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Abstract 

Accurate neutronic characterizations of fusion power plant designs are essential in 
determining their operational parameters. The neutron wall loading (NWL), tritium breeding 
ratio (TBR), and nuclear heating distribution are parameters that must be determined for 
adequate shielding and protection and fuel self-sustainability of a fusion power plant. After 
determining the NWL for the first wall (FW), radial builds were designed to satisfy the 
corresponding shielding requirements. Using the DAGMC code to couple solid-modeling 
geometry software with Monte Carlo radiation transport, these parameters were determined for 
the ARIES-ACT-DCLL design. The peak NWL values are 4.0 MW/m2 for the inboard FW, 5.5 
MW/m2 for the outboard FW, and 2.2 MW/m2 for the divertor. The degradation of the tritium 
breeding based on the addition of individual design elements to the 3-D model calculated a final 
TBR of 1.05. Analysis of the nuclear heating determined the energy multiplication factor to be 
1.1. 
 
I.  Introduction 

The ARIES team [1] has developed numerous power plants that are designed with a 
range of aggressive and conservative tokamaks (ACT). Three-dimensional neutronic simulations 
of the most recent ARIES-ACT fusion power plant designs are necessary for optimization of 
shielding requirements and fuel self-sustainability. The parameters that are evaluated in this 
report are the neutron wall loading (NWL), tritium breeding ratio (TBR) and the nuclear heating 
distribution. The NWL is a fusion power normalized neutron current density at the FW that 
enables the design of adequate radial builds and ensures proper shielding against the high-energy 
fusion neutrons. The TBR is a measure of how many tritium atoms are created from nuclear 
reactions within the blanket per tritium atom consumed by the plasma. The nuclear heating is a 
measure of the energy deposited by neutrons and photons in the various components surrounding 
the plasma.  

The ARIES-ACT employs a dual-coolant LiPb (DCLL) tritium breeder, much like the 
most recent ARIES designs [2-5]. The LiPb serves in a configuration that allows not only 
breeding but also self-cooling of the blanket components. However, the ARIES-ACT-DCLL first 
wall (FW) is He-cooled, which serves to protect the blankets from high radiant heat and particle 
fluxes from the plasma. In tokamaks, it is possible to position a LiPb blanket for tritium breeding 
on both the inboard (IB) and outboard (OB) sides of the plasma, thereby eliminating the need for 
a blanket behind the divertor.  

The ARIES-ACT will require the calculated TBR to be 1.05 [6] to account for margins in 
deficiencies and uncertainties. Generally, the margin for the calculated TBR arises from known 
deficiencies in nuclear data, known deficiencies in modeling, unknown uncertainties in design 
elements, and tritium bred in excess of the tritium consumed by D-T fusion reactions within the 
plasma [7]. For the ARIES-ACT, the margin totals to approximately 5%. The nuclear data 
uncertainty is taken to be 3%, and it arises from the ENEA experiment that validates the data for 
the LiPb breeder [8]. There are no uncertainties in design elements but the remaining margin 
arises from 1% for the known deficiencies in modeling and 1% for accounting for T bred in 
excess of T consumed in the plasma.  

 



II.  Methodology and Codes 

A coupling of computer codes was used to perform the neutronic analysis for the ARIES-
ACT-DCLL tokamak. These codes were Cubit and Directly Accelerated Geometry Monte Carlo 
(DAGMC). Cubit was used for the solid modeling needed to build the model to be used by 
DAGMC for performing the Monte Carlo radiation transport. The DAGMC code was used for 
the Monte Carlo simulations since it allowed neutron transport directly on a computer-aided 
design (CAD) model, which is incredibly useful for such complex tokamak geometries.  

Cubit is a solid modeling and mesh generation software toolkit developed and released by 
Sandia National Laboratories [9]. Cubit provided the ability to build and prepare 3-D models 
necessary for CAD-based radiation transport to be used for the 3-D analysis. Cubit was required 
for its unique ability to detect and eliminate redundant surfaces of adjacent volumes through the 
use of the imprint and merge functions. Inadequate designs will cause incomplete imprinting and 
merging that will result in a poorly defined geometry and lost particles in the radiation transport 
simulation. Cubit not only gives the user the ability to create the complete 3-D geometry, but it 
also can group volumes and surfaces in order to assign material densities, define boundary 
conditions, and define desired tallies for the radiation transport simulation. Cubit provided the 
ability to build the model to be used by the next code, DAGMC, to perform the Monte Carlo 
radiation transport. 

