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An advanced system analysis tool SAM is being 
developed for fast-running, improved-fidelity, and whole-
plant transient analyses at Argonne National Laboratory 
under DOE-NE’s Nuclear Energy Advanced Modeling 
and Simulation (NEAMS) program. As an important part 
of code development, companion validation activities are 
being conducted to ensure the performance and validity of 
the SAM code. This paper presents the benchmark 
simulations of two EBR-II tests, SHRT-45R and BOP-
302R, whose data are available through the support of 
DOE-NE’s Advanced Reactor Technology (ART) 
program. The code predictions of major primary coolant 
system parameter are compared with the test results. 
Additionally, the SAS4A/SASSYS-1 code simulation 
results are also included for a code-to-code comparison.  
 
I. INTRODUCTION 

An advanced system analysis tool SAM (Ref. [1]) is 
being developed at Argonne National Laboratory under 
the DOE-NE’s Nuclear Energy Advanced Modeling and 
Simulation (NEAMS) program. The goal of the SAM 
development is to provide fast-running, improved-fidelity 
whole-plant transient analyses capabilities. SAM utilizes 
an object-oriented application framework MOOSE (Ref. 
[2]), and its underlying meshing and finite-element library 
libMesh (Ref. [3]), as well as linear and non-linear solvers 
PETSc (Ref. [4]), to leverage modern advanced software 
environments and numerical methods. It incorporates 
advances in physical and empirical models and seeks 
closure models based on information from high-fidelity 
simulations and experiments. Additionally, coupling 
interfaces have been developed to allow for convenient 
integration with other advanced or conventional 
simulation tools for multi-scale and multi-physics 
modeling capabilities. 

Extensive experimental studies of inherent safety 
characteristics of Liquid-Metal-cooled Fast Reactor 
(LMFR) systems have been conducted in the 
Experimental Breeder Reactor II (EBR-II, Ref. [5]). 
These tests demonstrated its capabilities of heat removal 
without the aid of active safety systems, as well as the 
capabilities to mitigate a reduction in core cooling flow or 
heat rejection to the balance of plant (BOP) without the 
aid of active control or protection systems. Another 
objective of the program was to provide data for computer 
code validation so that the results of the testing can be 
extrapolated and applied to other LMFR designs. To 
support this objective an extensive data set was recorded 

for each test by the plant data acquisition system. Through 
an ongoing effort under DOE-NE’s Advanced Reactor 
Technology (ART) program, some of the EBR-II test data 
are recovered and organized into electronic databases.  

As an important part of code development, validation 
activities are being conducted to assure the performance 
and validity of the SAM code. This paper presents the 
benchmark simulations of two EBR-II tests, an 
unprotected loss of forced cooling flow test (SHRT-45R) 
and an unprotected loss of all heat rejection test (BOP-
302R). The code predictions of major primary coolant 
system parameter are compared with the test results. 
Additionally, the SAS4A/SASSYS-1 (Ref. [6]) code 
simulation results are also included for a code-to-code 
comparison.  

 
II. SAM OVERVIEW 

SAM is being developed as a system-level modeling 
and simulation tool with improved accuracy while 
remaining computationally efficient. It is aimed at solving 
the tightly-coupled physical phenomena including fission 
reaction, heat transfer, fluid dynamics, and thermal-
mechanical response in SFR structures, systems and 
components in a fully-coupled fashion. Reduced-order 
modeling approaches are used to facilitate rapid turn-
around for design and safety optimization studies.  As a 
new code development, the initial effort focused on 
developing modeling and simulation capabilities of the 
heat transfer and single-phase fluid dynamics responses in 
the SFR systems. The details of the tool development and 
its status can be found in Ref. [1].  

