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TW2-TRP-PPCS15-D03 
 
Task Title: WASTE MANAGEMENT STRATEGY ON MODE A AND B 
 
 
INTRODUCTION 
 
 
In order to reduce the quantity of wastes from PPCS 
(Power Plant Conceptual Study) reactors and optimize the 
final disposal, the waste management strategy is based on a 
selective segmenting as well as on the application of 
specific treatments aimed at reducing the volume and 
activity (fusion, incineration, detritiation, deconta-
mination…).  
 
The main objective of the CEA contribution to this task is 
to suggest a waste management strategy for PPCS fusion 
reactor. 
 
This task is in continuation of the previous work performed 
in the framework of TW1-TRP-PPCS5-D03. 
 
 
2004 ACTIVITIES 
 
 
Based on the different classifications obtained in 2002, a 
strategy of waste management is proposed for each 
component. The different classifications show that it is 
interesting to increase the duration of an interim storage of 
the waste. Then they can the waste category can change, 
namely because of the tritium decay.  
 
For each components an analysis has been done.  
 
TF COILS  
 
PPCS A –PPCS B 
 
This large component is made of steel of superconducting 
coil type (steel alloy, chromium, nickel). Its mass 
represents about 70 % of the total reactor mass.  
 
After 50 years, the waste from this component are 
classified for the outboard part, into Non-Active Waste 
(NAW) and for the inboard part, into Simple Recycled 
Material (SRM). After 100 years, the classification of waste 
from the inboard part is identical to that after 50 years 
(wastes classified as SRM).  
 
The very low activity of TF coils allows this component to 
be fully recycled after 50 years. It does not seem necessary 
to wait for a longer period of time for the inboard part, as 
there is no possible declassification. 
 
The clearance being lower than 1, the outboard part can 
thus be cleaned in the public domain. And the inboard part 
can be recycled using Remote Handling Recycling  (RHR). 
This component is thus easy to manage.  

VACUUM VESSEL 
 
PPCS A –PPCS B 
 
This large component is made of steel 316 S and boron. Its 
mass represents about 10% of the total reactor mass. 
 
After 50 years, the waste from this component can be 
classified for the outboard part into SRM and for the 
inboard part into Complex Recycled Material (CRM) 
wastes. They have thus to be dismantled by using remote 
handling. After 100 years, the component (inboard or 
outboard parts) is classified SRM and only the outboard 
part of PPCS A can benefit from simplified dismantling 
procedures. 
 
The activity of this component is due to nickel 63 (beta 
emitter), to decay heat, to dose rate and to cobalt 60. The 
cobalt content in steel 316 S is of 0.09 % (mass) i.e. 
900 ppm. Cobalt 60 comes from the activation of cobalt. In 
order to reduce the dose rate of cobalt 60, the contents of 
the cobalt element in steel 316 S could be reduced. 
 
VV being only slightly active, it seems preferable to treat 
this component as soon as possible using RHR.  
 
SHIELD 
 
This component is made of eurofer (steel, chromium, 
manganese). The behaviours of PPCS A and PPCS B are 
different.  
 
For PPCS A 
 
After 50 years, the waste from this component are 
classified for the outboard part, into SRM wastes and for 
the inboard part into CRM wastes. After 100 years, the 
component (both parts) is classified SRM. 
 
The activity, the decay heat and the dose rate of this 
component are due to cobalt 60. The cobalt present in this 
Eurofer is in an impure state, its content is of 0.005 % i.e. 
50 ppm. It therefore does not seem feasible to reduce this 
content further. 
 
The waste from the outboard part can be completely 
recycled, after 50 years using Remote Handling Recycling  
(RHR). A longer time (100 years) provides for an easier 
recycling (Hands On Recycling (HOR) type). For the 
inboard part, the activity being significant, no recycling is 
considered. A longer time would be necessary (100 years) 
to be able to recycle them in the same way. 
 
For PPCS B, the shield is divided into two parts : the Low 
Temperature (LT) shield and the High Temperature (HT) 
shield. 
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After 50 years, the waste from the LT and HT shields are 
classified, for the outboard and inboard parts into 
Permanent Disposal Waste (PDW), non-recyclable. After 
100 years, the waste from the LT shield (in and outboard) 
are classified CRM and the wastes from the HT shield are 
classified SRM. 
 
The HT shield waste can be recycled after 100 years using 
heavy means. After 100 years, 90 % of the LT shield could 
still not be recycled.  
 
A temporary storage of these components thus does not 
seem to be the best solution since the decrease of the 
activities is slow, especially for the LT shield. These waste 
could therefore be directly treated after cutting and be sent 
to their final destination, namely a geological disposal site.  
 
MANIFOLD  
 
This is made of eurofer (steel, chromium and manganese). 
This component is more active for PPCS A than for PPCS 
B.  
 