The DAGMC code [10] is a software tool developed by the Computational Nuclear 
Engineering Research Group (CNERG) at the University of Wisconsin-Madison that provides 
the ability to perform Monte Carlo radiation transport on complex 3-D geometries created by 
solid modeling software. This code gives the ability to translate a CAD model into a faceted 3-D 
geometry that can be interpreted by radiation transport software. DAGMC utilizes the radiation 
transport code MCNP5 [11]. By using Cubit to prepare the geometry, the user is only required to 
create a portion of the data cards associated with a typical MCNP5 input. The nuclear data used 
in this analysis is taken from Fusion Evaluated Nuclear Data Library [12]. 

The ARIES-ACT-DCLL is modeled as the upper half of an 11.25o wedge throughout the 
3-D analysis. There are 16 blanket modules that span 22.5o each, thus the 11.25o wedge in the 
CAD model represented one half of a complete blanket module. Reflecting surfaces were placed 
on both sides of the 11.25o wedge as well as at the midplane. Thus, the 3-D model represented 
1/64th of the complete tokamak. The neutron source distribution within the plasma region was 
approximated using a three-nested source distribution with varying intensities (63%, 32%, and 
5%) [13]. 

The most innovative feature of this analysis is the assessment of the degradation of 
individual design elements to the TBR of ARIES-ACT-DCLL blanket design. There were 15 
individual simulations that measured the impact of design elements, including FW, blanket 
walls, cooling channels, SiC flow channel inserts (FCI), W stabilizing shell, and the assembly 
gap between blanket modules. The impact of varying the enrichment was determined and the 
reduction in TBR due to penetrations was estimated. Additionally, the FW design used in this 
analysis was compared to two alternative FW designs. 
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III.  Neutron Wall Loading Results  

Using Cubit to build and prepare a 3-D model in addition to DAGMC to perform Monte 
Carlo radiation transport on the model, neutronic simulations were performed to obtain the NWL 
distribution along the FW of the ARIES-ACT tokamak. Figure 1 shows the model that was used 
for the analysis.  

 

 
Fig. 1.  3-D ARIES-ACT tokamak model used for the NWL analysis. The FW surfaces are segmented in 

order to accurately obtain the NWL at various surfaces. 
 

IIIa.  Inboard and Outboard First Walls  

Results were obtained for the NWL distribution along the IB and OB FW of the ARIES-
ACT tokamak with a fusion power of 2767.5 MW (Figure 2).  The NWL decreased as the 
vertical distance from the midplane increased. The peak NWL occurred at the midplane for the 
IB and OB FW. The IB peak NWL is 4.0 MW/m2 and the OB peak is 5.5 MW/m2. 

 

IIIb.  Divertor Plates 

The divertor plates were segmented in order to obtain the NWL distribution along each 
plate. This is shown in Figure 3. As the distance from the plasma increased, the NWL decreased. 
As mentioned, the NWL is a measurement of current density, meaning that the angle with which 
the surface faces the plasma will have higher NWL. Therefore, the maximum NWL value will 
not necessarily occur at the lowest point for the divertor as it did with the IB and OB FW. 
Instead, the divertor area maximum NWL value of 2.2 MW/m2 occurred near the middle of the 
dome plate at a height of 3.7 m from the midplane.  Figure 4 reveals the NWL distribution along 
each plate of the divertor. 
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Fig. 2.  IB and OB FW NWL results. The IB peak NWL is 4.0 MW/m2 and the OB peak is 5.5 MW/m2.  

 
 

 

 
Fig. 3.  The divertor area of the 3-D ARIES-ACT tokamak model used for the NWL analysis. These 

divertor surfaces are segmented in order to accurately obtain the NWL at various surfaces.  
 
 

IV.  Tritium Breeding Ratio Results 

A detailed analysis of the TBR of the ARIES-ACT tokamak was performed to determine 
the impact of various design elements involved in creating the accurate and detailed 3-D model. 
Additionally, alternative FW designs were tested as well as the impact of homogenization of the 
blanket regions. 
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Fig. 4.  Divertor NWL results. The peak NWL is 2.2 MW/m2 and occurred near the middle of the dome 
plate at 3.7 m from the midplane. 

