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ABSTRACT

A description of & fusion breeding blanket
concept using draw salt coolant and satatic
17L1-83Pb {8 presented. 17L1-83Pb has high
breeding capability and low tritium solubili-
ty. Draw salt operates at low pressure and is
inert to water. Corrosion, MHD, and tritium
containment problems assoclisted with the MARS
design are alleviated because of the us= of a
static LiPb blanket. Blaoket tritium recovery
{s by peraeation toward the plasma. A direct
contact steam generator is proposed to elimi-
nate some generic probleas associaced with a
tube shell steam generator.

1. INTRODUCTION

The tube bank blanket described in WITA~
MIR-1! and MARS? {s an attractive design con-
figuration. It 1is ¢ilmple and easy to fabri-
cate. By using 17L1-83Pb as the coolant and
breeding material, the potentially severe
chemfical reaction between the liquid metal and
vater, which may occur L{f lithium {s used, can
be avoided. The low tritium solubility in
17L1-83Pb results in a very low blanket triti-
un inventory. In addition, 17L1-83Pb has ex-
cellent neutronic properties so that the blan-
ket provides sufficient tritium breeding with
an excellent energy multiplication. The heat
transfer is adequate so that an efficient pow-
er convetsion system can be designed.

Many potential probleas exist. Most of
the problems have been {dentified 1in MARS
study and their_severity further clarified in
the BCSS ltudy.:’ The most critical probleas
are corrosion product transport and tritiua
containment. The severity of the problems may
effect the wvalidity of the blanket concept.
The other potential probleas are MHD, the cost
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of 17L1-83Pb (90X enriched) and of the heat
transport system, and the design and cost of
the double-walled steaa generator. Those pro-
blems may effect the attractiveness of the
blanket. The logical step is to modify the
MARS blanket to retain 1its advantages and
eliminate the potential probleas.

Since the problems of the MARS blanket
are mostly associated with the circulating of
LiPb, the logicsl step is to change to a sta—
tic LiPb system, while maintaining the siaple
configuration of the MARS blanket. As part of
the Min{-MARS, study, a wolten salt cooling/
17L1-83Pb breeding blanket was developed and
i{s described in this paper. A nuaber of new
concepts are incorporsted in the design, such
as in-aitu blanket tritium recovery and the
use of a direct contact stean generator and
regeneration pump for pressure isolation. Ex-~
perimental veriffcation of the concepts will
be required to show their validity.

IT. BLANKET DESCRIPTION

The croes—sectional view of the blanket
ia shown {io Fig. 1. The basic configuration
is very similar to that of MARS blanket. How—
ever, instead of a single tube, & concentric
tube {s used to form the blanket. The outer
tube contains 17L1-83Pb as the breeding mate-
rial, while the inner tube contains drav salt
(502 KND4-50% NuND:) as the coolant. Draw
salt 1is chosen for its high oxtdation poten-
tizl and f{aertaess towsrd water. Using elec~
trically “non-conducting” draw salt ss the
coolant elfminates the MHD probleam ao that the
blanket can be operated at low pressure.

The 17L1-83Pb s & complete static sys-

Tritivm recovery is done by permeation
The tritium {s collected
wvith the plesss exhaust. Since the draw salt
is a good oxiding agent, it {is expected that
the inner surface of the coolant tube will be
covered by an oxide layer, thus zeducing tri-

tem.
tovard the plasma.



tiun permeation toward the salt coolant by a
factor of 100. The ratio of tritium permeated
towvard the plasma and toward the coolant can
be calculated by

P A° x: el
2
x- 1 1 o ]
Pm A Xo t
2
in which

P_ = permeabiiity of the material
A = purface area
X,, = oxide barrier factor
E = wall thickness
and the superscript o and { are outer
wall and fanter wall, respectively.

The permeation factor, X, is ~1000 {f both in-
ner and outer tube are made of HT-9. For this
case, 2500 Curie/day of tritium wiil enter the
drav salt {f the prcduction rste is 250 g/d.
Therefore, a tritivume clean up system will
still be required for the coclant. If the
outer tube 18 made of vanadium while the inner
tube 18 made of HT~9, the permeation factor
will be 2x107, or only 12 Curie/day of tritium
will permeate to the coolant. The outer tube
is always at a higher temperature than the {in-
ner tube. Therefore, fapurities transfer from
the HT-9 inner tube to the V outer tube can be
ignored.
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Figure.l Cross-secfional view of the blanket.

