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ABSTRACT 

Global interest in fast reactors has been growing since their inception in 1960 because they 

can provide efficient, safe and sustainable energy. Their closed fuel cycle can support long-term 

nuclear power development as part of the world’s future energy mix and decrease the burden of 

nuclear waste. 

Within this framework, the IAEA organized a Coordinated Research Projects (CRP) on FFTF 

Loss of Flow Without Scram (LOFWOS) Test #13, aimed at improving Member States’ fast reactor 

analytical simulation capabilities, international validation, and qualification of codes currently 

employed in the field of fast reactor.  

The Fast Flux Test Facility (FFTF) was a 400 MW thermal powered, oxide-fueled, liquid 

sodium cooled test reactor built to assist development and testing of advanced fuels and materials 

for fast breeder reactors. 

The present paper shows the work performed by NINE for the CRP focused on benchmark 

analysis of one of the unprotected passive safety demonstration tests performed at the FFTF. In 

particular, a detailed nodalization was developed following the NEMM (NINE Evaluation Model 

Methodology) already applied for LWR safety analysis. After achievement of acceptable steady-

state results, transient analysis was performed. In addition, the NINE validation procedure was 

adopted in order to validate the Simulation Model (SM) against the experimental data. Two system 

thermal-hydraulic codes, namely RELAP5 and TRACE, were used to analyse the selected test and 

the comparison between the two SM results is also presented in this paper. 

The final goal of the activity is to present the main outcomes achieved through the use of 

codes currently employed in the field of fast reactor, and how the application of the NEMM 

procedures allows to develop and qualify the SM results and validate the computer codes against 

experimental data. 
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1 INTRODUCTION 

Global interest in fast reactors has been growing since their inception in 1960’s because they 

can provide efficient, safe and sustainable energy. Their closed fuel cycle can support long-term 

nuclear power development as part of the world’s future energy mix and decrease the burden of 

nuclear waste [1].  

Within this framework, the IAEA organized a Coordinated Research Projects (CRP) on FFTF 

Loss of Flow Without Scram (LOFWOS) Test #13, aimed at improving Member States’ fast reactor 

analytical simulation capabilities, international validation, and qualification of codes currently 

employed in the field of fast reactor. 
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The Fast Flux Test Facility was a 400 MW-thermal loop type SFR prototype with mixed 

oxide fuel, built to assist development and testing of advanced fuels and materials for fast breeder 

reactors. The loss of flow without scram (LOFWOS) Test #13 was performed on July 18, 1986 as 

part of the Passive Safety Testing (PST) program with the aim of confirming the safety margins of 

FFTF as a liquid metal reactor, providing data for computer code validation, and demonstrating the 

inherent and passive safety benefits of its specific design features. 

The present paper shows the work performed by NINE for the CRP focused on benchmark 

analysis of one of the unprotected passive safety demonstration tests performed at the FFTF. In 

particular, a detailed nodalization has been developed by NINE following its nodalization 

techniques [2] and the NINE validation procedure [3] (embedded in NEMM) has been adopted to 

validate the Simulation Model (SM) against the experimental data of the selected test. Two system 

thermal-hydraulic codes, namely RELAP5 [4] and TRACE [5], were used to analyse the selected 

test and the comparison between the two SM results is also presented in this paper. 

2 OVERVIEW OF FFTF AND OF LOFWOS TEST #13 

The Fast Flux Test Facility was a 400 MW-thermal loop type SFR prototype with mixed 

oxide fuel, built to assist development and testing of advanced fuels and materials for fast breeder 

reactors. It was located at the Hanford site in Washington and designed by the Westinghouse 

Electric Corporation for the U.S. Department of Energy (DOE). FFTF reached criticality in 1980 

and has been operating until 1992 [6]. An overview of the FFTF coolant system is shown in 

Figure 1, where three main parts can be distinguished: the reactor vessel, the primary loop, and the 

secondary loop. 