 

 
Fig. 5. This bar chart shows the reduction in TBR from 1.79 to 1.04 as a result of including the blanket 

details of the ARIES-ACT-DCLL model. 
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IVa.  Step 1: Shielded 1-D Infinite Cylinder  

In order to estimate the highest achievable TBR, a model of a 1-D infinite cylinder was 
created. The model consisted of a central neutron source represented by a cylinder of radius 75 
cm surrounded by 85 cm void, 200 cm of Li17Pb83 breeder region, and 200 cm ferritic steel (FS) 
shield.  Figure 6 illustrates the cylindrical model. The LiPb contains 90% enriched 6Li. The top 
and bottom surfaces of the cylinder were assigned to be reflecting boundaries in order to model 
an infinite cylinder. A series of calculations was performed to examine the optimal shield 
thickness when considering neutron reflection from the FS that would enhance the breeding. 
Saturation occurred with a 200 cm thick shield. The TBR that corresponded to the saturation 
shield thickness was calculated to be 1.79 and was used as the initial reference point in the 3-D 
analysis as seen in Figure 5. 

 

 
Fig. 6. Cylindrical model used to test the upper limit of breeding when using LiPb. This is an upper limit 

of the TBR and the first step used in the analysis. The TBR is 1.79.  
 
 

IVb.  Step 2: 3-D Toroidal Model 

For the second calculation in the TBR analysis, the 3-D model used in the NWL 
calculation that consisted of the three-nested plasma surrounded by the scrapeoff layer (SOL) 
was used. The model was surrounded by a breeding region that was to be later redefined as the 
various design elements corresponding to the detailed radial build. Figure 7 illustrates the model 
and clearly shows the three nested plasma regions, SOL, and breeding region used for this initial 
calculation. The TBR was calculated to be 1.645 using a LiPb breeder composed of 17% Li and 
83% Pb by atom (Li17Pb83).  For these calculations and all others (unless otherwise noted), the Li 
contains 90% Li-6 enrichment.  
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Fig. 7. 3-D CAD model of the ARIES-ACT tokamak used in determining the TBR. The plasma regions 

are shown in red, orange, and yellow. The SOL is colored green and the breeder is shown in light 
blue. The thicknesses at the midplane of the blanket region are 0.8 m on the IB and 1.05 m on the 
OB. The distance from the midplane to the top of the model is 4.88 m. 
 
 

IVc.  Step 3: Replacing Li17Pb83 with Li15.7Pb84.3  

Traditionally, the Li17Pb83 breeder [14] has been used throughout fusion design studies. In 
recent decades, European scientists have shown the lead-rich eutectic of the LiPb system lies at 
15.7% Li and 84.3% Pb [15]. Therefore, the next calculation was performed using the same 
model as in the previous step but with atom percentages of 15.7% Li and 84.3% Pb for the LiPb 
breeder. With this lower Li composition in the LiPb, the TBR drops to 1.637.  The Li15.7Pb84.3 is 
used in the remainder of the analysis. 

 

IVd.  Step 4: Li15.7Pb84.3 Confined to Blanket  

The next step in the TBR analysis was to confine the breeder to IB and OB blankets.  A 
preliminary estimate supports a 45 cm thick IB blanket and 80 cm thick OB blanket consisting of 
2 segments, 40 cm thick. Materials were assigned to the surrounding outer shield and divertor 
plates. The outer shield was 35 cm thick on IB, 20 cm thick on the OB, and 65 cm thick beyond 
the divertor. The divertor plates are 7.7 cm thick. Figure 8 is a schematic of the IB and OB radial 
build.  
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Fig. 8. This figure shows a schematic of the IB and OB radial build. 

 
 
The outer shield was given a composition of 15% F82H, 75% Borated FS, and 10% He. 

The divertor plates were given a composition of 8% W, 28% W-TiC, 11% ODSFS, and 53% He. 
Figure 9 shows the 3D model used for this analysis. The TBR reduced to 1.273 due to confining 
the IB and OB blankets.  