SAM employs a one-dimensional transient model for 
single-phase incompressible but thermally expandable 
flow. The governing equations consist of the continuity, 
momentum, and energy equations. A three dimensional 
module is also under development to model the multi-
dimensional flow and thermal stratification in the upper 
plenum or the cold pool in an SFR reactor vessel. 
Additionally, a subchannel module will be developed for 
more-detailed fuel assembly modeling. The details of the 
one-dimensional single-phase flow model for 
incompressible thermally expandable flow and the 
stabilization schemes can be found in Ref. [7]. 

Heat structures in SAM model the heat conduction 
inside the solids and permit the modeling of convective 
heat transfer at the interfaces between solid and fluid 
components. It can represent one-dimensional or two-
dimensional heat conduction in Cartesian or cylindrical 



coordinates. Temperature-dependent thermal 
conductivities and volumetric heat capacities can be 
provided in tabular or functional form either from built-in 
or user-supplied data. The modeling capabilities of heat 
structures can be used to predict the temperature 
distributions in solid components such as fuel pins or 
plates, heat exchanger tubes, and pipe and vessel walls, as 
well as to calculate the heat flux conditions for fluid 
components. A flexible conjugate heat transfer modeling 
capability is implemented in SAM, and the details can be 
found in Ref. [8]. 

The Jacobian-Free Newton Krylov (JFNK) solution 
method is used to solve the equation system. The JFNK 
method is a multi-level approach, the outer Newton 
iterations (nonlinear solver) and inner Krylov subspace 
methods (linear solver), in solving large nonlinear 
systems. One great feature of JFNK is that all the 
unknowns are solved simultaneously in a fully coupled 
fashion. This solution scheme avoids the errors from 
operator splitting and is especially suitable for conjugate 
heat transfer problems in which the heat conduction in the 
solid is tightly coupled with the fluid flow. 

The physics modeling and mesh generation of 
individual reactor components are encapsulated as 
Component classes in SAM. A set of components has 
been developed based on the FEM fluid model and heat 
conduction model, including: (1) basic fluid and solid 
geometric components; (2) 0-D components for setting 
boundary conditions; (3) 0-D components for connecting 
1-D fluid components; (4) assembly components by 
combining the basic geometric components and the 0-D 
connecting components; and (5) non-geometric 
components for physics integration. The transient 
simulation capabilities of typical SFR accidents have been 
demonstrated in a number of reactor transient 
simulations1. 

 
III. TEST DESCRIPTIONS 

The EBR-II plant was a 62.5 MWth metallic fueled 
sodium fast reactor designed and operated between 1964 
and 1994 by Argonne National Laboratory. During its 
operation, EBR-II was used for experiments designed to 
demonstrate the feasibility of passive safety in liquid 
metal reactors (LMR). The Shutdown Heat Removal Test 
program was carried out in EBR-II between 1984 and 
1986. The objectives of the program were to support the 
U.S. advanced LMR program, provide test data for 
validation of computer codes, and demonstrate passive 
reactor shutdown and decay heat removal in response to 
protected and unprotected transients. 

Argonne has performed analyses of SHRT-17 and 
SHRT-45R, the most severe protected and unprotected 
loss of flow tests, using SAS4A/SASSYS-1 under an 
ongoing four-year International Atomic Energy Agency 
(IAEA) coordinated research project9,10. The benchmark 
specifications of the EBR-II tests are also being used to 

support code validation efforts during SAM development. 
Preliminary SHRT-17 benchmark simulation results were 
presented in Ref. [1]. Major physics phenomena in the 
primary coolant loop during the protected-loss-of-flow 
transients were well captured in the SAM simulation. This 
paper presents the benchmark simulations of SHRT-45R 
and an unprotected loss of all heat rejection test, BOP-
302R. 

