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ABSTRACT 

Current emphasis in the design of fusion reactor systems 
entails meeting the objective of having radiation resistant 
materials with low-activation characteristics. Therefore, 
the reactors will have a long usable lifetime and, once 
they are decommissioned, these facilities will not present 
serious waste-disposal problems due to the presence of 
long-lived radioactive byproducts generated in the high- 
neutron-intensity environments encountered during their 
operation. A reliable estimation of the performance of a 
fusion reactor in this context requires accurate knowledge 
of half lives and neutron-reaction cross sections. A large 
number of materials, reactions, and radioactive 
byproducts must be considered. For the most part, the half 
lives of the radioactive species involved are reasonably 
well known. Therefore, the main emphasis in improving 
of the data base needs to be in the area of cross sections. 
This paper focuses on only two nuclear data issues 
concerning recent evaluations of cross sections: hydrogen 
production in vanadium from the s'V(n,p)51Ti and 
SIV(n,np+d)SoTi reactions and the production of 7.4e+05 y 
26Al(a major waste-disposal concern.) A1-26 can be 
generated mainly by the 27Al(n,2n)26Al, and 
28Si(n,np+d)27Al(n,2n)26A1 reaction processes. Aluminum 
is unlikely to be present in significant quantities in virgin 
fusion-reactor materials. However, it is found in small 
(ppm) amounts in almost all natural materials, even very 
pure ones. The second process is a two-step reaction. 
Two-step processes exhibit relatively small, geometry- 
dependent probabilities of occurrence. However, in high- 
neutron-fluence environments containing large amounts 
of Silicon, stable 27Al will build up leading eventually to 
possible generation of significant inventories of 26A1 over 
the operating lifetime of a reactor. The current status and 
quality of the evaluated cross sections related to these 
nuclear-reaction processes is examined and the impact on 
generation of hydrogen gas and 26A1 radioactivity in 
fusion reactors is assessed in the present study. 
Suggestions for improvements in the nuclear data base are 
offered where this seems to be appropriate. 

1. INTRODUCTION 

EdwardT. Cheng 
TSI Research Inc. 

225 Stevens Avenue, 
Solana Beach, California 

U.S.A. 92075 

The current definitions of gas production and low 
activation for structural materials for fusion reactor 
applications relays on calculated values of the radioactive 
inventory after many years of irradiation in a particular 
D-T fusion reactor design environment. The values 
obtained in these calculations are highly dependent on the 
quality of the cross sections of a large number of isotopes. 
The contributing energy region, to build up the 
radioactive inventory, in those calculations spans fiom 
basically zero to 14+MeV. It is well known that a D-T 
fusion reactor spectrum has, close to the first wall, a 
distinguished peak in the 14 MeV region from the 
uncollided neutrons of the D-T reaction. This 
characterizes a fundamental difference between the 
fission and fusion reactor spectrum - the abundant 
presence of neutrons above the Q-value of many, so 
called, threshold nuclear reactions. As a consequence 
materials that are attractive for fission reactor applications 
may not be for fusion applications, due, mainly, to 
activation or the synergism of gas production and 
damage. Then, in this context, it is clear that a continuous 
effort in improving the quality of neutron cross sections 
for the energy region and materials beyond where the 
fission reactor efforts were concentrated seems to be 
logical and fundamentally sound. 

This paper has as an objective to bring to the attention of 
the fusion community, once more, the importance of the 
impact that new cross section evaluations can have on 
fusion reactor design and on setting research priorities in 
that context. Sometimes it is hard to appreciate the total 
volume of data, computational effort, and man power 
required to come up with cross section evaluations. Also, 
the required amount of insight knowledge of the 
interaction mechanisms to make use of the available 
nuclear models and experimental data in a consistent and 
reliable manner is tremendous. Experience plays a major 
rule in here and one of the most scaring trends that 
currently is observed is the lack of interest of the younger 
generations in the nuclear data field, because of the lack 
of understanding of its fundamental priority by the 
organizations in charge of providing funding for that kind 



of research. It is an old saying in the nuclear community 
that the cross sections are well known and no further 
improvements are required at this time. This is not the 
truth, as it will be shown by the two selected examples 
discussed in this paper. 