IVe.  Step 5: Adding Assembly Gaps  

Following the confinement of the breeder to the blanket regions, a 2 cm radial-poloidal 
gap was modeled on one side of the 11.25o ARIES-ACT wedge. The gap is a necessary design 
element between adjacent blanket modules to allow for thermal expansion, neutron induced 
swelling and the removal of blanket modules during maintenance. Figure 10 shows the gap 
included in the model colored in purple. Since half of the blanket module is being modeled, the 
gap in Figure 10 is 1 cm wide. The TBR degrades slightly to 1.262 with the addition of the 
assembly gap.  

IVf.  Step 6: Materials Assigned to FW  

Next, materials were assigned to the IB and OB FW. The 3.8 cm thick FW was defined as 
8% ODSFS, 27% F82H, and 65% He. Figure 11 shows the IB and OB FW colored in black. All 
other design elements maintain the same material definition as in the previous step. This caused 
the TBR to drop to 1.195.   
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Fig. 9. 3-D CAD model of the ARIES-ACT tokamak used in determining the TBR. The breeder is 

confined to the blankets shown in light blue. The thicknesses at the midplane of the blanket 
region are 45 cm on the IB and 40 cm for each OB blanket segment.  The divertor plates are 
colored red. The outer shield is colored teal. 

 

IVg.  Step 7: Side/Top/Back Walls Added  

Each of the blanket regions contains side, top, front and back walls that will degrade the 
TBR, and the next step was to include the blanket walls for each blanket. The thickness of the 
blanket walls is detailed in Table 1.  Figure 12 shows a midplane cross section of the IB and OB 
blanket with the blanket walls defined and colored in dark blue. The TBR drops to 1.137 with the 
addition of the blanket walls. 

 
 

Table 1.  Blanket Wall Thicknesses 
 IB Blanket (cm) OB Blanket I (cm) OB Blanket II (cm) 
Side wall 3.5 3.5 3.0 
Top wall 3.5 3.5 3.0 
First/Front wall 3.8 3.8 3.0 
Back wall 3.0 3.0 3.0 

45 cm IB LiPb 

80 cm OB 
LiPb with 5 
cm gap 
between 
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Fig. 10. This figure shows the addition of the assembly gap into the 3D model. The assembly gap is 

colored purple and extends over all components. The plasma region remains continuous 
toroidally. 

  
 
 

 

 
 
Fig. 11. An isometric image of the 3-D tokamak. The IB and OB FW are shown in black.  
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Fig. 12. Midplane cross section showing the addition of the side and back blanket walls that are colored 

dark blue.  
 
 

IVh.  Step 8: Cooling Channels Added  

After the addition of the blanket walls, the cooling channels were added to model the 
channels in which the LiPb breeder will be contained. Each IB blanket module is divided into 12 
channels, so the IB blanket in the model was divided into six channels. The cooling channels 
have material compositions of 58% F82H and 42% He. As was mentioned, this model is half of a 
complete module so half of a cooling channel wall on the IB and half of the LiPb breeder 
channels on the OB were modeled at the side opposite to the assembly gap. This design element 
can be seen in the midplane cross sections shown in Figure 13. The TBR with the cooling 
channels added is reduced to 1.087. 
 
 

 

 
Fig. 13. This figure shows the addition of the cooling channel walls on the IB side of the 3-D model. The 

channels are colored brown.  
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IVi.  Step 9: SiC FCI Added 

The next step quantifies the TBR degradation from the addition of the SiC FCI, which 
agrees with previous analyses regarding its effect on the TBR [16,17]. All FS walls and cooling 
channels are lined with 0.5 cm thick SiC FCI as shown in Figure 14. The SiC FCI serves as a 
thermal and electric insulator to the FS structures within the blanket. The FCIs are composed of 
46% dense SiC based on the Ultramet type [18]. The TBR falls to 1.041, which is below the 
required calculated TBR value of 1.05 even before the addition of the W stabilizing shells and 
penetrations. 

  

OB 
IB PLASM

Fig. 14. This figure shows the addition of the SiC Flow Channel Inserts. The FCIs are colored in yellow 
and enclose each LiPb channel.  

