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1. Objective
• Focus on the reactor transient behaviors in the IAEA integral-PWR(i-PWR) simulator.
• Quantify sensitivities of the observable balance of plant performance parameters to fluctuations.
• Analysis of the oscillations and trends during nominal daily operation conditions, especially for 

the normalized power and generator load.

2. Summary of the i-PWR simulators features and capabilities 

3. Introduction of IAEA simulator
• The IAEA i-PWR model simulator was developed by Tecnatom in 2017.
• The build-in fuel is UO2 with 4.95% enrichment with 17X17 

fuel pins with 24 assemblies. (Figure 2)
• 150 MWth and 45 MWe (when reactor runs full power of the reactor) 
• Saturation temperature is 344.8℃ at 15.5 MPa 
• Helical type steam generators
• Passvie safety system includes ADS, PDHR, PIS, and GIS. (Figure 3)
• Advantages of the IAEA SMR simulator:

§ Open Source.
§ Do not reflect a specific vendor’s design.
§ Easy to operate on PC.

4.Methods and Scenarios

6. Results
Base load:

Load-following:

7. Conclusion
• The oscillations of normalized power are relative control rod worth and xenon reactivity

fluctuations.
• Lower normalized power level is more sensitive to neutron poision.
• 100% of cases have a smaller standard deviation of normalized power and generator load.
• 75% and 50% of cases’ transient behaviors are similar. The 50% of cases present delayed

responses.
• 25% of cases are deeply affected by neutron poisons.
• The fluctuations of generator load are relative to normalized power and the standard deviation of

generator load is lower than normalized power.
• The standard deviation of normalized power becomes larger when increasing simulation time

except in 25% cases.
• Both load-following cases’ range values of normalized power and generator load at lower power

levels are larger than at higher power levels.
• The load-following cases’ statistical normalized power and generator load results are similar to

base-load cases.

Figure 3. The overview scope of the IAEA simulator. Figure 4. The rods position’s control panel of the control system.

• Select plant mode
• Load initialization (IC#1)
• Natural circulation status 
• Select auto mode of control rods
• Boric concentration uses the simulator default 

(763ppm)
• Set power demand points to achieve my 

scenarios setups
• Reactor power rate:

§ Base load: 3%/min
§ Load-following: 3~5%/min

Figure 1. The main design differences between PWR (left) and 
i-PWR (right)

Table 1 The overview and comparsion of i-PWR simulators.

Table 2
The overview of scenarios setup descriptions 
and parameters will be analyzed. 

• i-PWR is one type of SMRs
• IAEA defines SMR electrical power level as 

below 300 MWe

• Advantages:
§ Reduce the emergency planning zone (EPZ)
§ Minify the number of vessels and pipes to 

decrease the leakage probability
§ i-PWRs have a larger volume of pressurizer 

and reactor coolant water inventory.
§ i-PWR pipes’ diameter is smaller than 

PWRs

Table 3 The statistical generator load results of steady state scenarios.
Figure 2. The reactor core overview of the IAEA model.

Table 2 The statistical normalized power results of steady state scenarios

Table 4 The statistical normalized power and generator load results of load following scenarios.

• IAEA SMR simulator:
§ Open Source.
§ Do not reflect a specific vendor’s design.
§ Easy to operate on PC.

• When the normalized power setpoints
decrease, the ranges have an
incrementing trend.

• The 75% cases and 50% cases have the
opposite trend of 100% normalized
power case

• The normalized power at 25 % of cases
has a maximum standard deviation value
at running 6 hours.

• 75% of normalized power cases have a
bigger standard deviation for 24 hours
situation

• The 50% normalized power running 48
hours has a larger value of standard
deviation.

• Max standard deviation values of
generator load are reactor operating 6
hours or 72 hours cases

• Max range values are either operating
reactor for 24 hours or 72 hours

• The normalized power oat full power
level, and the generator load at 75%
power level have smaller range values

• In brief, 100% normalized cases have
smaller standard deviation values in the
normalized power and the generator load

• Only normalized power at 100% and 25%
have strong relative to normalized power
and generator load’s range and standard
deviation

• The average 50% normalized power and generator load of France's daily operation for six
hours is slightly less than Germany's recommended operation for 12 hours

• For 100% of normalized power, both values of the normalized power and the generator load
are similar.

• For the range side, the generator load at 50% setpoint power level of Germany recommending
operation has a remarkably large value

• For standard deviation, it can be noticed that 100% normalized power setpoint result of the
normalized power and the generator load are noticeable smaller than 50 %. This relationship
also matches the steady-state result owing to the function of the pressurizer and main steam
valves to adjust the steam input.

• It shows the range values of 50 % are larger than 100% no matter in France or Germany
recommended setups that are correlative to the normalized power of steady-state scenarios


