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FUSI ON CONCEPTUAL DESI GN

Mohanmed E. Sawan
Fusi on Technol ogy Institute and
Fusi on Power Associ ates
Uni versity of Wsconsin
1500 Johnson Drive

Madi son,

Abst ract

Activation calculations have been
perforned for the LIBRA reactor. Replacing HT-9
by low activation nodified HT-9 increases the
activity by a factor of 2.5 at shutdown while
the long termactivity drops by a factor of 25.
The reflector is classified as dass Clow |l evel
wast e when nodified HT-9 is used. Using HT-9
will require deep geological burial for the
LI BRA radwaste. The activity produced in the
Li 17Pbgs cool ant has been determined. 210pg is
the major contributor to the cool ant BHP between
a week and a year after shutdown. During this
period the 210Po BHP val ues change from 7 x 10%
to 1.2 x 105 kn® of air.

I ntroduction

LIBRA is a commercial inertial con-
finement fusion reactor conceptual design driven
by Iight ions. The reactor produces 1160 MW of
thermal power and 330 MV of net electric power.
The fusion targets are inploded by 4 Ml shaped
pul ses of 30 MeV Li ions at a rate of 3 Hz. The
target gainis 80, leading to a yield of 320 M.
The blanket is an array of porous flexible
silicon carbide tubes with Lii7Pbgs flow ng
downward through them These tubes (1 NPORT
units) shield the target chanber wall from both
neutron danmage and the shock overpressure of the
target explosion [1]. The bl anket region is
1.35 mthick consisting of 32.67% Li17Pbg3 and
0.67% Si C and backed by a 0.5 m thick steel
reflector which has 10% Li17Pbgs cool ant.
The options of using the ferritic steel alloy
HT-9 or a nodified low activation HT-9 alloy
have been considered. A cross section of the
LI BRA chanber is given in Fig. 1. In this
paper, the results of the activation analysis
performed for the LIBRA chamber will be
pr esent ed.

Cal cul ati onal Procedure

Neutron transport cal cul ati ons have
been performed for the LIBRA chamber using
ONEDANT [2] and ENDF/ B-V cross section data.
The problem has been nodeled in spherical
geometry with materials and dimensions
consistent with a cut through the m dplane of
the reactor. A point source was used at the
center of the 3 m radius chanber. The LIBRA
target neutron spectrum was used to represent
the source spectrum  The source strength was
normalized to the DT target yield of 320 MJ and
the 3 Hz repetition rate.

A 2.6 mthick concrete shield which
yields a dose rate of 1.4 nrenf hr during oper-
ation, is used in the activation cal cul ati ons.
The shield consists of 70% concrete, 20% carbon
steel, and 10% He cool ant. VWhile the
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Fig. 1. (Ooss Section of Target Chanber.

initial LIBRA chanber design uses the ferritic
steel alloy HT-9 as chanmber structural nmate-
rial, activation calculations have been
perforned also for a nodified HT-9 all oy which
woul d have lower long termactivity [3].

The neutron flux obtained from the
neutron transport cal cul ati ons has been used in
the activation calculations. The radioactivity
code DKR-ICF [4] has been used with the ACTL
[5] neutron transnutation data |ibrary. The
DKR- I CF code all ows for appropriate nodeling of
the pulsing schedule. Usi ng an equival ent
st eady state operation results in
underesti mating the produced activity, partic-
ularly at short times follow ng shutdown.
The pul se sequence used in the activation
calculations is shown in Fig. 2. The reactor
is assuned to be shut down for 5 days every
month for routine maintenance and for 40 days
every year for extended maintenance. Thi s
operational schedule corresponds to a reactor
availability of 75% The activity for the
reflector and shield was cal cul ated for the 40
year reactor lifetine while the activity for
the SiC INPORT tubes in the blanket was
determined for an operating tinme of 2 years.
The cool ant activity was cal cul ated separately
by nodifying the operation schedule to allow
for the fact that the cool ant spends only half
the tinme exposed to neutrons in the reactor.
The coolant residence tine in the reactor is
assunmed to be 10 seconds.
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Fig. 2.

