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Abstract

Fusion-fission hybrid reactors offer the opportunity for fusion to impact
the energy production scenario at an earlier date and in a more substantial
fashion than simple fusion electricity reactors. This hypothesis is predicated
on the belief that the technological problems associated with fusion-fission
hybrids can be solved in a timely manner. Elimination or deferral of such
systems could help to ease the introduction of fusion-fission reactors.

In this summary we Took at the elimination of the tritium breeding function
in the fusion blanket and its effect on the early introduction of hybrid reactors.



I. Introduction

The fusion-fission hybrid reactor concept utilizes 14.1 MeV DT fusion

neutrons to breed fissile fuel (239Pu or 233

U) in the reactor blanket.
The breeding is usually in addition to the breeding of tritium to complete
the DT fusion fuel cycle. This bred fissi1e fuel can then be periodically
removed from the hybrid blanket and burned in conventional 1light water
fission reactors. Figure I-1 shows the blanket design of the SOLASE-H
laser fusion hybrid where fertile fuel bearing LWR assemblies are directly
enriched in the hybrid blanket to the required 4% fissile content and are
then removed for use in LWRs without the intermediate reprocessing step.
Most other fusion-fission hybrid designs require that the fuel removed from
the blanket be reprocessed before introduction into the fission reactor.

In either of these cases the hybrid offers the opportunity to amplify
the effect of fusion on the future energy scenario. This results from
two things. (1) The ultimate energy release per fusion event is multiplied
by ten (1 fusion = 20 MeV + 1 fission = 200 MeV) and because of this,
(2) the fusion performance requirements are reduced while still having an
economic system. A large support ratio of LWR burner reactors to fuel
producing hybrids could allow the hybrid cost to be large without greatly
affecting the total energy production system cost. The blanket energy
multiplication in the hybrid could improve the power balance in the fusion
reactor itself, thus making poorer fusion performance economically acceptable.
This could bring the date that fusion impacts the energy situation closer

to the present.
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Many hybrid studies have quantified the amount of fissile fuel produced
in a hybrid (support ratio) and the amount of power multiplication in
the hybrid. These have led to a determination of acceptable fusion
performance. However, this potential for earlier introduction of the hybrid
posed other problems related to the fusion technology of hybrids. For
instance, can the introduction of the hybrid be accelerated through elimination
or alteration of ancillary systems such as tritium breeding and recovery?
Elimination of this system could close the gap between the last fusion
"experiment" and the first useful application of fusion. This of course
raises the question: where will the tritium come from if it is not produced
in the hybrid? The effect of eliminating the tritium breeding function from
the hybrid and an analysis of the other possible sources of tritium and how

they couple to the hybrid are the subject of this report.



II. OQutline of Analysis

The analysis of the tritiumless hybrid is divided into several
different parts shown in Fig. II-1. A survey of the fissile and tritium
breeding performance in 18 hybrid reactor designs reported in the literature
has been compiled. In addition to this survey, benchmark neutronics
calculations have been done to compare blanket designs with and without
tritium production. These are compared to the trends found in the survey.

Simple relations have been developed to model the mass flow of fissile
fuel and tritium between the hybrid, burner LWRS and possible dedicated
tritium producing fission reactors (such as those used at Savannah River).
These indicate the advantage or disadvantage of separating the tritium
producing function from the hybrid.

The economic benefit or penalty has been assessed for tritiumless hybrid

239

systems as compared to the conventional hybrid. Figures of merit for Pu

and 233

U producing systems are computed.

Removal of the tritium breeding function from the hybrid has been
analyzed in detail. A survey of the tritium systems in 15 conceptual reactor
designs has been compiled. The importance of removing each system has been
rated with a simple rating system.