The SHRT-45R test was conducted to demonstrate 
the effectiveness of inherent feedback mechanisms in 
EBR-II to terminate the fission process. Starting from full 
power and flow, SHRT-45R was initiated by 
simultaneously tripping both the primary and 
intermediate-loop coolant pumps to simulate an 
unprotected loss-of-flow accident. Once the loss of flow 
transient began, forced convection flow continued while 
the pumps coasted down. After the pumps had stopped, 
the flow transitioned to natural circulation. The system 
then relied upon natural circulation to remove residual 
heat from the core. During the test, the plant protection 
system (PPS) was disabled to prevent a scram. 
Temperatures in the reactor quickly rose to high, but 
acceptable levels as the inherent reactivity feedbacks 
reduced the fission power. SHRT-45R demonstrated that 
natural phenomena such as thermal expansion of reactor 
materials could be effective in protecting the reactor 
against potentially adverse consequences from 
unprotected loss-of-flow accidents.  

The BOP, or balance of plant, tests were a series of 
tests performed during the SHRT testing program to 
investigate transients where the primary sodium pumps 
did not trip. A variety of different BOP tests were 
performed ranging from tests where the control rod 
insertion depth fluctuated to other tests where the 
intermediate sodium electromagnetic pump was oscillated 
at various frequencies. BOP-302R was one of two loss of 
heat sink tests where the intermediate sodium pump was 
tripped without scramming the control rods or tripping the 
primary pumps. This test was driven by increasing core 
inlet temperatures, which were a result of a diminished 
IHX heat rejection rate due to the lower intermediate 
sodium flow rates. BOP-302R was performed several 
hours after SHRT-45R and was initiated from full power 
and full flow.  

 
IV. MODEL DESCRIPTIONS 

An EBR-II model, similar to the SAS4A/SASSYS-1 
model described in Ref. [10], was developed for the 
SHRT-45R and BOP-302R benchmark simulations.  

 
IV.A. Core 

The thermal-hydraulic performance of a reactor core 
is analyzed in SAM with a model consisting of a number 
of core channels. The channel model provides input to 
specify a single fuel pin and its associated coolant and 
structure. A single-pin channel represents the average pin 



in an assembly, and assemblies with similar reactor 
physics and thermal-hydraulic characteristics are grouped 
together.  

Five single-pin channel types were created for the 
driver, partial driver, dummy, reflector, and blanket 
assemblies. The SHRT-45R and BOP-302R core models 
use 12 channels based on one of these five channel types 
to represent all 637 subassemblies. The safety, 
experimental, and control subassemblies are not modeled 
with their own channel types but rather are grouped into 
other channels. The same core model was used for both 
SHRT-45R and BOP-302R tests. Table 1 and Figure 1 
illustrate the channels in the EBR-II core model. Among 
them, six channels (with six different colors in Figure 1) 
represent: (1) the lumped fuel assembly groups of the 
driver fuel assemblies; (2) the high-flow driver fuel 
assemblies; (3) lumped channel for all dummy (K-type), 
partial driver (P-type), experimental, and control 
assemblies; (4) inner core reflector assemblies; (5) outer 
core reflector assemblies; and (6) blanket assemblies. 
Another six channels shown in red represent six 
individual assemblies with different types at locations 
1A1, 2B1, 4C3, 6C4, 7A3, and 12E6. These 
subassemblies were modeled individually because they 
were among a subset of subassemblies whose outlet 
temperatures were measured. A 22-channel model is used 
in SAS4A/SASSYS-1, and the details can be found in 
Ref. [10]. 

Reactivity feedbacks are not modeled in these 
benchmark simulations as some important reactivity 
feedback mechanisms, such as the radial and axial core 
expansion, control rod drive line expansion, etc., can not 
yet be modeled in SAM. Instead, the reactor power 
histories from the tests are directly applied in the 
simulation of the transients. Although these reactivity 
feedback mechanisms can be modeled in 
SAS4A/SASSYS-1, the same assumptions were used in 
both simulations for consistent comparisons of the 
thermal-hydraulics responses of the system throughout the 
transients.  