Draw salt i3 a good coolant and reasona-
bly stable under 500°C. The stability in a
fusfon environment {8 not known. The heat
transfer characteristice are very similar to
that of water and, therefore, can provide auf~
ficient cooling for a fusion reactor blanket.
The major parsmeters for a Mini-MARS aize
machine are suamarized in Table 1.

TABLE !. BLANKET PARAMETERS

Pusion Power, MW 1000
Blanket Energy Hultiplication i.29
Tritium Breeding Ratio 1.24
Tritium Production Rate, g/d 195
Tritiua Leakage to Coolant, g/d .2
Coolant Tempersture, “C 350-450
Coolant Pressure, MPa P |
Coolant Flow Rate, kg/hr 1.8x107]
Maximum Blanket Temperature, °C 550

II1. NEUTRONICS CALCULATIONS

Neutronics calculations were perforaed
using the Honte Carlo Code (HCNP)‘ and the
continuous_energy ENDF/B~V based nuclear date
libraries. The blanket model 1s en finfinite
cylinder consf{sting of three annular zones:
(1) plasma and vacuum zone; (2) tritium breed-
ing zone; and (3) reflector zone. The plaema
and vacuum zone radii{ are (.45 and 0.60 a, re-
spectively. The combined breeding and reflec-
tor zone thickness {3 fixed at | meter, The
breeding zone consists of 52 HT9 structure,
20X votd, and adjustable fractions of draw
salt coolant and lithium~lead eutectic, all by
volume. The reflector 1s composed of 5% draw
salt coolant and 951 metallic reflector (eith-
er HT-9 or Fel422), also all by volume. The
statistical errors {n all calculations are
less than 1% for both tricium breeding snd
nuclear heating values.

Table 2 ahows the neutronic results of
several blanket design options. As shown {in
Table 2, tritius breeding ratios froe 1.09 to
1.24 tritoas per D-T neutron can be obtained
Lf the breeding zone thickness 1s from 0.4 to
0.5 m, and the draw salt coolent volume frac-
tion ranges from 5 to 10Z. The total blanket
(breeding and reflector zones) nuclear heating
rangea from 16.9 to 18.8 MeV per D~T neutron
with the Peld22 ametallic reflector option giv-
ing higher heating values. The nuclear energy
leakage out of these blanket systeas {s, ia
general, less than 2I, as shown in Tadble 2.

The maximum _volumetric nuclesr heating
values at ! MW/B° neutron wall are 6.7, 5.9
and 5.8 watta/cc, respectively 1in the 17Li-
83Pb, draw salt, and HT-9 structure. Pigure 2
depicta the spatfal nuclear hecating in the 40
cm breeding zone blanket where the coolant
fraction is 5% by volume. The total blanket
auclear heating estimated for thf{e blanket, as
seen in Teble 2, is 17.4 HeV per D-T neutron.

The nuclear heating values due to radio-
active decay of the induced radifonuclides in
the blanket were also estfmated for the case
after two years operation at 2 NW/e® wall
load. The decay heat in the HT-9 structure



was found to be doaminated by S6Mn(half
1ife=2.6 hours) and 54Mn(half life=313 days),
as shown in Fig. 3. The maximua decay heating
at shutdown occurs at the first wall facing
the plasma and 1s about 0.5 w/cc, or 4% of the
operating value, At one day after shutdown,
it decays by about one order of magnitude to
0.04 w/cc, and 1{s dominated by S54Mn thereaf-
ter. The decay heat in the 17L1-83Pb breeder
{s malnly due to 203Pb(half-lifew=2.17 days).
The maximum heating at shutdown 1s about 6.6
ow/cc, or 0.05% of the operating value. It
occuts also at the location closest to the
plasma. Both decay heating values in the HT9
structure and 17L1-83Pb breeder decrease expo-
nentially as the location moves away from the
first wall with an attenvation coefficient of
0.11 ca~l,

The shutdown radloactivity and related
safety 1issues of the nitrate salts were dis-
cussed in Ref. 3 and will not be repeated {n
this paper.

