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" SCOPING NUCLEONIC STUDIES FOR THE RIGGATRON FUSION REACTOR CONCEPT

%50 By Re Wicoke, D, J. Dudztak, G, E. Boaler

UNIVEﬁQITY OF CALIFORNIA, LOS ALAMOS SCIENTIFIC LABORATORY
LOS ALAMDS, NEW MEXICO 87545

Reaults of s“ and Monte Carlo one-dimensionnl neutron/gamma-ray transport calcu-
lations for conceptual deaigna of the INESCO RIGGATRON, a Tokamak device uaing ohmic
hentiﬁg to induce fuslon, are dcotailed. Using varlcus plasma, coil, and blank.'" con-
figurations, a comparative analysic of cross-section scts is first'performed. Sc;p—
ing calculations of tritium brecding ratios, absorptions, leakapes, and neutron/ -
gamma-ray heating arc detailecd usaing both multigroup discrete-ordinates and Monte
Carlo techniques. Rcsults of this analysis not only sétvc to provide preliminary
deaign parameters, hut also Indicate relative degrea of consintency among various
croap-gaction sets. Consjistency between S“ and Monte Carlo techniques is similarly
demonstrated. Results of thim one~-dimensional compilation also suggest a two-
diwensional RIGGATRON model for related study.

INTRODUCTION

We have undertaken a series of one- and two- One tamk consisted of evaluation of various
dimensional neutron/gamna-ray tranoport calcula=- coupled neutron/gauma-ray cross-section sets and
tions for the INCSCO RIGGATRON, a small Tokamak cholce of an adequato file from among them to be

device employing high field, ohmic hLeating to in-
duce deuterium-tritium fusion. As seen in Fig. 1,
the RIGGATRON conmiuts of a small, offcenter, D-T

plasma zone surrounded by esacntially concentric u-Anis

void, copper coil, lithium blanket, and graphite
reflector regiona, Of conceptual design intorcst
are the blanket tritium breeding ratios, [i.e.,
6Li(n.t) ’ 7Li(n.n't) ] leakages, uhsorptions,
and neutron/gamma heating in various regiona and

materials. In this report, we give only the re- "

sulte of a comparative one-dimensional study of
the RICGATRON for various plasma, coil, blanket,

and reflector configurations, Two-dimensional

920% U+ 70% L®

calculations are under way and will be reported

lator., Tho one-dimensional colculations were

0T
'y Plavme

performed with the diffusion msynthetlc, SN code, \\?P’ P THE g - A
ONETRAN~DA,” and the corresponding two-dimenaion- (11

8l calculationn with tho triangular mcsrh, SN code,

1!IDENT-CTR.2 Flg. 1. Two-dimeasional RIGGATRON (dimonalons in

cm).

*
Work performed under the auspices ol the U. 8. Department of Energy.



iﬁﬁuai‘h:ﬁﬁhﬂeqncnt one- and two-almensional tranu-
fote c;iculations. Libravies tested lucluled the
;LASL—SANU (30 x 12)3 sct, tha CTR (LO1 = 21)4 act
‘lcollapaed from the VITAMIN-C (171 x 36)° [ilel,
-the LASL=NJOY (30 x 12)6 sct, and Lhe new MATXS
€30 = 12)7 pet. " Choice of the MATXS sct was cven-
tually made following overlapping calculations

with other sets.

The actual one-dimensional models of the RIG-

_'GATRON investigated varted in plasma, coil, and
blauket thickness, Additionally, elfects of neu-
tron multiplication (n,2n reaction) in a molybde-