 
IV.B. Coolant System 

Figure 2 illustrates the EBR-II primary system model 
used in the SAS4A/SASSYS-1 simulations. A similar 
model is used in the SAM simulations except that the 

minor flow leakage paths were not modeled. The two 
primary pumps draw sodium from the cold pool and feed 
the high- and low-pressure flow paths. Sodium flows 
through the high-pressure inlet piping (e.g. 
E14!E15!E16) and is discharged into the high-pressure 
inlet plenum before flowing up through the inner core 
channels. Sodium flowing through the low-pressure inlet 
piping (e.g. E17!E18!E19!E20!E21) is discharged into 
the low-pressure inlet plenum before flowing up through 
the outer core channels. The inner core channels represent 
the first seven rows of subassemblies and the outer core 
channels represent the remaining subassemblies in rows 
8-16. At steady state, the mass flow rates through the 
inner core and outer core subassemblies are 
approximately 390 kg/s and 70 kg/s, respectively.  

The inner and outer core channels both discharge into 
the outlet plenum, which mixes the discharged sodium 
before it enters the Z-Pipe. The Z-Pipe is a double-walled 
pipe that contains the auxiliary EM pump. Sodium 
leaving the Z-Pipe flows through the intermediate heat 
exchanger before discharging into the cold pool.  
 

TABLE I. SAM lumped core channels  
Channel 
number Representations 

Total 
Assembly 
number 

Total 
Power 
(MW) 

Total 
Flow 
(kg/s) 

1 Average Driver  56 33.7 232 

2 Average High 
Flow Driver 18 10.3 67.5 

3 Lumped Channel, 
K+X+P+Control 28 8.66 77.3 

4 Average Inner 
Reflector 20 0.278 3.32 

5 Average Outer 
Reflector 180 0.855 11.2 

6 Average Blanket 329 4.50 64.5 

7 1A1, Half-Driver 1 0.332 3.81 

8 2B1, K016 1 0.0177 0.685 

9 4C3, Driver 1 0.692 4.86 

10 6C4, Driver 1 0.598 3.71 

11 7A3, Reflector 1 0.0149 0.165 

12 12E6, Blanket 1 0.0268 0.163 

Total  637 60.0 469 

 



 

 

Figure 1. SAM Core Channel Model of EBR-II. 

 

Figure 2. EBR-II Primary Sodium System Model.
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IV.C. Boundary Conditions for Transient Modeling 
As discussed above, the benchmark simulation 

focused on the thermal-hydraulics responses of the system 
throughout the transients in which the reactor power 
history was specified as input to the models for both SAM 
and SAS4A/SASSYS-1.  

The complete intermediate loop was also not 
modeled in the benchmark tests. Instead, the IHX 
intermediate side inlet temperatures and mass flow rates 
are provided as boundary conditions. A simplified pump 
model is used in SAM for both tests in which the pump 
speed history during the tests are directly applied. Fig. 3 
and 4 shows the IHX secondary conditions and the 
primary pump heads during the SHRT-45R test.  

 

 
Figure 3. Boundary conditions of IHX secondary flow 

during SHRT-45R test. 

 
Figure 4. Normalized pump head history during SHRT-

45R test 

V. BENCHMARK RESULTS 
V.A. SHRT-45R Results 

Simulation results of the SHRT-45R test are shown 
in Figures 5-10. The reactor core power and the 
instantaneous heat removal rate of the IHX are shown in 
Figure 5. This transient is initiated by a complete loss of 
forced coolant flow in the primary and intermediate loops. 
The two primary pumps are designed with sufficient 
rotating inertia to maintain rotation until about 50 seconds 
after the start of the transient. This is followed by a 
transition to natural circulation. Immediately after the 
transient is initiated, the reactor temperature increases and 
the reactor power is slowly reduced due to various 
reactivity feedback mechanisms. After about 150 seconds, 
the reactor core power became lower than the IHX heat 
removal rate. This is expected since fair amounts of flow 
were remained for the intermediate heat transport system 
(IHTS) during SHRT-45R test. At the end of the 900-
second test, the IHTS flow is still above 8% of the normal 
flow rate.  

