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1. Purpose and Achievements (Slide No. 2)** "

The BWR Plant Analyzer has been developed for realistic and accurate
simulations of normal and severe abnormal transients in BWR power plants at
high simulation speeds, low capital and operating costs and with outstanding
user conveniences. The simulation encompasses neutron kinetics,, heat conduc-
tion in fuel structures, nonequilibrium, nonhomogeneous coolant dynamics,
steam line acoustics, and the dynamics of turbines, condensers, feedwater
pumps and heaters, of the suppression pool, the control systems and the plant
protection systems.

These objectives have been achieved. Advanced modeling, using exten-
sively analytical integration and dynamic evaluation of analytical solutions,
has been combined with modern minicomputer technology for high-speed simula-
tion of complex systems. The High-Speed Interactive Plant Analyzer code
HIPA-BWR has been implemented on the AD1O peripheral parallel processor.

2. Applications (Slide No. 3)

The Plant Analyzer has been developed to reduce computing time and cost
and also the manpower required for safety analyses. The Plant Analyzer is
particularly suitable when many transients are to be simulated for a chosen
plant, such as for parametric studies, for studies in support of risk assess-
ment, to identify accident signatures, to establish system stability and to
assess the consequences from control system failures. We have simulated 37
different transients for a BWR plant in less than four days.

The Plant Analyzer's computing speed and its built-in, high-speed
analog-to-digital and digital-to-analog converters for I/O signal process-
ing, makes it a powerful tool ' for computer-aided power plant operations.
Computed signals could be compared with signals from a power plant for the
purpose of plant performance monitoring and failure detection. The Plant
Analyzer could serve to diagnose component or system failures. The Plant
Analyzer could also be locked in-step with the power plant and then initiated
at some time to compute in advance the consequences of operator actions con-
templated for the mitigation of an accident. The results could be used to
optimize remedial strategies before the operator has to act.

* Work performed under the auspices of the U.S. Nuclear Regulatory Commis-
sion.

**Most slides are reproduced at the end of this paper.
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The Plant Analyzer can also serve to optimize plant performance, partic-
ularly to optimize the control system.

3. Recent Achievements (Slide No. 4)

Thirty-seven different transients, induced by both single and multiple
failures or events have been carried out in less than four days. The results
are documented [11.

Plant Analyzer results have been compared [1] with results from TRAC-BD1
[2], RELAP-5 [3,4], RAM0NA-3B [2] and with results published earlier by Gen-
eral Electric [5]. Comparisons were also made with results published in the
Final Safety Analysis (FSAR) report, but only to verify the proper function-
ing of the Plant Analyzer because the FSAR results are not comparable with
best estimate results.

The comparisons show good agreement as long as the reference codes per-
form properly. Differences between Plant Analyzer and reference code results
have been analyzed [1].

Models have been improved. The slip flow model required earlier [1] has
been replaced by the drift flux model. The Plant Analyzer now simulates
countercurrent flows and flow reversal. The level tracking model is now
based on mass jump conditions from the level and accounts rigorously for
falling films and liquid sprays above the level. A boron tracking model,
based on analytical integration of the transport equation, has been imple-
mented successfully.

4. The Plant Analyzer Operation (Slides No. 5 to 8)

The BWR/4 plant schematic of the HIPA-BWR/4 model is shown in Slide No.
5. It shows the reactor vessel and the balance of plant systems as well as
the systems for feedwater control, pressure regulation and recircuiation flow
controls.

Almost all malfunctions are entered from the control panel, simply by
setting a switch and/or a dial, as shown in Slide No. 6. (Other malfunc-
tions, as well as the geometric and operating parameters, trip set points and
control function parameters, are entered from the keyboard without reloading
of program.)

By netting only three switches, for example, one sets up the Plant Ana-
lyzer for a turbine trip without bypass and without scram. The trips are in-
dicated in the schematic of the plant shown in Slide No. 7.

The results are displayed instantly and while the calculations are being
performed. Labeled graphs can be displayed on-line, on the monitor of the
IBM personal computer as shown on Slide No. 8.



5. Results (Slides No. 9 through 17, taken from [1] and Slides No. 18 and
19)

Comparisons between TRAC-BD1 results and Plant Analyzer simulations are
shown in Slide No. 9 for an HSIV closure-induced ATWS. The top graph shows
the comparisons for the system pressure versus time. There are two TRAC
curves for the pressure as reported in Reference [2]. The validity of the
TRAC curve with the higher peak is in doubt [2], the curve with the lower
peak agrees well with that of the Plant Analyzer. The same can be said for
the fission power displayed in the bottom part of Slide No. 1.

