y




LA-i{L=78-964 (pn . THSEE-

TrPLIe RAGRING RUCLEIS T STEDLES (0] TR BTCGRATRON
FUSTON REAGTOS GoicarT

AT (S B, R, UhaMe
|} PR PR CETPLCY FAL
G. T, Busthey

GETLTRUTRU NG 1a7n o oy deal et ing
e Wl INYE

Seagl 1, sl menico

('/ l .'-','.. R
S e

. NoTIOR

. et wn Eepeed R B A o vl

. \ 1" j . Sprnrard by the 1'mied Vo lomtvaart] ewhey the
. . . rttd Wolet mw e V'mird B Mepwerew

R . b s o v SmPETETY, e R o W

HRIn St Wil et ot Py peapim e b

BAHARN . PR o iplr | v yevainy sy ryad

RN IR


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
 
 For additional information or comments, contact: 
 
 Library Without Walls Project 
 Los Alamos National Laboratory Research Library
 Los Alamos, NM 87544 
 Phone: (505)667-4448 
 E-mail: lwwp@lanl.gov


" SCOPING NUCLEONIC STUDIES FOR THE RIGGATRON FUSION REACTOR CONCEPT

0B R. Wienke, D. I, Dudziak, G, E. Bosler

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

Reaulte of s“ and Monte Carlo one-dimensionnl neutron/gamma-ray transport calcu-
latione for conceptual designa of the INESCO RIGGATRON, a Tokamak device uaing ohmic
hentiﬁg to induce fusion, are dctailed. Using varicus plasma, coil, and blank.'" con-
figurations, a comparative analysis of cross-section sets is first'performed. Sc;p-
ing cal;ulations of tritium brecding ratios, ahsorptions, leakapes, and neutron/ -
gamma-ray heating arc detailed using both multigroup discrete-ordinates and Monte
Carlo techniques. Rcsults of this analysis not only sétvc to provide preliminary
design psramecters, hut alao indicate relative degrea of consintency among various

N and Monte Carlo techniques is similarly
demonstrated. Results of thim one-dimensional compilation also Buggest a two-
dimensional RIGGATRON niodel for related study.

croapg-saction sets. Consistency between §

INTRODUCTION

We have undertaken a series of one-~ and two- One tamk consisted of evaluation of various
dimensionsl neutron/gamna-ray tranoport calcula- coupled neutron/gamma-ray cross-section sets and
tions for the INESCO RIGGATRON, a small Tokamak choice 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 consiuts of a small, offcenter, D-T

plasma zone surrounded by esscntially concentric u-Anis

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

materials. 1In this report, we givi: only the re- o

sults of a comparative one-dimeneional study of
the RIGGATRON for various plasma, coil, blanket,

'nnd reflector configurations. Two~-dimunsional

920% U+ 70% L®

calculations are under way and will be reported

latar. The one~dimensional calculations were ohet
: 13vme
performed with the diffusion synthetlc, bN code, &5 b 235 a3545 5 “\-‘7:“ Ty B mo " - A
ONETRAN-DA,” and the corresponding two-dimenanion- (113
@l calculationn with tho triangular mesh, SN code,
1!IDENT-CTR.2 Flg., 1. Two-dimensional RIGGATRON (dimenaions in

cm) .,

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



iﬁﬁuai‘ﬁ:ﬁﬁhﬂuqncnt e~ ond two-almenslonal vrans-
fote cuicu]ations. Libraries testyd lueluded the
;LASLPSANU (30 x 12)3 sct, tha CTR (101 = 21)4 act
“[collapsed from the VITAMIN-C (171 x 36)° filel,
-the LASL-NTOY (30 x 12)6 sct, and Lhe new MATXS
(30 x 12)7 ﬁet."Chpice of the MATXS sct was cven-
tually made following overlapping calcuvlutions

with other sets.

The actual one-dimensional models of the RIG-

_'GATRON investigated varted in plasma, coil, and

blanket thickness. Additionally, effects of neu-
tron multiplication (n,Zn reaction) in a molybde-
0 and D,0 In