Figure 6 shows that the transition to natural 
circulation flow is very smooth. The transient response of 
the primary loop flow in the simulation is very close to 
that of the experiment and the SAS4A/SASSYS-1 
simulation results, although the magnitudes are slightly 
different during the transition from forced flow to natural 
circulation flow. This is deemed successful considering 
the delicate coupling among the natural circulation flow, 
the friction and form losses, and the temperature 
distribution of the whole system.  

Because the primary vessel is so large, the cold pool 
temperature does not change much during SHRT-45R. 
This leads to rather flat high-and low-pressure inlet plena 
temperature profiles. Both high- and low-pressure inlet 
plenum temperatures decrease several degrees during the 
test, likely due to over-cooling by the IHX through the 
later part of the transient.  

The Z-Pipe inlet temperature is shown in Figure 7. 
The transient responses of the core outlet temperatures in 
the simulation are very similar to the experiment. The 
rapid flow decrease during the early part of the transient 
results in an increase of the core outlet and then the Z-
Pipe inlet temperature. Core power decreases rapidly due 
to various reactivity feedback mechanisms. Once the 
natural circulation flow is fully established and because 
the IHX heat removal is higher than the core power, the 
core outlet and Z-Pipe inlet temperatures start dropping. 
The Z-Pipe inlet temperature rises faster in both SAM and 
SAS4A/SASSYS-1 simulations than the measured data 
because the upper plenum is modeled as a zero-
dimensional volume. However, complex geometry and 
flow patterns existed in the EBR-II core outlet plenum. 
There is a delay as hotter sodium enters the volume, flows 
through or around the baffle plate, and enters the Z-Pipe, 
but it cannot be modeled in a 0-D volume. The Z-Pipe 
inlet temperature from the SAM simulation is slightly 
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over-predicted in the second half of the test, possibly due 
to the differences in the modeling of heat transfer between 
the upper plenum and the shield walls.  

The IHX primary inlet temperature response during 
the transient is shown in Figure 8. Very large differences 
are found between both code predictions and the 
measurements while the two code predictions are very 
similar. Because the IHX inlet temperature thermocouple 
was installed inside the IHX along the outer surface of a 
tube, not at the inlet where higher flow mixing is 
expected, it is speculated that the IHX inlet thermocouple 
did not measure the average temperature of sodium 
leaving the Z-Pipe. The IHX inlet temperature is also 
significantly affected by the Z-Pipe heat loss due to the 
longer transit time in the Z-Pipe under low flow transient 
conditions. Figures 7 and 8 show that the IHX inlet 
temperature is significantly lower than the Z-Pipe inlet 
temperature during the transient, although it is only 1.5°C 
lower than the Z-Pipe inlet temperature under the steady 
state full flow conditions.  

The core outlet temperature of driver fuel 
subassembly 6C4, highest power-to-flow ratio among all 
channels, is shown in Figure 9. The transient trends 
among the experiment and the two simulations are very 
similar, but the peak core outlet temperatures are 
different. It is suspected that there is a gap between the 
subassembly outlet and the temperature measurement 
location. Under low flow conditions, the mixing between 
the subassembly 6C4 and the adjacent low power 
subassemblies would reduce the core outlet temperature 
measurement in the test. The peak cladding temperatures 
from the SAM and SAS4A/SASSYS-1 simulations 
through the SHRT-45R test are shown in Figure 10. 
Almost identical results are found although different core 
channel groupings and different friction and form loss 
models are used. It can be confirmed that major fluid flow 
and heat transfer responses in the primary coolant loop 
during the unprotected loss-of-flow test can be captured 
by both the SAM and SAS4A/SASSYS-1 codes.  