The selected examples for this paper are recent 
evaluations for hydrogen production from vanadium and 
the generation of the long-lived isotope %A1 in silica. 
Hydrogen generation in vanadium is a single step reaction 
from "v(n,~) '~Ti and 51V(n,np+d)SoTi reactions. 26A1 
production in silica is a two step reaction from 
28Si(n,np+d)27Al(n,2n)26A1 reaction processes. These 
reactions are induced by neutrons in stable isotopes with 
large natural abundance, and as such could be seen as 
necessarily well known. In Section 2 the reader will frnd 
general comments of a cross section evaluation. In 
Section 3 the status of the vanadium cross sections is 
discussed and experiments are proposed to clarify some 
inconsistencies observed in the data sets. This section is 
part of an effort being made at ANL to assess the 
discrepancies in the vanadium data sets and propose 
solutions for the unresolved issues. In Section 4 a brief 
discussion about silica cross sections is presented, 
focusing more in the 26A1 production and recent 
measurements of the 27Al(n,2n)26A1. Finally, an overall 
view of the significance of these changes on the cross 
sections of primary fusion structural material candidates 
under the lights of the fusion is given in the conclusions. 

2. PHYSICS CONSIDERATIONS. 

Evaluated cross section files are based either on 
examination of experimental data from the literature, or 
on nuclear model calculations, or on a combination of 
both. 

The cross sections have to obey certain consistency 
requirements, as follows: 
a) Total = Elastic + Nonelastic, 
b) Nonelastic = Inelastic + Transmutation Reactions, (2) 
c) Hydrogen Production = (n,p)+(n,n-p)+(n,d)+(n,t), (3) 
d) Helium Production = (n,alpha) + (n,n-alpha)' (4) 

(1) 

Different reaction processes offer unique challenges to 
measurement. Total cross sections are relatively easy to 
measure as long as adequate samples can be obtained. 
Elastic scattering cross sections are more difficult to 

' Nomenclatures such as (n,n-p) and (n,n+p) are 
equivalent, and they will be used interchangeably. 

measure, and inelastic scattering cross sections are, 
generally, quite difficult to measure accurately. Non- 
elastic cross sections are generally deduced as the 
difference between the total cross section and elastic 
scattering cross section, according to Eq. (1). The various 
partial reaction cross sections can be measured to widely 
varying degrees of accuracy, depending on individual 
circumstances. If the cross sections are very small, then 
they are always difficult to measure because the yields are 
low. Otherwise, measurements are facilitated only if the 
reaction leads to a radioactive byproduct that can be 
studied by the activation method. When the byproduct is 
stable, measurements are generally quite difficult. 
Another important factor concerns the influence of low- 
energy neutrons (from scattering in the environment). For 
low-threshold reactions it is problem, while for high- 
threshold reactions the perturbing effects of scattered 
neutrons tend to be small. 

Nuclear model calculations have to be used to supplement 
evaluations in those situations where measurements are 
difficult or impossible. These calculations generally yield 
consistent results, in the context of Eqs. (1)-(4). This is a 
factor that adds to the appeal of the nuclear modeling 
approach. However, the nature of the results obtained 
from nuclear modeling for individual interaction channels 
is extremely sensitive to the physical appropriateness of 
the models and to their parameterizations, thereby leading 
to large uncertainties in some cases. The key factors 
include: correct model assumptions (statistical vs. direct), 
accurate optical model (OM) parameters for the incident 
neutron and emitted neutrons and charged particles, and 
accurate level density parameters for the final state nuclei. 
There are many factors associated with nuclear modeling 
that lead us to the following general conclusions: 1) Total 
cross sections can be calculated fairly reliably (< 5%). 2) 
Elastic scattering can also be determined moderately well 
(510%). 3) Large reaction channel cross sections can 
usually be determined with moderate accuracy (10-20%) 
in most cases. 4) Small cross sections are generally very 
difficult to determine (20-50+%) because of great 
sensitivity to the parameters and reaction-channel 
competition. These accuracy limits are about the best that 
one can hope for from contemporary nuclear model 
calculations. Often the situation is much worse. 