2 2
copper and mnlybdenum) on the breeding ratios,

num liner and coolant effceta (72 Y

leakages, and abrorptions were alao noted., In
fufther extensian, a graphite reirlector was added
and a void introduced between thc coil and the
blenket to enhance tritium breeding and reduce
paeutron leaksge. MNeutron and gamma-ray hesting
calculations were performed in the latter desipgn
-cgses. In all cases. an isotropic 14~-MeV source
of neutrons was assigned to the plasma void re~
gion. An 58 quadrature pct und P3 crces-section
expansion werce retained conaistently for the one-
dimensional cylindrical computations. Vacuum
boundary conditinns were aseigned to the blanket
or reflector edgr and the usual reflective (sym-
metrical) conditions wecre applied at the origin,
The neutron ecgurce in the plasma was normalized
to unity.
_ As a cross chock on the S, 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
S“ predictirns of breeding and leakage ia good,
within four percent for the cases conaidered.
While ovnc-dimensional cylindrical calculationas
provide pood rclative catimates of breeding, heat-
ing, leakage, etc., they cannot expressly account
for toroidal promctric effects and asymmetry in
blankel and coil design. For these reasons, a
followup two-dimensional toroidal (r,z) calcula~
.tlon iu preacntly under way’untng the SN triongu-

lar menh codc, TRIDENT-CTR.? The two-dimensional

model of the KIGGATRON 1a shown in Fip. 1. Use

nf a rrimmpuiar mesh greatly facillcates contour-: -
fng of material and device boundarics, Our one- ?ﬂ
dimenslonal atudy doea indicate feasiblie breedingj
ration in cxcess of one; so that two-dimensional ::

ref iacments are additionnlly warranted.

CROSS-SECTION COMPARISONS

Coupled necutron/gamma-ray cross sections were
available from the LASL-SAND (30 x 12).3 CIR (101
x 21),% LASL-NJOY (30 x 12),5 and MATXS (30 x 12)
The LASL~SAND (30 x 12) set is a num-
ber of years older than the other three and is
bared 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. Because
of the importance of tritium breeding in both 6L1

and 7L1, it was thought that the latest processed

librariesn.

cross suctions baged on ENDF/B~IV evaluationa
would probably be most desirable, particularly for
the lithium, Since the extent of diffcrences in
the above libraries wis not immediately wnown, we
performed groups of overlapping calculations for
fixed RIGGATRON parameters in an attempt to
avaluate overall library consisteuncy.

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

cm or 0 cmn (no blanket),
(72 “20) copper colls are also ireated.
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 sots.
agrecment 18 seen in the predictions of the LASL~
NJOY (30 x 12) and CTR (101 x 21) sets. Relative
connistency between the three libraries is pouod,

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

Close

with most differences occurring in the

duces about a 20X reduction in t*e sum of brecding
plus leakapge (T 4+ L) for all aats.

A second comparinon of the CTR (101 x 21),
LASL-NJOY (30 x 12) and MATXS (30 x 12} crosn-
acction sctuy wna mado with the seame RIGGATRON

paramaters uaed in Tahle 1, both for full densc



and nzo cooled copper.
}lrranged to permit closer comparison.

T+1 Coolant Library &

0,587

0.724 0.118
0.643  0.135
0.801  0.126
0.640  0.138
0.760  0.128

"10.0 -

-%comparative pure absorption cross sections were not
i .

The entries have been re-
The over-

inll conniatency, as exhibited in Table 2, is ox-~

:cellcnt. with agreament within 5% for all cases.

8ince these libraries all represent reccent

‘evaluationa, agrecment i3 reasonably expected.

The larger CIR (101 x 21) file would afford

-maximum resolution for these calculations, but

" this advantage comee at the expense of three to

- four timas increase in ac!ual computing timo,
i Use of theCTR (101 x 21) set in a two-dimensional

‘ calculation would be prohibitive.

Because of ac-

- cossibility, 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

!

e tn li-"u: |\
L Mana.

"+ calculations. :

| CONCEPTUAL DESIGN COMPARISONS '

For initial analysis, six cylindrical RIG-

} GATRON configurations consiating of a central D=-T
‘ plasma,

water coolad (7X) copper coil, and molyb-

denum liner (nautron multiplicr) and natural lith-

- dum (92.5% 7L1 + 7.5% 6Li) blanket wore chosen.

nu\l)i" I ':..'._"' oL,

'l§’ ;;_  _ ig

0.715 0.146 0.861 a 7% 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 7Z 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 7IH,0 NJOY :
- 1.081 - a none (30 x 12)
- 0.932 - 0.402 ' 7T H,0 CTR :
- 1.119 - 0.231 none (100 x 21)
available.

An isotropic 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 ncutron/gamma-ray set wes used in

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

The
nagative absorptions in molybdenum resuylt from nec

it was wost readily available at the timo.

neutron multiplication via the (n,2n) reactiou.

The corresponding cross sections, of course, are

. not pure mrbsorption cross mections.