ZQ in

copper and mnlybdenum) on the breeding ratios,

npum liner and coolant effecta (7% “20 and D

leskages, and absorptions were aleso noted. In
fufther extension, a graphite reilector was added
and a void introduced between thc coil and the
blenket to enhance tritium breeding and reduce
pevtron leaksge. MNeutron and gamma-ray heating
calculations were performed in the laLter desipgn
-ceses. In all cascs, an isotropic l4-MeV source
of neutrons was assilgned to the plasma vold re-
glon, An SB quadrature pct and P3 crces—-sect ion
expansion were retained conaistently for the one-
dimensional cylindrical computatisns., Vacuum
boundary conditions were aseigned to the blanket
or reflector edgr and the usual reflective (sym-
metrical) conditions were applied at the origin.
The neutron source in the plasma was normalized
to unity.
: As a cross chock on the 8, approach, a corre-
‘sponding Monte Carlo calculation was completed
for a eet of plasma, coil, and blanket parameters.
Agrecment between one-dimensional Monte Ca<lo and
SN predictions of breeding and lcakage 18 good,
within four percent for the cases conaidered.
While ovnce-dlmensional cylindrical calculations
provide pood relative catimates of breedling, lhicat=-
ing, lcakage, etc., they cannot cxpressly account
for toroidal geomctric effects and asymmetry in
blankel aind coll depign. For these rearons, a
followup two-dimensional toroidal (r,z) colcula-
.tion iy premently under wny’uning the SN triongu~

lar weuh code, TRIDBNT-CTR.Z The two-dimensional

mode] of the KIGGATRON 1a shown in Fip. 1. Use

uf a crianpuiar mesh greatly facilltates contour- -
fng of material and device boundarics. Our one- 5'
dimenslonal study does indicate feaaibie bteeding:

ratios in cxcess of one; 80 that two-dimensional ::

)

ref (aements are additionally warranted.

CROSS~-SECTION COMPAR1SONS

Coupled ncutron/gamma-ray cross sections were
avoilable from the LASL-SAND (30 x 12),3 CTR (101
x 21),% LASL-NJOY (30 x 12),% and MATXS (30 x 12)
The LASL-SAND (30 x 12) set is a num
ber of ycars older than the other three and is
based primarily on ENDF/B-1I and ENDF/B-II{ data.
The other threc libraries werc processed more re-

cently, primarily from ENDF/B-IV data.

librariesn.

Because

of the importance of tritium breeding in both 6Li
and 7L1. it was thought that the latest processed
crogs suctions based on ENDF/B-IV evaluations
would probably be most desirable, particularly for
the lithium.

the above libraries wis not immediately wnown, we

Since the extent of diffcrences in

performed groups of overlapping calculations for
fixed RIGGATRON parameters in an attempt to
evaluate overall library consistency.

In these comparisons, we fixed the plarma ra-
dius at 22.5 cm, coll thickness at 10 cm, ond
blanket (natural lithium) thicknese at either 100
Full dense and cooled
Table 1
lists 6Li and 7L1 brecding ratlos (T6 and T

cm or 0 em (no blanket).
(72 “20) copper colls are also iLreated.
7)!

neutron leakage (L), and copper absorption (Acu)
computed with the LASL-SAND (30 x 12), LASL-NJOY
(30 x 12), and CTR (101 x 21) coupled scts.
agrecement 18 suen in the predictiona of the LASL-
NJOY (30 x 12) and CTR (101 x 21) sets.
consistency between the three libraries is pood,

6L1 breed-
ing ratio, T&' Absorption duc to the water pro-

Close
Relative
with most differences occurring in the

duces about a 20X reduction in tte sum of hroudinﬁ
plus leakape (T + L) for all aects.

A second comparinon of the CTR (101 x 21),
LASL--NJOY (30 x 12) and MATXS (30 x 12} crosn-
ncction sctu wns mado with the seme RIGGATHRON

parameters uaed in Table 1, bath for full densc

iR



A e e s, Tl
»:-__ MALGIR

T+1 Coolant Library &

0,587
0,724 0.118
0.643°  0.135
0.801  0.126
R |  0.640  0.138
T T © 0.760  0.128
10,0 - -

and nzo cooled copper. The entries havu been re-
rarrvanged to permit closer comparieson. The over-
inll conniatency, as exhibited in Table 2, is ox-
:cellent. with agreoment within 5% for all cases.
8ince these libraries all represent recent
'evaluations, agreement 1is reasonably expected.
The larger CTR (101 x 21) file would afford
-maximum resolution for these calculationa, but
"this advantage comas at the expense of three to
- four times increase in ac!uasl computing tima,
i Use of theCTR (101 x 21) set in a two-dimensional

‘ calculation wvould be prohibitive. Because of ac-

- cassibility, timelineas and overall degree of con-

_sistency with earlier evalustions, we rely mostly
upon the MATXS (30 x 12) neutron/gamma-ray set

» for the bulk of ‘tha ona- and two-dimensional

' Ecalrulations.