PPCS A 
 
After 50 years, the waste from the outboard part are 
classified into CRM, recyclable by remote handling and 
from the inboard part, into PDW, in other words, non-
recyclable. After 100 years, the entire component is an 
SRM waste, which can be recycled by remote handling. 
 
There are two dismantling strategies for this component : 
either clean, after 50 years, the outboard part and wait 100 
years for the inboard part, or wait 100 years and clean the 
entire component.  
 
PPCS B 
 
After 50 years, the whole component is classified SRM. It 
is thus recycled by remote handling. After 100 years the 
outboard part can benefit from lighter treatments (HOR).  
 
The manifold only being slightly active, it would seem 
preferable to treat it as soon as possible by using RHR.  
 
BREEDER / BLANKET AND FW 
 
PPCS A – PPCS B 
 
These are made of eurofer, LiPb for PPCS A and of eurofer 
and LiSiO4 for PPCS B. FW is only composed of eurofer. 
 
The waste from these components are very active and are 
classified after 50 years into non-recyclable PDW.  
 
After 100 years, for PPCS A, the waste are classified as 
SRM and for PPCS B, as CRM.  
 
These are metallic wastes, tritiated and activated (cobalt 60) 
with significant decay heat. A Remote Handling Recycling 
(RHR) is possible if the entire component is temporarily 
stored (for 100 years). 

The activity is mainly due to tritium, so a detritiation of 
these components could be possible so as to declassify 
them more rapidly. The Eurofer cobalt content already 
being very low, it does not seem feasible to reduce it. 
 
The presence of a toxic element such as beryllium is 
concept B will require particular attention, but could be 
associated to specific treatments such as detritiation or 
decontamination.  
 
 
CONCLUSIONS 
 
 
The quantity of wastes to be managed during the 
dismantling of a nuclear facility depends on many criteria, 
including the process itself (design, materials used…) and 
on the operating conditions (maintenance schedule, 
replacement of components).  
 
This document presents a waste balance for two fusion 
reactor concepts : PPCS A and PPCS B. PPCS A is a 
concept using a liquid LiPb blanket cooled by water 
whereas PPCS B is a concept using a solid LiSiO4 cover 
cooled by helium.  
 
The results of this study show that the mass balance of the 
waste to be treated corresponding to the dismantling of a 
reactor as well as to the treatment of those components 
replaced during maintenance operations, namely 5 blankets 
and 10 divertors, is respectively for PPCS A and PPCS B of 
1,63.105 and 7,41.104  tons of wastes.  
 
The distribution of wastes is as follows :  
 
For PPCS A 
 
After 50 years :  
2,67.104 tons are PDW, so 35,10 % 
3,69.104 tons are CRM, so 25,89 % 
4,22.104 tons are SRM, so 22,63 % 
5,72.104 tons are NAW, so 16,38 % 
 
After 100 years :   
no PDW  
1,54.104 tons are CRM, so 9,45 % 
 8,78.104 tons are SRM, so 53,91% 
5,97.104 tons are NAW, so 36,64 % 
 
For PPCS B 
 
After 50 years :  
1,37.104 tons are PDW, so 18,54 % 
1,13.104 tons are CRM, so 15,24 % 
1,69.104 tons are SRM, so 22,89 % 
 3,21.104 tons are NAW, so 43,33 % 
 
After 100 years :  
no PDW  
7,74.103 tons are CRM, so 10,44 % 
3,04.104 tons are SRM, so 41,01% 
3,60.104 tons are NAW, so 48,55 % 
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Based on these results, if the management of PDW has to 
be eliminated, it will be necessary for some components to 
wait 100 years.  
 
The low activity of TF coils and of the Vacuum Vessel 
allows these two components to be recycled after 50 years 
and in their entirety (inboard and outboard parts). The 
validation of the clearance index will be required to be able 
to place in the domain (which domain?) the TF coil 
component. The wastes coming from the breeder, blanket 
and first wall are only recyclable after 100 years using 
Remote Handling. Lastly, the wastes from the outboard part 
of these shield components can be recycled after 50 years 
whereas for the inboard part these require waiting for 100 
years. Only the LT shield component cannot be recycled 
even after 100 years.  
 
The main radionuclides involved in the activation of 
materials (breeder, blanket, first wall plus shield pour PPCS 
B) and penalizing for dismantling are tritium and cobalt 60.  
 
The use of eurofer, a material with very low cobalt content 
as a structural material in both concepts does not allow to 
consider a reduction of cobalt 60 in the wastes. Only a 
temporary storage and a detritiation process could allow for 
a faster and easier recycling of these wastes, when tritium is 
the most penalizing isotope.  
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TW4-TRP-002-D02b 
 
Task Title: CONCEPTUAL DESIGN OF A HCLL REACTOR 
 Tritium control & management analysis, thermo-hydraulic and 

thermo-mechanical analyses 
 
 
INTRODUCTION 
 
 
Within the framework of the European Power Plant 
Conceptual Studies (PPCS), one of the reactor models, the 
model AB, is based on a Helium-Cooled Lithium-Lead 
(HCLL) blanket [1]. A view of the corresponding blanket 
module and of the detail of a Breeder Unit (BU) is shown 
in figure 1.  
 