Regarding the reactor vessel, cold sodium was discharged from the three primary loop inlet 

pipes into an inlet plenum at the bottom of the reactor vessel. Sodium was then drawn up into the 

core support structure and distributed to the core assemblies and radial shields, as well as leakage 

and bypass flow paths. Sodium discharged from these flow paths was mixed above a horizontal 

baffle plate in a common outlet plenum before exiting the reactor vessel through one of three 

primary loop outlet pipes. The outlet plenum was bounded at the top by a region of Argon cover 

gas. 

The IHX was vertically mounted counterflow shell and tube designs and separated activated 

sodium coolant in the primary loops from nonradioactive sodium in the secondary loops. Within 

each secondary loop, hot leg piping ran from the IHX outlet to a Dump Heat Exchanger (DHX) 

unit, which discharged heat to the environment. Each DHX unit contained four individual sodium-

to-air dump heat exchanger modules. The cold leg sodium ran from the DHX unit to a sodium 

pump, and back to the IHX. 

 

 

Figure 1: FFTF Coolant System Overview 
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The FFTF core was loaded with199 hexagonal assemblies arranged in 9 concentric rows, that 

could be grouped in 91 core locations. The first 6 rows include 7 different types of Driver Fuel 

Assemblies (DFAs), Control Rods (CRs) and Safety Rods (SRs) and test locations such as In Core 

Shim Assembly (ICSA), Material Open Test Assembly (MOTA) and Fracture Mechanics Assembly 

(FMA). Then, the rows 7 and 8A contain 60 internal reflector assemblies whilst 48 external 

reflector assemblies are collected in rows 8B and 9. Finally, the core was surrounded by radial 

shield blocks arranged around the periphery of the radial reflector region and was supported by the 

core support structure. A core restraint system restrained the peripheral reflector assemblies at two 

elevations above the active core in order to reduce the core radial motion during power transients. 

The loss of flow without scram (LOFWOS) Test #13 was performed on July 18, 1986 as part 

of the Passive Safety Testing (PST) program, with the plant protection system intentionally 

disabled. The goal of this program included confirming the safety margins of FFTF as a liquid 

metal reactor, providing data for computer code validation, and demonstrating the inherent and 

passive safety benefits of its specific design features. One of the passive reactivity control devices 

are the Gas Expansion Modules (GEMs) located at the periphery of the FFTF core. GEMs are 

hollow tubes sealed at the top and open on the bottom with Argon cover gas trapped inside. During 

normal operation, the pressure head of the primary pumps compresses the gas to a level above the 

active part of the core, filling the GEMs with sodium. Following a pump trip and a corresponding 

decrease in the sodium pressure, the trapped gas would expand and displace sodium, increasing the 

neutron leakage from the core and decreasing the core reactivity. Starting from 50% power and 

100% flow, the Test #13 was initiated when the three primary sodium pumps were simultaneously 

tripped. The secondary loop sodium pumps remained operational throughout the whole test. The 

FFTF was maintained at half power for nearly seven and a half hours prior to the test to allow the 

system to reach an equilibrium state. Approximately one minute before the pumps trip, the dump 

heat exchanger blower speeds were reduced resulting in an increase in the DHX sodium outlet 

temperatures just before the test started. 

3 FFTF SIMULATION MODELS DESCRIPTION 

Starting from the benchmark specifications [6], two detailed SMs reproducing each 

component depicted in Figure 1 were developed, one for RELAP5 and one for TRACE system 

thermal-hydraulics code, following the NINE nodalization techniques, except for the DHXs, that 

were replaced by boundary conditions. The two SMs are identical from a geometric point of view 

and therefore the following description can be referred to both. 