2§Q§CEPTUAL DESIGN COMPARISONS
! For initisl analysis, six cylindrical RIG-

}GATRON configurations consiating of a central D-T
:plnlnn. water coolaed (7X) copper coil,

and molyb-
denum liner (neutron multiplicr) and natural 1ith-
- qum (92.5% 7L1 + 7.5% 6Li) blanket wore chomen.

S ITIRE I BN ..
. N - .

LTI I LY -
- .

CH AD f gy,

e, L

'l§’ ;;_  _ lg

0.715  0.146 - 0.861 a  7X H,0  SAND
0.832 0.191 1.023  a ' none (30 x 12)
0.778  0.182 0.960 & 7T RO  NIOY
0.927 0.252 1.177 a  none (30 x 12)
0.778  0.182  0.760 0.507 72 H,0 CTR '
0.888  0.257 1.145 0.325 none (100 x 21)
- 0.917 - a 72 1,0  SAND
- 1.110 - a none (30 x 12)
- 0.884 - a 7TH0 NoY :
- 1.081 - a none (30 x 12)
- 0.932 ~ 0.402 ' 7T H,0 CTR :
- 1.119 - 0.231 none

(100 x 21)

.Compnrntlvc pure ahsorption cross sections were not available.

An imotropic source of 14-MeV neutrons, rormalized
to unity, was placed in the plasma., Vacuum bound-
ary conditions were assigned at the blanket and

An
Sa quadrature and P3 cross~gection expansion were
The LASL-SAND (30

% 12) coupled neutron/gamma-ray set was used in

reflecting boundary conditlons at the origin.
employed in the calculations.
this ecoping compilation, shown in Table 3, because

The
nagative absorptions in molybdenum result from nec

it was wost readily available at the time.

neutron multiplication via the (n,2n) reactiou.
The correaponding crose sections, of courme, are
. not pure mbsorption cross sections.

Although the molybdenum affords net neutron
multiplication, it is clear frum Table 3 that cor-
responding increases. in copper and molyhdenum ab-
iorption tend to offeeL both tritium breeding and
leakuge, particularly as the thickness of the
molybdenum liner increases. The absorptions in

both copper and molybdenum increase with thickness.
From Tahle 1, onc cxpects the breeding ratios gilven
in Table 3 tc be aomowhat low. Nonctheless, Table

3 atill provides a base linc.



TABLE 2. Cross-Section Comparison of CTR (101 x 21), LASL-NIOY (30 x 12),
U ' ' and MATXS (30 x 12) Bets

e ey

Ar (Cu) Ar (L1)