The integration and the design of the HCLL blanket and 
associated circuits and components within the model AB 
reactor plant has been addressed and performed in another 
parallel subtask [2], [3]. 
 
The mechanical, thermo-mechanical and thermo-hydraulic 
analyses for the HCLL have been based on the similar 
analyses performed for the HCLL DEMO blanket modules 
[4] taking into account the larger size of the PPCS reactor. 
 
The objective of this task was to check validity of the 
analyses performed for DEMO when extrapolated to the 
PPCS specifications and to assess the T-management and 
control in the HCLL blanket and associated systems.  
 
The latter has been clearly identified as one of the critical 
issues for HCLL blankets and, was never addressed in 
details in past. Most of the subtask activity has therefore 
been devoted to this item. 

2004 ACTIVITIES 
 
 
The performed activities focused on the verification of the 
thermo-hydraulic and thermo-mechanics data compared to 
the DEMO HCLL blanket [4] and to the assessment of T-
management in the blanket and associated systems. 
 
THERMO-MECHANICAL AND THERMO-
HYDRAULIC EVALUATION 
 
Based on the PPCS HCLL modules design and 
specifications [2], [3] and after several iterations, the 
temperatures distribution, mechanical stresses, flow rates of 
He-coolant and PbLi breeders, coolant pressure drops have 
checked and/or estimated. The most significant results are 
listed in table 1. On the basis of neutronic calculations 
results, the He mass flow in each blanket module has been 
estimated and, for each sub-components, first wall (FW), 
stiffening plates (SPs), and cooling plates (CPs), the He 
velocities and temperatures have been derived. 
 
Thermo-mechanical resistance of the equatorial blanket 
module (the most solicited region because of the maximum 
heat flux on the FW) has thus been verified on the basis of 
the analyses carried out on the generic DEMO blanket 
module [4] since He parameters, blanket geometry and 
loading conditions are quite similar. It has been shown that 
stresses are everywhere below the maximum limits for the 
appropriate temperatures. 
 

 
 

Figure 1 : Detailed views of a HCLL blanket module and of a Breeding Unit 
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Table 1 : Relevant specifications 
and main obtained results 

 
Number of blanket modules 180 

Max. Neutron Wall Loading on FW 
(MW/m2) 2.58 

Heat flux on FW (MW/m2) 0.5 

Helium pressure (MPa) 8 

Blanket He inlet/outlet T (°C) 300/500 

Blanket He flow rate (kg/s) 4070 

Pumping Power (MW) 400 

Min/max EUROFER T (°C) 330/550 

Max EUROFER/PbLi interface T (°C) ~ 510 

Average PbLi velocity (mm/s) in 
breeder units/feeding pipes  0.18/100 

PbLi flowrate (m3/s) 0.07 

Number of Steam Generators 9 
 
The pressure drops in each blanket module have been 
estimated evaluating separately the contribution of the 
various sub-components in the module itself (FW, back 
plate, CPs) and in the manifolds. A large uncertainty is 
present in the estimation of the pressure drop in the back 
plate chambers because of the very complex geometry and 
the consequent complex He flow path in this region. 

The highest pressure drop occurs in the lower inlet blanket 
module, due to the larger manifold length and is about 
0.33 MPa. To take into account the calculation 
uncertainties, a pressure drop of 0.35 MPa has been 
assumed for the blanket. 
 
TRITIUM CONTROL AND MANAGEMENT 
 
Figure 2 gives a sketch of the main systems of a HCLL 
blanket for a nuclear fusion power plant. The main T-flows 
are reported (J1 to J5), where: J1 = production rate, 
J2 = extraction rate from PbLi, J3 = permeation rate 
towards He coolant, J4 = extraction rate from the He 
coolant, J5 = release rate to the environment from the He 
loop. The maximum authorized T-release to the 
environment is assumed to be 27 Curies/day, equivalent to 
1 g/year. However, this allowance will be for the whole 
plant, including other sources of tritium like reactor 
refuelling, divertor pumping etc. Even taking the whole 
allowance for the breeding blanket system, the tritium 
isolation ratio J1 / J5 is to be as high as 200 000, with the 
assumption of a reaction availability of 82 % (300 
operating days per year). Therefore, a detailed analysis of 
all contributions is required in order to identify potential 
reduction of each of them. The preliminary considerations 
about the main contributions are given hereafter. In order to 
evaluate T-permeation in the blanket, the details of the 
PbLi flow has been evaluated. The PbLi inventory and 
mass flow in each type of module (assuming 10 renewals 
per day, which represents the basic assumption for PbLi 
flow) are summarized in the table 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 : Scheme of the main tritium-related system and corresponding tritium flow in a HCLL fusion reactor 
 