A survey of possible tritium sources including fission reactors, dedicated

production reactors, LMFBRs, fuel reprocessing plants, etc. has been made

along with estimates of the tritium production capabilities of each.
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III. Blanket Performance

A survey of many hybrid blanket designs reported in the literature
is reported in UWFDM-308. Tables III-1 and III-2 show the data compiled

for 233U and 239

Pu breeding blankets respectively. Fig. III-T shows
the relation between the number of breeding neutron captures, both fissile
and tritium,as a function of the blanket multiplication for a subset of

239Pu in a hard spectrum). These design points

the blankets (those producing
include blankets that are self-sufficient in tritium and those that are not.
To supplement these specific design points, parametric neutronics calculations
have also been done to systematically determine the effect of removing the
tritium breeding function from the hybrid blanket. These are reported in
UWFDM-334. A schematic of the blanket model for these calculations is shown
in Fig. III-2 and the results are given in Table III-3. Some of these points
are also plotted on Fig. III-1. From this figure it is clear that the total
number of breeding captures increases with the blanket multiplication.

The difference in total breeding captures between blankets that are self-
sufficient in tritium production and those that produce no tritium is one.
This might be expected since there is now one additional neutron that can be

used to produce fissile material. This data can be adequately represented

by the relation

# of breeding captures = 2,18 + 0,063 M .
By itself, this data does not support or refute the idea of removing the
tritium breeding function from the hybrid. To do this, these results must
be joined into an analysis of the total system, including the external

sources of tritium. This is done in the next section.



Table III-]

Selective Designs of Fusion-Fission Systems Which Breed U-233

Authors Blinkin & Su & Woodruff & Quirby Lidsky (MIT) Cooper (Physics
or group Lidsky Novikov L McCormick Math. Sci. NW int, 8
Year of o
study 1969 1978 1978 1975 1976 1976
Ref. 4 | 1.2 3 13 6 12 2%
8lanket # 2 3 8-a 8-b 13 9 15
3 Type of Tokamak Tokamak Laser Tokamak taser solenoid Electron beam heated linear
i machine R=38m R=11.4m 20m 330m 100 m solenoid 300 m length
r=1.25m r=5m hybrid 4 of Mult. mirror | Free stream
toroidal field tube fends Tank
7 21,Ti 20 keV 4 4 1 isolated plas. | gas blanket .
Criteria U233 breeding As in Lidsky UZ%ngreeding from Power 2 giqh Pu239 m Brs d Fu239 Breed l.lu3 from molten salt
for blanket for molten but fission Th metal + power | gain U 3 cgnv. u233 '+ some
Aesian salt fission reactors Thefast Th-fast breeding ye33 -1 | power (high Non-fissioning ] Fissioning
reactor {MSR) breed tritium ¢ {Low M) ) blanket bik. with
fission fisston U+Py fast 218
{symbiotic only without with U fission v front
tem) non- : . 20ne
?YS Joni U-muliti- | muit, multiplier
Issioning plier Th blanket B
blk.
Heutron Thermal Thermal Fast Thermal + Fast Fast Thermal Fast +
spectrum epithermal epithermal
in the
blanket
233 233
Fuel olten salt Molten salt Th ™ ng to breed Conv.]B8.7) Conv.[B.Z.
LiF-BaFg+ThEy | MNaF-BeFp-ThFq | metal metal 4233 'in breed-{ U ThC| U * |ThC LiF-BeF,-ThF, salt
T%-2%-27% N%-2%-27% U-de- ing zone metal 4% Pu
pleted | 02388z py
in the in front zone
front
zone
mit. {
Structure TIM{#0) Nb $.5. 5.5. Nb Structure Nb )
1
Coolant L1 LiF Li {natural) + Na Li in B.Z.
Na in Front Z{ He Li | He Li Li Li
Mat. to Li Na-f salt Natural lithium Li Li Li Li (nat.
breed
tritiu
T(TER) 1.126 0.0 1.05 1.15 1.05 > 1.0 2 1.0 1.0 1.0
Flasiie T frne0.328 f/n=1.47 /02077 02.52(11233 f£n=3.54(U233) 1.2(0 +pud2(u +pu ) f/n=0.31 frn=0.92 (1P
Wy :3=1 2| 1w B=2417 kasyr 3000 K| 1son 24 233 1176 52 5500 100)
«Higy; EWE%7F fuel doubling ka/yr
pu=Q.6]a| time= 12 yr
Enargy (M) 1.5 ~ 1.6 .
it rativd 1.77 2.53 80.9 7.0 23 1.0t 4,25
- 130 92 Gross: 1184 4000, :
P A : n None None ir: 309
(1™, ) 328 wie, -{ 433 < 0.4) thermal ret 117 o
laser 4 80 !
power=433{ 671 {net)
Mwe.avg.a)
power * 80
e ,net =
385 Mile
P 295 208 2300’”: 3290.1\t 10,000 4000 4000 Fiss. power 3680
th =0.36 =0, 36 <10 _|2076
Hall loadi 1 MW/mé 2 M W 2 ™ Bladm. 1/P 117
a vading /in 1 MW/ 2.35 2.35 ) M
2 3 7 | 0.5 AL BN R 4y 4
. S ul a .
uroup 0.11% yr 10.42% yr
fusion power] . 197 MWt 130 Fusion gai =
Q= 0.57 laser e?:‘nsngﬁ3.0 }Sg?én gsgg
petlet gain = 100 gain 3.5 'y
! Fue]_puwer Fiss. reactor Fiss. reactor fusion nower
i density Wl power/fusion power/fusion ) kvl
! Av. 210 =
¢