Activity, Biological Hazard Potential (BHP)
and Decay Heat in the LIBRA Chanber Structure

The total activity as a function of
time after shutdown is given in Fig. 3 for the
case when HT-9 is used as structural material.
The results are given for the pul se sequence
shown in Fig. 2 and for an equival ent steady
state operation. Using the steady state oper-
ation results in a factor of two |lower activity
at shutdown with the difference being
negligible only after about one nonth follow ng
shutdown. The large difference within a short
time follow ng shutdown is due to the fact that
the activity is dom nated by short Iived
radi onucl i des whose activities are sensitive to
the operational schedule prior to shutdown due
to buildup during the on-time wth the
subsequent decay between periods of operation.
Notice that the average neutron flux used in
the equivalent steady state calculation is
|l ower than that during the on-tine preceding
shut down. On the other hand, the long term
activity is domnated by long |lived
radi onucl i des whose activity is determined by
the total neutron fluence regardless of the
tenporal variation of the flux.

The effect of replacing HT-9 by the
|l ow activation alloy, nodified HT-9, is shown
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Fig. 3. FEffect of Pul se Sequence on Tot al

Activity in LI BRA Chanber.

Pul se Sequence Used in the LIBRA Activation Cal cul ations.

in Fig. 4. The total activity at shutdown
increases by a factor of _2.5 while the |ong
term activity decreases by a factor of _25.
This results from reducing the anopunt of M
activity, while increasing the content of W
which contributes to the short term activity.
Table 1 conpares the activity, biological
hazard potential (BHP), and the decay heat at
shutdown for the cases with HT-9 and nodified
HT-9. The nodified HT-9 is recommended for the
LI BRA reference design since the long term
activity is nore of a concern due to its inpact
on waste nanagenent.

Figure 5 gives the activity in the
bl anket, reflector, and shield as a function of
time after shutdown. The total activity per
unit of thermal power at shutdown is 1.36 G /W

and drops to 0.16 CG/Win one week. Al nost all
of the total activity results from the
activation of the reflector structure. The

contribution fromthe activity of the SiC used
in the blanket is very small and drops rapidly
after shutdown. The results for the BHP and
decay heat are given in Fig. 6 and Fig. 7,
respectively. The variation with time after
shutdown is sinmlar to that for the activity.
The BHP val ue _per unit thermal power at shut-
down is 151 km¥/kWand the decay heat is 0.63%
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Table 1. Effect of Reflector Material on Radioactivity Paraneters at Shut down
Activity (QO) BHP (kn?® air) Decay Heat (MW
HT-9 Mbd. HT-9 HT-9 Mod. HT-9 HT-9 Mbd. HT-9
Bl anket 2.77 x 107 2.77 x 107 9.35 x 105 9.35 x 105 0. 47 0. 47
Ref | ect or 5.47 x 108 1.536 x 109 8.58 x 107 1.741 x 108 3 6.774
Shi el d 9.06 x 106 9.06 x 106 6.54 x 105 6.54 x 105 0. 064 0. 064
Tot al 5.838 x 108 1.573 x 109 8.74 x 107 1.757 x 108 3.534 7.308
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Fig. 7. Decay Heat in Different LIBRA Chanber
Fig. 5. Activity after Shutdown in D fferent Regi ons.
LI BRA Chanber Regi ons.
T —— limts) were used. Table 2 lists the cal cu-
3 | ated WDR values for Class C low | evel waste
10 L ] (LLW for the different reactor regions. An
operation time of 2 years is used for the
ok ] bl anket while the reflector and shield have an
operation tine of 40 years. The WDR is defined
Tl — ] as YG/WDOLj, where G is the specific activity
T E of the ith nuclide and WDL;j is the waste
%’053 1 disposal limt. A WR value <1 inplies that
S0k ! 3 the radwaste classifies as Class C LLW and
g o _ TOTAL ~~~ ‘ e qualifies for shallow |land burial.
a. E~ K 3
= 3 ] The results are given for both cases
10k with HT-9 and nodified HT-9 reflector struc-
FO_SHIELD e E ture. The non-conpacted val ues are based on
10 b \ODIFIED HT-8 STRUCTURE 3 averagi ng over the total volume of the partic-
E Pulsed ] ular region inplying that internal voids are to
10 | 40 Year Operation E be filled with concrete before disposal. On
F 7% Aveilabilty 1k 44 1w W0y o0y 1000y] the other hand, the conpacted val ues correspond
10 o"‘ mho‘ Jo’ i 1'05 “o‘ M_LJOAIO"O‘JO‘ to crushing the solid waste before disposal.
STZN TV RS SRS S (NS U D (o S (N (¢ NN (¢ SRS (e S (o The WDR val ues are given also for the case when
TIME AFTER SHUTDOWN &) the reflector and shield are disposed of
i 6 Bi i cal Hazard Potential i together. Wile the WR values for the bl anket
Ig. 6. Biologlca zard Fotentlal In and shield are nuch smaller than unity, the

I
Di fferent LIBRA Chanber Regi ons.