Comparisons between RELAP-5 results and Plant Analyzer results are shown
ii. Slides No. 10 through 15. The comparisons were carried out for feedwater
controller failure at full demand (Slides No. 10 and 11), for MSIV closure
with scram operating (Slide No. 12), and for loss of feedwater (Slides No. 13
through 15). The major difference between RELAP-5 and Plant Analyzer results
are seen in the bottom graph of Slide No. 15. RELAP-5 was executed by impos-
ing HPCI liquid injection below the falling level in the downcomer. Under
this condition, steam cannot condense onto the subcooled liquid, and the
pressure remains high. HIPA in the Plant Analyzer permits condensation be-
tween the injection nozzles and the level below, and the pressure falls
temporarily.

Comparisons between RAM0NA-3B and Plant Analyzer results are shown in
Slide No. 15 for an MSIV closure-induced ATWS. The comparisons show good
agreement.

The same MSIV closure-induced ATWS was also used as one of the ten dif-
ferent transients for the comparisons between GE calculations and PLant Ana-
lyzer results. The comparison is shown in Slide No. 17. The GE results show
significantly slower depressurization rates than both the Plant Analyzer,
TRAC-B01 and RAM0NA-3B. Analysis has shown [1] that the GE calculations are
wrong. The differences in peak pressures during valve cycling are due to
differences in set points.

Slides No. 18 and 19 show, respectively, the core-averaged boron concen-
tration, the total reactivity, the fission power and the system pressure for
an MSIV closure-induced ATWS as simulated by the Plant Analyzer.

6. Plant Analyzer Characteristics (Slides No. 20 through 25)

The high simulation speed has been achieved in the mini-computer of the
Plant Analyzer for two reasons: Firstly, five modeling principles have been
used that distinguish the Plant Analyzer from all other plant analyzers [61
and reduce drastically the number of arithmetic operations executed during
the simulation.



Secondly, the AO1O, a special-purpose peripheral processor, has been
used. The AD1O is specifically designed for high-speed simulations of
complex systems. Its major features are listed on Slide No. 20.

Slide No. 21 shows the AD10 with a standard oscilloscope for size refer-
ence. Slide No. 22 shows the PDP host computer, Slide No. 23 the specifical-
ly designed control panel from which many combinations of 29 malfunctions can
be introduced, and Slide No. 24 shows a schematic of the Plant Analyer's com-
ponent configuration. Slide No. 25 shows the arrangement of the control pan-
el, Tektronix storage oscilloscope and IBM personal computer, as they are
used to operate the plant analyzer.

7. Program Statistics (Slide No. 26)

HIPA is a detailed BWR systems code. Four equations for nonequilibrium,
nonhomogeneous two-phase flow ars integrated for 54 computational cells in
the reactor vessel alone.

Fifty-five differential equations have been integrated analytically.
Their solutions are evaluated dynamically during the transient. Two-hundred
additional state equations are integrated by a variety of high-order integra-
tion algorithms. Multi-stepping for stiff equations is used, bringing the
total number of integrations per time step up to 330.

Over 4,000 subroutine output parameters are computed, including multi-
dimensional table interpolations from 200 distinct tables. All 1/0 channels
are scanned 200 times a second.

The simulation is advanced from one time level to the next in only 5.4
mi 1liseconds.

8. Conclusions ( Slide No. 27)

Realistic and accurate LWR simulations are possible, They can be
achieved at very low cost, great user convenience and high simulation speeds,
provided proper modeling techniques are used and modern minicomputers, de-
signed specifically for high-speed simulations of large, complex systems are
selected.

9. Future Plans (Slide No. 28)

We intend to expand the range of applications for BWR simulations in
government and industry. We plan also to develop this new technology for the
simulation of PWR power plants.
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1. PURPOSE AND ACHIEVEMENTS

• Realistic and accurate simulations of normal
and severe abnormal BWR transients at:

• High simulation speed (10 times real-time speed),
• Low cost (dedicated minicomputer AD-10), with

•Slide No . 2 c Outstanding user convenience and instant response
to changes of input data.

• Simulation includes
Nuclear Steam Supply System
Balance of Plant,
Plant Protection System,
Control Systems.

HIPA-BWR

2. APPLICATIONS

• Safety Analyses:
Parametric Studies.
Risk Assessment,
Accident Signatures,
System Stability,
Consequences from Control System

--. . i .. -. Failures.
Slide No. 3

• Computer-Aided Plant Operation:
(Potential Application)

Plant Monitoring,
Failure Diagnostics,
Accident Mitigation.

• Optimizations: (Potential Application)
Component Design,
Control Systems.