Figure 2 shows the nodalization sketch of the reactor vessel and its internal flow paths. The 

reactor vessel was modeled with a cylindrical multi-dimensional component having three radial 

meshes: the innermost region represents the area occupied by the core basket and the leakage flow 

that passes around the fuel assemblies and reflector assemblies (up to row 8A), the intermediate 

zone models the annular plenum and the flow around reflector assemblies (rows 8B and 9) and 

through radial shields, and the outermost region simulates the peripheral plenum and the in-vessel 

storage region. From an axial point of view the vessel was divided in 45 nodes, where the lowest 

part represents the inlet plenum and the core support structure, while the upper part simulates the 

outlet plenum from the horizontal baffle to the argon cover gas. The multi-dimensional component 

was properly characterized in order to prevent the flow of sodium where the system does not allow 

it due to the presence of reactor vessel internal structures (in Figure 2 the thicker black lines 

represent the areas where sodium flow is not possible). The flow through the assemblies in the 

reactor core was modeled with 18 channels, 16 pipe components simulating the sixteen assembly 

flow zones representing the different types of assemblies (7 for the various driver fuel assemblies, 1 

for the control and safety rods, 3 for test assemblies and 5 for the reflector assemblies) and 2 pipe 

components to simulate separately the instrumented assemblies, the Row 2 fast response Proximity 

Instrumented Open Test Assemblies (PIOTA) and the Row 6 fast response PIOTA. Each channel 

had 21 axial volumes, of which 10 constituted the core active region. These pipes were connected to 
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the innermost region of the multi-dimensional component representing the reactor vessel, from the 

top of the core basket to the volume just below the elevation of the horizontal baffle, except for the 

2 components representing the external reflector assemblies, which are connected to the 

intermediate zone. Two additional channels were used to simulate a core bypass flow path, the first 

pipe represents the flow between low-pressure plenum and peripheral plenum whereas the second 

channel simulates the sodium flowing from the low-pressure plenum to the peripheral plenum, then 

inside the three 6-inch bypass pipes to cool the reactor vessel thermal liner and ultimately 

discharged at the top of the outlet plenum. 

As for the hydraulic part, also for the thermal part one heat structure for each flow zone was 

used to simulate the active part of the assemblies, with the exception of the two instrumented 

assemblies for which a separate heat structure was developed for each of them. The measured 

transient power provided by the benchmark team, was imposed with a flat profile as boundary 

condition along the active length, since the neutronics calculations was not performed. 

With regard to the primary loops, they were modeled separately and each having the same 

number of hydraulic components. The hot legs come out the outlet plenum above the horizontal 

baffle plate while the cold legs enter the inlet plenum just below the core support structure. The 

pumps were modeled with three identical pump components, whose homologous curves were 

obtained from the data provided in the benchmark specifications [6] and each with its own velocity 

table to simulate their coastdown during the transient. 
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Figure 2: Nodalization Sketch of the Reactor Vessel of FFTF plant 
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Figure 3 shows the nodalization sketch of the intermediate heat exchanger. The primary 

sodium entered the IHX through the annular distribution manifold region represented by a branch 

component. Then a pipe component was used to simulate the shell side of the IHX where the 

primary sodium flows down through the active heat transfer region along the outside of the IHX 

tubes. A second pipe component represented the annular region between the shell and lower 

hemispherical secondary plenum, where the primary sodium flowed before entering the cold leg and 

connected to the previous pipe component at the bottom of the active heat transfer region, just 

above the bottom tube support plate. 

Regarding the secondary side of the IHX, it was modeled with four pipe components. One 

pipe component simulates the central downcomer through which the secondary sodium enters the 