3. A SURVEY OF THE NEUTRON CROSS 
SECTION DATA FOR VANADIUM 

Vanadium has been proposed as a low-activation 
structural material for use in the design of fusion reactors. 
Natural vanadium is 99.75% V-51. Vanadium can be 
formed into chemically pure metal relatively easily. 
Consequently, it is important to assess how well the 



neutron cross sections for this material are known. Of 
concern are neutron elastic and inelastic scattering cross 
sections (which affect neutron propagation and energetics 
in vanadium fusion reactor components) and 
transmutation reaction cross sections which affect 
radioactivity production and gas generation. The main 
interest is for neutron energies in the range 14-15 MeV, 
although the cross sections (and particle-emission angular 
distributions) need to be known for lower energies as 
well. 

To perform a complete analysis of the available cross 
sections for a given element it is necessary first to 
determine which reaction processes are "open" (i.e., 
energetically feasible) for neutron energies -4 5 MeV. 
This can be determined in a straightforward manner using 
nuclear mass tables and the well-known Q-value 
equation: 

closely. 

3.1 Information Sources 

For the purposes of the present survey, it was decided that 
the best way to examine the status of data for neutron 
interactions with vanadium was to consider several 
recent, independent evaluations from the literature. In 
particular, the following sources have been utilized: 

[5], ADL-3 [6], EAF-3.1 [7], and FENDL-2 [8]. The first 
four sources are comprehensive general-purpose files that 
tend to contain information for all the processes of 
interest in vanadium. ADL and EAF are activation files 
that do not provided information on the total cross section 
or on neutron scattering. FENDL is a hybrid file that is 
not entirely independent of the others. Table 2 indicates 
what information on neutron interaction with vanadium 
can be extracted from these particular libraries. 

ENDFB-VI [2], JENDL-3.2 [3], JEF-2.2 [4], CENDL-2 

Q = (Reactant masses) - (Product masses) 
3.2 Status of the Data 

Table 1 shows the energetics of the possible reactions of a 
neutron with a "V atom. Nuclear mass information was 
obtained fiom Ref. [ 11. Reaction channels for which Q C: - 
15 MeV are not of interest in this analysis and they are 
not considered further. Also, the following reactions 
(even though energetically allowed) are known to have 
cross sections which are so small that they are of 
essentially no practical consequence in the present 
context: (n,He-3), (n,2p), (n,alpha-p). The remaining 
reaction processes in Table 1 need to be examined more 

One way to gain some comprehension of the 
current status of the neutron cross section data is to 
compare the predictions obtained from the various 
sources mentioned above. In order to provide meaningful 
comparison, it was decided to limit present consideration 
to the range 14 - 15 MeV. Three energies were selected: 
14.0, 14.5, and 15.0 MeV. Since the libraries generally 
consist either of point cross sections with an interpolation 
scheme (universally linear for the present energy range) 

Table 1. Reaction Energetics for "V. The symbols in the table have the following meaning: 
"V (n,X)RP or 51V+ n ---> RP + X. // Q = Mass(V-5 l+n) - Mass(RP+X) 

He3+n So48 -52.198 8.071 -44.127 8.071 0 0 0 14.931 0 -44.493 -21.491 -22.636 
alpha Sc-48 -52.198 8.071 -44.127 0 0 0 0 0 2.425 -44.493 -42.068 -2.059 

alpha+n So47 -52.198 8.071 -44.127 8.071 0 0 0 0 2.425 -44.332 -33.836 -10.291 
alpha+p Ca-47 -52.198 8.071 -44.127 0 7.289 0 0 0 2.425 -42.34 -32.626 -11.501 
* Q value = Energy released by reaction process. Negative Q-value implies that energy must be introduced to make the reaction go. 
Energies given in MeV 



or group cross sections, some analysis was needed to 
extract the cross sections in point form at these three 
energies. 

Table 2. Information Sources Considered. 