{cm) (cm) TG T7 T L T+ L ACu Library Coolant *
: . CTR oo
10.0 109.0 0.640 0.138 0.778 0.182 0.960 0.507 (101 x 21)
_ . " MATXS
0.637 0.132 0.769 0.182 0.951 a (30 = 12)
NJOY
0.638 0.135 G.773 0.182 0.955 a (30 x 12) '
. _ . - CTR 72 qzo
22.5 10.0 ~ - - - 0.932 - 0.402 (101 x 21) Coil
' ' MATXS
- - - 0.914 - [} (30 x 12)
: NJOY
- - - 0.884 - a (30 x 12)
. a o CIR
22,5 10.0 100.0 0.760 0,128 0.888 0.257 1.145 0.325 (101 = 21)
MATXS
. 0.757 0.123 0.880 0.249 1.129 a (30 x 12)
' T RJoY
0.801 0.126 0.927 0.252 1.179 a (30 x 12)
none
- CTR
22.5 10.0 - - - - 1.119 - 0.231 (10l x 21)
- - - 1.096 - a (30 x 12)
NJOY
- - - 1.081 - a (30 x 12)
aCOmpnrative pure absorption -ross sectionR were not available.
Table 3. Comparative Breaeding, Leakage, and Absorption for RIGGATRCN
7% 1,0 Coolant)
‘r (Plasma) Ar (Me) Ar (Cu) Ar (L1) T T A '
| (em). (cm) (cm) (cm) 6 7 T L oT+L M Aoy
;22.5 - 10.0 100.0 0.587 0.128 0.715 0. 146 0.861 - 0.208
" 22.5 2.0 10.0 100.0 0.550 0.09%4 0. 644 0.127 0.71 -0.075 0.343
22,5 4.0 10.0 100.0 0.483 0.070 0.55) 0.105 0.658 ~0.032 0.395
22.3 4.0 15.0 100.0 0.240 0.025 0.265 0.060 0.325 -0.015 0.619
13.0 2,0 7.0 100.0 0.690 0.159 0.849 0.185 1.034 -0.109 0.164

15.0 2.0 10.0 100.0 0.569 0.098 0.667 0.138 0.805 -0.090 0.326

T



Vaﬁ?nltutnative to H,0 as coolant, D20 ab~

;}feverraeutrons. Quaﬁtitacively, Table 4
’i%itsr;hercomparative effects of using H,0,

2 s. and no coolant in the copper coil and molyb-
“deaium liner.  As expected, significant decrcases
1djabsorption and increases {n blanket breeding

. (1024152) are effected by substituting D,0 for

3i,%“20 as coolant,

2

Introduction of a voild between tﬁe coil and

blanket conceivably enhances the blanket reab-
_sorpiion probability for ncutrons initially back-

scattered from the blanket. Without a streaming
void, a larger percentage of backscattered neu-
trons would be absorbed in the copper coil. To
demonstrate this effect, a void of 300 cm is in-
troduced hetween coil and blanket. Table 5 list:
the corresponding predictions.
ium breeding ratios and losses in leakage are ap~
parent. An overall gain of approximately 15% in
the sum of breeding plus leakage is noted in both
cases (7% H20 coolant;, no coolant).

Lastly, we consider the effects of a graphite
reflector outside the blanket. The central plasma
is now taken to be 22.5 cm, the copper coil 7 cm
and 10 cm thick, the void 200 cm thick, the blan-
ket 100 cm thick, and the graphite reflector 25
cm thick., The 8 cross sections

8 3
are again used from the MATXS file.

quadrature and T
Table 6 gives
the results, assuming 5% D20 coolant in the cop-
gamma (y) heating in the

per. Neutron {n) and

TABLE 4,

e e ey

(7% H20, D

Gains in the trit-

copper, licthium and carhon are also listed in thej
last six columns (MeV)., Fairly large (greater
than 1.10) breeding ratios are seen. The bu!" of
the neutron hecating occurs in the blanket, while
most of the ganma-ray heating takes place in the
copper coll. The neutron/gamma-ray kerma factors
account for both neutron/gamma-ray energy deposi-
tion. Effectively, in the two cases seen, graphite
enhances breeding by reduction of leakage.

This onc~dimensional study indicates possible
tritium breeding ratios in the neighborhood of

1.10, realistically using D,0 as coolant. Intro-

duction of a void space betieen the coil and blan-
ket, and a graphite reflector, considerably en-
hances computed breeding ratios. The calculations
are sensitive to the thickness of the copper coil,
presence or nonpresence of HZO or D20 coolant, and
thickness of molybdenum multiplier. Plasma radii
ranged from 15 cm to 22.5 cm, copper coil thicknesses
irom 7 cm to 15 cm, molybdenum liners from 2 em to

4 cm, and coil-blanket voids from 200 cm to 300 cm.
The blanket thickness was fixed at 100 c¢m and the

reflector thickness at 25 cm.