IHX at the top and flows down into the lower hemispherical plenum, represented with a second pipe 

component. Then, the secondary sodium enters the 1540 IHX tubes, simulated by another pipe 

component, at the bottom of the lower tube sheet and it exits the IHX tubes into the upper 

secondary plenum modeled with the last pipe component, just above the upper tube sheet, before 

entering the secondary hot leg piping. In addition, further components were used to represent the 

remaining part of the secondary loops, including the hot leg piping, the secondary pumps and cold 

leg piping. Finally, two time-dependent components were inserted to provide the proper boundary 

conditions, one component at the exit of the hot leg piping to set the secondary side pressure, and 

one component at the beginning of the cold leg piping, downstream the DHXs, to set the 

appropriate sodium temperature. 
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Figure 3: Nodalization Sketch of the Intermediate Heat Exchanger of FFTF plant 
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4 ANALYSIS OF THE RESUTLS 

The present section summarizes the analysis of the results obtained with both RELAP5 and 

TRACE SMs. Section 4.1 shows the results of the demonstration of the steady state achievement 

comparing the SMs results with the initial condition of the test. The boundary conditions imposed 

during the transient in both SMs are summarized in Section 4.2. Section 4.3 reports the comparison 

of the experimental data and the transient simulation, discussing the main outcomes of the analysis. 

Finally, Section 4.4 discusses the results of the sensitivity analysis performed with the RELAP5 SM 

only. 

 

4.1 Steady-state Achievement 

Table 1 shows the comparison between the initial condition of FFTF LOFWOS Test #13 and 

the FFTF Simulation Models steady-state results. As mentioned in Section 2, approximately one 

minute before the pumps trip, the dump heat exchanger blower speeds were reduced resulting in an 

increase in the DHX sodium outlet temperatures just before the test started. For this reason, the 

steady-state values of both SMs are taken 60 s before the beginning of the transient, namely before 

the rise in cold leg temperature of the secondary side. As can be seen from the table, all the 

parameters concern the primary loops and their accuracy is far below 1%, except for a couple of 

values of the TRACE model, which in any case have an accuracy of just over 2%. In addition to the 

parameters shown in Table 1, also the mass flow distribution inside the core has been provided in 

the benchmark specification, in which the core assemblies are divided in sixteen flow zones as 

detailed in Table 2. 

Table 1: FFTF LOFWOS Test #13 Initial Conditions and SMs Steady-State Results Comparison 

Parameter Units 
LOFWOS 

Test #13 
R5 SM TRACE SM 

Discrepancy (%) 

R5 SM TRACE SM 

Power (BC in the SM) MWt 199.2 199.2 199.2 0.00% 0.00% 

Core Inlet Temperature °C 317.2 317.1 323.9 0.02% 2.11% 

Flow Through All Assemblies kg/s 1988.4 1986.0 2003.8 0.12% 0.77% 

Shield Flow Rate kg/s 56.3 56.4 57.6 0.24% 2.36% 

Leakage and Bypass Flow Rates kg/s 157.5 156.4 158.5 0.71% 0.68% 

Primary Loops Flow Rate kg/s 

736.9 736.8 744.2 0.02% 0.99% 

735.7 735.0 742.3 0.09% 0.90% 

729.6 727.0 734.1 0.36% 0.61% 

Table 2: FFTF LOFWOS Test #13 Initial Conditions and SMs Steady-State Results Comparison 

Flow Zone Assembly Description # of Assembly 

1 DFA 3.2 22 

2 DFA 3.1, row 5 12 

3 DFA 3.1, row 6 22 

4 DFA 4.1 and 4.2, rows 2-5 12 

5 DFA 4.1, row 6 5 

6 DFA 3.2, with PIOTA row 2 4 

7 DFA 3.1, with PIOTA row 6 3 

8 MOTA 1 

9 ICSA 1 

10 CR and SR 9 

11 FMA 1 

12 Reflector type 1, row 7 11 

13 Reflector type 2, row 7 15 

14 Reflector, row 8a 24 

15 Reflector, row 8b 18 

16 Reflector, row 9 30 



 

139-7 

Each flow zone includes the same type of assembly. As regards the fuel assemblies (DFA and 

PIOTA), 7 different types can be distinguished according to the initial enrichment (i.e., 3.1, 3.2, 4.1 

and 4.2) and their position inside the core. Regarding the secondary loops parameters (i.e. 