redctor power
= 10

reactor power
8

1300 M, 'j 300 1,




Table III-2 Selective Designs of Fusion-Fission Systems Which Breed Pu-239

— B i — e -
Author LLL/Bechtel LLL/Westing- LLL/Bechtet LLL/GA LLL/GA LLL/PNL PNL GE Hesting-
or qroup house i hoyse |
Year of (1977/78) (1977/78) (1976) (1977/78) (1976) (1974) (1972} (1978) (1977}
study PO
Ref. 4 5,14-16 5,14,16,17 18,19 32,33 27-31 2,20,22 7,23-25 36 37
Blanket # |16 o 7 ) ) 18 19 20 21 22
Type of 2nd generation, | Laser driven Ist generation, | Standard minimum Standard minimum Mirror (Ying Tokamak,50 m.{ Laser Driven Tokamak
machine laser driven {operates for | laser driven B mirror (Ying- B mirror (Ying- Yang) aspect ratio

(operates for 2.5 years) {operates for Yang) (operates Yang) 5, T=10 ke

3 years) cost cost . 2 x LWR {3.75 years) for 3.8 years) Conductor nr=3 51013/

-3 x LHR field -3 '
— cm “sec
8T 127

i mirror

| ratio: 2.5 12.75
Criteria Breed Pu239 Produces Power | Breed Pu239 Breed Pu239 Breed | Breed Produce electr{- Produce Elec-| Breed Pu239 Breed Puz39
for Blan- | From Depleted + Breed py239 | From Depleted From U,51 (de- pu239 {233 fpgm| city + breed tricity and use it from U-238
ket De- Uranium Metal £ Uranium Metal 239 directly in and the

; rom Spent pleted) (blan- From 232 Pu :
sign + Produce LWR's Fuel ket coverage is U-7% Th metal LWR without breeding
Power Y coverag - reprocassing zone covers|
86.5%) Mo De- the out-
Sleted' side region
Blanket Coverage !
R B
Neutron Fast Fast + ept- Fast Fast Fast Fast Thermal Therma i Fast Fast
spectrum thermal
in the
blanket
Fuel type |Depleted Spent fuel from | Depleted uranium| Depleted uranium (U-Mo) Th232 De- UOzwith UC (nat. uran- uo, (Depleted Unat®
uranium metal LUR's in car- |metal in UySt 7%W -Mof metal pleted 1.35% ium) for front uranium)
bide from (UPuM uo, 338 zone-U (nat.)
[ lates U (in [ metal for

| P AeS Ieicsion | breeding zcne

! Meon-y ttice !

