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ABSTRACT

Neutronics tests in a fusfon engfineering test
device will be required to verify the neu-
tronics prediction capabilities (calculational
methods and data base). This paper presents
the requirements related to the neutronics
test. These requirements include those asso-
clated with the operational environment (e.g.,
wvall load, fluence, plasma burn time, etc.)
and the ones related to the test module con-
figuration (geometrical arrangements, minimum
size for meaningful test information, boundary
conditions, etc.). Both experimental
congideration and neutronic analyses were
carried out to quantify these conditions.

INTRODUCTION

As a part of the FINESSB1 project which
attempts to Iidentify and quanti{fy the engi-
neering testing requirements for the develop-
ment of fusion nuclear components, substantfial
effort was devoted to quantifying these condi-
tions related to the neutronics tests {n a
fusion testing device. The objectives of
these tests are to verify the neutronics pre-
diction capabilities (calculational methods
and data base) and to evaluate the uncertain-
ties {In extrapolation to demonstration and
commerical reactors.

Integrated tests perform in a test device
and aimed especially at verification of neu-
tronics methods and data require specialized
modules. In contrast to issues such as ther-
momechanical behavior, 1in which look-alike
test modules are least useful under scaled-
down condit{ons, neutronics verification tests
require that, and are most useful when, the
test wmodule 18 as close to a look-alike as
possible. Therefore, neutronics tests should
be treated separately from other types of
tests. It {8 necessary to notice that
other types of blanket tests (e.g., thermo-
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mechanical, trit{um recovery) have their own
neutronics considerations concerning simula-
tion of bulk heating, tritium production,
etc., to simulate the act—-alike behavior that
{s different from those aimed specifically at
neutronics tests.

Neutronics testing will iInvolve several
types of measurements such as source neutron
yield, tritium production rate, neutron and
gamma-ray spectra, heating rates during opera-
tion, acti{vation, and after-heat. The
requirements for neutronics testing fall
within two categories: (1) test device
operating conditions, and (2) test module
condi{tfons. The fusion test device conditions
include parameters such as the wall load,
fluence, and pulse length. The test module
conditions are those related to the minimum
8ize requirement for optimal testing, and
requirements on the test module boundary con-
ditions and geometrical arrangement.

TEST DEVICE OPERATINGC CONDITION REQUIREMENTS

The {nherent limitations for wmeasuring a
particular parameter govern the optimum op-
erating condition {n a test device. The main
l{imitations of the experimental techniques are
count rate, counting statistics, detector
size, operation environments (temperature,
magnetic field, etc.) and accuracy. Espe-
cially, count rate and counting statistics
give the wall 1load requirement to various
techniques as summarized 4in Table 1. From
ingtrumental considerations, all neutron para-
meters except induced activation can be mea-
sured in one of two fluence modes: efther the
low fluence mode (~1 Hwis/m ) or the very low
fluence mode (~1 W.s/m‘). The low fluence
mode can be achieved, for example, with a wall
load of 1-Hw/m2 and 1l-¢ _plasma burn time or,
alternatively, 0.01 MW/m“ and 100 s. Thus,
neutronics tests {mpose only modest require-
ments on the product of the wall load and
plasma burn time with no stringent require-
ments on the magnitude of either parameter
since the neutronics parameters, except in-




TABLE I

Fluence Requirements for Var{ous Experimental Techniques*

2 Fluence Requlsenen: (normalized to rnn load)
1 nEJx/n 1 Wg/m 1 WWs/m 1 Mus/ml
Incexral Pasrameter 14 Hev Point Sou;ce————.—-; -
Neucron yleld ) NE213 Fission chamber NFA
————————————— b
Liquid scintillation (:)
Tritium production rate Lichium glass Cae counter (8)
—_— -————
) ggfg_spec:romerer -
Prop. counter
’__TL_D____‘
" . Cas filled
eating t
counter TLD ’___Caloriuuer
ctivattion fotl |
Reactton rate Fiss{on chamber peeizas '
—_— 2
._!_h_sl specltrometer " -
Neutron spectrum NE213 roton recoil MFA
—————
Camma spectrum NE21)

*For counter methods, the measuring time is assumed to be 10 ~ 100 s.

duced actf{vatfon, vary linearly with both the
wall load and operating time. Notice, however
that mwmuch larger fluences than those con-
sidered here will require the wuse of dif-
ferent, less accurate measurenent techniques.

Operating the test device in the very low
fluence mode {8 most suftable for measuring
tritfum production from “L{, gamma-ray heat-
ing, neutron and gamma-ray spectra, {f a low
activation level {s desired. The main problem
asgsociated with the low fluence operating mode
{s the activation of the test module and de-
vice components which may render the device
{naccessible fust after shutdown. This will
necessitate a long cool-down time to handle
the reactor components. On the other hand,
the main problem related to the very low flu-
ence operation mode {s the poor spatial
resolution and {instability of measurements.
The methods used for measurements in the low
fluence mode have better accuracy and spatial
resolution as compared to those used in the
very low fluence operation mode. For source
characterization and neutron yield, which 1is
viewed as a part of the plasma diagnostics,
measurements can be undertaken in both opera-
tional modes.