secondary loops mass flow rates and cold leg temperatures), they were imposed as boundary 

conditions equals to the reference values. The comparison of the core flow distribution between the 

experimental data and the SMs results is shown in Table 3. Also in this case, the results obtained 

with RELAP5 SM show a better agreement with the experimental data compared to the TRACE 

model and almost all parameters have a discrepancy of less than 2%. For the heat transfer 

calculation of a component, the heat transfer diameters are assigned for different junctions in 

RELAP5, while only one lump heat transfer diameter is used in TRACE and this may contributes to 

the larger discrepancies observed in TRACE simulation results compared with experimental results. 

Table 3: Initial Core Flow Distribution Comparison 

Parameter 

Mass Flow Rate (kg/s) Discrepancy (%) 

LOFWOS 

Test #13 
R5 SM TRACE SM R5 SM TRACE SM 

Flow Zone 1 558.60 560.92 554.61 0.41% 0.71% 

Flow Zone 2 289.72 289.94 295.07 0.08% 1.85% 

Flow Zone 3 458.08 457.66 464.12 0.09% 1.32% 

Flow Zone 4 304.66 302.36 309.01 0.75% 1.43% 

Flow Zone 5 99.84 98.18 101.41 1.66% 1.57% 

Flow Zone 6(1) 74.45 74.93 75.32 0.65% 1.18% 

Row 2 fast response PIOTA 24.82 24.96 25.21 0.60% 1.58% 

Flow Zone 7(2) 41.00 40.58 40.82 1.03% 0.45% 

Row 6 fast response PIOTA 20.50 20.29 20.50 1.03% 0.00% 

Flow Zone 8 1.787 1.791 1.91 0.20% 6.82% 

Flow Zone 9 2.043 2.049 2.05 0.28% 0.34% 

Flow Zone 10 40.91 40.73 40.43 0.44% 1.18% 

Flow Zone 11 0.650 0.645 0.66 0.79% 1.68% 

Flow Zone 12 19.65 19.46 20.40 0.98% 3.80% 

Flow Zone 13 13.36 13.45 13.46 0.70% 0.77% 

Flow Zone 14 17.46 17.19 17.59 1.55% 0.77% 

Flow Zone 15 9.525 9.458 9.68 0.70% 1.58% 

Flow Zone 16 11.38 11.40 11.56 0.18% 1.60% 
(1) Except for Row 2 fast response PIOTA 
(2) Except for Row 6 fast response PIOTA 

 

 

4.2 Transient Boundary Conditions 

Three sets of boundary conditions were provided by the benchmark team for the simulation of 

the LOFWOS Test #13 transient: the primary pumps speed, the secondary loop flow conditions 

(i.e., temperature and mass flow rate) and the core power level. 

The measured primary pumps speed was provided for the first 90 seconds of the transient, 

because below approximately 100 rpm the uncertainty of the pump speed measurements was too 

high to be used reliably for benchmark simulations. Thus, after 90 seconds of transient, the pumps 

speed was set to zero assuming that the pumps coastdown was ended. 

For the secondary side, instead, a constant mass flow rate was imposed in each loop even if 

small oscillations occurred during the transient. Regarding the secondary side temperatures, the cold 

leg temperature and the DHX sodium outlet temperature for the twelve dump heat exchanger 

modules, four for each loops, were provided. For the steady state period, the cold leg temperature 

was imposed at the inlet of the IHX secondary side. During the transient simulation, an average 

DHX sodium outlet temperature value was evaluated and imposed for each loop, decreased by the 

difference between the average DHX sodium outlet temperature and the secondary cold leg 

temperature that occurs during the steady state. In Figure 4 the experimental data of the DHX 



 

139-8 

sodium outlet temperatures and the secondary cold leg temperature imposed in the FFTF SM (red 

line) time trends are shown for each loop. It shall be noted that the DHX sodium outlet temperatures 

increase even before the beginning of the transient, due to the decrease in the DHX fan speed. 

