table 3 shows the sequence
of events from both the RELAP5/MOD3 and TASS
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Table 3. Sequence of Events for Feed Line Break

Time (sec) Value
Event
TASS RELAP5 TASS RELAP5
0.0 0.0 Feed line break, M2 0.13 013
50 5.0 S/G lo-lo level trip signal is generated, % 17.0 170
7.0 80 Rods begin to drop - -
7.0 80 RCP begin to coastdown - -
7.0 80 Turbine trip and main feedwater is terminated - -
65 66 Ausxiliary feedwater is delivered, M¥/sec 0.028 0.028
70 80 Low steamline pressure setpoint is reached, MPa 4135 4135
85 87 Main steamline isolation - -
90 92 HPSI is delivered to each cold leg - -
361 341 Pressurizer safety valves open, MPa 17.236 17.236
~2000 ~2000 RCS temperature begins to decease - -

Comparison of TASS to RELAPSMOD3
Feedline Break Event for Plant A

O RELAF
® TAss

a0 |-

woo

HOT LEG TEMPERATURE (K)

TIME (100 SECONDS) an?

Fig. 9. Hot Leg Temperature-Affected Loop

simulations. Figures 9 and 10 provide comparisons
of important parameters as calculated by the TASS
and the RELAP5/MOD3 codes. The major concems
of this event are : short term RCS cooldown until the
affected steam generator is empty, RCS heatup after
the steam generator is empty, MSIV closing time,
and the long term cooling capability of the two intact
steam generators by auxiliary feedwater flow. During
the period of event until steam generator for the
broken loop is empty, the RCS temperature

Compansan of TASS to RELAPS/MOD3

Feediine Break Event for Plant A
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40
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Fig. 10. Break Flow

calculated by TASS is a litle higher than that
calculated by RELAP5/MOD3 due to the different
liquid mass in the affected steam generator. The
rapid decrease in liquid mass in the affected steam
generator results in lower heat removal in TASS than
RELAP5/MOD3.

Seized Rotor
A single reactor coolant pump rotor seizure can be
caused by seizure of the upper or lower
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thrustjoumal bearings. Following seizure of a reactor
coolant pump shaft, the core flow rate rapidly
decreases to the value which occurs with only two of
the reactor coolant pumps in operation. The re-
duction in core flow with the associated increases in
core coolant inlet temperture will reduce the margin

to the DNB safety limit and increase the system
pressure. For Plant A the event is terminated by the
Low Reactor Coolant Flow reactor trip. A single
seized rotor event was simulated using the TASS and
RELAP5/MOD3 codes. The case assumes that a re-
actor coolant pump stops instantaneously at the in-
itiation of event. Table 4 shows the sequence of
events from both the RELAP5/MOD3 and TASS
simulations. Figures 11 and 12 provide comparisons
of important parameters as calculated by the TASS
and the RELAP5/MOD3 codes. Figure 11 shows a
small difference in pressurizer pressure between the
two set of the results. The other system parameters
show good agreement, especially for the loop mass
flow rates which are the key parameters for this tran-
sient.

Steam Generator Tube Rupture

The steam generator tube rupture accident is a
penetration of the barrier between the reactor cool-
ant system and the main steam system which results
from the failure of a steam generator U-tube. Integ-

Table 4. Sequence of Event for Locked Rotor
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Fig. 11. Pressurizer Pressure

Comparison of TASS to RELAPS/MOD3

Seized Rotor Event for Plant A

D REAPSLP
Q RELAPS.LP?
® TASSLPI
 TASS.LP?

TIME ($ECONDS)

Fig. 12. RCS Loop Flow

Time (sec)
TASS RELAP5

Event

Value
TASS RELAP5

0.0 00 Seizure of a single RCP shaft
0.1 0.1 Low RCS flow Rx. trip signal, %

1.1 1.1 Rods begin to drop

11 1.1 Loss of offfsite power ;
11 1.1 coastdown of remaining RCPs

51 43 Turbine trip

95 42 Peak pressurizer pressure, MPa
S/G safety valves open, MPa

87. 87.

1725 16.98
827 8.27
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Table 5. Sequence of Events for Steam Generator Tube Rupture

Time (sec) Value
Event
TASS RELAP5S TASS RELAP5

00 0.0 Rupture of one S/G tube, cm?® 1.87 1.87
217 190 PRZ loo pressure trip, MPa 13.513 13513
219 192 Rods begin to drop - -
219 192 Turbine trip — -
219 192 Coastdown of RCPs - -
229 212 S/G safety valves open, MPa 8274 8274
270 263 HPSI actuation - -
305 298 Aux. feedwater is delivered - -~

63

Comparison of TASS to RELAPSMOD3
Steam Generator Tube Rupture Event far Plani A

O RELAPY
. Tass

0

PRESSURIZER PRESSURE (PaA)

an 1o 1 "o to 0o e

TIME (100 SECUNDS) 1107

Fig. 13. Pressurizer Pressure

rity of the barrier between the RCS and main steam
system is significant from a radiological release stand-
point. A steam generator tube rupture event causes a
depressurization of the RCS. A reactor trip is
generated by either the over-temperature delta-T trip
or the low pressurizer pressure trip. For this analysis,
a reactor trip is assumed to occur when the
pressurizer pressure reaches the trip setpoint. This is
the latest time at which a reactor trip would occur. A
single steam generator tube rupture case was
simulated using the TASS and RELAP5/MOD3
codes. Table 5 shows the sequence of events from
both the RELAP5/MOD3 and TASS simulations.