MONTE CARLO COMPARISONS

As an additional check on the cross scctions as
well as the discrete~ordinates celculational model,
a contiiuous energy Monte Carlo calculation (NCMP
Cude)8 was performed. This Monte Carlo calculation
duplicated the one-dimensional discrete-ordinates

calculation for a 22.5-um radius plasma, 7-cm-thick

Comparative Brecding, Leukape, and Absorption for RIGGATRON
0, and No Cuolant; MATXS Library)

2
r (Plasma) Ar (Mo) Ar (Cu) Ar (L.i) T T A
— fem) (cm) (cm) (cin) 6 7 T L T+L Mo Cu Coolant
22.5 - 10.0 100.0 0.587 0.128 0.715 0.146 0.861 - 0.208 7% H20
i ‘ 0.658 0.128 0.786 0,172 0.958 - 0.097 7% 020
! 0.71¢4 0.118 0.832 0.191 1.023 - 0.012 none
22,5 2.0 10.0 100.0 0.550 0.094 0.644 0.127 0.771 -0.075 0.343 77 H20
0.649 0.095 0.744 0.158 0,902 =0.127 0.245 7% DZO
0.73 0‘087 0.821 0,184 1,005  -0.169 0.166 none
15.0 2.0 7.0 100.0 0.6%0 0.159 0. 849 0.18% 1.034 -0,109 0.154 17 H20
0.773 0.160 0.933 0.216 1.149 -0.159 0.0686 1% DZO
0. 828R 0.150 0.978 0.236 1 244 =-0.15%9 0,038 nono



IABL@_j. Compurative Breeding, Leakoge, imd Absorption for RIGGATRON with

Void Between Coil and Blankct (7% “20' No Coolant ; MATXS Library)

r (Plasmn) Ar (Coil) Ar (Void)

Ar (Blanket)

(em) {cm) (cm) (cn) Tg T, T L T+ L Coolant
22.5 10.0 - 100,0 0.643 0.135 0.778 0.182 0.960
100.0 100.0 0.739  0.139 0.878 0.159 1.037 7X H,0
- - 0.914
22.5 10.0 ' - 100.0 0.757 0.123 0.880 0.248 1.129
300.0 100.0 0.874 0.129 1.003 0.205 1.200 none
- - 1.096

copper coil, aad a l-m—thick natural 11 blanket.
All calculationms of tritium breeding and ncutron
leakage were performed to a relative standard de-
viation of 1. Table 7 shows results of compari-
sons among varlous crosa-g8ectlion scts, where the
MATXS library was processed from ENDF-IV. Here
ve have a dircct comparison of the MATXS library
with a calculation uslng its progenitor EXDF-1V

pointwise library,

TABLE 6

The comparison includes errors

due to more than just cross-scction proccasing,
such as those inhercnt in the discrete ordinates
approximation, and the statistical error ia the
Monte Carlo results. However, the net result in
all cases agrecs to within 4% for both tritium
brecding and lcakage. We thus adopted the 30 x
12-group MATXS library for all further multigroup

analysein.

Caomparative Breedinpg, leakage, Absorption, and Heating for RIGGATRON

with Void and Reflector (7% DZO Coolant; MAYXS Library)

r (Plasma) Ar (Coil) Ar (Void)

Ar (Blanket) Ar (Granhite)

fom) (cm) ~ (em) (cm) (cm). _ T6 T7 T I, T+ 1L
. 22,5 7.0 200.0 100.0 25.0 1.08) 0.279 1.310 0.004 1.314
" 22.5 10.0 200.0 100.0 25.0 0.969 0.139 1,108 0.003 1.111
n Y n \i n N
Qbu QQ&_ QLi QLl Qr Qr

1.09 6.11 7.69 1.03 0.03 0.16
1.34 B8.55 6.22 0.75 0,02 0.13



% Difference

Comparison of Monte Carlo Results with Discrete-Ordinates Calculations
for 7-cm Coll (72 DZO) and 1-m Blanket "Li)

Z Differcvnce
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