Finally, a constant secondary side pressure was imposed at the IHX outlet throughout the transient. 

This pressure was calculated from secondary pumps pressure head and the available pressure losses 

values of the secondary side piping and components. Regarding the core power level, the measured 

total core power was provided for the entire transient and it was imposed for each core flow zone 

following the same radial distribution that exists during the steady-state period. 

 

  
a) Secondary Loop #1 b) Secondary Loop #2 

 
c) Secondary Loop #3 

 

Figure 4: DHX Outlet Temperatures Experimental Data and CL Temperature imposed in SMs 

 

4.3 Transient Results 

After imposing the boundary and initial conditions and acceptable steady-state conditions 

achieved, the transient simulation was performed with both RELAP5 and TRACE simulation 

models. In the following figures the comparison between the FFTF LOFWOS Test #13 

experimental data (black line), the RELAP5 SM results (red line) and the TRACE SM results (blue 

line) is shown. Furthermore, the figures showing the temperature time trends along the primary and 

secondary loops have two further dotted lines (orange for the RELAP5 SM and green for the 

TRACE SM) that represents the temperature trend of the heat structure used to simulate the 

instrumentation device. Indeed. beyond the reactor vessel, sodium temperatures were measured in 

the hot and cold legs of all primary and secondary loops by the Resistance Temperature Detectors 

(RTDs). The RTDs were spring loaded against the bottom of a thermowell to provide a short 

response time. Unfortunately, there is no information in the benchmark specifications on the 

geometry of the temperature detectors, so, after a quick search in the literature and some 
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assumptions, a cylindrical heat structure of 5 cm in diameter was inserted at each RTD location. 

This outcome was obtained following a sensitivity study that was carried out to take into account 

the thermal inertia of the temperature instrumentation in order to investigate the origin of the 

discrepancies between the SMs results and the experimental data that were seen when comparing 

the fluid temperatures, as can be seen from the following figures. 

The FFTF LOFWOS Test #13 was initiated when the primary pumps tripped simultaneously. 

The row 2 and row6 PIOTA outlet temperature shown in Figure 5 can be observed to describe the 

behavior of the FFTF core during the transient. The initial rapid rise of the PIOTAs outlet 

temperature was caused by the increasing core power-to-flow ratio following the pump trips. The 

outlet temperatures peaked at around 10 seconds when the power-to-flow ratio reached its 

maximum value. Then, the increase in core temperatures together with the drop of the GEM sodium 

level introduced a large negative reactivity feedback, so power decreased faster than the primary 

flow rate. The drop in reactor power was quick enough to compensate for the reduced flow rate in 

the primary loop and the sodium temperature started to decrease. As the GEM sodium level 

approached the bottom of the core, the negative reactivity insertion slowed down. The core outlet 

temperatures began to rise again, and a second peak occurred when the natural circulation was 

established. Natural circulation was maintained while power continued to decrease resulting in a 

decrease of the core outlet temperatures until the end of the test. 

Figure 5 shows the comparison of the row 2 and row6 PIOTAs outlet temperature predicted 

by the SMs against the measurement. Both SM results are in good agreement with the experimental 

data for the entire duration of the transient. In particular, the time of occurrence of the two peaks is 

captured very well by the simulation. The different behavior of the experimental time trend of the 

two PIOTAs is mainly due to the heat exchange between assemblies and core bypass and in less 

extent to the radial power distribution. The first aspects play an important role in the sodium 

temperature distribution during natural circulation period and it should be further investigated in the 

future activities. 

The primary loops mass flow rate is shown in Figure 6. It can be seen that the pump 

coastdown is very well predicted by the SMs. Minor differences exists during the natural circulation 

for both SMs where the mass flow rates is slightly larger than the experimental data. 