GEOMETRICAL ARRANGEMENT REQUIREMENTS

The requirements on the test module size
and geometry are governed malnly by the objec-
tive and the procedure for the particular
neutronics test under consideration. If =a

local meagurement of tr{tf{um production {s
{ntended, for example, then the only useful
information that can be obtained from such a
neutronics test {8 to verify the consistency
between analytical prediction and experimental
measurements. Resolving the question of the
adequacy of the nuclear data base can be
better achieved in a simple benchmark experi-
ment. However, to {mprove the analytical
prediction and to identify the varfous sources
of wuncertainties, one would proceed from a
geometrically gsimple benchmark experiment
utilizing a point source to a more complicated
one involving a volumetric plasma source {n a
fusion test device.

On the other hand, {f the objective of
the neutronics test is to verify an integrated
parameter in a given blanket concept such as
the tritium breeding ratio (TBR), the test
module wused {n this experimental planning
approach should duplicate in great detail the
actual blanket, module as discussed 1in the
previous work. Verification of achievable
breeding ratio require that factors which
affect the global TBR (such as actual penetra-
tions for heating and fueling, full coverage
geometrical arrangement, and presence of the
impurity control system) are included in the
fusion test device. Also, extrapolating the
results of measuring the local tritfum produc-
t{ion rate (TPR) in a partial coverage case to
demonstrat{on or commerc{al reactor TBR {n-
volves many uncertainties. Since the esti-
mated margin {in TBR for candidate blanket




concepts 1s small, very high accuracies {n
meagsurements are required, and these sources
of uncertainties need to be carefully evalu-
ated.

In a fusion test device, the test area at
the first wall is limited by cost considera-
tions. Hence, a near-full-coverage blanket
for neutronics verification tests is obviously
not practical. Therefore, the neutronics
analysis has focused on examining the ugeful-
ness of neutronics test information as a func-
tion of the test module size. In addi- tion,
an effort to {mprove the usefulness of test
information from a given size test module has
been attempted. Variables considered in such
an i{mprovement {included: (1) details of
material and geometrical arrangement within
the test modules, and (2) conditions at the
test module boundaries which are gensitive to
factors such as the material and dimensions of
the “reflective”™ zone agurrounding the test
module.

A. Calculational Model

The fusion test device parameters used in
the calculational analysis are shown in Table
II. The test module as shown in Fig. 1 was
divided into two zones: testing module zone
to measure tritium production and reflective
zone to adjust the neutron gpectrum coming

TABLE II
Test Device Parameters

Parameter Size Material Densgity
(cm) )
Plagsma radius 15 Vacuum
First wall
Rad{ius 25 Vacuunm
Thickness 6 HT-9 18
Breeder 42 L120 85 x 0.85
HT-9 8
Helium 7
Plenum 22 HT-9 15

Shield 30 S.S. 100

into the testing zone. The reflective zone
wvag exaained by 1-D models shown in PFig. 2
using the ANISN code. The testing module
region can be characterized by two dimensions
in a fusion device which was approximated by a
cylinder. The first parameter is the magni-
tude of the maximua poloidal angle, @ , 8ub-—
tended by the test module. The secondmis the
maximum width, Ly, of the test module in the
axial direction of the device. The {im~ por-
tance of 6 and L was examined separately by
tvo 2-D models shown {n Fig. 3 using the

celfiective
zone

DOT4 .3 code6 (P388, 13 neutron groups). The
first {8 an R-8 geometry where R refers to the
minor radius of the plasma. The second i3 an
R-Z model where Z {8 the axial direction for
the plasma along which L, is measured.
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Figure 1. Concept of the Test Module
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Figure 3. Two-Dimensional Cylinder Model.

B. Reéflactive Zoue

The fmpact of the type of materials sur-
rounding the test module on the neutron spec-
trum in the first wall has been {nvestigated
{n a slab geometrical model. A serfes of cal-
culations has been carried out to optimize the

boundary adjusting buffer
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Fig. 4. The total tritium production rate (T6 + T7) as a function of the test module width (em).

Also shown {s the deviation (X) from central values as a function of the test module width
for two central zone widths, 6_ = 10 and 20 deg.

t

thickness of the breeding zone located {in the
reflector side. The fact that the low energy
neutronsg saturate more slowly as compared to
the fast ones indicates that the front part of
the breeding zone (in the reflector side) 1is
more efficient {n reflecting the high energy
neutrons, while a thicker breeding zone 1is
required to simulate the reflected slow energy
neutrons. However, an excellent simulation of
the tritfum production profile can be obtained
in the case where B = S cm, followed by a 10-
cm thick stainless steel zone as can be seen
in the results given in Table III.