| N verter

’ 31655 31655 3165 “Inconel 718 Inconel 718 Nb s5 A

TCoolant  {Tia in fuel Natural Na in fuel zone | Helium gas He He He He Na lle

zone Li in 1ithium Li in top, bot-
top, bottom tom and radial |
tand radial blks. f

ORI 1 1.4 SR SR N ; oo
Material tosLi (nat.) Lifnat.) 504 L1%) LiM R YL Li {nat.) Ui (mat.; Ligsox L%y L.
breed triti- alumi- |alumi-
um | nate |nate -
T(TBR) 0.99+1.07 Fresh 0.8, 1.1 (total) 0.97+1.37 ~1.14 |. 1.09 L1 1.06 1.1 -

av.=1,03 av,.0.98 R av.=1.01 e b s -
Fissile 1-0.84 kg/Mdt-yr Pu(net)=fresh |. av. 1300 kg/yr| f/n: 1.86+1.63 Pu23? 1y 2500 kA f/n=1.33 f/n=2.67 f/n =117, (1300} f/n=1.79
production !av. 0.88 kg/MWt-i 1.15, av. 0.63 | f/n=1.17 av. 1.74, pyedd 2360 |yr, f/na ka/yr Puldd 1800 kg/yr
yr, 3500 kg/yr, | ya/myt-yr (net)=1980 kg/yr | kg/yr, |0.54 of Pu-239
f/n=1.6 f/n=1.23 f/n=
B 1.55 RO —_
Energy 6+8.3 Fresh: 6.6 Av. 8.7 9.14+17.7 Av. Av. 2.8 39.8 ~ 35 8.6 3.4
multiplica-fav, 7.15 av. 11 Av. 10.9 n.a k pg70.9
tion (1) — o SR N
P(Mde) Gross: 1520 A [ﬁross: 535 Net: 525 1040 -40 Net=663.8 Gross=400 MWt | Gross: 535
nat: 1195+1232 “net: 400 ny=39% Npp=0.4 Het: 400
Av. T 1210 et 3 net. 335
UL S JRNO R SN BTRT NS [ i -
P(MY,. ) ;4000 1380 (3 units 1400 ~ 3600 capacity 4220 3340 2045.4 1000 1400 2300
£ : running) factor=0,74 - 5
Watl 21,3 10 1 1.9 1.3 a2 0.2 Mi/m? 0.05 Mi/m? 1 Mi/m? 1.55 i/ |
Toad JAv. 1.65 duty factor !
(/) 0.75  10.73 !
“Barnup T BT arter 105 | Fresnel 1% A1 5% 168 1.0 [ . 0.52 :
years Av. 5.8% Blanket 'Exppsure
4.1 Mw-yr/gé.9.2
o pges0es20 Pe125, fusion [Pe=200, fusion | P = 402 P =470 1500 §4.2 Wi R=31.4 Mith | Pe=200 Pe=122 i
Fusion f f f f f P, 68?3“‘" =1.2
Av. 700 qain > 1, re- [qgain 2, recir- | Q = 0.63 Ping™ 1Ping” inj & [Pynj = 65 MHth | 0=1.5 0=1.25
Power(Mi) |Recirculat. 22+ | circuTation 25% {culation 253 P injected=538 0= p.o4 Q=048
19%, Av. . 20% 100 keV {100 keV )
fusion gain%¥2 0=0.68 10=0.75 3 ‘
Power Av: 78.4+91.3 Av: Fresh 170 |Av. . 16.8 In fuel zone: 150 110 4.3 0.75 w/cm3 in Av. 16.8 W/cm :
dens}ty Av.384.9 Av. 330 19334 fuel zone '
W/cm Max: 1.89-220 Max: (2.5 yr)= Av. 270 !
Av. = 204 640 |
e D e -1
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IV. Fissile and Tritium Material Flow

In this section we investigate the potential of the tritjumless hybrid
by computing the total fissile material produced and the total amount of
tritium produced in a system where the tritium is manufactured external to
the hybrid. This is then compared to a system where the tritium is bred in
the hybrid. Three different scenarios are shown in Fig. IV-1. In Fig. IV-la
the hybrid produces all of its own tritium and the fissile material goes to
the burner reactors. In Fig. IV-1b the hybrid is fueled by a dedicated
tritium source (DTS) such as a Savannah River type production reactor. In
Fig. IV-1c the hybrid tritium is supplied by modified burner reactors.