Reaction 
(n,tot) Y Y Y Y 
(n,gamma) Y Y Y Y Y Y Y 
Elastic Y Y Y Y 
Non- Y Y  
Elastic 
Inelastic Y Y Y Y 

Sour---> ENDF JENDL JEF CENDL ADL EAF FENDL 

(n,2n) Y Y Y Y  Y Y Y  
(%PI Y Y Y Y  Y Y Y  

(n94 Y Y Y Y  Y Y Y  
W P )  Y Y Y Y  
(nit) Y Y Y Y  Y Y Y  
(n,He-3) Y Y Y Y  
(n,alpha) Y Y Y Y Y Y Y 
(n,n-alpha) Y Y Y Y Y Y Y 
(n,p-alpha) Y 
Y = Cross-section values available 
Blank = No information available 

(n,n-p) Y Y Y Y Y Y Y 

Table 3 contains information of the available evaluated 
cross sections at 14 MeV, from all sources from Table 2. 
The table lists not only the individual evaluated cross 
sections but also the averages from the available sources 
and their corresponding standard deviations. It is these 
standard deviations that are the most revealing. A small or 
modest standard deviation suggests that the associated 
cross section is probably rather well known while a very 
large standard deviation indicates very poor knowledge. 
This analysis led to the conclusions indicated in Table 4, 
namely: 

-- Adequately known: (n,tot), Elastic, Non-Elastic, (n,2n), 
(n,p), (n,alpha), and Tot Helium. 
-- Inadequately known: Inelastic, (ngamma), (n,n-p), 
(n,d), (n,t), and Tot Hydrogen 

Figure 1 displays a 3D linear plot of the cross sections 
and information sources considered. It is clear in this 
picture that despite the numerically percent difference 
between the data sets for the (n,2n) reaction, its influence 
in the other, smaller cross sections is remarkable. As one 
can see there is a inverse correlation between the 
magnitude of the (n,2n) reactions and the smaller 
reactions, mainly the (n,n+p) reaction. This means that 
the data sets in which the (n,2n) cross section is larger the 
other cross section (the (n,n+p) mostly) tend to be smaller 
and vice-versa. This effect is a results of the physical 
constraint imposed by Eqs. (1)-(2). 

3.3 A Close Look in the Individual Reaction Channels 
for Vanadium. 

Based on the principles explained in Section 2, next we 
will have a look at the individual reaction channels for 
vanadium and attempt to identify those reasons why the 
cross sections for Vanadium are either well known or 
poorly known. 

Total and Elastic Scattering 
These are determined uniquely by the neutron 

optical model parameters for (nearly) mono-isotopic 
vanadium (V-51). OM parameters are reasonably well 
known in this nuclear mass and energy range. Extensive 

Table 3. Cross Section Values at three selected energy points from data files and activation libraries. Values in mbarns 

N e  
(n,2p), (n,p-alpha), (n,He-3) contributions are too small to consider 
Non-El(1) = Total - Elastic, Non-El(2) = Sum of partial non-elastic cross sections given in table 
In those cases where the Non-Elastic cross section is given explicitly in the files, it is copied directly into Non-El(1) 
rather than being calculated as indicated above. Slight differences may exist between Non-El(1) and Non-El (2) 



total and elastic scattering data are available for energies 
< 10 MeV and some data are available up to 20 MeV to 
validate the model parameters. All of the indicated 
evaluations were based on model calculations that were 
compared to experimental data where available. 

Table 4. Fractional Standard Deviation in Percentage of the 
Average Value of the Vanadium Cross Sections Among the 
Data Files Considered and Status of the cross section at the 
energy range between 14 and 15 MeV. 

14 MeV 14.5 MeV 15 MeV Comments 
(&tot) 0.7 0.8 0.96 OK 
Elastic 4.1 4.0 4.28 OK 

Non-El(1) 2.6 2.1 2.25 
Non-El(2) 2.6 2.1 2.25 OK 
Inelastic 17.6 17.8 17.34 ? 

(Warnma) I 54.9) 55.6) 56.24 Problem area 
11.91 9.81 9.38 OK 

to give consistency since it is the hardest component to determine directly 

Non-Elastic 
This cross section is constrained by Eq. (1). 

Thus, if the total and elastic cross sections are well 
defined, it is expected that the non-elastic cross section 
should be reasonably well known on the basis of a 
consistency argument. 

