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A. R, Raffray, M. A. Hoffman, and T. Gaskins

A detailed cost study of the ESPRESSC blanket concept for the Tandem
Nirror Fusion Reactor (TMR) has been performed to complement the thermal-
hydraulic parametric study and to help narrow down the choice of parameters
for the final design.] The ESPRESSO blanket consists of a number of
structurally independent ring modules. Each ring module is made up of a
number of mutually pressure-supporting canisters containing arrays of
breeder tubes. Two separate helium coolant flows are used: a main flow to
cool the tube bank and a cooler first wall flow.

The cost study concentrated on a control volume consisting of a ring
module with its immediate piping system and the corresponding selenoidal
¢oil. The results were multiplied by the number of ring modules to obtain
the cost of the TMR central cell. Figure 1 shows half of the cross section
of a typical ring module assembly.

A computer code was developed]

to size the magnet, blanket, and
piping components and to evaluate the central-cell contribution to the
cost of electricity. The sizing of the magnets was done using a model
which solves a set of non-linear equations for specified values of the
coil inner radius, the peak centerline magnetic field, the magnetic field
ripple and the coil operating and critical currents to obtain the coil
dimensions. The costs of the ¢oils, blanket components and piping were
then determined based on the volumes of each component. The centr‘$1 cell

contribution to the cost of electricity at the busbars was then calculated

from the following equation:
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where: CCAP = total capital cost of the central cell components,

FCR = annual fixed charge rate,

Com = annual operating and maintenance cost
CRR = annual scheduled component replacement cost,
' CUIS = annual disposal cost for jrradiated components which
' have been replaced,

PE = total electrical power produced by the central cell,

PP = total pumping power associated with the central cell

up to and including the ring headers,
A = availability

Two cases were finally chosen for detailed study based on their

attractive overall potential: natural 1ithium oxide as breeder material

with no neutron multiplier (Case I), and gamma-lithium aluminate as
breeder material with bery)1ium as the multiplier (Case IV of Ref. 1).
Typical cost results combined with the thermal-hydraulic limits are

summarized in Figure 2 for the Lmoz/Be case. The values of CBUS(CC)

have been normalized by the minimum C within the design window,

BUS(CC)
, which was 41 mills/KWH at a wall loading of about 3.3 !H/mz. Because of

the desirability of keeping the pumping power ratio,, PPRe] = PP’PE'

(based on tiie electrical power) under about 3%, the design point will

probably be closer to a neutron first wali loading of about 3.0 mez,

as indicated on Figure 2. For the Lizo case, the corresponding minimum
cBUS([:C) within the design window was found to be 31 milis/KwH at a wall
loading of about 2.4 m/mz.



If the central cell contribution to the cost of electricity, CBUS(CC)'
is assumed to be typically about a fourth to a third of the total busbar
- ¢costs, then CBUS(CC) for Blanket Options E (Lizo) and F (LiA]Dz/Be)
of the BCSS study2 would be between 23 and 30 mills/kWM. This means
that the L120 ESPRESSD design is comparable in cost to the BCSS Blanket
Option E, ir spite of beng thicker than the BCSS blanket due to the lower
breeder volume fraction of the ESPRESSO tube array. However, the
L1A102/B ESPRESSO design appears to be somewhat more expensive than the
comparable BCSS Blanket Option F, because the disadvantage associated with
the thicker ESPRESSD tube-bank blanket concept is felt more strongly due
to the high cost of the 30% enriched L1A102. Since the cost estimates
for fusion reactors are all ;til1 rather approximate, these results are

interepreted to indicate that the ESPRESSO blanket has the potential to be

a cost-effective concept with some refinement and optimization.
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Figure 1 - Typical Ring Module and Coil Cross-Section
(with dimensions shown in meters)



Dimensionless CONSTANT-DOLLAR BUSBAR COSTS

AVAILABILITY

0.90 0.87 0.8 0.81 0.78

‘1.5

1.4

1.3

2L

1.0 L

T I i 1 {
Case IV t, = 000050 - TBIN=523K
FCR=015  t,=000m dy =00
OTyp = 0007 g, = 0.006m
-
Lines of Constant
AT (K
8 ") 1w
Design
Kindow
HTY Tube Wall
Max, Temp. <823 K
Max. LiAIG, Temp. <873 K
Temp. < 1273 K
1 1 I E—

0

1.0 Z.0 30 0 5.0 6.0

NEUTRON FIRST WALL LOADING, FN (MW / )

Figure 2 - Dimensionless Centra) Cell Contribution to the
Busbar Costs for Different Values of the Main-
Flow Bulk Temnerature Rise.