TABLE III

Total Tritf{um Production Rate (T6 + T7)
Normal{zed to the Values {n the
Reference Case (8 Breeder)

Depth i{n the Breeder (cm)

Case 0.5 20.5 40.5
B = 42 cm (ref.) 1.0 1.0 1.0

B=20cn 0.580 0.635 0.711
B =10 cm 0.871 0.919 0.945
B = 20 cm 0.970 0.984 0.991
B=0,SS =10cm 1.038 0.990 0.991
B =35, SS =10 cm 1.006 0.997 0.996
B =10, SS = S cm 0.959 0.974 0.982

C. Poloidal Width of the Test Module

Figure 4 ghows the varfation in the local

trit{um production rate (sum of T, and Ty) as

a function of the poloidal angle 8  at three
locations on the central 1line of the test
module. The value shown 18 normalized to the
corresponding values 1in the full coverage
cagse. Also shown {n this figure 13 the max{-
mum percentage deviation of the tritium pro-
duction rate at etlz = 5 and 10 deg from that
at the central line. This deviation depends
on the width of the test module which 1is
characterized by the angle and on the
location throughout the test moﬁule e.g., top
or middle, as shown in Fig. 4. The {nforma-
tion contained in this figure {8 wused to
specify the minimum test module width (em)
that {8 required to obtain a tritium pro-
duction rate at a given location {nside the
test module which {8 within a desired target
percentage of the corresponding value {in the
full coverage case. For example, {f the local
tritium production rate at the front edge of
the test module central line i{s required to be
within 5% of the corresponding value of the
full coverage case, the width of the test
module ghould be the one that corresponds to
efther §_ = 22 deg (-5% deviation) or 8y = 48
deg (+5indeviation) If measurements vere to
be performed at the back-edge of the test
module central line, the corresponding values
would be 8, - 48 or 71 deg for the same target
accuracy. The situation 18 different at the
middle location where a test module width that
corresponds to 0_ = 55 deg would give a S
target accuracy. In addition to this pre-
scribed deviation, {t {8 necessary to add the
incremental contribution that comes from
performing the measurements within the spatial
zone characterized by the angle @8,.
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6 The total tritium production rate (T6 + T7) {n the case of plasma length,

L = 320 cm, shown in the same way as Fig. 5.

P
D. Toroidal Width of the Test Module

Similar curves that specify the uinimum
test module size in the R-Z geometrical model
are shown in Figs. 5 and 6 for the cases vwhere
the plasma 1length is L_ = 160 and 320 cm,
respectively. In this geometrical arrange-
ment, the test module width is characterized
by the parsmeter Ly wvhile the teast module-
central zone where measuremente are most like-
ly to be performed 1s characterfzed by the
parameter L . For the case with Lp = 160 cm,

the trit{um production rate at the front
of the test module is withfin 5% of the
responding value {n the full coverage case
provided the test wmodule width {s either -
50 cm (+5% deviation) or Ly = 150 cm [?:SZ
deviation). FPor the former case, one should
add ~3.4Y deviation (total ~8.4X) {f measure-
ments were to be carried out within the cen-
tral zone of L, = 40 cm at that location.

edge
cor-
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The total tritium production rate {ntegrated over various spatial segments and

the overall

tritium breeding rate as a function of the test module width (Lm or em).

E. Integrated Tritium Production Rate

There are several serious problems con-
cerning the usefulness of the {ntegrated TBR
ver{fication tests in a fusion test device
with a test module that partifally covers the
plasma source. Figure 7 shows the Iintegratged
values of tritium production rate in various
segments of the test module (characterized by
the parameter cB) and the overall tritium
breeding rate as a function of the test module

width. Curves are shown for both the R-86 and
R-Z arrangements. The values shown {n this
figure are normalized to the corresponding
values {n a volume equivalent to the test

module volume in the full coverage case. In
all the cases shown, the total tritium breed-
ing ratio in the test module {8 significantly
smaller than the corresponding value {n the
full coverage case. The wuncertainties {n-
volved 1in extrapolating the tritium breeding
measurements {n a test module to an achievable
net tritium breeding ratio in a full-scale
reactor are greater than presently estimated
margins in the tritium breeding potential for
a candidate blanket concept.

CONCLUSIONS
The moat serious problems were found {n
the neutronics analysis which showed that

simulating a fusion reactor to extrapolate the
full coverage effects was very difffcult fin
the partial coverage arrangement. The reflec-
tive zone was also very fmpoytant regarding
the source determination. These lead to two
particularly {mportant conclusions. First,

blanket neutronics measurements In a test
module {in any fusion facility, while useful,
do not provide the level of accuracy necessary

for neutronics verification, particularly
resolving the {issue of the achievable tritium
breeding ratios. Thus, neutronics wmeasure-
measurements do not by themselves provide

strong justification for a fusion test facil-
{ty, but such measurements are useful to per-
form 1f such a test facility {s Justified by
other engineering test requirements. Second,
the problem of demonstrating D-T fuel suffi-
ciency prior to constructing a full-scale
reactor requires further detailed evaluations.
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