 
Figure 5. Reactor Power and IHX heat removal rate 

during SHRT-45R test 

 
(a) Full range 

 
(b) Low range 

Figure 6. Pump 2 mass flow rates during SHRT-45R test 

 
Figure 7. Z-Pipe inlet temperature during SHRT-45R test 0.E+00 
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Figure 8. IHX primary inlet temperature during SHRT-

45R test 

 
Figure 9. Subassembly 6C4 outlet temperature during 

SHRT-45R test 

 
Figure 10. Peak in-core cladding temperature during 

SHRT-45R test 

 
 

V.B. BOP-302R Results 
BOP-302R was a loss of heat sink test where the 

intermediate sodium pump was tripped without 
scramming the control rods or tripping the primary 
pumps. This test was driven by increasing core inlet 
temperatures, which were a result of the diminished IHX 
heat rejection due to the lower intermediate sodium flow 
rates. Strong thermal stratification is expected in the 
primary vessel (cold pool), where the IHX outlet and the 
pump inlets are located in the upper part of the vessel. To 
correctly predict the core inlet temperature, the thermal 
stratification in the cold pool needs to be properly 
considered. This is accounted for in the SAM simulation 
with a two-volume pool model, in which the upper 
volume connects with the main primary pumps and the 
IHX, and the lower volume is stagnant but the mixing 
flow with the upper volume and the convective heat 
transfer with the immersed piping walls are considered. 
Similar modeling approaches were also applied in the 
SAS4A/SASSYS-1 model.   

The StagnantVolume component is developed in 
SAM to model a stagnant volume with no connections to 
any 1-D fluid components, but allowing for heat transfer 
with other 0-D volumes or heat structures. For simplicity, 
it is assumed that the mass of the stagnant volume is 
unchanged. Only the energy conservation is needed for 
the stagnant volume component: 

!(!")
!" + !!!

!!! = 0  (1) 

In which, !: the total mass of the component; !: the 
average enthalpy of the component. ! : time; ! : the 
number of coupling heat transfer components; !: heat 
transfer with coupled heat structures or 0-D volumes; 
! = ℎ!"#$∆!!!" for heat transfer with heat structures; 
! = !!"#∆ℎ  for heat transfer with 0-D volumes, and 
!!"#  is the mixing flow rate with the coupling 0-D 
volume. In the SAM BOP-302R simulation, the mixing 
flow between the upper and lower cold pool is assumed to 
be 50% of the primary core flow rate.  

Simulation results of the BOP-302R test are shown in 
Figures 11-17. Very good agreement was found among 
the SAM and SAS simulations and the test results. It can 
be concluded that both the SAM and SAS codes can 
capture the major thermal-hydraulic responses in the 
primary coolant loop during the unprotected loss-of-heat-
sink test. 

The reactor core power and the instantaneous heat 
removal rate of IHX are shown in Figure 11. As discussed 
above, this transient is initiated by a complete loss of 
forced coolant flow in the intermediate loop, which 
resulted in a diminished IHX heat rejection rate. The 
reactor power is slowly reduced due to various reactivity 
feedback mechanisms. Throughout the transient, the 
reactor power is always higher than the IHX heat removal 
rate. For a short period, the IHX secondary side 



temperature is higher than the primary side, which results 
in heat transfer from the intermediate loop to the primary 
loop.  

SAM predictions of the plena temperatures during 
BOP-302R test are shown in Figure 12. The upper cold 
pool temperature increases rapidly at the beginning of the 
transient due to the loss-of-cooling in the IHX. As the 
primary loop coolant flow rate is largely unchanged 
throughout the transient, the core outlet plenum 
temperature drops with the decrease of the core power. As 
the IHX primary outlet temperature decreases and the 
continuous mixing between the upper and lower cold pool, 
the upper cold pool temperature decreases eventually after 
reaching a peak. The temperature responses in the high- 
and low-pressure core inlet plena are similar to the upper 
cold pool, and the temperature at the low-pressure inlet 
plenum is slightly lower due to the heat loss to the lower 
cold pool through the long piping. The lower cold pool 
temperature response is much slower compared to other 
volumes, as it does not directly participate in the primary 
coolant flow loop. Eventually all plena temperatures 
became very close to each other as the lower cold pool 
was heated up.  