Inelastic Scattering 
Inelastic scattering to discrete levels can 

generally be measured to 10-20% accuracy, but 
continuum inelastic scattering is notoriously difficult to 
measure. Often in constructing files which satisfy the 
requirements of Eqs. ( 1)-(2), the total inelastic scattering 
cross section is adjusted to achieve the desired 
consistency after decisions are made concerning the other 
interaction channels. 
(n72n) 

V-50 is stable, so it is difficult to measure this 
cross section for vanadium. The sparseness of the existing 
data base and the extent of the discrepancies observed are 
severely limiting factors. The indicated evaluations agree 
reasonably well, largely because this is a large cross 
section and the nuclear modeling techniques used to 
determine the cross section were similar. Still, a closer 
inspection of these model results and available data are 
needed to arrive at a better understanding of this cross 
section. 

(%PI 
This cross section can be measured by the 

activation method. There are a lot of data available. The 
existing evaluations, while often based on models, have 
heeded the available data. This explains why the cross 
section (though not particularly large) appears to be 
reasonably well known. 

(n7n-p) 
It is not clear why the discrepancies between the 

various evaluations are so large. The ENDF/B-VI (n,n-p) 
cross section seems anomalously large for vanadium. 
Measurements cannot be made by the activation methods 
so there is very little information to guide these 
evaluations, which are all based on nuclear models. Most 
of the evaluations indicate that this cross section should 
be qualitatively lower than ENDF/B-VI (by perhaps a 
factor of 2-3). There are also a couple of older data sets 

EAF4.I 
NDL-2 

JEF-2.2 

IDL-3.2 

ENDFlBYl 

Fig. 1 - V-51 Cross Sections (in mbarns) at 14 MeVfrom 
Standard Data Files 

based on direct observation of the emitted protons (n,p) 
+(n,n-p), that suggest a much lower cross section that 
ENDFN-VI. So, this situation needs to be examined 
carefully in order to reach the best conclusion possible on 
the cross section from the existing information. This is a 
critical issue because the importance of this reaction 



(n7alpha) 
The same comments made for (n,p) apply here. 

It appears that this cross section is reasonably well 
known. 

(n,d), (n,t), (n,n-alpha) 
These are small cross sections and the data are 

sparse. Results computed from nuclear models are very 
sensitive to the selected parameters and to competition 
from the stronger reaction channels. It is not surprising 
that the cross section predictions in the various 
evaluations scatter so widely. From a practical point, 
these reaction channels seem to be relatively insignificant, 
except possibly for tritium radioactivity production. 

channel to hydrogen production in vanadium cannot be 
overlooked. 

Total Hydrogen 
Although (n,p) is reasonably well known, it 

appears that the poorly known (n,n-p) channel is the most 
significant mechanism for producing hydrogen in 
vanadium. Until the understanding of this reaction 
channel is improved, quantitative knowledge of total 
hydrogen production will remain very uncertain. 

Total Helium 
The (n,alpha) process dominates, and it appears 

to be reasonably well known. Consequently, helium 
production in vanadium is adequately understood. 

3.4 Suggested Procedure for Reducing the 
Uncertainties in Vanadium Neutron Data 

A careful assessment of all available experimental and 
evaluated neutron data for vanadium is needed in order to 
improve upon the present situation. In the final analysis, 
better modeling and new experimental data will be 
required to assure that essential neutron interaction 
processes are adequately known for fusion applications. 
In particular, the (n,n-p) problem must be resolved as 
soon as possible because of its important to the hydrogen 
production issue. This can be done best by new 
measurements of proton emission from vanadium which 
could be carried out at WNR, Los Alamos National 
Laboratory. The (n,d) and (n,n-alpha) reaction channels 
are of lesser consequence. Knowledge of the (n,2n) 
channels should be improved in order to better define the 
neutronic properties of vanadium. The (n,t) channel may 
be of direct importance in assessing the worth of 
vanadium as a low activation material. This cross section 
could be improved by a long irradiation of pure vanadium 

metal at a high-flux 14-MeV neutron source, e&, JAERI- 
FNS. 