Companison of TASS 1o RELAPS/MOD3

Steam Generator Tuhe Rupture Evernt for Plant A

a0

O RELAPS
. TAS

s600 b

HOT LEG TEMPERATURE (K)

TIME {100 SECONDS) ain?

Fig. 14. Hot Leg Temperature-Affected Loop

Figures 13 and 14 provide comparisons of important
parameters as calculated by the TASS and the
RELAP5/MOD3 cpdes. Figure 13 traces the
pressurizer pressure calculated by TASS and
REALP5/MOD3. The rate of depressurization
calculated by TASS is slightly slower than that
calculated by RELAP5/MOD3 due to the fact that
the break flow predicted by RELAP5/MOD3 is
slightly higher than that of TASS. For the calculation
of critical flow, TASS uses the Henry-Fauske model
however RELAP5/MOD3 uses a equation derived
from the Bernoulli equation which slightly
overpredicts the critical flow in most cases. Since the
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reactor trip is by the low pressurizer pressure in this
case, this overprediction of TASS for the pressurizer
pressure resulted in a delay in reactor trip time. Ex-
cept for the effect of different trip times, the
comparisons show good agreement.

Steam Line Break

A single steam line break case was simulated using
the RELAP5/MOD3 and the TASS codes. The case
assumes that a double ended guillotine break occurs
in the main steam line inside the containment build-
ing from the zero power initial condition. This case
does not assume a loss of AC power so that the re-
actor coolant pumps continue to operate throughout
the event. Table 6 shows the sequence of events

Table 6. Sequence of Events for Steam Line Break

J. Korean Nuclear Society, Vol. 27, No. 1, February 1995

from both the RELAP5/MOD3 and TASS
simulations. Figures 15 and 18 provide comparisons
of important parameters calculated by TASS and the
RELAP5/MOD3 codes. As shown in Figures 16 and
17, RELAP5/MOD3 results show that the break flow
stops at around 130 seconds even though the liquid
mass of the affected steam generator is still present
due to the stagnant region in moisture separator. in
contrast, TASS results show that the break flow exist
until the affected steam generator is totally empty.
Due to this difference in the break flow, the cold leg
temperature of the affected loop predicted by TASS
increases more slowly than that of RELAP5/MOD3
at about 100 seconds at which the neutron power
starts to increase. The hot leg temperature of the af-

Time (sec) Value
TASS RELAP5 TASS RELAP5
0.0 0.0 Main steamline break, M? 1.13 0.13
10 10 Main steamline isolation — -
10 10 Aux. feedwater is delivered - -
214 23 Low steamline press. sig., MPa 414 414
334 35 HPSI system is actuated - -

Comparison of TASS to RELAPS/MOD3
Steam Linc Break Event for Plant A
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Fig. 15. Normalized Core Power

Comparison of TASS to RELAPS/MOD3
Steam Line Break Event for Plant A
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Fig. 16. Steam Generator Steam Flow



Development of TASS Code for Non-LOCA Safety Analysis Licensing Application--- HY. Yoon, et al 65

Comparison of TASS toa RELAPS/MOD2
Steam Line Break Event for Plant A
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Fig. 17. Steam Generator Liquid Mass

Comparison of TASS to RELAPS/MOD3

Steam Line Break Event for Plant A

w000
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TIME (SECONDS)

Fig. 18. Hot Leg Temperature-Affected Loop

fected loop predicted by TASS in Figure 18
increases for a while at the beginning of event due to
the outsurge flow from the pressurizer(Fig.3). How-
ever, as shown in Figure 4, the hot leg temperature
calculated by RELAP5/MOD3 does not increase due
to the fact that the RELAP5/MOD3 has several con-
trol volumes for the hot leg and the compared hot
leg temperature was taken from the node connected

just after the core outlet nozle without the

pressurizer surge line connection.
4. Conclusions

The cases demonstrate that the TASS models can
accurately predict Westinghouse type PWR plant re-
sponses to upset conditions. The verification effort
supports the following conclusions :

—TASS has a numerically stable solution method-
ology with a proper conservation of mass, momen-
tum, and energy.

—TASS reproduces measured plant behavior for a
range of different events.

—TASS satisfactorily reproduces the plant behavior
as predicted by RELAP5/MOD3.

—TASS is basically a best estimate code. Appropri-
ate conservatism of licensing analyses of
Non-LOCA design basis events can be introduced
primarily through code inputs.

TASS is shown here to be capable of predicting
system responses for Westinghouse type PWR
Non-LOCA design basis events. Thus, TASS can be
effectively used as a predictive tool for licensing anal-
ysis of Non-LOCA events.
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