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ABSTRACT

Control systems features have been recently added to the TRAC-BWR
(Transient Reactor Analysis Code-Boiling Water Reactor) state-of-the-art
thermal /hydraulic code. This addition significantly expands the code's
capability to anaiyze a wide variety of operational and anticipated
transients without scram events. A new computational component, the
Control Block, allows great flexibility when modeling BWR power plant
controllers. Basic control system models enable the user to rapidly
and cost effectively arrive at equilibrium plant conditions. The Browns
Ferry reactor power plant is simulated using thermal/hydraulic and control
system modular components. Predicted results agree well with Browns
Ferry test data for generator load rejection and change of downcomer
water level setpoint operational transients.
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1. INTRODUCTION

The boiling water reactor (sun) version of the Transient Reactor
Analysis Codz (TRAC) is being developed at the Idaho National Engineering
Laboratory to provide an advanced best estimate predictive capability
for the analysis of postulated transients in BWRs. The first released
versios of the TRAC-BWR Code, TRAC-BD1, was developed to provide analysis
capahifity for the simulation of design basis loss-of-coolant accidents
'(DBLOCA) in BWits (1). The versatility of the initial version of the
_ TRAC-BWR Code has been enhanced so that currently it may also be used
for the analy<is of a wide spectrum of lo:s-of-coolent accidents, selected
operational transients, anticipated transivits without scram (ATWS),
as well as Yor the simulation of thermal/hy. ‘aulic experizental faciltiies.

Unique feature, of the code include: (a) a full nonhomogeneous, non-
equilibrium two-tluid thermal/hydraulic model of the two-phase flow
in-all portions of the BWR system, including a three-dimensional thermal/
hzdrauiic treatment of the BWR vessel; (b) a detailed model of BWR fuel
bundles; (c) simplified models of BWR hardware components such as the
jet pumps and the steam separator-dryers; and (d) a countercurrent flow
limiting model. Other features of the code include a nonhomogeneous,
thermal equilibrium critical flow model, and flow regime-dependent
constitutive relations describing mass, energy, and momentum interchanges

between the two phases, as well as between each phase and adjacent
structures.

New control system capabilities were recently added to the TRAC-BWR
Code (2). They greatly facilitate the establishment of reactor plant
equilibrium conditions and enable prediction of control systems behavior
during transient analysis. During the computer prediction of safety-
related transients, control systems modeling plays an important role.

in this paper the new Control Block feature is described, a TRAC
model of the Browns Ferry BWR/4 power plant is developed, and comparisons
between test data and code predictions are given for generator load
rejection and change of level setpoint transients.
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Figure 5. TRAC-BWR Browns Ferry thermal/hydraulic model









TVA Time (s) - - TRAC Time
g Vain transformer | - =
00 breakers open O -7

Py R

P/L unbalance sends
TCV fast closure
sigrial - DUl reday

faus

I 2

d

N

"V begns to close
siowty BPV opens

21 turtne varspeea try

TS fast clOsure I1s

nhated. Heact 3
scrammed

Level tnp ~atpoint adusted
1C give proper tme of tnp




Steamdome pressure (psia)

Reactor power (percent)

-

&

160

8

g

1000

T 1
o Data
w— TRAC
-
_h
0 6 10 15
Time (s)

Figure 7. Reactor power response for GLR transient.
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Figure 8. Steamdome pressure response for GLR transient.
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Figure 9. Core flow rate response for GLR transient.
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Figure 10. Steamline ftlow rate response for GLR transient.
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As can be seen in Figure 11, the control system simulated feedwater
flow response differs significantly from the experimental behavior, A
second order differential equation is used to approximate the dynamic
response of the feedwater pump being driven by its steam turbine. The
best method to reduce this discrepancy is believed not to lie in finding
"better" coefficient values for the second order model; but rather the
solution is to provide accurate mechanistic feedwater turbine and pump
models that are based more upon the actual physical processes and less
upon a simplified "black box" approximation.