 
 

IVj.  Step 10: Adding Stabilizing Shells 

The TBR degradation due to the addition of the W stabilizing shells was also determined. 
The W shell was placed at strategic locations behind the IB blanket and between the two OB 
blanket segments. The IB vertical stabilizing (VS) shell was 4 cm thick and was placed between 
135o and 145o with respect to the center of the magnetic axis at 6.3 m from the tokamak center 
column. The OB VS shell was 4 cm thick and was placed between 55o and 85o with respect to 
the center of the magnetic axis. And finally the OB Kink shell was 1 cm thick and placed 
between 0o and 45o with respect to the center of the magnetic axis. The OB plates of the W shell 
were placed in the 5 cm gap between the OB blankets. The W shell is shown in Figures 15 and 
16. The TBR is reduced to 1.015 due to the addition of the shells. 
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IB VS Shell 

Fig. 15. Cutaway isometric that shows the addition of the W VS shell on the IB side of the 3-D model. 
The W shell is colored violet.  

 
 

 

OB VS Shell 

OB Kink Shell

Fig. 16. Cutaway isometric that shows the addition of the W shells on the OB side of the 3-D model. The 
W shell is colored violet.  

 
 

IVk.  Step 11: Extend IB Blanket  

After the addition of the W shells, the TBR fell below the value needed to account for 
uncertainties in the breeding margin [6] and the desire to operate at lower Li-6 enrichment. More 
breeding regions became necessary to increase the total TBR so extensions to the IB and OB 
blankets were considered. First, the IB blanket was extended as shown in Figure 17. The 
extended IB blanket increased the TBR to 1.058. 
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Fig. 17. IB midplane cross section that shows the extended IB blanket. The total number of IB channels in 

the model increased from six to nine.   
 
 

IVl.  Step 12: Extend OB Blanket  

The TBR from extending the IB blanket was too low for Li-6 enrichment variation so 
extending the OB blanket was subsequently examined. The total number of channels on the OB 
increased from 44 to 55 for the 1/16th module. The 1/32nd model of the OB blankets is shown in 
Figure 18. The IB blanket was not extended during this step in order to examine the increase in 
TBR for the extended OB blanket only. The TBR increased to 1.067 with the extended OB 
blanket.  
 

 
Fig. 18. OB midplane cross section that shows the extended OB blanket.  
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IVm.  Step 13: Both IB and OB Blankets Extended 

 In order to obtain adequate breeding and also allow for reduced Li-6 enrichment below 
90%, both blankets must be extended. The TBR due to both IB and OB blanket extensions was 
modeled for this step. With a total of 18 IB and 55 OB channels for a 1/16th sector, the TBR 
increased to 1.11. An isometric of the complete model is shown in Figure 19. 
 

 
Fig. 19. Isometric of final 3-D model used for TBR analysis. 
 
 

IVn.  Step 14: Varying Li-6 Enrichment  

The enrichment of the Li-6 in the LiPb breeder was varied to determine if it is possible to 
operate the tokamak at lower enrichments. Several enrichments were used to evaluate the trend. 
The TBR trend due to varying the Li-6 enrichment is shown in Figure 20. The TBR degradation 
due to lower enrichment was calculated in this step. The TBR was reduced to 1.052 with 70% 
Li-6 enrichment. 
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Fig. 20. Change in TBR of the extended blanket design with varying Li-6 enrichment within the LiPb 

breeder. 
 
 

IVo.  Step 15: Adding Penetrations  

Finally, OB penetrations for diagnostics and plasma control were considered. A total OB 
penetration FW area of 5.7 m2 was used [6]. The total OB FW area was 350 m2. The penetration 
area was converted to a fraction of the total FW area and multiplied by the OB contribution to 
the TBR. This yielded an approximate degradation of the TBR due to the addition of the 
penetrations in the ARIES-ACT design. The TBR decreased to 1.039 in this step.  
 
 

IVp.  Radial and Poloidal Distribution  

The radial distribution of the TBR was determined in order to obtain the breeding profile 
within the blankets. Figure 21 shows the distribution of the TBR in each channel along with the 
relative statistical error of each value as reported by the DAGMC code. The TBR contribution 
from each channel decreases with increasing distance from the plasma. The OB blanket 
contributes approximately 73% to the total breeding while the IB blanket provides the remaining 
27%. 
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Fig. 21. Radial distribution of TBR and relative error of each value. This figure shows the equal 

contributions of the channels located at the same radial distance from the plasma. 
 