Fig. IV-1d indicates that a large number of combinations of these simple
scenarios can be chosen.

Simple balance relations can be obtained for the steady state tritium
and fissile production in any such system. These are:

1. Tritium Balance

(1 - TBRH) =
E
(F-2%) {[P(1+a) (TBR) 1o, + [P(1+a) (TBR) I ch

fis
2. Fissile Balance

(FBR),, =

E
(E

fUSy (P(1+a) (1-CR)
fis

+ [P(1+a)(1-CR)

Ik Iprs?
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where
TBRH -- tritium breeding ratio in the hybrid

FBRH -- fissile breeding ratio in the hybrid

Efus -- energy released per fusion event

Efis -- energy released per fission event

P -- thermal power normalized to the fusion power
o -- capture to absorption ratio

CR  -- fissile conversion ratio

[ ]FR-- all quantities in the brackets evaluated for a
burner fission reactor

L ]DTS-' all quantities in the brackets evaluated for a
dedicated tritium producer.

The thermal power of the hybrid, normalized to the fusion power is

Py = ﬁ%‘e‘* 1+ (M)
where nDG -- fusion energy gain

fn -- fraction of energy in neutrons

M -- blanket multiplication.

Another important relationship is that between the blanket multiplication
and the total (T+fissile) breeding ratio in the hybrid. For the U/Pu
fuel cycle this is given by
ToTBRH = 2.18 + 0.063 M,

This was determined by the survey and calculations reported in part III of

this report.
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Finally a model of the performance of the dedicated tritium source
is needed. Information obtained from Savannah River Laboratory (see
UWFDM-317) indicates that the best tritium breeding ratio that can be
obtained in their production reactors is about 0.85-0.9. Hence we can
immediately see that the extra fissile atom produced in the hybrid because
the tritium breeding function was removed will be required to fuel the
dedicated tritium source to produce the tritium there. This is clearly
demonstrated in Table IV-1. The normalized power of the burner fission
reactors is the same in each of the two Timiting cases. Hence the combination
of a hybrid and a dedicated tritium production fission reactor yields the
same net amount of fissile fuel for the burner reactors as a hybrid that
produces its own tritium. If the tritium is bred in the burner fission
reactors themselves, the same result is found, Table IV-2.

Thus the mass flow in the three possible scenarios given in Table IV-1
results in a zero sum game. No more net fissile material can be produced
by a hybrid that does not breed its own tritium because the additional fissile
material that is produced must be sacrificed somewhere else to produce the
tritium. To a good approximation, these effects cancel each other. However,
the thermal power produced in the three systems is distributed differently
among the various reactors. Hence one system may be distinguished
economically over the others if the cost per thermal megawatt is different

for the different reactors. This problem is addressed in the next section.
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Table IV-1
Th/U Cycle U/Pu Cycle
Conversion Ratio in FR Conversion Ratio in FR
0.65 0.8 0.95 0.65 0.8 0.95

A1l Tritium Bred in the Hybrid*

PDTS 0 0 0 0 0 0
PH 2.25 2.25 2.25 4.5 4.5 4.5
PFR 17 30 120 42 75 300

ATl Tritium Bred in the DTS

Pors 10 10 10 10 10 10
P, 2.25 2.25  2.25 4.5 45 4.5
Peg 17 30 120 42 75 300
*TBR = 1.0 T1BR = 0.0

FBR(Th/U) = 0.6 FBR(Th/U) = 1.6

FBR(U/Pu) = 1.5 FBR(U/Pu) = 2.5

M(Th/U) = 2 M(Th/U) = 2

M(U/Pu) = 5 M(U/Pu) = 5
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Table IV-2
A1l Tritium is Bred in the Fission Reactors