Table 2 : PbLi inventory and mass flow in the reactor 
 

Module 
type N of modules N of BU per 

module 
PbLi volume 

(m3) 

PbLi mass flow at 
T = 450°C, (kg/s), 10 

rec/day 
1 18 140 38 41 
2 18 140 38 41 
3 27 72 29 31 
4 36 168 162 173 
5 45 140 169 180 
6 36 154 149 159 

total 180 24876 585 625 
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Assuming an internal diameter of 75 mm, the liquid metal 
velocity in the modules feeding pipes ranges between 5 
cm/s (modules 1 and 2) and 12 cm/s (module 4). A suitable 
electrical insulation should then be foreseen in that region 
of the PbLi manifold pipes located inside the magnetic 
field, in order to avoid high MHD pressure drops (assumed 
equal to zero in the present calculations). 
 
Assuming 360 pipes of 100 m length and 75 mm internal 
diameter, the PbLi inventory in the pipelines will amount to 
about 10 m3, which is negligible compared to the inventory 
inside the modules.plates (SPs Stiffening Plates), in order 
to withstand the He-pressure under accidental conditions 
and closed in the back by 5 back plates (BPs) ensuring the 
He collecting/distribution. The SPs form some radial cells 
in which are inserted the breeder cooling units (BUs). Each 
BU features 5 radial-toroidal cooling plates (CPs), 
recovering the thermal power deposited in the breeder zone 
(BZ). All He and PbLi headers are located in the rear part 
of the blanket.  
 
The PbLi breeder slowly flows throughout the box for 
allowing external tritium extraction. It enters at the bottom 
of the module and it is distributed in parallel to each 
column. In order to minimize simultaneously PbLi velocity 
and tritium residence time, in each column the BUs are fed 
in parallel through a vertical manifold located between the 
BUs and the 1st BP. 
 
The reference PbLi recirculation rate is 10 renewals/day. In 
the present study, MHD pressure drops have been 
computed with this value, but it could be interesting, in 
order to limit T permeation towards He coolant to increase 
the PbLi velocity. An optimum is to be sought considering 
PbLi pressure drop and detritiation plant size as well as He 
purification plant size. With 10 re-circulations per day the 
PbLi flow to be processed is 0.07 m3/s (244 m3/h, approx. 
625 kg/s, at 450 °C). 
 
The daily tritium production in the PbLi of the HCLL 
blanket is about 650 g/day. Thanks to the PbLi circulation, 
the tritium is recovered outside the blanket in a column 
extractor (for instance, a He bubbles counter-current 
column [3]). Because of its low solubility in the PbLi, 
which leads to significant partial pressure, part of the 
tritium permeates through the steel walls towards the He-
coolant. The level of permeation depends on the 
temperatures, the possible presence of tritium permeation 
barriers (deposited and/or naturally formed), and on the He-
chemistry. The effect of the presence of T-permeation 
barriers and of the PbLi velocity is shown in figure 3. 
 
The tritium extraction is thus foreseen also from the He, 
however, only a fraction of the flowing He will be derived 
to be processed in the Coolant Purification System. 
 
Considering the fugacity of the tritium, particular care 
should be applied in the PbLi and He cooling circuits 
design in order to maintain the tritium release to the 
environment below the allowable value, assumed to be 
27 Ci/day for following calculations. The final tritium 
release rate will depend by the tritium permeation towards 

the He coolant in the blanket modules, the PbLi circulation 
rate, the Tritium Extraction System (TES) efficiency, the 
tritium permeation in steam generator, the He coolant leak 
rate, Coolant Purification System (CPS) maximum flow 
rate and efficiency.  
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Figure 3 : Tritium permeation rate towards He-coolant 
in the PPCS HCLL blanket 

 
The He mass flow to be purified in the CPS has been 
estimated through analytical formulas for several 
configuration, for several He leakage (10 % and 2 % of the 
total He inventory) and number of PbLi recirculation/day. 
The influence of a coating having a Permeation Reduction 
Factor (PRF) of 10 has also been assessed. In these 
evaluations a TES efficiency of 80 % and tritium 
permeation through the steam generator equal to zero have 
been assumed. 
 