Although the molybdaenum afforda net neutton
multiplication, it is clear frum Table 3 that cor-
responding increases. in copper and molyhdenum ab-
iorption tend to offeet both tritium breeding and
leakuge, particularly as the thickness of the
molybdenum lincer increases. The absorptions in
hoth copper and molybdenum increase with thickness.
From Tahle 1, onc cxpects the breeding ratios given
in Table 3 tc be momowhat low, Nonctheless, Table

3 atill provides a base linc.



TABLE 2. Cross-Section Comparlson of CTR (101 x 21), LASL-NIOY (30 x 12), 2%
U ' ' and MATXS (30 x 12) Scts ;].!;

ﬂ;t (Piasna)  Ar (Cu) Ar (L1) p - L

(em) - _ (cm) (cm) 6 7 T L T+1L ACu Library Coolant
A : . CTR oo
- 2245 _ 10.0 - 109.0 0.640 0,138 0.778 0.182 0.960 0.507 (101 x 21)
e _ . " 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) '
R _ . : CTR 2 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)
. - 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)
: NJOY
0.801 0,126 0.%27 0.252 1.179 a (30 x 12)
none
- CTR
22.5 10.0 - - - - 1.119 - 0.231 (101 x 21)
- - - 1.096 - a (30 x 12)
NJOY
- - - 1.081 - a (30 x 12)
aCOmpnrative pure absorption -ross sections were not available.
Table 3. Comparative Breading, Lecakage, and Absorption for RIGGATRCN
(7% “20 Coolant)
‘t (Plasma) Ar (Mo) Ar (Cu) Ar (L1) T T A '
| (em). (cm) (cm) (cm) _ 6 7 T L o1+l M Aoy
;2?.5 - 10.0 100.0 0. 587 0.128 0.715 0. 146 0.861 - 0.708
“22.5 2.0 10.0 100.0 0.550 0.094 0.644 0.127 0.771 -0.075 0.343
| 22.5 4.0 10.0 100.0 0.483 0.070 0.553 0.105 0.658 -0.032 0.195
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



égVah*nltctnative to H,0 as coolant, D20 ab~-

: 2
8 ‘fewer neutrons. Quantitatively, Table 4

"ﬁ;tla,:the,comparauve effects of using H,0,

2] y. and no coolant in the copper coil and molyb-
“deaium liner.  As expected, significant decrcases
1ﬁjabsorpu10n and increases in blanket breeding

. (1024152) are effected by substituting D0 for

& 7%320 a8 coolant.

2

Introductioa of a voild between tﬁe coll and

blanket conceivably enhances the blanket reab-
_sorption probability for necutrons initially back-
scartered from the blanket. Without a streaming
void, a larger percentage of backscattered ncu-
trons would be absorbed in the copper coil. To
demonstrate this effect, a void of 300 cm is in-
troduced betwecen coil and blanket. Table 5 list:
the corresponding predictions.
ium brceding 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 conslder the effects of a4 graphite
reflector outside the blanket., The central plaswa
is now taken to be 22.5 cm, the copper coil 7 ecm
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% DZO coolant in the cop=-
gamma (y) heating in the

per. Neutron {n) and

Gains in the trit-

copper, lithlum and carbhon are also listed in thej
last six columns (MeV). Fulrly large (greater
than 1.10) breeding ratios are seen. The bu’’ of
the neutron hcating occurs in the blanket, while
most of the gamma-ray heating takes place in the
copper coll, The neutron/gamma-rsy kerma factors
account for both neutron/gamna-ray enerpy deposi-
tion. FEffectively, in the two cases seen, graphite
enhances breceding 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 betiecn 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 oy nonpresence of H20 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 cm to

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

reflector thickness at 25 com.

MONTFE 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~dimencional discrete-ordinates

calculation for a 22,5-um radlus plasma, 7-cm~thick

TAELE, 4, Comparative Brecding, Leukapc, and Absorption for RIGGATRON
(7% H20. DZO' and No Coolant; MATXS Library)
r (Plasma) Ar (Mo) Ar (Cu) Ar (1) T A
. Kem) (cm) (cm) (cm) _ 6 7 T L T+1L Mo Cu Coolant
22.4% - 10.0 100.0 0.587 0.128 0.715 0.146 0,861 - 0.208 7% H20
; 0.658 0.128 0.786 0.172 0.958 - 0.097 7% D20
' 0.714 0.118 0.832 0.191 1.023 - 0.012 noene
22.5 2.0 10.0 100.0 0.550 0.094 0.644 0.127 0.771 -0.075 0.343 7% 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 0.690 0.159 0.849 0,185 1.034 =0,109 0.154 1% HQO
0.773 0.160 0.933 0.216 1.149 =0.15%9 0.GB6 7% D20
0.82R 0.150 0.978 0.236 1 2.4 =0.1%Y 0.038 none



oA n

IABL@nj. Compurative Breeding, Leakoge, and Alsorption for RICGATRON wlth
Void Betweca Coll and Blanket (72 11