The cold leg and hot leg temperatures in the primary loops are shown in Figure 7. The 

calculated cold leg fluid temperatures showed a faster rise at the beginning of the transient 

following the increase in the DHX sodium outlet temperatures, it reached a higher peak value and it 

decreased faster compared to the experimental trend. In addition, it can be noted that the oscillations 

shown in the calculated time trends occurred about 30 seconds earlier and with a greater amplitude 

than the experimental data. 

 

 

  
a) Row2 PIOTA Outlet Temperature b) Row6 PIOTA Outlet Temperature 

Figure 5: Row2 and Row6 PIOTA Outlet Temperature 
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a) Primary Loop #1 b) Primary Loop #2 

 
c) Primary Loop #3 

Figure 6: Primary Loops Mass Flow Rates 

 

The hot leg fluid temperatures have been quite well predicted by the SM, showing a trend 

slightly oscillating around the experimental value. That may be due to a different prediction of the 

sodium mixing and thermal stratification phenomena in the outlet plenum of the reactor vessel 

during the natural circulation phase that are difficult to simulate by a system thermal-hydraulic 

code.  

Similar behavior can be observed in Figure 8, where the cold leg and the hot leg temperatures 

in the secondary loops are displayed. The cold leg temperatures followed the time trends of the 

DHX sodium outlet temperatures, which had been specified as boundary conditions. The hot leg 

temperatures decreased quickly at the beginning of the transient reaching the cold leg temperature 

in about 200 seconds due to the reduction in heat transferred from the primary to the secondary 

systems across the IHXs, as the primary loop flow rates decreased, and the secondary pumps 

remained at full speed. It can be noted that, also in this case, the fluctuations of the SMs results 

occur earlier than the measured data. 

However, it can be noted that considering the temperature evaluated with heat structure used 

to simulate the temperature detectors the SMs results are qualitatively and quantitatively in better 

agreement with the experimental data. 

Finally, it must also be pointed out that the results obtained with the TRACE SM present a 

discrepancy of about 3-4 degrees with the experimental data, already in the steady-state period and 

for the entire duration of the transient. This is due to the fact that only a preliminary analysis was 

performed with the TRACE Simulation Model and that a more in-depth analysis is needed to try to 

reduce these differences. 
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a) Cold Leg #1 b) Hot Leg #1 

  
c) Cold Leg #2 d) Hot Leg #2 

  
e) Cold Leg #3 f) Hot Leg #3 

Figure 7: Primary Loops Cold Leg and Hot Leg Temperatures 

 

 

 

 

 

 

 

 

 

 

 

 



 

139-12 

  
a) Cold Leg #1 b) Hot Leg #1 

  
c) Cold Leg #2 d) Hot Leg #2 

  
e) Cold Leg #3 f) Hot Leg #3 

Figure 8: Secondary Loops Cold Leg and Hot Leg Temperatures 

 

4.4 Sensitivity Analysis 

The present section shows the results of a sensitivity analysis performed with the RELAP5 

Simulation Model only. The sensitivity analysis was performed to study the effect of the modeling 

choice made for the reactor vessel outlet plenum and its impact on sodium mixing. As mentioned 

before, in the reference case, the reactor vessel and the upper plenum were modeled with a 

cylindrical multi-dimensional component having three radial meshes. In the two sensitivity 

simulations performed for this analysis, the 3D volumes of the upper plenum were replaced by a 1D 

vertical pipe component in the first simulation and by a 1D single-volume component in the second 

simulation. Figure 9 shows the comparison of the sodium temperature in the hot leg primary loop 

#1 among the three different reactor vessel outlet plenum modeling choices and with the 

experimental data. 
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Figure 9: Sensitivity on Outlet Plenum Modeling: Comparison of Primary Loop Hot Leg 

Temperatures 

 