Table 3 : He mass flow to be purified for several leaks, 
PRF and PbLi renewals/day configurations 

 
He leak rate 
% (Nm3/h) PRF Rec/day 

(PbLi v) 
He to be purified 

Nm3/h 
10 % (2 Nm3/h) 
10 % (2 Nm3/h) 
10 % (2 Nm3/h) 
10 % (2 Nm3/h) 

2 % 
2 % 
2 % 
2 % 

1 
1 
10 
10 
1 
1 
10 
10 

10 (0.2 mm/s) 
80 (1.5 mm/s) 

10 
80 
10 
80 
10 
80 

5 105 

3 105 

3 105 

7 104 

1 105 

8 104 

7 104 

2 104 

 
PRELIMINARY CONCLUSIONS 
ON T-MANAGEMENT AND CONTROL 
 
In conclusion, the capability for the PPCS HCLL blanket 
system to comply with T-release allowance relies on a 
combination of the followings items: 
 
1. confirmation of a negligible permeation in the steam 

generator, that can be reached via various measures 
like: 

 
• transformation of T2 in HTO via proper chemistry of 

the coolant,  

• use of double-walled pipes for the SG 
[T. Schulenberg, ref. 10 ],  
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• development of permeation barrier for the SG with a 
PRF larger than the present considered value of 400, 
and reliable in time, 

 
2. confirmation of favourable recent measurements for the 

Tritium Sievert constant, 
 
3. very efficient blanket permeation reduction factor (PRF 

at least around 50) to be used in the blanket analytical 
computation of the permeation (using performing 
permeation barriers and/or taking into consideration 
tritium diffusion in the PbLi via finite element 
modelling), 

 
4. significant increase of a the PbLi recycling rate (above 

the present admitted value of 10 recirculations/day) 
 
5. possibility that the driving factor for permeation in the 

steam generator becomes a linear function of pressure at 
low tritium partial pressure (recombination limited 
permeation) and be no longer proportional to the square 
root of the partial pressure (diffusion limited 
permeation). Presently, no data are available about this 
physical transition threshold, that would tolerate higher 
tritium partial pressure in He coolant, 

 
6. possibility to consider a secondary water purification 

plant and/or have reduced steam leakage in the turbines, 
 
7. confirmation of the presently assumed low level of T-

reach Helium leakages from the circuit components. 
 
A reasonable compromise among the various, often 
controversial requirements, could be found, if the 
assumption of successful R&D applied to all the different 
above items fields will be confirmed. In principle, under 
PPCS specifications, T-control for HCLL blankets can be 
managed provided the required improvement can be 
smoothly distributed over most of the different items listed 
above, leading in particular to technologically achievable 
requirements for tritium permeation barriers, tritium 
extraction systems both from PbLi and He, permeation 
through the steam generator and leak rates from the He 
cooling system. 
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TW4-TRP-002-D04 
 
Task Title: CONCEPTUAL DESIGN OF A HCLL REACTOR 
 Design Integration 
 
 
INTRODUCTION 
 
 
Within the framework of the European Power Plant 
Conceptual Studies (PPCS), launched in January 2000, four 
reactor models were developed. Two “near term” models 
were defined, named A and B, based on limited 
extrapolations from to-day technology knowledge and 
plasma physics assumptions and featuring, respectively, a 
Water-Cooled Lithium-Lead (WCLL) blanket with a water 
cooled divertor and a Helium-Cooled Ceramic/Be Pebble-
Beds (HCPB) blanket with a He cooled divertor. The two 
other models, consider reactors with higher efficiency, 
higher availability and, possibly, more aggressive physics. 
These models, named C and D, feature a Dual Cooled 
Lithium Lead (DCLL) blanket with a He cooled divertor 
and on a Self Cooled Lithium Lead blanket with a self 
cooled lithium lead divertor, respectively [1]. 
 
Followig a review of its DEMO blanket development 
programme, Europe decided to consider the Helium-Cooled 
Lithium-Lead blanket (HCLL) as possible DEMO blanket 
concept [2]. A view of the corresponding blanket module is 
shown in figure 1. In this context, a new task has been 
launched for the definition of a third ‘near term’ fusion 
power reactor based on the HCLL blanket concept (model 
AB) featuring a He cooled divertor. In particular, the 
objective of this deliverable is the design integration of the 
PPCS model AB reactor. 

2004 ACTIVITIES 
 
 
The activities focused on: i) the definition of the blanket 
segmentation and attachments, ii) the breeding blanket 
connections and maintenance, iii) the shielding design, 
available divertor concepts integration, iv) the external 
circuits and components definition, v) the efficiency 
evaluation. 
 
The coordination of the whole task results was also 
included in this deliverable. 
 
The main features of the model AB reactor are in fact the 
result of successive iterations in parameters definition, 
neutronic and thermal-hydraulic analyses, as well as of the 
design integration needs. 
 
REACTOR PARAMETERS 
 
The PPCS model AB is based on the same physics 
assumptions and technologies as the two near-term models, 
A and B. 
 
The main assumptions are a maximum divertor heat load of 
10 MW/m² and a First Wall (FW) heat load limit of 
0.5 MW/m².  
 