  

The poloidal distribution was also evaluated by calculating the TBR at various vertical 
distances from the midplane.  The LiPb channels were segmented in 20 cm intervals from the 
midplane in order to determine the poloidal distribution. The segmentation of the channels is 
shown in Figure 22 and the results are shown in Figure 23. The results confirm that the TBR is 
highest at the midplane where the neutron flux peaks. The effect of the W stabilizing shell is 
apparent in the regions where the TBR decreases for OB3, OB4, and OB5 around the midplane 
due to the Kink shell and at distances of 1.9 m and 3.5 m due to the VS shell. A tetrahedral mesh 
was created over the LiPb channels to obtain a fine distribution of the TBR. Figures 24 and 25 
show the fine mesh TBR results. 
 
 
 
 

 

OB: 
        1  2   3  4  5 

IB: 
3 2 1

Fig. 22. Poloidal segmentation of the blanket channels to obtain the distribution of the TBR. 
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Fig. 23. Results from poloidal distribution anaylsis of breeding in IB and OB blankets. 
 
 
 
 

 
Fig. 24. A radial/toroidal slice of the breeding distribution within the IB and OB blankets. 
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Fig. 25. A poloidal slice of the breeding distribution within the IB and OB blankets. 
 
 

IVq.  Alternative FW Designs  

Two alternative first wall designs were explored to study the effect of the design changes 
on the TBR.  The first alternative FW design was a FS/W-based design and had a composition of 
8.2% W, 8.3% ODSFS, 22.4% F82H, and 61.1% He. The FW composition was modified in the 
model at Step 10 described earlier. This FW composition yielded a TBR of 1.0157, which is 
quite comparable to the FS-based FW used throughout the previous analysis as seen in Figure 26.  

 
 The second alternative FW design was a FW similar to that of ITER. The thickness of the 
FW was increased from 3.8 cm to 7.2 cm. The composition of the ITER-like FW was 25% 
F82H, 26% Cu, 14% Be, and 35% He (replacing water). This FW design yielded a TBR of 
0.9466, much lower than the reference FW design shown in Figure 27. 
 

IVr.  Blanket Homogenization 

The effect of homogenization of the blanket regions on TBR was examined. Table 2 shows the 
exact homogenized compositions of the blanket regions. The exact homogenized composition 
had a TBR value of 1.039, which is almost the same as that of the detailed blankets within 
statistical error (±1%). This comparison is shown in Figure 28. 
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Fig. 27. Comparison of the TBR of the FS-based FW and the ITER-like FW design with He replacing 

water. 
 
 
 
 

Table 2.  Exact Homogenized Compositions of the Blanket Regions 
 IB Blanket OB Blanket I OB Blanket II 
LiPb 73.1% 71.3% 66.95% 
Cooling Channels 7.5% 8.87% 7.84% 
FCI 7.45% 8.36% 7.48% 
Back wall 6.57% 8.17% 17.73% (all walls) 
Side/Top walls 5.38% 3.3% - 
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V.  Nuclear Heating Distribution Results 

Breaking down the ARIES-ACT-DCLL into individual sections allowed for a complete 
nuclear heating analysis.  The value of heating in each section was used to obtain details on the 
thermal hydraulic analysis and eventually the kind of thermodynamic stresses the system is 
subjected to during operation.  The total fusion power of the tokamak was 2767.5 MW.   
 

Va.  1/16th Tokamak Nuclear Heating 

For this analysis, the 3-D model was divided into a 1/64th module as explained in Section 
II.  The heating result was then multiplied by four to obtain the heating in a 1/16th total slice of 
the module.  Table 3 gives a simple breakdown of the heating for a fusion power of 2767.5 MW 
and then a more detailed analysis is examined in Table 4. 

 
 
 
 
 

Table 3.  Broad Breakdown of Nuclear Heating in 1/16th Module 
Nuclear Heating (MW) Inboard Outboard Divertor Total 
FW/Blanket 33.29 100.42 - 133.72 
Divertor Plates - - 2.22 2.22 
Stabilizing Shells 0.29 4.80 - 5.09 
Shield 1.45 1.27 11.32 14.04 
Total 35.03 106.49 13.54 155.06 
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Table 4.  Detailed Breakdown of Nuclear Heating in 1/16th Module 
Inboard Nuclear Heating (MW)  
65 cm Thick IB Blanket:  
3.8 cm FW 3.18 
58.2 cm Breeding Zone  
LiPb Flow Channels 27.29 
FS/He Cooling Channels 0.97 
SiC Flow Channel Inserts (FCI) 1.1 
Total 29.37 
3 cm Back Wall 0.13 
3.5 cm Side Wall 0.43 
3.5 cm Top/Bottom Walls 0.18 
4 cm VS Shell 0.29 
IB Shield 1.45 
Total IB 35.03 
  