The nmeasured downcomer water level shown in Figure 12 exhibits a
periodic oscillatory behavior that is not predicted by the TRAC-BWR
T/H model. Three explanations are postulated to account for this
“ringing" phenomenon: (a) there is side-to-side sloshing or wave rippling
in the annular downcomer; (b) there is manometer-like coupling between
the downcomer water level and the reactor core steam voids; and (c)
there are sensor line dynamic effects in the differential pressure
measurements used to calculate the downcomer water level height. For
the GLR transient, the code-predicted water level! falls more slowly than
the measured data. Note that a low water level trip is generated at 6.4
seconds when the measured level drops to approximately -25 inches.
The predicted lTevel is 10 inches higher at that time. Consequently,
the low water level trip setting was accordingly increased by 10 inches
so as to obtain the correct trip event time. Another observed character-
istic which is not replicated by the predicted water level is the upward
trend of the test data from 10 to 15 seconds. The predicted level is
just starting to turn around when the siwulation is terminated. A
possible explanation for this discrepancy in behavior is that the code
is predicting more rapid reactor core steam void reduction than is
actually occuring. Since no appreciable amount of steam is leaving the
BWR vessel after 10 seconds and the subcooled feedwater flow is above
100%, conservation of vessel mass indicates that the excess incoming
mass is apparently going into the core region (which is approaching a
predicted suhccoled state by the end of 15 seconds).
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Figure 11. Feedwater flow rate response for GLR transient.
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Figure 12. Downcomer water level response for GLR transient.
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Figure 13. Feedwater flow rate response for change in
level setpoint transient.
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Figure 14. Downcomer water level response for change in
level setpoint transient.
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Even though the simulated level setpoint change transient is twice
as long as the GLR transient, the computer costs are not directly in
proportion. This is a consequence that due to the "mildness" of the
system changes, the T/H solution is able to converge in a sing’~ iteration
for each time step. DOuring the GLR transient, the average number of
T/H iterations taken per time step is 1.87. For the level setpoint
change analysis the CPU time required is 165 seconds and the cost is
$27.

7. FUTURE TRAC-BWR CODE ENHANCEMENTS

Since the TRAC-BWR Code is continually being enhanced in a great
many areas, it is not possible to provide an exhaustive list of proposed
improvements. Only a few areas will be mentioned together with
representative examples of current or recommended improvements.

Additional user convenience features will be added to assist in the
process of building and initializing a BWR plant model input description.
Automatic sorting of control blocks will properly sequence controller
operations thus relieving the user from performing this task. Default
BWR system controllers will provide a rapid and cost effective means of
initializing a plant to steady state conditions.

To further expand the utility of the control system modeling capabil-
ities, additional Control Block Types will be added. Examples of these
proposed new features include the hysteresis function and an implicit
loop solver. The former block would allow the user to specify a path
dependent tabular function. The latter capability would solve algebraic
loops using an iterative technique for each time step.

Mechanistic balance of plant (BOP) component models will be developed
to simulate a steam turbine and a heat exchanger. These components will
be used to simulate high and low pressure turbines, feedwater turbines,
feedwater heaters, reheaters, and condensers. Thus, a closed BOP flow
loop may be simulated if desired for BWRs.
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A faster numerical integration technique will allow increases in

time step size of up to an order of magnitude without the thermal/
hydraulic solution going unstable. This gives promise to providing
more economical solutions for very long operational and ATWS transients.

8. SUMMARY AND CONCLUSIONS

The recently developed control systems capabilities greatly extend

TRAC-BWR's ability to simulate a wide spectrum of safety-related
transients. Utilization of reactor power plant controllers facilitates
the initialization of the model to steady state conditiuns. The method
is cost effective and easy to use. Codi predictions of selected opera-
tional transients show acceptable agreement with test data without
extensive model tuning.
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