Th/U Cycle* U/Pu Cycle'

Conversion Ratio** Conversion Ratio**

0.65 0.80 0.95 0.65 0.80 0.95
PDTS Zero Zero
PHYB 2.25 2.25 2.25 4.5 4.5 4.5
PFR 17.0 29.8 119 42 .0 74 .5 298
TFR 0.585 0.333 0.084 0.233 0.133 0.033
(CR) (0.065) (0.467) (0.866) (0.417) (0.667) (0.917)
* TBR = 0.0, FBR = 1.6, M = 2
+ TBR = 0,0, FBR = 2,5, M = 5

**  Number of tritium and fissile atoms produced per fissile fuel absorption
event in the fission reactor.




18

V. Figures of Merit for Tritiumless Hybrid Systems

Since the mass flows in the different hybrid systems are a zero sum
game there is no justification for a tritiumless hybrid on the grounds that
it produces more fuel or power. However, the power is distributed
differently among the different reactors and these reactors may not cost
the same amount. Hence the best figure of merit for the system will be

the total cost of electricity. Thus a figure of merit might be defined as

_ CrrPrR T O4Py * (Cppg + 08)Pprg
FoM = I
FR H DTS
where
CFR -- Cost/Mwt of the fission reactor
CH -- Cost/Mwt of the hybrid
CDTS" Cost/Mwt of the dedicated tritium source
§ -- = 0 dedicated tritium source does not produce electricity
= 1 dedicated tritium source does produce electricity

o -- a coefficient to account for the additional cost of the

DTS if it produces electricity.

It is desired to minimize this figure of merit. This can be rewritten

by normalizing to the cost of a fission reactor.

Prr * (Cy/Cpg) + (Cppg *+ 08)/Crp Pprs

Per + Py ¥ SPprs

FoM =

This figure of merit is given in Table V-1 for a specific set of assumptions.
From this we see that a severe penalty is taken if the tritium is produced

in a Savannah River-1ike production reactor that does not produce electricity.



Case 1.

Case 2.

Case 3.

Case 4.

Case 5.

Case 6.
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Table V-1

Figures of Merit

Th/U; all tritium is bred in the hybrid.

_ 17+2.5%2.25

Th/U; all tritium is bred in the DTS, no electricity is produced
in the DTS.

_ 17+2.5%2.25+10 _
FOM - ]7+2.25 - ].69

Th/U; all tritium is bred in DTS, electricity is produced in DTS.

17+2.5%2.,25+10*1.5 _

742 25410 = 129

U/Pu; all tritium is bred in the hybrid.

_ 42+1.75*%4.5 _
FoM —-—Tﬁ_ﬁ—— 1.07

U/Pu; all tritium is bred in the DTS, no electricity is produced
in the DTS.

_ 42+1.75*4.5+10

FoM = 12+4 5 =1.29

U/Pu; all tritium is bred in the DTS; electricity is produced in
the DTS.

4241.76%4.5+10%1.5 _ | 1,
12+5 .5+10 '

FoM =
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However, if the production reactor does produce electricity at an efficiency
comparable to a fission power reactor then a negligible cost penalty is
paid for the overall system capital cost. This of course may be sensitive
to the specific assumptions made about the relative capital costs of hybrids,
fission reactors, and tritium production facilities. For instance it does
not take into account the fact that the hybrid should be less expensive in
case 2 than in case 1 because the tritium breeding system has been
removed. If the relative cost of the hybrid in case 2 drops to 1.5 times
the cost of a fission reactor from the assumed 2.5, then the first three
cases are changed to the values shown in Table V-2. Here we see that case 3,
where tritium is produced in a DTS that also produces electricity has a
figure of merit compafab]e to case 1 where all tritium is produced in the hybrid.
Hence, if the elimination of the tritium breeding function from the hybrid
can significantly reduce its cost, then the idea continues to have merit.