4. STATUS OF NEUTRON CROSS SECTION DATA 
FOR SILICA / 26A1 PRODUCTION 

Silica Carbide is, as vanadium, considered as a low- 
activation material for fusion applications. The estimated 
production of long-lived isotopes during irradiation in 
silica carbide depends fundamentally on 
ZsSi(n,d)z7Al(n,2n)26A1 and z8Si(n,np)27Al(n,2n)26A1 
mechanisms. Then, the most important reactions to be 
considered in this context are the (n,np) and (n,d) in 28Si 
and (n,2n) in 27Al.. Unlike vanadium, we are not going to 
assess all possible reactions and cross sections of both "Si 
and 27Al. Instead, we are going to analyze only the 
indicated most important reactions. 

4.1 The (n,np) and (n,d) Reactions in 28Si. 

The (n,np) and (n,nd) reactions are the most important for 
z6A1 production in silica due basically to two factors: 1) 
"Si is the most abundant isotope in silica (92.23% natural 
abundance), 2) other neutron reactions with silica that 
produce aluminum isotopes are either (n,t) or (n,nt) - 
which have much lower cross section values, or produce 
aluminum isotopes with short half-life which decay back 
to silica. The 28Si(n,2n)z7Si(P+)z7Al that at a fwst look 
would be considered a serious candidate to have a high 
production rate of 27Al in silica, is completely suppressed 
in a fusion environment due to the high Q-value of the 
"Si(n72n) reaction (Q=- 17.2774 MeV (JENDL-3.2)). The 
"Si(n,np) reaction has a Q-value of -1 1.585 MeV (ENDF- 
BVI) and the *'Si(n,d) reaction -9.3583 MeV (ENDF- 
BVI), then both are energetically possible. Table 5 shows 
the values of the cross section for both reactions at 14 
MeV from different evaluated data files (ENDF-BVI, 
JEF3.1, JENDL-3.2, BROND-2, and CENDL-2) and 
activation data libraries (ACTLIB-8, ADL-3T, EAF-2, 
FENDL-1, and FENDL-2). As one can see both cross 
sections have a considerably high dispersion among the 
data sets. The (n,d) reaction varies by more than an order 
of magnitude and the (n,np) reaction (without considering 
ACTLIB data) by a factor of more than 3. The sum of 
both reactions, which is the most important for producing 
27Al, varies (again, not considering ACTLIB) by a factor 
larger 5 among the evaluations. This confirms one of our 
early statements that reactions with stable products are 
difficult to measure and estimations from nuclear models 
do not necessarily agree. Figures 2 and 3 allow us to 
visualize the spread of the cross section values, for the 
three energy points selected, among the data files. The 
plots in those figures are 3D with linear scale for the cross 
section axis (2-direction). 



Table 5. Cross Section values at 14 MeV for the "Si(n,n-p) 
and '*Si(n,d) reactions from different data sources. 

Reaction ADL- ACTLIB FENDL BRON 

(n,np) 0.135 0.000223 0.071 0.195 

(n,d) 0.016 NA 0.017 0.142 

Sum 0.152 0.00022 0.088 0.337 

3T 82 2' D2 

8 

7 

5 

~ 

0.0657 0.0598 0.214 

ReactionIENDF IEAF-IFENDL IFENDL ]Average I Std I Frac Std - 
-BVI 2 -1' 2' Dev Dev(%) 

(n,np) 0.078 0.27 0.272 0.0732 0.113 0.087 77.576 
2 1  7 

(n,d) 0.018 0.14 0.044 0.0167 0.061 0.060 98.689 
9 3  3 

Sum 0.097 0.41 0.316 0.0899 0.158 0.131 82.632 
1 1  1 4 1  I 1 3 1  

FENDL data from the ENDF formatted file I 
FENDL data from the REAC formatted file 
ACTLIB has only data for the total 27Al production. 
As we can see, for both, (n,np) and (n,d) reactions the 
discrepancies among data sets is remarkable. It is clear 
that improved nuclear models and measurement 
techniques have improved the accuracy of the cross 
section data but the dispersion observed among the data 
sets requires a consensus to be reached and the data sets 
to be accordingly adjusted to avoid confusion among the 
designers in defining which cross section values should 
be used. 

