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The objective of this program is to develop an LWR engineering plant
analyzer capable of performing realistic and accurate simulations of plant
transients and Small-Break Loss of Coolant Accidents at real-time and faster
than real-time computing speeds and at low costs for preparing, executing and
evaluating sucn simulations. The program is directed toward facilitating
reactor safety analyses, on-line plant monitoring, on-line accident diagnosis
and mitigation and toward improving reactor operator training.

The AU10 of Applied Dynamics International, Ann Arbor, MI, a special-
purpose peripheral processor for high-speed systems simulation, is programmed
through a PUP-11/34 minicomputer and carries out digital simulations with
•analog hardware in the input/output loop (up to 256 channels). Analog signals
from a control panel are being used now to activate or to disable valves and
to trip pump drive motors or regulators without interrupting the simulation.
An IBM personal computer with multicolor graphics capabilities and a CRT moni-
tor are used to produce on-line labelled diagrams of selected plant parameters
as functions of time. The IBM personal computer supplements a Tektronix stor-
age oscilloscope terminal and it serves to establish the requirements for a
future acquisition of a graphics terminal.

This minicomputer technology for high-speed systems simulation is com-
bined with advanced modeling techniques for neutron kinetics, thermal conduc-
tion, nonhomogeneous, nonequilibrium two-phase flow coolant dynamics, acous-
tics in the steam lines and for the flow through turbines, condensers, heat
exchangers and pumps in the balance of the plant. Point kinetics with correc-
tions for space-time effects during scram and with all feedback mechanisms
simulate power generation. A lumped-parameter conduction model produces, with
one ordinary differential equation, seven fuel element temperatures of the
radial temperature distribution in one axial location. A four-equation
two-phase flow model predicts vapor slip and phase separation as well as non-
equilibrium boiling or condensation.

A 6WR power plant simulation has been implemented. The simulation encom-
passes the pressure vessel with three channels in the core and the total of 55
computational cells for coolant dynamics and 24 for conduction, further the
steam line (10 cells), the turbines, the condensers, the feedwater preheaters,
the feedwater drive turbines and pumps, a recirculation loop with motor-
generator and motor-pump assemblies and the suppression pool. Controllers
have been implemented for regulation of feedwater flow, turbine entrance pres-
sure and recirculation flow. Safety and relief valves, scram and trips for
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feedwater heaters and pumps, for recirculation pumps and emergency coolant in-
jections are also represented. The resulting code is called HIPA-PB2 for
High-Speed Interactive Plant Analysis of Peach Bottom II.

Seven transients, including the severe licensing base transient with com-
pound malfunctions, but not including the SB-LOCA transient, have been simu-
lated successfully as of August 1983. SB-LOCA simulations are planned for the
•next fiscal year. Figures 1 and 2 below show results for ATWS simulation.
Figure 1 shows pressure and steam line vapor mass flow rates at the first five
seconds, Figure 2, the pressure, the vapor mass flow rate and the total fis-
sion power during the first 200 seconds after MIV closure. The graphs were
produced on-line with the Tektronix Oscilloscope-Printer at ten times real-
time simulation speed. All transients are carried out at computing speeds up
to ten times real-time, using the maximum base time step of approximately 50
milliseconds and two substeps for stiff equations. HIPA-PB2 results have been
compared with results from large systems code calculation. Good agreement has
been obtained.

It has been demonstrated that the AD10 can outperform the CDC-7600 by two
orders of magnitude in computing speed at much lower cost.
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Figure 1 Early System Response to
ATWS Transient.

Figure 2 Long-Term Response to
ATWS Transient.