In the next section we review problems associated with the tritium

breeding system in a hybrid reactor.
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Table y-2

Figures of Merit

Case 1. Th/U; all tritium is bred in the hybrid.

_ 17+2.5%2.25 _
FoM = 742 25 1.17

Case 2. Th/U; all tritium is bred in the DTS, no electricity is produced
in the DTS.

17+1.5%2.25+10

FoM = ——737 55

= 1.58

Case 3. Th/U; all tritium is bred in the DTS, electricity is produced in
the DTS.

_1741.5%2.25410%1.5 _
FoM = 1742 25+10 =

1.2
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VI. Tritium Breeding in the Hybrid

An exhaustive survey of the literature of fusion conceptual reactor
designs has resulted in a compilation of tritium system data shown in
Table VI-1. Details of this survey and analysis are given in UWFDM-321.
Although a Targe number of details are included in the table, the most
important fact is displayed in Fig. VI-1. 1In any DT burning fusion reactor,
only a fraction of the tritium entering the reaction chamber (plasma) is
burned before it is pumped away. This is denoted as the fractional burnup.
Table VI-1 shows that for most fusion reactors this fractional burnup is
quite small, ~10%. Hence the vast majority of the tritium mass flow in
the reactor is handled in the exhaust system rather than in the blanket
recovery system. This exhaust system will be required even if the hybrid
reactor does not breed its own tritium supply. The exception to this is
inertial fusion where the fractional burnup can be as high as 60%. Table VI-2
shows normalized tritium inventories in 6 different tokamak conceptual
designs. Note that in the most recent designs (NUWMAK for instance) there
is Tittle tritium inventory associated with the blanket. The major components
of the tritium inventory are in the storage and fueling systems, which would
be required even if there were no tritium breeding. The same conclusion
can be made about inertial fusion reactors where it is found that the
majority of the tritium is in the pellet manufacturing and storage systems.
Hence the removal of the tritium breeding function does not significantly
reduce the tritium inventory in the reactor and therefore any systems related
to the tritium inventory such as emergency cleanup systems will be of the

same magnitude as in a tritium producing reactor.
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Exhaust Characteristics
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Footnotes for Table VI-1

The burnups are 4.8 and 30% for the RTPR and Reversed Field, respectively,
at the end of the "quench" stage but only . 1 and 4% when the DT gas
blanket used to dilute the ash and impurities is considered.

Only the total number of D and T ions are given jn this report. Table I
values are calculated by assuming the central cell is fueled with an
equimolar D:T mixture. The larger number of moles of D reflects its
presence in the end plugs as well as the central cell.

H, D and T alsoleave the chamber as CZ(H,D,T)Z.

Ar is added to the feed to prevent excessive escalation of electron
temperatures in the plasma.

He is an impurity in the fuel.
Xe is the high-Z material in the fuel pellet.

The DT blanket acts as a fueling mechanism and accounts for 67% of the
fuel fed to the reactor in the case of G.A. Noncirc. and 100% in the case
of NUWMAK, RTPR and Reversed Field.

This erosion rate is due to consideration of charged particle blistering
and sputtering and neutron sputtering.

These values represent geometric means between optimistic (0.019 + 0.096)
and pessimistic (2.9 + 4.4) predictions of the erosion rate of the Ist
wall + curtain.

TIM erosion rate is due to consideration of charged particle sputtering;
C erosion rate is due to consideration of vaporization and charged particle
and neutron sputtering.

SiC erosion is due to a sputtering and chemical reaction with atomic D and T.

This erosion rate considers neutron sputtering only and represents the
geometric mean between optimistic (0.14) and pessimistic (1.4) predictions.

This erosion rate is due to consideration of charged particle sputtering.

This value is not given in the report. It is calculated assuming the
quantity of gas recycled is 7 times that injected.

