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Abstract –There is a big difference between High Temperature Gas-cooled Reactor 
Pebble-modules Demonstration Project(HTR-PM) and PWR in operation mode. 
HTR-PM is a continually refuelled reactor, and the operation and fuel management 
of it, which affect each other, are inseparable. Therefore, the analysis of HTR-PM 
fuel management needs to be carried out “in real time”. HTR-PM operation and 
fuel management system is developed for on-power refuelling mode of HTR-PM. The 
system, which calculates the core neutron flux and power distribution, taking high-
temperature reactor physics analysis software-VSOP as a basic tool, can track and 
predict the core state online, and it has the ability to restructure core power 
distribution online, making use of ex-core detectors to correct and check tracking 
calculation. Based on the ability to track and predict, it can compute the core 
parameters to provide support for the operation of the reactor. It can also predict 
the operation parameters of the reactor to provide reference information for the fuel 
management.The contents of this paper include the development purposes, 
architecture,  the main function modules, running process, and the idea of how to 
use the system to carry out HTR-PM fuel management. 

 
I. INTRODUCTION 

 
HTR-PM is a continuous refueling reactor, in 

which the fuel elements flow randomly, the core 
temperature and neutron flow vary complexly. HTR-
PM can only rely on the control rods and continuous 
loading to ensure critical, which makes the operation 
and fuel management influence one another and both 
should be considered. Here, operation means the 
running of the reactor, and fuel management refers to 
the loaing and unloading sheme. The above 
peculiarities makes the calculation about the core 
actual states more complex than the nuclear design. 
Therefore, VSOP, as a nuclear design code, can’t 
meet the calculation about the actual core states. 

Although HTR-PM is developed from HTR-10, 
it is more complex, and the operation and fuel 
management of HTR-10 can’t meet the requirements 
of HTR-PM. The operation and fuel management of 
pebble bed type high temperature gas-cooled reactor 
is a lack of research at home and abroad. No 
software can be used for reference. 

Hence, there is the need to develop a software for 
HTR-PM to carry out operation and fuel 
management.   The software, which is composed of 
core calculation module (VSOP) and other function 
modules,  tracks, predicts and evaluates the current 
and future core states, and puts forward reasonable 
refueling scheme and operation suggestions to ensure 
the continuous, stable and safe operation and fuel 
economy. What needs to be stressed is that the 
software is still in development stage and the 
following discussion is based on the current research 
progress and the ideas about the future design and 
usage. 

 
II. SOFTWARE ARCHITECTURE 

 
The software is developed with modularization 

design method. It is logically divided into three 
levels: the core layer is the core calculation module,  
which is responsible for the core states calculation; 
the middle layer is function modules, which are used 
to realize the core states tracking, evaluation and 
prediction, fuel management, power distribution 
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reconstuction, etc. The top layer is the main program 
and interface module. The whole software system is 
composed of the main program and the following 
nine modules: core calculation module, software 
interface and input/output module, operational 
parameters database module, online and real-time 
core model maintenance module, core operation 
process tracking module, core operation prediction 
module, core power distribution reconstruction 
module, core states evaluation module, operation and 
fuel management analysis module.  

 
II.A. Core Calculation Module 

 
VSOP is a HTR-PM nuclear design software. 

The core calculation module is developed on the 
basis of VSOP99_05. This module is located in the 
core layer of the software. Core operation process 
tracking module,  core operation prediction module 
and core states evaluation module, which belong to 
middle level, all need to call this module to achieve 
their function. The module carries out two 
dimensional physical and thermal calculation. The 
THERMIX embedded in VSOP executes thermal 
calculation. This module has the ability to modify 
grid partitioning, fuel batches and material 
composition in each regions. 

 
II.B. Software Interface and Input/output Module 

 
The module belongs to the top layer, from which 

the software begins to run. When the module has run, 
the software achieves its function according to the 
operation process and user input by calling the 
middle layer modules. 

 
II.C. Operation Parameters Database Module 
 
The function of this module is to get the 

following data from DCS system online every once 
in a while: power, control rods position, helium 
temperature at inlet/outlet, helium flux and so on. 
The data is stored in the operation parameter 
dababase, and the module is in charge of the 
database maintenance and data access. Other 
modules need to call this module to get operation 
parameters. 

 
II.D. Online Real-time Core Model Maintenance 

Module 
 
Developers need to model according to the 

specific parameters of the reactor before the software 
system is installed and in operation. This module 

builds the core model, and establishes and maintains 
the core model database according to the user input 
and historical core state data. All modules that need 
core model data should access the database. 