The comparisons of high- and low-pressure inlet 
plena temperatures from the SAM and SAS simulations 
and the test results are shown in Figure 13 and Figure 14. 
Very good agreement was achieved for both the initial 
heat up rates and the later pseudo-equilibrium states. It is 
demonstrated that the thermal stratification in the cold 
pool during the test can be modeled with a relatively 
simple multiple 0-D volume model. Note that the mixing 
flow rates between 0-D volumes are crucial to accurately 
model the heat transfer between 0-D volumes, and the 
mixing flow rates can be derived from RANS-based CFD 
simulations of the system at several different primary loop 
flow rates.  

The Z-Pipe inlet and IHX primary inlet temperature 
responses are shown in Figure 15 and Figure 16. As the 
primary loop coolant flow rate is largely unchanged at full 
flow, the coolant temperature rise across the reactor core 
is very small. The core outlet temperature continues 
dropping as the reactor power decreases. The Z-Pipe inlet 
and IHX primary inlet temperature responses follow the 
same response. This is expected because the heat loss 
through the Z-Pipe walls is negligible during high flow 
conditions. Very good agreement was found among the 
two code simulations and the test results.  

The core outlet temperature of the driver fuel 
subassembly 6C4 is shown in Figure 17. The transient 
trends among the experiment and the two simulations are 
very similar, but the initial increase of core outlet 
temperature was not observed in the test results. It is 
suspected again that the mixing between the subassembly 
6C4 and the adjacent low power subassemblies reduced 
its outlet temperature measurement in the test. Very 

similar results are found between the SAM and SAS 
simulations.  

 

 
Figure 11. Reactor power and IHX heat removal rate 

during BOP-302R test 

 
Figure 12. SAM predictions of plena temperatures during 

BOP-302R test 
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Figure 13. High-pressure inlet plenum temperature during 

BOP-302R test 

 
Figure 14. Low-pressure inlet plenum temperature during 

BOP-302R test 

 
Figure 15. Z-Pipe inlet temperature during BOP-302R test 

 
Figure 16. IHX primary inlet temperature during BOP-

302R test 

 
Figure 17. Subassembly 6C4 outlet temperature during 

BOP-302R test 

 
VI. CONCLUSIONS 

An advanced system analysis tool, SAM, is under 
development at Argonne National Laboratory for fast-
running, improved-fidelity, whole-plant transient 
analyses. Validation activities are being conducted to 
assure the performance and validity of the SAM code. 
The benchmark simulations of two EBR-II tests, 
unprotected loss of forced cooling flow test (SHRT-45R) 
and unprotected loss of heat rejection test (BOP-302R) 
have been successfully performed.  

The benchmark simulations focused on the thermal-
hydraulics responses of the system throughout the 
transients in which the reactor power history was 
specified in both the SAM and SAS4A/SASSYS-1 
models. Very good agreement was found among the two 
code simulations and the test results for both tests.  For 
the SHRT-45R test, the transient response of the primary 
loop flow in the SAM simulation agreed very well with 



the experiment during the whole transient, which went 
through the forced-flow during the pump coast-down, 
transition flow, and the natural circulation flow regimes. 
For the BOP-302R test, the high- and low-pressure inlet 
plena temperatures from SAM simulations agreed very 
well with the test for both the initial heat up rates and the 
later pseudo-equilibrium states, which demonstrated that 
the thermal stratification in the cold pool was correctly 
accounted for by the simple two-volume cold pool model. 
These results demonstrate that the SAM code can capture 
the major thermal-hydraulic responses in the primary 
coolant loop during SFR loss-of-flow and loss-of-heat-
sink transients. 
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