Only the percent of D(85%) recycled in the high energy neutral beam
lines driving the end plugs is given in this report. To arrive at
the total recycle values, this recirculating fraction (0.85) was
assumed to hold for the low energy neutral beam lines fueling the
central cell as well (see also footnote b).
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H Isotope Extraction
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Table VI-2

Normalized Tritium Inventories of Tokamaks

UWMAK PRD UWMAK UWMAK G.A. Noncirc.

Isotope Fractionation

Fueling Mechanism

Storage (kg)

Blanket System (kg)
Breeding Material
Breeder Reprocessing

Total T Inventory (kg)

Total T Inventory (kg)
Per 1000 Mwe

Burnup (%)

I 11 III Tok. Demo.
0.033 0.050 3.1 1.54
1.85 3.06
- 0.51 - 3.1 0.62
- - 1.00
4.20 3.03 6.43 37.7 9.25
8.70 0.10 0.73 1.00 0.12
0.25 - 0.21 0.17 0.75
15.03 3.64 10.47 45.02 13.28
10.2 1.80 6.10 22.7 21.7
7.2 8.7 4 .85 0.83 1.35

NUWMAK

0.088
0.010
11.74
17.8

1.5
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Although there are some detailed differences between the various fusion
systems, the basic conclusion of this analysis is that removal of the
tritium breeding function from the hybrid does not substantially alter
its technical complexity or cost. With the possible exception of a detailed
problem that could not be detected by this level of analysis there is no
reason to exclude the tritium breeding function from early hybrid development

on the presumption that it greatly simplifies the technology.
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VII. Sources of Tritium

A survey of tritium sources has been made and reported in UWFDM-317.
This survey includes descriptions of the Savannah River production reactors
with estimates of their tritium breeding capability and the Hanford
N-Reactor, the only power producing reactor to make substantial quantities
of tritium. Detailed two dimensional neutronics calculations of LMFBR
cores with Li bearing blankets have been performed at Kernforschungszentrum
Karlsruhe in West Germany at the request of the UW Fusion Program to assess
the potential of tritium breeding in LMFBRs. Finally the numerous results
of Rhinehammer and Wittenberg have been reproduced here for comparison
with our other studies. A summary of these results is given in Table VII-1.
The  production reactors clearly consume the greatest amount of fissile
fuel themselves (the tritium breeding ratio is always gained at the expense
of the conversion ratio). Liquid metal fast breeder reactors have the
potential of producing large quantities of tritium while maintaining their
own self-sufficiency in fissile fuel. However the number of LMFBRs of
equivalent power to the hybrid that are required to feed it tritium are so

great that this scenario makes little sense.
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VIII. Conclusions

This multi-faceted analysis of the fusion-fission hybrid fuel cycle has
yielded several significant conclusions.

(1) Production of tritium external to the hybrid reactor is not an
attractive alternative for technical and economic reasons, It does not
signifiéant]y ease the technology development associated with hybrid intro-
duction.

(2) Steady-state mass flow balances show that tritium production in a
dedicated tritium source compared to a tritium producing hybrid is a zero sum
game. Hybrid blanket design studies show that removal of tritium breeding
increases the fissile breeding ratio by one atom/fission eyent at constant
blanket multiplication. Analysis of dedicated tritium production reactors
(Savannah River) shows that breeding ratios of about one tritium/fissile atom
consumed are achievable. Hence the two effects cancel each other.

(3) A figure of merit that measures the total hybrid plus fission reactor
system capital cost shows that a dedicated tritium production facility that
does not also produce electricity puts a severe penalty on the total system
capital cost. If this production reactor produces electricity at nearly the
same efficiency as normal fission reactors then the figure of merit is nearly
the same as for a tritium producing hybrid. If the removal of the tritium
breeding function from the hybrid significantly lowers its cost, then a hybrid
coupled to a dedicated tritium producer that also produces electricity can
have a better figure of merit than the tritium producing hybrid system.

(4) Analysis of the tritium subsystem of the hybrid indicates that there
is no substantial technology simplification or cost saving associated with

removal of the tritium breeding function from the blanket,