 

 
Figure 1 : Exploded view of a generic DEMO HCLL blanket module of 2 m (pol.) × 2 m (tor) × 1 m (rad) 
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In order to establish the main reactor parameters the other 
main initial assumptions are: i) an electrical net output of 
1500 MW, ii) a blanket energy multiplication factor of 
1.18, iii) a conversion efficiency of 43.7 % (not taking into 
account pumping power), and, iv) a pumping power of 400 
MW. These assumptions have been used to define a set of 
parameters using the PROCESS code [3]. The last iteration 
results are summarized in table 1. 
 

Table 1 : Parameters of the PPCS AB model reactor 
 

Unit Size (GWe) 1.5 

Blanket Gain 1.18 

Conversion efficiency 0.437 (gross) 

Pumping Power (MW) 400 

Fusion Power (GW) 4.24 

Aspect Ratio 3.0 

Elongation (95% flux) 1.7 

Triangularity (95% flux) 0.27 

Major Radius (m) 9.56 

TF on axis (T) 6.7 

TF on the TF coil conductor 
(T) 13.1 

Plasma Current (MA) 30.0 

βN(thermal, total) 2.7, 3.5 

Average Temperature (keV) 21.5 

Temperature peaking factor 1.5 

Average Density (1020m-3) 1.05 

Density peaking factor 0.3 

HH (IPB98y2) 1.2 

Bootstrap Fraction 0.43 

Padd (MW) 257 

n/nG 1.2 

Q 16.5 

Recirculating power fraction 0.38 (pump. included) 

Average neutron wall load 1.84 

Divertor Peak load (MW/m-2) 10 

Zeff 2.6 
 
DESIGN: MAIN RATIONAL AND DESCRIPTION 
 
A poloidal cut of the PPCS AB reactor is shown in figure 2. 
The following basic guidelines have been considered for 
the design of this reactor: 
 
- The breeding blanket main parameters and architecture 

are based on the corresponding DEMO HCLL blanket 
[2]. 

 
- Use of the “large modules maintenance” based on 

previous EFET evaluation derived from the ITER 
experience; a possible alternative proposal could be to 
have small modules 2mx2m installed on a banana-
shaped back-plate and vertical maintenance. 

- Use of modules vertical orientation (4 m high x 2 m 
width) in order to keep the same He flow path length in 
the FW as in DEMO (thermal hydraulics limitations); as 
a consequence, the modules are assumed to follow the 
plasma shape in the poloidal direction and to be straight 
in the toroidal direction. 

 
- Module attachments are located on the side wall (SW), 

in order to avoid penetrations through FW and breeder 
zone and to avoid complex design and fabrication of 
modules internals. 

 
- The shield is divided in two regions: high temperature 

shield (HTS) called also “manifold zone”, and low 
temperature shield (LTS). The presence of HTS allows 
the lateral attachment of the module to be rigid 
(minimal differential thermal expansion); flexible 
connections are therefore assumed between HTS and 
LTS. 

 
- Pb-Li pipes are located at the bottom of the modules to 

allow the liquid metal draining by gravity to improve 
safety. 

 
- Connection/disconnection of the He-pipes (two per 

module, one inlet at 300°C, one outlet at 500°C) is 
realized with an internal cutting/welding device which 
is inserted from the collector feeding pipes (in order to 
locate the connection in a region protected against 
neutron irradiation by the module itself); a possible 
alternative proposal would be an access from the front 
through a hole drilled at the bottom of the rear collector. 

 
- Use of mechanical joints (threaded flange) for the Pb-Li 

collectors to avoid remote welding of pipes with 
residual Pb-Li on the surface. 

 
- He and Pb-Li collectors are integrated in the HTS, in 

order to cool HTS through the He-collector; HTS has 
therefore to be poloidally continuous; LTS is also 
poloidally continuous so the attachments between HTS 
and LTS have an independent location from the module 
segmentation. 

 
Blanket design  
 
The HCLL blanket is based on the use of EUROFER as 
structural material, of Pb-Li (Li at 90% in 6Li) as breeder, 
neutron multiplier and tritium carrier, and of He as coolant 
with inlet/outlet temperature of 300/500°C and 8 MPa 
pressure.  
 
It consists (see figure 1) of a steel box directly cooled by 
He flowing in internal channels. The box is reinforced by a 
stiffening grid of radial-toroidal and radial-poloidal He-
cooled plates (SPs Stiffening Plates), in order to withstand 
the He-pressure under accidental conditions and closed in 
the back by 5 back plates (BPs) ensuring the He 
collecting/distribution. The SPs form some radial cells in 
which are inserted the breeder cooling units (BUs). Each 
BU features 5 radial-toroidal cooling plates (CPs), 
recovering the thermal power deposited in the breeder zone 
(BZ). All He and Pb-Li headers are located in the rear part 
of the blanket. 
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Figure 2 : Vertical section of the PPCS AB reactor 

 
The Pb-Li breeder slowly flows throughout the box for 
allowing external tritium extraction. It enters at the bottom 
of the module and it is distributed in parallel to each 
column. In order to minimize simultaneously Pb-Li velocity 
and tritium residence time, in each column the BUs are fed 
in parallel through a vertical manifold located between the 
BUs and the 1st BP. The manifold is vertically divided in an 
inlet and an outlet chambers by a steel separating wall. The 
inlet chamber feeds one out of two BUs, then the Pb-Li 
flows radially towards the FW gradually increasing the 
tritium concentration, goes to the BU immediately above 
and then radially flows to the outlet chamber at the back. 
The liquid metal is then collected in an outlet manifold 
located in the 5th BP from which it leaves the module. 
 