The FENDL-2 cross section values are extracted from the 
ADL Russian file and as such follows closely its 
respective values. Also, the European Activation File 
(EAF-3.1) tends to present similar values as the early 
mentioned libraries. The ENDF-BVI values are lower 
than the ADL3T values and more in accordance of the 
newly measured values, by Vonach and co-workers, for 
the cross section, as presented in reference (10). Values 
presented by JEF also are in line with the ENDF-BVI 
values and Vonach's results (not shown). The ACTLIB- 
82 values tend to underestimate the cross section values. 
The values from CENDL-2 are clearly underestimating 
the cross section and this demonstrates how difficult is to 

Table 6. 
Energy IACTLIB-IADL-3TI EAF- IFENDL IFENDL IFENDL IENDF _ _  
(MeV) I 82 I I 3-1 I -1 I -2' I -2' I IB-VI 

14. I 0.024 10.0123 I 0.011 10.0177 10.0125 10.0123 10.004 
7 3 

5 5 9 

1 1 5 

14.5 0.073 0.0306 0.032 0.0381 0.0303 0.0306 0.016 

15 0.123 0.0578 0.054 0.0600 0.0511 0.0578 0.029 

Energy JEF-2 CENDL JEND Avrg Std FractionalStd 
(MeV) -2 L-3 Dev. Dev(%) 

14. 0.0059 1.7E-05 0.0056 0.0090 0.0054 60.41605 
4 

14.5 0.0140 3.4E-05 0.0328 0.0251 0.0121 48.57724 
7 

6 
15. 0.0270 5.OE-05 0.0723 0.0455 0.0223 49.13013 

FENDL.in REAC format. . 
* FENDL in ENDF format - the differences between (1 and 2) are basically 
due to interpolation. 

4.2 The (n,2n) Reactions in "AI. 

This reaction should not be a problem given that the 
product of this reaction is a gamma emitter. However, 
26A1 has a long half-life what results in low activity of the 
irradiated samples and as such a source of dispersion. 
New measurements carried out by Vonach (1 0) and co- 
workers increased the confidence on the 26Al(n,2n) cross 
section considerably. A major problem and a source of 
deviation among the nuclear models for fusion 
applications is the fact that the threshold of this reaction 
lies at 13.54 MeV. An accurate description of the fast 
changing magnitude of the cross section in this region is 
fundamental for a reliable estimate of the integral 
production of 26A1 during irradiation. Table 6 shows the 
cross section values obtained from different data sources, 
as previously explained. The values tabulated in Table 6 
are for the energies of 14., 14.5, and 15. MeV. The 
average, the standard deviation and the fractional standard 
deviation (in percent) of the tabulated values are also 
included. 

predict the correct shape of the cross section in region 
close to the threshold of the reaction. It is important to 
point out that in most reactions the shape of the cross 
section in the region close to the threshold of the reaction 
is not critical, because the integral reaction rate is weakly 
affected by this region, but in the "Si(n,2n) almost all 
reactions, in a fusion D-T environment, are going to take 
place in this region. Also, it is important to mention that 
in this energy region an accurate evaluation of 26A1 from 
"A1 is dependent on the plasma ion temperature, or in the 
precise energy of the source neutrons. 

CONCLUSIONS 

This short survey on the multi-purpose evaluated data 
files and on activation data libraries has shown that there 
are uncertanties in the most basic cross section data for 
activation analysis. It was shown that cross section data 
for vanadium have considerable dispersion, among the 
available cross section data files and libraries, for 
hydrogen production and for smaller cross sections, such 



as tritium production. For silica the situation is also vague 
for the ”A1 production, the dispersion of the data among 
the data files is very large. 

This analysis has only covered, basically, three isotopes 
of common elements found in structural materials. The 
isotopes are quite abundant and the only critirea used in 
selecting those reactions was the well known variations 
that the values for activation and gas production of those 
elements happen to show for different family of cross 
sections I codes used. Then, the conclusion here is that 
there is a need for a systematic and continuous effort in 
the cross section area to bring this data to the level of 
reliability required by the dynamic process of 
development of the fusion technology. 

Figure 2. Si-28 (n,np) Cross Section from 
Sewal Data Files 

Despite that efforts have been made to improve the 
degree of confidence that the designers can have in the 
cross section data, it is important to point out that the 
overall task is tremendous and even though the relentless 
efforts of a few people, a considerable amount of work 
has yet to be done to bring the cross section data at the 
level that many people in the nuclear community believes 
that it is right now. 
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