20, No Coulant; MATXS Library)

r (Plasmn) Ar (Coil) Ar (Void) Ar (Blunket) T T
(cm) {em) (cm) () 6 7 T L T+ L Coolant
22.5 10.0 - 100.0 0.64) 0.135 0.778 0.182 0.960
100.0 100.0 0.739 0.139 0.878 0.i159 1.037 1% “20
- - 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 1-m-thick natural Li blanket.
All calculationa of tritium breecding and ncutron
leakage were performed to a relative standard de-~
viation of 1. Table 7 shows results of compari-
sons among varlous crossa-sectlon scts, where the
MATXS library was processced from ENDF-IV. Hcre
ve have a dircct comparison of the MATXS library
with a calculation uslng its progenitor ENDF-1V

pointwise library.

The comparison includes errors

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

analysis,

TABIE 6. Comparative Broedinp, leakage, Absorption, and lieating for RIGGATRON

with Void and Reflector (72 D

20 Coolant; MA%YXS Library)

r (Plasma) Ar (Coil) Ar (Void) Ar (Blanket) Ar (Cranhilc) T T
(em) (cm) _(em) (cm) (cm). _ 5 7 T L. T+L
. 22.5 7.0 200. 0 100.0 25.0 1.081 0.229 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
32!- EEH. QLL_. ?LLq. 3;__ 3;..
1.09 6.1 7.69 1.03 0.03 0,16
1.34  8.55 6.22 0.75 0.02 0,13



% Differcnce

Comparison of Monte Carlo Results with bPiscrete-Ordinates Calculations
' for 7-cm Coil (72 D,0) and 1-m Blanket mL1)

% Difference

personal communication, September 1977,

'.?Calculnttonnl Mcethod Crogs=-Scction Sct Leakape from Monte Carlo ) W from Montc Carlo
: . Monte Carlo, MCNP ENDF-1V 0.267 - 1.097 4 -
. Polntwiee
S_ P., ONETRAN-DA LASL-SAND '0.277 3.74 1.054 5 -3,91
83 (30 x 12)
- .8, P., ONETRAN-DA MATXS 0.275 3.00 1.056 5 -3.73
83 . (30 x 12)
REFERENCLS
1. R. E. Alcouffe, "Diffusion Synthetic Accelera- 5. R, ¥, Roussin, C. R, Weisbin, J. E. Whire,
tion Methods for the Dizmond-Differenced Dis- N. M. Creene, R. Q. Wright, and J. B, Wright,
crete Ordinatcs Equations," Nucl. Sci. Eng. "“CTR Processcd Multigroup Cross Section Li-~
64, 344 (1977). brary for Neutronlca Studies," Oak Ridge
National Laboratory report RSIC-37 (July 1977).
2, T. J. Sced, "TRIDENT-CTR Code Manuai," (ta be :
published). 6. C. I. Baxman, G, M, Hale, and P, G. Young, "Ap~
plied Nuclear Data Research and Development
3. H. A. Sandmeier, G. K. Hansen, R. E. Seamon, Januzry 1-March 31, 1976," Los Alamocs Scicntific
T. J. Hirons, and A. H. Marshall, "Coupled " Laburatory report LA-6472-1'R (August 1976).
Neutron-Gamna Multlgroup Mnliltable Cross .
Sections for 29 Materials Pertinent to Nu- 7. C. 1. Baxman and P. G, Young, "Applied Nucicar
clear Weapons Effect Calculations Generated Data Rescar:n and Daeveloprent January l-karch
by LASL/TD Division," Los Alawos Scientific 31, 1977," Los Alnmos Scientific Laborvatury
Laboratory report LA-5137 (February 1974), report LA-6893-PR (July 1977).
4, R. W. Roussin, Oak Rudge National l.aboratory, 8. E. D. Cashwell, J. R. Neergaard, W. M. Tayior.

and G, D. Turner, "MCN: A Neutron Monte Carlo
Code," Lous Alimos Scientific Laboratory report
LA-4751 (January 1972). '