The He cools in parallel the box and the SPs, then passes in 
the CPs of the BUs.  
 
The BZ thickness has been fixed, on the basis of neutronic 
analyses (TBR self-sufficiency) and reactor dimensions 
considerations, at 45 cm for the inboard side and 80 cm for 
the outboard one. 
 
Shields and vacuum vessel design 
 
The shield is split in two parts, the HTS and the LTS. The 
HTS is thick 300 mm in the inboard and 350 in the 
outboard, the LTS 200 mm in the inboard and 350 mm in 
the outboard. Both the He and Pb-Li manifolds are 
integrated in the HTS made of Eurofer. To improve 
shielding efficiency the LTS is made of Eurofer and 
Tungsten Carbide (WC) and cooled by water. 

To avoid connection holes through the FW and the BZ, the 
blanket modules are fixed to the HTS by lateral 
attachments. The HTS has the same average temperature as 
the blanket modules back plate, which avoids differential 
thermal expansion and allows the use of rigid attachments. 
The HTS can be then connected to the LTS by attachments 
accommodating the different thermal dilatation. 
 
The shield of the module located in the front of the port is 
specially designed and removed with the module. 
 
The HTS is moreover appropriately shaped behind the top 
inboard module in order to adapt it to the transition from 
two equatorial to three top inboard modules (in a 40° 
sector) and allow the passage of the pipes. 
 
Piping and connections 
 
Both for He and Pb-Li, the modules are connected in 
parallel in a way that the mass flow can be regulated 
separately in each module, in order to compensate the 
differences in deposited power and in tritium production.  
 
The Pb-Li pipes are connected with a remotely operated 
connector consisting in a clamp which can be remotely 
opened and closed by a screw mechanism. The liquid metal 
connections are located at the bottom of the modules, so 
that the draining will be performed by gravity. The access 
for the connection/disconnection tool is realized from the 
bottom, so the modules of a toroidal ring can be 
disconnected when those of the ring below have been 
removed. 

R = 9560 
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The He collectors ensure the heat recovering for the HTS. 
The He pipes are connected by welding. A laser 
cutting/welding tool, similar to that developed for ITER 
shield blanket modules, will make 
connection/disconnection operations. The laser head will 
reach the appropriate location sliding inside the large-
diameter He pipes (internal diameter > 20 cm). 
 
The welding/cutting region is located in the gap between 
the modules and the HTS. This region is shielded by the 
blanket module, however, because of the low blanket 
shielding efficiency, the local He-production in the steel of 
this region after 5 years of operation (corresponding to the 
assumed blanket replacement time) will be about 5 appm. 
 
To reduce this value to the “re-welding” limit of 1 appm, a 
special local shielding will have to be developed. This issue 
could also be solved by choosing to replace the HTS with 
the blanket. Because of the poloidal continuity of the HTS, 
this choice is possible if vertical maintenance from the top 
port is adopted. 
 
Divertor design 
 
A He-cooled, high-temperature, low pressure-drop divertor 
is envisaged, based on W as armour material and W-alloy 
as pressure-retaining boundary [4], [5].  
 
The 10 MPa pressure He enters in the divertor cassette at 
541 °C, and exits at 717 °C, cooling the cassette at first. In 
these conditions the W-alloy remains within the acceptable 
operating temperature window of 600 - 1300 °C. The target 
is expected to survive to about 10-100 cycles between room 
and operating temperature. 
 
The use of an improved high temperature water-cooled 
divertor [6] can be envisaged as back up solution. 
 
This concept uses EUROFER as structural material, water 
coolant pressure and outlet temperature respectively of 15.5 
MPa and 325°C, and W-alloy monoblocks as armour. An 
advanced interface, formed by a thermal barrier in the pipe 
front part and a compliance layer between W and steel, 
both made of Carbon-based materials, allows this concept 
withstanding up to 15 MW/m2.  
 
This divertor concept could allow higher maximum heat 
flux although it will lead to a slight reduction of the reactor 
efficiency (~ 1 %). The global impact on the reactor major 
radius has not yet investigated. 
 
Maintenance scheme 
 
The divertor cassettes will be extracted from the lower port 
independently from the presence of the blanket modules. 
 