Outboard Nuclear Heating (MW)  

40 cm Thick OB-I Blanket:  
3.8 cm FW 7.42 
33.2 cm Breeding Zone  
LiPb Flow Channels 64.63 
SiC FCI 3.51 
FS/He Cooling Channels 3.16 
Total 71.3 
3 cm Back Wall 1.8 
3.5 cm Side Wall 0.72 
3.5 cm Top/Bottom Walls 0.02 
Stabilizing Shells:  
1 cm Kink Shell 1.27 
4 cm VS Shells 3.53 
60 cm Thick OB-II Blanket:  
3 cm FW 1.51 
54 cm Breeding Zone  
LiPb Flow Channels 16.54 
SiC FCI 0.35 
FS/He Cooling Channels 0.38 
Total 17.27 
3 cm Back Wall 0.09 
3 cm Side Wall 0.28 
3 cm Top/Bottom Walls 0.01 
OB Shield 1.27 
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Total 106.49 
  
Divertor Nuclear Heating (MW)  

Upper Divertor:  
7.7 cm W-based Divertor Plates:  
Inner Plate 0.19 
Dome 0.56 
Outer Plate 0.36 
Divertor Shield 5.66 
Lower Divertor:  
7.7 cm W-based Divertor Plates:  
Inner Plate 0.19 
Dome 0.56 
Outer Plate 0.36 
Divertor Shield 5.66 
Total 13.54 

 
 

 
 
 
Table 5.  Broad Breakdown of Nuclear Heating in Full ARIES-ACT-DCLL Design 

Nuclear Heating (MW) Inboard Outboard Divertor Total 
FW/Blanket 532.64 1606.81 - 2139.45 
Divertor PLates - - 35.52 35.52 
Stabilizing Shells 4.66 76.73 - 81.39 
Shield 23.26 20.24 181.10 224.60 

Total 560.55 
(22%) 

1703.79 
(69%) 

216.62 
(9%) 2480.96 

 
 
 
 

Vb.  Full Tokamak Nuclear Heating  

To find the full module’s nuclear heating, all the data were multiplied by 16 (see Table 
5).  Adding up all the individual section’s heating results in 2481 MW. Dividing the total heating 
by the neutron power (2767.5 MW x 0.8), an energy multiplication factor of 1.12 was found.

23 
 



 
Table 6.  Thermal Power Split Between He and LiPb Coolants 

 

 
VI.  Thermal Power Split Between He and LiPb Coolants 

Based on Table 4, we evaluated the thermal heat loads to the helium and LiPb coolants 
with input from the October 2011 ARIES Systems Code Strawman on the surface heating to the 
divertor and FW. The split between the He and LiPb loads is an essential parameter to the power 
conversion system and also to the ARIES Systems Code for the purpose of costing the He and 
LiPb heat transfer/transport system.  The distribution of power is summarized in Table 6.   Most 
of the divertor and blanket He and LiPb pumping powers are recovered by the helium and LiPb 
coolants as thermal power.  Approximately 100 MW of heating leaks through the SiC insulator 
from the hotter LiPb to the colder He of the cooling channels and walls. The end result is 46:54 
for the He:LiPb thermal power ratio. 
 
 
VII.  Conclusions 

State-of-the-art tools were utilized to assess operational parameters of the ARIES-ACT-
DCLL tokamak. The DAGMC code was used to couple solid-modeling software with a Monte 
Carlo radiation transport code in order to effectively perform analysis on the complex tokamak 
geometry with fine details of various design elements of the blanket regions. The results reveal 
that the ARIES-ACT-DCLL design not only satisfies the ARIES breeding requirements of 
calculated TBR of 1.05 but also the effects of individual design components on the degradation 
of overall TBR.  In addition, the nuclear heating analysis revealed an energy multiplication factor 
of 1.12 and a He:LiPb thermal power ratio of 46:54 for the DCLL design. 
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