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FW Tubes:
Outer Tubes 5cm ID, 0.3 cm Thick
Inner Tubes 1 cm ID, 0.1 cm Thick
Lithium Cups:
0.5 cm Thick

Front Height 18 cm, Back Height 14 cm
Radial Thickness: 50 cm OB, 40 cm IB
Manifold Back Plate:

1 cm Thick
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Using W structure for FW and cups results in ~10%
higher TBR compared to Ta structure and is used in the
reference design

A 40-cm-thick secondary breeding blanket is utilized in
the OB side only where space is not constrained

A secondary blanket made of He cooled FS with Li in
flow channel inserts made of AIN was investigated

A secondary breeding blanket made of W structure and
self-cooled by Li is being considered. This allows high
Li temperature for efficient power conversion

Using W structure results is lower damage rate compared
to steel (factors of ~3 lower dpa and ~50 lower He prod.)

W structure is used in the shield with WC shielding
material and Li cooling. Thin layers of AIN insulator
coating or flow channel inserts might be required in the
IB shield

Tritium breeding, nuclear heating, and radiation damage
in the different components were calculated

The radial build required for vacuum vessel
reweldability and magnet shielding was determined



Calculational Procedure
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1-D calculations at different poloidal locations:

1) Section through the Li cup and inner FW tube

2) Section through the Li cup without inner FW tube
3) Section between Li cups without inner FW tube

Results coupled with appropriate coverage fractions to
estimate overall parameters

Cups coverage fraction for both OB and IB is 72.7%

Both IB and OB regions modeled simultaneously to
account for toroidal effects

We assume neutron coverage fractions of 75% OB, 15%
1B, 10% divertor

The conservative assumption of no breeding in the
divertor region was made

Li density in cups and FW is 0.35 g/thased on density
at saturation temperature and 17% average vapor fraction

Results normalized to outboard and inboard wall
loadings of 10 and 7 MW/mrespectively



Radial Build for Cups and FW
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Section through the Li cup without inner FW tube
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Section between Li cups without inner FW tube



Secondary Breeding Blanket and Shield
Design
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A 40-cm-thick OB secondary breeding blanket is
used to enhance tritium breeding

The secondary blanket is made of W structure with
Li coolant/breeder

The composition of the secondary blanket is 90%
Li, 10% W

Both IB and OB shields are made of W structure
with WC shielding material and Li coolant

The composition of shield is 20% Li, 10% W, 70%
WC

Lithium at 0.53 g/crdensity is used in the
secondary blanket and shield



Local TBR
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Modest Li enrichment (30-50 %i) enhances TBR

TBR enhancement with enrichment is lower in cups
(with less structure) than in secondary blanket and shield

Less than 1% of breeding takes place in the FW

At sections through the cups, the secondary breeding
blanket contributes ~25% of the local TBR in OB region



Estimated Overall TBR
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 The local TBR values were combined with coverage of
cups (72.7%) and IB and OB coverage fractions to
determine the estimated overall TBR
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« TBR maximizes at 40%4.i with a value of 1.336. This
IS ~22% higher than value for natural Li



TBR for Reference Design
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50 cm OB cups
40 cm IB cups

40 cm OB secondary breeding blanket

Li enriched to 40%6Li

Overall TBR is 1.336

Higher TBR achievable with breeding in divertor region

57% of breeding in the cups
47% OB
10% IB

40% of breeding in OB secondary blanket
16% behind cups
24% between cups

3% of breeding in shield

1% OB
2% 1B

Tritium breeding has a comfortable margin that gives the
flexibility to reduce the thickness of the breeding zones,
allow for higher vapor content in the front zone, increase
thickness of the structure, or include more shielding
material in the secondary breeding blanket



Nuclear Heating in Reference Design
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* Nuclear heating in blanket and shield components
calculated at locations through and between cups

* Nuclear energy multiplication (Ndefined as amount of
nuclear heating per unit neutron energy incident on FW

1B OB

Section Front Blanket 0.933 0.930
Through Back Blanket NA 0.242
Cups Shield 0.254 0.020
Total 1.187 1.192

Section FW and Manifold 0.222 0.186
between Back Blanket NA 1.012
Cups Shield 0.810 0.083
Total 1.032 1.281

» Results coupled with coverage of cups to determine
nuclear energy multiplication in both IB and OB regions

1B OB
Front Blanket 0.739 0.727
Back Blanket NA 0.452
Shield 0.406 0.037
Tota 1.145 1.216

« Energy multiplication in OB region is ~6% higher than
in IB region



Nuclear Heating Partitioning in the

Reference Design
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IB Region Plasma OB Region
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48.7 88.7 436.2 271.2 222 MW
Total = 137.4 MW Total = 729.6 MW

* Most of nuclear heating (~60%) is deposited in the high
temperature front blanket

» Adding the surface heat deposited in FW implies that
~66% of total IB and OB energy is deposited as high
grade heat in the front evaporation cooled zone (FW and
cups)