 
II.E. Core Operation Process Tracking Module 

 
The function of this module is to simulate core 

operation process and core state changes over a 
period of time , through steady state physical-thermal 
coupling calculation, based on online core model 
and user input. The software determines by itself 
when to start the next tracking computation 
according to fuel handling data and historical power 
data obtained from the operation parameters 
database. The module accesses the operation 
parameters database to obtain the operation data 
between the the former state point and the current 
state point and processes them to create the input 
parameters for the current tracking calculation by 
using the simulation calculation results of the former 
state point. According to the input parameters, the 
module carries out a series of  physical thermal 
calculation to get many operation data such as keff, 
core neutron flux and power distribution, and so on. 

 
II.F. Core Operation Prediction Module 

 
Core operation prediction is to predict core 

operation state after the current state point based on 
the tracking calculation. It is the user’s task to 
determine the prediction scenarios that is the future 
possible operation process of the core. The scenarios 
includes power change, refueling scheme,  control 
rods position change, load change, etc. 

 
II.G. Core Power Distribution Reconstruction 

Module 
 
The module reconstructs the in-core power 

distribution by utilizing the ex-core detector readings.  
The module calculates in advance the ex-core 
detector spatial response functions and characteristic 
distribution which discribes the impact of physical 
factors on the power distribution. It represents the 
power distribution with the  linear combination of 
the characteristic distribution, obtains each 
coefficient of linear combination through the space 
response functions and uses the ex-core detecor 
readings to realizes power distribution reconstruction. 

 
II.H Core State Evaluation Module 
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The module analyzes  the current state point and 
future state point to present the detailed evaluation 
about the core characteristics. Another function of 
the evaluation module is to evaluate and correct the 
power distribution worked out by tracking module 
by using the power distribution worked out by power 
reconstruction module, and monitor the possible 
abnormal operation state by using the power 
reconstruction results.  

 
II.I Fule Management Module 

 
The function of this module is to analyze and 

evaluate the possible operation and fuel management 
scheme at next time step and filtrate the most 
reasonable scheme from them based on the 
predictions. The module can directly analyze the 
calculation results from the prediction module. It can 
also put forward a variety of possible fule 
management schemes, transfer the schemes to the 
prediction module, obtain the predictions, filtrate, 
and finally get optimal fuel management scheme. 

 
Ⅲ. RUNNING PROCESS 

The running process of the software is shown in 
figure 1. 

The input data of the software comes from the 
user and the DCS (distributed control system). The 
software communicates with the DCS system 
through network . 

The embedded function module builds up the 
intial core state, which corresponds to initial 
criticality state or initial power operation state, for 
tracking calculation. 

The software gets real-time core operation 
parameters and maintains operation parameter 
database in tracking process. The software analyzes 
the operation parameters, and starts the tracking 
calculation under certain conditions. The restarting 
data at the last time step and operation parameters at 
the current time step constitute the input for the 
tracking calculation at the current time step. It calls 
VSOP to do physical-thermal coupling calculation at 
current time step to realize the online tracking 
function. On the basis of the tracking calculation, the 
software can not only evaluate in detail the current 
core state, but also predict future core state. 

The evaluation calculation of the current state is 
to put forward and analyze the detail information 
about the current core parameters and provide 
operation support information. 

Based on the ex-core neutron detector readings, it 
reconstructs the core power distruibution at the same 
time of making tracking calculation. It’s needed to 

make comparision between core power distribution 
from evaluation calculation and the rusults from 
power reconstruction calculation to get the final the 
believable core power distribution. The software 
determines whether to modify the core model. If the 
model needs to be modified, the software informs the 
model maintenance module of modifying the core 
model and conresponding restarting file and 
backtracks to the former state point to do tracking 
calculation again through index of restarting files. 
Another function of the power distribution 
reconstruction is to monitor possible abnormal core 
state based on the results of reconstrucion. 

On the basis of tracking and core state evaluation, 
the software predicts future core operation trend and 
operation state. The process is the foundation of fuel 
management, and it provides suggestions for 
operation management. On the basis of  core state 
prediction, it puts forward feasible fuel management 
solutions, evaluates and selects optimal refueling 
scheme. 

 
Fig1; Code function block diagram 

 
Ⅳ. IDEA OF HOW TO USE THE SOFTWARE 

 
Ⅳ.I The Particulatity of Refueling Calculation 

 
There is a big difference between the refueling 

calculation of HTR-PM and of PWR. We here talk 
about refueling calculation cycle and executive 
agency. 
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Ⅳ.I.I The Refueling Calculation executive agency 
 

The reload cycle of PWR is normally 12 months 
or 18 maonths, and reload design is provided by 
qualified service providers. The refueling calculation 
of PWR is very complicated. It involves not only the 
arrangement of fuel assembly with different 
enrichment and burn-up but also the arrangement of 
control rods and burnable poison. It should ensure 
core safety, meanwhile, obtain economy as much as 
possiblel. Therefore, the choice of service providers, 
which has the professional,is necessary. 