TABLE 2.
NEUTRONIC RESULTS OF SEVERAL DRAW SALT
COOLING/17L1-83Pb BREEDING BLANKET OPTIONS
{TOTAl. BLANKET THICKNESS = | m)

Blanket Deslgn Optlon
A 3 [ /]
8reedlng Zone
Thickness (ca) 40 40 50 50
Volume Fraction
nf Coolant (2) ) 10 1] 10
“ellector
Malertal HT® reié22 HT9 reld2?
Trittum Braeding
Ratfo 1.088 1.0%0 1.235 1.260
Nuclear Heating
{4ev/D-T Neutron)
Neutron 8.62 8.64 9.36 9.37
Ganna~Ray 8.1 10.14 1.57 8.17
Blanket Total 17.39 18.78 16.93 18.14
Leakage 0.034 0.020 0.031 0.028

IV. POWER CONVERSION

The unique approach in the power conver-
sion system f{anvolves s “direct contsct steam
generator,” as shown {n ¥i{g. 4. The stean
generator {s basically a wmultiple wstage,
bubble cap distillation colusn. During each
stage, water or steam will be intimately alxed
with draw salt where heat exchange occurs as
ghown la Fig. 5. Since heat transfer f{s by
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Figure 2. Volumetric Nuclear Heating (w/cc).

107t

LILALLL B RAALL |

1077 | | | f

-,

10

WATTS /¢

LALUL SRR R ALLL |
-

w0t

LRALLLL

107¢

AELAALLS

{/IME AFTER SHUTDOWN, s
Pigure. 3. Decay heat from HT-9 (HT-9/LiPb).

direct coatact aixing, the heat transfer will
be rapid. In fact, in wmost dieciliation col-
uan designs, it has generslly been szssumed
that equilibriua can be reached in each stage.
Experience on the PWR has shown ths¢ {t is
difficult to maintsin the mechsnical integrity
of the thousands of tubes in & tube ghell
steamn generator. The divect contact steam
ganarator 1is a possible method to eliminate
the tubss:. This can be done {rn the draw salt
system becsuse:



1. Draw salt does not react with water,

2. The solubility of water in salt 1is
low,.

3. The vapor presgure of the salt i3
low.

To use a direct contact nteam generator
an intermediate draw salt heat exchanger (IHX)
i{s required to fsolate corrosion products from
the blanket region aad dissolved tritium from
the steam generator. This heat exchanger is
operated at very low presgure (~.2 MPa). It
should be reliable and cheap. The IHX is lo-
cated nesr the nuclear island to reduce the
size of the high radiation area. The second-
ary loop, including the steam generator sghould
be free of activatlon. Therefore, hands on
maintenance should be feasible.
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Figure 4. Direct contact stcam generator
(distillation coluamn).
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Pigure 5. Cross section of bubble cap.
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If the IHX is cperated at low presgsure, =
presgure isolation system has to be placed be-
tween the stesn generator and the IHX to de-
couple the high pressure in the stesn genera-
tor (>100 MPa) from the low pressure THX (.2
¥Pa). A regenerator pump concept 1s developed
to seccomplish this. The s&lt exiting the
stean generator is at high pressure. This
pressure nead is used to drive a cospressor to
pressurize the low pressure salt from the THX
before it {s fed to the steax genrerator. To
account for the inefficifency of the pressure
transfer, a booster pump 1s needed to further
pressurize the incoming ealt to the steam gen-—
erator. The arra: ,eoent of the power conver-
sion system is shown in Pig. 6.
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Figure 6. LiPb breeding/salt cooled blanket
concept.

V. CONCLUSIONS

A blanket concept 18 presented which {a a
posaible candidate for Mini-MARS design. The
blanket 1s an improved version of the MARS
blanket. The new concept alleviates or elimi-
nates problems associated with tritivum con-
tainment, corrosion, and MHD. A dicect con-
tact steam generator 1s incorporated in the
design with low pressure (<0.2 Pa) in the pri-
mary eystem., This iow pressure sh2uld izprove
the reliability of the blanket systen.

The key unresolved probleas are: 1) the
activation of the salt snd 2) the stability of
the salt in fusion environaent. Effort is ua-
dervay to identify scme other coolant which
has lower activstion arnd higher stability, but
maintsina the advantage asvallable froms draw
salt,
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