Waste Disposal Rating (WDR) of
LI BRA Chanber Structure

The specific activities calcul ated
for the different radionuclides have been used
with the U S. waste disposal linmts (WDL) to
evaluate the radwaste of the LIBRA chanber.
The 10CFR61 linmits [6] (the current U S. |egal

reflector WDR is larger than unity when HT-9 is
used inmplying the need for deep geol ogical
buri al . Repl acing HT-9 by the low activation
nodi fied HT-9 results in the reflector being
classified as dass C LLW

14C, generated from the 13C(n,y) re-
action, is the only contributing radionuclide
to the WDR for the blanket and shield. On the
ot her hand, about 98% of the WDR for the



Tabl e 2.

O ass C Waste Disposal Rating for LIBRA Chanber

HT-9 Refl ector

Modi fied HT-9 Refl ector

Non- Conpact ed Conpact ed Non- Conpact ed Conpact ed
Bl anket 6.07 x 10-6 9.06 x 10-4 6.07 x 10-6 9.06 x 10-4
Ref | ect or 708 789 0.72 0.8
Shield 2.73 x 10-4 3.03 x 10-4 2.73 x 104 3.03 x 10-4
Ref | ector and Shield 68 0. 07 0.08
Table 3. Isotopic Contribution to waste when nmodified HT-9 is used. Using HT-9
Refl ect or WDR will require deep geological burial for the
LI BRA radwaste. The bl anket and shield easily
WDR qualify for near surface burial. The activity
produced in the Liji7Pbgs coolant has been
determ ned. 210Po is the mmjor contributor to
| sot ope Mod. HT-9 HT-9 the cool ant BHP between a week and a year after
shut down. During this period the 210po BHP
val ues change from 7 x 105 to 1.2 x 105 kmd of
l4ac 0.012 0. 608 air.
SONj 6.59 x 10-4 5.5 x 10-2
63N 1.17 x 10-3 9.03 x 10-2 Acknowl edgenent
94Nb 0. 706 706
99Tc 1.2 x 104 0. 446 This work was supported by
Ker nf orschungszentrum Karl sruhe and Sandia
Tot al 0.72 708 Nat i onal Laboratory, Al buquerque. Comput er

reflector is contributed by 94Nb which is pro-
duced by the 93Nb(n,y) reaction and (n,p),
(n,np), (n,d), and (n,t) reactions with the
different Mo isotopes. This explains the three
order of magnitude reduction in the reflector
VWDR by replacing HT-9 by nodified HT-9. Table
3 gives the contribution of the different
radi onuclides to the reflector WR

Cool ant Activity

The activity produced in the Lii7Pbg3
cool ant has been determ ned. W assuned that
the coolant volunme in the |oop outside the
chanmber is the same as that in the chanber.
The residence time of the coolant in the
chamber was taken to be 10 seconds.
At shutdown, the mmjor contributor to the
activity and BHP is 209Ph(Ty o = 3.25 h). 203pp
is the mpjor activity contributor between 6
hours and a week after shutdown. The long term
activity is contributed by 108mag, 204T|  and
205pp., 210pg, which is produced from the Bi
impurities, is an alpha emtter and volatile
and represents a particular concern in LiPb

systems. 210pPp is the major contributor to the
cool ant BHP between a week and a year after
shut down. During this period the 210po BHP

val ues change from7 x 105 to 1.2 x 105 km3 of
air. This is about two orders of nmagnitude
| ower than the BHP value for the tritium pro-
duced in the Liq7Pbgs.

Summar y

Activation calculations have been
perforned for LIBRA with the reactor pulsing and
mai nt enance schedule nodeled accurately.
Repl acing HT-9 by nodified HT-9 increases the
activity by a factor of 2.5 at shutdown while
the long termactivity drops by a factor of 25.
The nmodified HT-9 is recommended for the LIBRA
reference design since the long termactivity is
more of a concern due to its inpact on waste
managenent. The activity, BHP, and decay heat
val ues at shutdown per unit thermal power are
1.36 Ci/W 151 kmd/ kW and 0.63% respectively.
The reflector is classified as Class Clow |evel

cal cul ations were supported by the National

Sci ence Foundation at the San Diego
Super conmput er Center.
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