The blanket modules will be extracted from the equatorial 
ports (4.8 m x 2.18 m). The module placed in the front of 
the port will be extracted translating it in the radial 
direction in its original position. Then, lower modules can 
be disconnected and removed, so allowing the access to the 
connections of the equatorial ones, and then of the top 
ones. 

Reactor design point 
 
The reactor design point has been obtained as the result of 
successive iterations in parameters definition, neutronic, 
magneto-hydrodynamic (MHD) and thermal-hydraulic 
analyses, as well as of the design integration needs and 
considerations on tritium management and He circuit. The 
PPCS model AB principal working parameters are 
summarized in the table 2. 
 

Table 2 : Reference design point 
for the PPCS AB model reactor 

 
Net electric power (GWe) 1.5 

Net Conversion efficiency 0.35 

Pumping Power (MW) 400 

Tritium Breeding Ratio 1.13 

Max. NWL on FW (MW/m2) 2.58 

Heat flux on FW (MW/m2) 0.5 

Blanket/divertor lifetime (years) 5/2 

Helium pressure (MPa) 8 

Number of blanket modules 180 

Number of Steam Generators 9 

Number of blanket circuits 9 

Blanket He inlet/outlet T (°C) 300/500 

Blanket He flow rate (kg/s) 4070 

Min/max EUROFER T (°C) 330/550 

Max dpa in EUROFER after 5 years ~150 

Average Pb-Li velocity (mm/s) 
in breeder unit 
in feeding pipes  

 
0.18 
100 

PbLi flowrate (m3/s) 0.07 

Number of Divertor cassettes 72 

Number of divertor circuits 9 

Divertor He inlet/outlet T (°C) 540/717 

Min/Max structure W-alloy T (C°) 600/1300 

Divertor He flow rate (kg/s) 926 
 
LiPb CIRCUIT AND TRITIUM MANAGEMENT  
 
The daily tritium production in the Pb-Li of the HCLL 
blanket is about 620 g/day. Thanks to the Pb-Li circulation 
(about 0.07 m3/s considering 10 recirculation/day), the 
tritium is recovered outside the blanket in a column 
extractor (a He bubbles counter-current column is 
envisaged). Because of its low solubility in the Pb-Li, 
which leads to significant partial pressure, part of the 
tritium permeates through the steel walls towards the He-
coolant.  
 
The level of permeation depends on the temperatures, the 
possible presence of tritium permeation barriers (deposited 
and/or naturally formed), and on the He-chemistry. 
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Therefore also the He-coolant needs to be detritiated using 
the same detritiation techniques and components as 
proposed for Model B reactor [7]; however, only a fraction 
of the flowing He has to be processed in the purification 
system. 
 
Considering the fugacity of the tritium, particular care 
should be applied in the Pb-Li and He cooling circuits 
design in order to maintain the tritium release to the 
environment below the allowable value, assumed to be 
27Ci/day. 
 
The final tritium release rate will depend by the tritium 
permeation towards the He coolant in the blanket modules, 
the Pb-Li circulation rate, the Tritium Extraction Unit 
(TEU) efficiency, the tritium permeation in steam 
generator, the He coolant leak rate, Helium Purification 
Unit (HPU) maximum flow rate and efficiency. 
 
A reasonable compromise among the various, often 
controversial requirements, could be found, leading to 
technologically achievable requirements for tritium 
permeation barriers, tritium extraction systems both from 
Pb-Li and He, and leak rates from the He cooling system. 
 
A purification system will be furthermore needed in the Pb-
Li circuit (a fraction of the Pb-Li will be derived) for 
extracting radioisotopes characterized by high ingestion 
and inhalation hazard potential in case of accidental release. 
 
He CIRCUIT AND EFFICIENCY 
 
The power heat deposited on the blanket and HTS 
(4219 MWth) and in the divertor (926 MWth) is recovered 
and useful in terms of the energy conversion system, while 
the one deposited in the LTS and in the VV is lost.  
 
A thermodynamic Hirn cycle has been adopted in which the 
high temperature He of the divertor cooling loop is used to 
superheat the steam generated by the colder He coming 
from the blanket loop. 
 
The cycle parameters (i.e. the mass flow repartition 
between the three stages of the turbine, etc.) have been 
optimised using the CYCLOP code [8] so leading to a gross 
efficiency (defined as the ratio between the total electric 
power generated and the total thermal charge of the VV) of 
about 43,7 %. 
 
Although the high efficiency of the thermodynamic cycle, 
because of the high needed pumping power, both in the 
blanket and in the divertor, the net efficiency (ratio between 
the power to the grid and the fusion power) goes down to 
35 %. 
 
Both for the blankets and the divertor 9 primary loops have 
been assumed. 
 
The outline scheme of a loop with related He mass flows 
and temperatures, recovered thermal power and needed 
pumping power is shown in figure 3. 
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Figure 3 : Scheme of a BLK/DV cooling loop 
with related parameters 
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