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Introduction

« The BEACON system is designed to operate with a number of different
core types, VVER included

« Beacon was introduced as a complementary monitoring system at
KNPP Unit 5 for cycle 31 (when RWFA was first used in a mixed core
with the resident TVSA fuel), and at Unit 6 for its respective cycle 31
(with TVSA-12 fuel assemblies only)

« APA-H has become the main code package for calculating neutron
physics characteristics of Unit 5 for the purpose of nuclear safety
analysis, but has also been tested as a complementary option to
KASKAD and HELHEX at Unit 6

« APA-H is a vital tool for creating the model and necessary input data
for the BEACON system
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Comparison of Assembly Power Distribution (cntd)
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Summary of Power Distribution Comparisons, US and U6

Relative assembly power distributions reconstructed by BEACON and
calculated with APA-H and HELHEX are in agreement of differences up
to 4-5% for Unit 5, cycle 31

Relative assembly power distributions reconstructed by BEACON and
calculated with APA-H and KASKAD are in agreement of differences
up to 3-4% for Unit 6, cycle 31

Relative nodal power distributions reconstructed by Beacon and
calculated with APA-H and HELHEX for Unit 5, and APA-H and
KASKAD for Unit 6, are also in good agreement

All comparisons regarding the BEACON system and the APA-H code
package show good results relative to the experience with the KNPP
native core monitoring system and neutron physics code packages
from past cycles leading up to cycle 31 of Units 5 and 6
13



APA-H Code Package User Experience

« APA-H has become the main neutron physics analysis code package
of Unit 5 since the start of cycle 31

« APA-H calculations are fundamental for the preparation of the
BEACON model necessary for continuous core monitoring

« Aninitiative for improving the overall APA-H user calculation time

efficiency has been taken with the development of an application for
automated APA-H sequences (PHIRE code included)

14



Main Components and Complementary Routines

ALPHA-H is the standard preprocessor code for generating input data for
PHOENIX-H, and interpreting valuable results regarding the following
generation of ANC-H input files

PHOENIX-H is the lattice physics code for generating neutron diffusion
theory cross sections and other corresponding data for ANC-H

ANC-H is the 3D steady-state neutron diffusion problem solver of APA-H

PHIRE is a post processor program that reads data from PHOENIX-H
calculations for the purpose of generating isotopic and delayed neutron data

BANKIN is an important processor of information as it reads and writes data
into memory during calculations

JOB is an application that allows user control over execution of input files

with different options via terminal
15



Some Limitations and User Responsibilities

A lot of data regarding input preparation of important geometry and
material parameters, variables and arrays with complex pointer
relations have to be processed by the user outside of APA-H which
can be an experience prone to errors

A standard practice for APA-H lattice code calculations is that the
preparation of two-group cross sections with PHOENIX-H is mostly
sequential for the different types of assemblies and enrichments
which is costly in time

BANKIN can only manage up to 8 different logical units (databanks)
per instance

16



Developing the APART Graphical User Interface

« APART is a graphical user interface for APA-H which allows the user
to quickly run calculations for the purpose of reactor core analysis
based on neutron physics characteristics

* Most of the user important APA-H tasks such as generating a core
model and cross sections for hot full power operation and cold zero
power states, are automated and heavily parallelized to save time

* Once set up, the APART system keeps track of all PHOENIX-H and
ANC-H data regarding every fuel cycle

17



Managing PHOENIX-H Databanks

Instead of one complete databank of all the required calculations of
different assembly types and enrichments, APART separates the
PHOENIX-H runs by fuel type, enrichment and burnup history. This leads
to individual databanks, such as:

430MO_30 31 32 33 XX _XX.db

which holds information for type 430MO fuel assemblies, entering the core for the forth
year in cycle 33.

For example this approach usually offers an overall speed-up of the necessary
PHOENIX-H user calculations by 7-8 times when creating a hot full power model for
ANC-H.

18



Some Other Features and Automated User Tasks

« Automated evaluation of the correct boron letdown curve for
PHOENIX-H based on ANC-H burnup calculations for the
corresponding fuel cycle

« Automated search for end of boron cycle, and operation during
coastdown until a user defined end of cycle

« On-display assembly shuffle using the cursor

« A module to display power and burnup distributions as well as other
results from the APA-H output files

« A parallelized search for highest stuck control rod worth
 Criticality search by control rod groups featuring a user defined
overlap

19



APART Main Features and Controls
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Estimating Kinetics Parameters

In order to estimate the effective delayed-neutron fraction (B.) and
core average prompt-neutron lifetime (A) PHIRE needs to read
regionwise data from PHOENIX-H databanks

PHIRE requires the isotopic and delayed-neutron information about
all the regions of the corresponding fuel loading to be kept in memory
by BANKIN at once, but with APART more than 8 PHOENIX-H
databanks are usually produced for a specific loading pattern

The BANKIN number of logical units limit is bypassed by creating a
separate databank with PHOENIX-H that holds data for all available
types of assemblies and fuel enrichments
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Estimating Kinetics Parameters (cntd)

« Using constant boron instead of a specific letdown curve in PHOENIX-H burnup calculations
for each fuel cycle

0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 BU 30 35 40 45 50 55
,a.u.

BU, a.u.

Fig. 13. Standard boron letdown curve approach Fig. 14. Constant boron for PHX burnup calculations

« The constant boron approach has no major influence on the required isotopic and delayed-
neutron data from PHOENIX-H calculations

« Changing the letdown curve to a constant does not affect greatly the accuracy of estimating

Bess and A with maximum differences compared to the standard approach of ~1%
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Conclusion

« Results from the experience with the BEACON system and the APA-H
code package at KNPP have shown good agreement in produced
comparisons with data from the native core monitoring system and
code packages with differences resembling the routinely observed
deviations between reconstructed and calculated core power
distributions from previous cycles

« A graphical user interface was developed for the purpose of faster
user guided preparation of input files, calculations and output results
interpretation, which greatly reduces the user time necessary for
managing everyday tasks with the help of APA-H
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