Peak Nuclear Heating Values
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« Peak W structure nuclear heating (Wit blanket and
shield components calculated at locations through and

between cups

IB OB
Section FW 75.5 91.8
Through | Manifold Backplate 28.1 24.2
Cups Secondary Blanket NA 215
Shield 24.9 3.3
Section FW 1179 120.2
between | Manifold Backplate 98.5 99.6
Cups Secondary Blanket NA 85.3
Shield 83 18.9

» Peaking in FW nuclear heating occurs between cups.
Peaking factors are 1.3 on OB and 1.6 on IB

* Nuclear heating peaking in manifold backplate,
secondary blanket, and shield resulting from streaming
between cups is a factor of ~3-5

« At any radial location the power density in bottom W in
the cup is more than an order of magnitude higher than
that in the Li adjacent to it



Peak Structure Damage Rate Values
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» Peak dpa rate (dpa/FPY) and He production rate (He
appm/FPY) in W structure calculated at locations
through and between cups

Dpa/FPY He appm/FPY

1B OB 1B OB

Section FW 29.8 38.2 18.1 23.9
Through | Manifold Backplate 6.5 6.2 15 1.4
Cups | Secondary Blanket NA 5.5 NA 1.2
Shield 55 0.64 1.2 0.07

Section FW 35.6 30.2 21.3 24.6
between | Manifold Backplate |  25.2 29.2 12.7 15.8
Cups | Secondary Blanket NA 24.5 NA 12.2
Shield 19.3 2.73 8.2 0.49

« Slight peaking in FW damage occurs between cups.
Peaking factors are 1.03 on OB and ~1.2 on IB

» Peaking in manifold backplate, secondary blanket, and
shield resulting from streaming between cups is a factor
of ~3-5 for dpa and ~8-11 for He production. This is
conservative estimate based on 1-D calculations

» Peak damage rate in OB secondary blanket and IB shield
Is about a factor of 2 lower than in FW and they are
expected to have twice the lifetime of FW and cups.
Lifetime of OB shield is about an order of magnitude
longer than for OB secondary blanket and IB shield
making it a lifetime component



Damage Rate Distribution in OB Cups
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dpa rate drops by a factor of 5 from FW to back of cup

He production rate drops by a factor of 14 from FW to
back of cup



Vacuum Vesseal Shielding
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 The VV consists of two SS sheets each 5 cm thick
sandwitching a shielding zone consisting of 80% WC

and 20% He

* The shield thickness in front of VV was determined such
that the peak end-of-life (@30 FPY) He production does
not exceed 1 appm required for the VV to be reweldable

» Calculations performed for section between cups
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Peak VV and Magnet
Neutronics Parameters
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e 60 cm thick IB shield
e 50 cm thick OB shield
e 40 cm thick VV
Peak VV neutronics parameters

1B OB
Peak Nuclear Heating (mW/&n 6.4 4.8
Peak end-of-life dpa 0.14 0.11
Peak end-of-life He appm 0.57 0.42

Peak magnet neutronics parameters

|IB OB Design
Limit

Peak Nuclear Heating 0.033 0.022 1
(mW/cm®)
Peak end-of-life Fast Neutron 7.5x10" | 5.0x10" 10"
Fluence, E> 0.1 MeV (n/cm?’)
Peak end-of-life Doseto Epoxy | 8.8x10° | 6.0x10° 10°
Insulator (Rads)
Peak end-of-life dpato Cu 4x10* | 2.7x10" = 6x10°
Stabilizer

« All VV and magnet radiation limits are satisfied




Recommended Radial Build
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|IB OB
FW 5Ccm 5Cm
Li cup 40 cm 50 cm
Back wall of cup 0.5cm 0.5cm
Li vapor manifold 20 cm 20 cm
Manifold backplate 1cm 1cm
Clearance 2Cm 2Cm
Secondary blanket Ocm 40 cm
Clearance Ocm 2Cm
Shield 60 cm 50 cm
Clearance 2Cm 2Ccm
VYV front sheet 5Ccm 5cm
VV shielding zone 30 cm 30 cm
VYV rear sheet 5cm 5cm
Total 170.5 cm 212.5cm




Conclusions
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Adequate tritium breeding is achievable for the
EVOLVE concept if Li is enriched to 40%i and a
secondary breeding blanket is used in OB region

The overall TBR is estimated to be 1.34 assuming no
breeding in the divertor region

Surface heat and 60% of nuclear heating are deposited as
high-grade heat in the front evaporation-cooling zone

Heating and damage hot spots occur at parts of OB
secondary blanket and IB shield between cups due to
neutron streaming. Values at these hot spots estimated
from 1-D calculations are conservatively high and need
to be confirmed by multi-dimensional calculations

OB secondary blanket and IB shield are expected to have
twice the lifetime of FW and cups while the OB shield is
expected to be a lifetime component

The radial build required for vacuum vessel
reweldability and magnet shielding was determined