In the reference case (3D) thermal stratification occurs with the hot sodium that tends to go 

upwards (it should be remembered that the hot leg connection is at the bottom of the outlet plenum, 

just above the core outlet). Two main mixing flow paths can be distinguished in this region: an axial 

flow path in the central zone of the outlet plenum with which part of the hot sodium reaches the top 

of the reactor and then recirculates downwards from the lateral region; a radial flow path at the 

outlet elevation with which the hot sodium from the core flows directly towards the hot legs. In the 

first sensitivity (1D PIPE), no thermal stratification is observed and the hot sodium exiting the core 

does not mix with the upper cold sodium at the triggering of natural circulation. In the second 

sensitivity (1D Single Volume) the hot sodium that would be deposited on top of the reactor 

completely mixes with the core outlet flow, thus resulting in a slightly higher sodium temperature in 

the hot leg after the beginning of the transient, compared to the reference case, and which continues 

to gradually increase even during natural circulation. 

5 CONCLUSIONS  

Sodium Fast Reactors is a branch of Fast Reactors technology developed since the early 60s, 

which nowadays regains large interest and attractiveness thanks to their flexibility and their 

potential to be operated as Actinide burners and/or breeders, thus playing a crucial role in the 

closure of nuclear fuel cycle and solving the burden of long-lived nuclear wastes. 

Design and operation of such reactors require a noticeable computational capacity, but also 

specific means to assess their safety both in normal and downgraded operation as well as in 

emergency conditions. In this prospect, IAEA has organized several Coordinated Research Projects 

aimed at improving Member States’ fast reactor analytical simulation capabilities. 

The participation in such research programs - allowing direct comparison of computation 

results with measured data - contributes to increase the confidence in the capabilities of available 

computational tool, in the meantime highlighting the potential for improvements which could 

address and solve the pending issues and for the identification of new ones. 

NINE has been actively involved in such research activities within the IAEA CRPs, thus 

catching the opportunity to independently assess and validate several commonly and widely used 

Thermal-Hydraulic codes. 
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The Simulation Models have been developed strictly complying with the Best Estimate 

principle - which namely requires avoiding the introduction of inaccuracies due to rough 

approximations and assumptions - thus trying to represent at best the problem under investigation 

without adopting any major simplification. Despite this approach requires relevant and continuous 

computational efforts, the obtained results show-up highly satisfactory and encouraging in a whole. 

Moreover, as far as the computation capacity is concerned, the NEMM model methodology 

developed by NINE confirmed its applicability also in the case of SFR simulations. 

The present paper summarizes the activity carried-out, presents the results and discusses the 

main outcomes of the IAEA CRP on FFTF Loss of Flow Without Scram Test #13, underlying the 

wide convergence among the computational tools, as well as detecting the main discrepancies and 

seeking for their common origin and trends, which should enable defining a mid-term vision for 

further development of the computer codes in the field of fast reactors and identifying new needs 

for their extended validation against either available or expected experimental data. The RELAP5 

SM results shows good agreement with the experimental results, which confirms the application of 

NINE’s NEMM methodology in simulating SFR designs. The TRACE code is also used for 

simulations, and though the same trends are observed, the TRACE model requires further 

improvement. One major improvement would be to use heat transfer diameter of each junction to 

compute the heat transfer coefficient, instead of using a same lump heat transfer diameter for the 

entire heat structure. 

Among others, the following items have been identified as meriting careful and particular 

attention in the future: the need for an accurate modelling of the mixing of coolant flows in the 

assembly, the estimation of the pressure drop and the flow distribution during the transients which 

could be significantly improved using suitable empiric correlations, the sodium mixing and the 

thermal stratification phenomena which play a crucial role during the transients, and are sensitive to 

the nodalization scheme adopted and cannot be accurately predicted by the current existing SYS-

TH codes, the need for a correct and comprehensive simulation of the heat transfer between 

adjacent subassemblies, the suitability for improvement of the calculation of inlet plenum flow 

distribution. 
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