The loading actions of HTR-PM, which needs 
800 fuel elements everyday at the balance period, is 
very frequent, so the refueling calculation is also 
frequent. The random flow of the fuel elements in 
the core, which leads to carrying out the refueling 
calculation without considering the arrangement of 
the large amount of fuel assembly in the core as 
PWR, makes the refueling calculation simple. 
Because of the frequency of the refueling calculation, 
it isn’t realistic in terms of actual execution that the 
designer provides the refueling design services. 
What’s more, the the cost of the refueling calculation 
is very considerable. The simplicity of the refueling 
calculation makes it feasible that the core managers 
are qualified for the the work after training. Hence, 
the refueling calculation of HTR-PM is carryied out 
by the ower. 

 
Ⅳ.I.Ⅱ Refueling Calculation Cycle  

 
Because the calculation accuracy and predictive 

power of the software is uncertain in the early phases 
of the software development, the refueling 
calculation cycle has not been fixed. The ideas of the 
fixation of the refueling calculation cycle at present 
is discribed as follows: in the early stage of running, 
there is the need for frequent refueling calculation to 
gradually grope the features of the software; with the 
accumulation of use experience, the refueling 
calculation cycle is adjusted gradually to the most 
reasonable value. Considering the human resources 
costs of the owner and the designer’s current forecast, 
it shoud be achieved that the refueling calculation is 
carried out no more than three times a week at least 
and isn’t conducted in the weekend. 
 

Ⅳ.Ⅱ The Usage of  The Software 
 

Ⅳ.Ⅱ.I Where to Position The Software 
 

The software users is mainly the core managers 
and operators. The core managers can use the 

tracking, prediction, evaluation, operation strategy 
and fuel management windows to obtain refueling 
scheme and assist the core supervision. For the 
operators, the software provides reference 
information about the operaion. 

Refueling scheme needs to be emphasized here. 
In fact, the designer has provided refueling scheme 
during initial core loading, transient core and 
equilibrium core when making HTR-PM nuclear 
design, and the scheme has a certain guiding 
significance. But because of the particularity of 
HTR-PM is that operation and fuel management are 
inseparable and the refueling scheme provided by 
physical design and actual state of the core have 
certain gap, the core manager needs to put forward 
reliable refueling scheme, which agrees with actual 
core state, by using the software to analyze the core 
state. 
 
Ⅳ.Ⅱ.Ⅱ Information Getted from The Software 

 
The software interface displays in different 

windows  based on functions. The main window, 
which is the long-term active view of the software, 
displays the real-time core state and the tracking 
simulation results of the core state. Other windows, 
including core state evaluation display window, 
operation prediction display window, power 
reconstruction display window and operation 
strategy and fuel management display window, can 
be switched at any time according to the user’s 
demand. 

The parameters that can be directly getted from 
the core real-time state display window and core 
states tracking and simulation display window 
include keff, core neutron flux and power distributio, 
core temperature distribution, the burnup and the 
density of the main nuclides on each fuel batch, 
average discharge burnup, maximum fuel 
temperature and maximum  single ball power. 

The data that is input to the operation prediction 
display window includes operation situation, the 
moment of the future state point, time step definition 
and the calculation options and shift options at each 
time step. The input data can either be set by the 
users or can be acquiescent value. What can be 
obtained from the window includes keff, core neutron 
flux and power distribution, core temperature 
distribution, burnup distribution, xenon poison, 
maximum fuel temperature,maximum single ball 
power and the changing processes of the main 
parameters in prediction period. 

The detailed evaluation about the current states 
and the predictive states of the core can be obtained 
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from the core state evaluation display window. The 
states that are evaluated include power and neutron 
flux distribution, temperature distribution, flow field 
distribution, burnup distribution, discharge rate and 
discharge burnup, temperature coefficient of the 
whole core and the partitions, xenon distribution, 
dynamic characteristics of xenon, control rods and 
absorb balls worth, reactor shutdown margin, excess 
reactivity, water ingress reactivity, waste heat 
quantity and distribution, loss of cooling and 
pressure accident analysis, characteristic in transition 
process, etc. 

The data that is input to the operation strategy 
and fuel management display window includes 
candidate refueling scheme and screening criteria of 
refueling scheme and operation, etc. What can be 
gained from the window are optimized operation 
strategy and refueling scheme. 
 

Ⅳ.CONCLUSION 
 

HTR-PM is a on load continually refuelled 
reactor. Its operation and fuel management with 
more particularities are not studied thoroughly at 
home and abroad. HTR-PM operation and fuel 
management software is being developed to adapt to 
the particularities. The software calculates the core 
neurtron flux and power distribution by using 
physical analysis code (VSOP) as a basic tool. It can 
achieve core states tracking, prediction and 
evaluation  online and provide reasonable operation 
support information and core fuel management 
scheme. 
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