3. RECENT ACHIEVEMENTS

Slide No. 4

37 Single- and Multiple-Failure Events
sirnuiaced and documented

(ENL-NUREG-51S12. NUREG/CR-3943).

Developmental Assessment:
HIPA Comparisons with:
T3AC-BD1 (AS.ME 34-NE-10),
RELAP-5 (BNL-NUREG-3239B1..
RA.MONA-33 (ASMS S4-NE-10),
General Elecirie (NURSG-0460),
FSAa.

MODEL IMPROVEMENTS

Sl ide Nc. =



Slide No. 6 Photograph of Control Panel

Slide No. 7 Photograph of Trip Schematic

Slide No. 8 Photograph of Graphics Output
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SY5TEH PRESSURE

Slide Mo. 10
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Sl ide No. 11

X Q

3
n

• D

01 *

D

D IB

3D HQ
TIME ( = ;

CGRE INLET FLDHSHTE

an

Failure of Feaflwacer Controller at Maximum Demand



SYSTEM PSE55L1SE

S l i d e Mo. 12

2 0
rr
; ?
ID D
1' g

U "

H!PA
— RELAP-5

ID EO
TIME iS)

F1551DM PDMES

TIME !E)

MSIV Closure/Reactor Scram

30



FiEIGH

Sl ide No. 13

REUAP-5 (IMPOSED BOUND.COND.)

a En inn ien -son E H ECD s n HDQ
TIME f S )

CGHE INLET FLEKHTE

Loss of Feeawater iransients



Sl ide No. 14
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Slide No. 17
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6. PLANT ANALYZER CHARACTERISTICS

• Modeling:
5 distinctive modeling principles.

• SPECIAL-PURPOSE PERIPHERAL PROCESSOR:
— 6 distinct, task-specific parallel processors,

Slide No. 20 — pipeline architecture,
— synchronous computing at 10 MHz, up to 30 million

operations per second,
— hard-wired processors for interpolation of multi-

dimensional tables,
— high-speed I/O processing,
— single programming rule to utilize fully the computer

architecture.

Slide No. 21 Photograph of AD10 Peripheral Processor

Slide No. 22 Photograph of Host Computer: PDP 11/34

Slide No. 23 Photograph of Control Panel



Slide No. 24

Slide No. 25 Photograph of Office with Control Panel, Tektronix and PC



7. PROGRAM STATISTICS

Slide No. 26

• 255 State Variables
200 Integrators (330 integrations/

time step)
55 Analytical Integrations

• 4,000 Module Output Parameters
200 Distinct Multi-Dimensional Tables

(some called 54 times/time step)

• All I/O channels scanned 200
times/second

• Frame time is 5.4 milliseconds
(independent of function complexity)

Slide No. 27

8. CONCLUSIONS

Realistic and accurate LWR simulations
are possible at:

low cost,
great convenience and
high simulation speed by

Advanced modeling and

Use of special-purpose minicomputer
for systems simulation

Slide No. 28

9. FUTURE PLANS

• Expand applications of BWR simulation
technology,

• Develop PWR simulation capability.



References

[1 ] Wulff, W., Cheng, H.S., Lekach, S.V. and Mallen, A.N., "The BWR Plant
Analyzer," Brookhven National Laboratory, BNL-NUREG-51812, NUREG/CR-3943
(Jul j 1984).

[2 ] Hsu, C.J. , Neymotin, L. and Saha, P., "Analysis of a Typical BWR/4 MSIV
Closure ATW Using RAM0NA-3B and TRAC-BD1 Codes," Joint ASME/ANS Confer-
ence on Design Construction and Operation of Nuclear Power Plants, Port-
land, Oregon, ASHE Paper No. 84-NE-10 (1984).

[3] Lu, M.S., Levine, M.M. and Shier, W.G., "BWR Loss of Feedwater Transient
Analysis," Informal Report, BNL-NUREG-32396, (1984).

[4 ] Lu, M.S. and Shire, W.G., "Analysis of inree Rapid Transients for a
8WR/4 with the RELAP-5 Code," Informal Repoprt, BNL-NUREG-34507 (1983).

[5 ] General Electr ic Staff report , " Assessment of BWR Mit igat ion of ATWS,"
Vol.2, NEDO-24222, (NUREG-0^60, Alternate No. 3) , (1981).

[5] Uui f f , W., Cheng, H.S., Lekach, S.V., Mallen, A.N. and S t r i t a r , A.,
High-Speed LWR Transient Simulation for Optimizing Emergency Response,"
International Conference on Power Plant Simulation, Cuernavaca, Morelos,
Mexico (November 1984).

DISCLAIMER
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