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Abstract 

Fusion evaluated nuclear data library (FENDL) represents a set of unrestricted nuclear data sub-libraries 
ever available with the best quality and completeness to fusion power developers. Projects and 
developmental areas which are already using FENDL include (1) ITER, (2) volumetric neutron source, and 
(3) assessment of low activation materials. Some results obtained with FENDL for the ITER analysis and 
assessment of assessment of low activation structural materials are presented. 

1. Introduction 

The first version of fusion evaluated nuclear data library, FENDL, has recently been completed. It is 
compiled based on the selection of all globally available state-of-the-art evaluations[l-31. Processed sub- 
libraries available for applications include (1) multigroup and continuous energy neutron-gamma coupled 
transport libraries, FENDL/MG- 1.0 and FENDLIMC- 1.0, (2) decay data library, FENDLID- 1 .O, and (3) 
activation cross section library, FENDLiA-1.0. Advanced versions of the decay data library, FENDLD-2.0, 
and activation cross section library, FENDLiA-2.0, are also available for activation calculations. Through 
over 10 years of unreserved cooperation of the international nuclear data experts under the coordination of 
the IAEA Nuclear Data Section, FENDL has reached a high standard. FENDL represents currently a set of 
unrestricted nuclear data sub-libraries ever available with the best quality and completeness to fusion power 
developers. Projects and developmental areas which are already using FENDL include: (1) design of the 
International Thermonuclear Experimental Reactor (ITER)[4], (2) analysis of the plasma based volumetric 
neutron source[5], and (3) assessment of low activation materials[6]. 

2. FENDL Applications 

For the general fusion nuclear design analysis, the following information will be needed: neutron flux and 
spectral profiles, nuclear heating (both neutron and secondary gamma-ray) rate, atomic displacement rate, 
and gas production rate. Activation characteristics such as induced radioactivity, decay heat, and quantity of 
long-lived radionuclides are essential for the assessment of reactor safety and environmental issues. Specific 
requirements, however, depend on the design approaches taken by the reactor concept. The remainder of 
this paper describes some results obtained for the ITER analysis and assessment of low activation materials. 

2.1. ITER. The important design parameters include tritium breeding ratio in the applied breeding blanket, 
radiation damage to the vacuum vessel, nuclear heating in the superconducting magnet, and induced 
radioactivity in SS316, copper alloy, and tungsten. Tritium breeding is critical for the extended performance 
phase (EPP) when the total neutron fluence at the first wall component is to reach 1 M W - ~ I ~ ~  (a total of 
one year full power operation). The EPP operation will require a total of more than 80 kg of tritium 
consumption. The availability of such a large quantity of tritium is highly uncertain not to mention that 
tritium is also very expensive. The vacuq  vessel needs to be cut and re-welded during each maintenance 
procedure in order to reach the first wall and blanket components. Severe radiation damage after neutron 
irradiation, determined by the atomic displacement and induced helium concentration may prevent the 
SS3 16 based vacuum vessel from performing the maintenance procedure. The nuclear heating in the 
superconducting toroidal field (TF) magnet has to be limited owing to the requirement to maintain the 
cryogenic temperature of the TF magnet. The divertor component, which is required to remove the plasma 
exhaust particles, and neutron streaming through the ports and gaps, can be understood only by 



multidimensional neutronics analysis and in many occasions by three-dimensional Monte Carlo transport 
methods[7,8]. Figures 1-4 show some results of these analyses using FENDL libraries. The ITER 
components include first wall, shielding blanket, vacuum vessel, and TF coil. Neutron flux and spectral 
profiles are given for several of these components. Induced radioactivity as well as the decay heat as a 
function of time after shutdown in SS3 16 are also shown[9]. 
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Fig. 1. Profile of total neutron flux in ITER. 
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Fig. 3. Induced radioactivity in several ITER outboard SS3 16 based components (operational 
outboard components (operational scenario S A1 ). scenario S A1 - 0.3 M W - ~ / ~ ~ ,  25% availability). 

2.2. Assessment of Low Activation Materials. Lower residual decay heat and radiological hazards are 
among the important advantages of low activation materials. Activation calculations for the candidate 
fusion structural materials were performed using FENDL libraries. These materials include SS316, Ti-6Al- 
4V alloy, vanadium alloy, ferritic steel, manganese steel, Incoloy, and Sic. Table 1 shows the induced long- 
lived radionuclides obtained with US ACT93 [lo] and FENDLIA-2.0 activation data libraries. As seen in 
Table 1, the production rate of long-lived radionuclides calculated using FENDL/A-2.0 is generally lower 
than that using USACT93. A significant reduction of the residual activity, by a factor of 2 or more, occurs 
particularly for the following reactions: Mo94(n,2n)Nb94, A127(n,2n)A126, Ho165(n,g)Ho166m, 
N14(n,p)C14, Re187(n,2n)Re186m7 and Si28(n,x)A127. This is due to the fact that these reaction cross 
sections selected for FENDLIA-2.0 are much lower than USACT93 resulting from a dedicated experimental 
and tileoretical IAEA CRP effort[l I], and thus the FENDL results should be considered as more reliable. 
The FENDL result on the production of A126 in Sic, through a two-step reaction Si28(n7x)A127(n,2n)A126, 
has qualified Sic as a truly very low activation material (very low decay heat and long-lived residual 
activity). However, the Si28(n,x)A127 reaction cross section will need experimental verification. 



Table 1. Comparison of Induced Long-lived Radionuclides in Structural Materials 
(1 M W - ~ I ~ ~  at ITER outboard fust wall) 

S tructural Material 

SS316LN 

Ti-6Al-4V 
V-5Cr-5Ti 

Impurities 
in V-alloy 

Ferritic Steel - 9Cr 

Ratio 
FENDLNSACT93 

0.86 
0.63 
1.2 

Long-lived 
Radionuclide 

Tc99 
Nb94 
C06O 
A126 
Ar42 
Ar3 9 
Nb94 

Ho166m 

Reduced Activation 
Ferritic S tee1 (RAFS) 

and 
Mn-S tee1 

Inconel 625 

S iC 

3. Summary and Conclusions 

Activity (GBqI m3) 
US ACT93 FENDLIA-2 

Tc99 
Nb94 

FENDL represents a set of unrestricted high quality and complete nuclear data sub-libraries ever available 
to fusion energy developers. Projects and developmental areas which are already using FENDL include (1) 
ITER, (2) volumetric neutron source, and (3) assessment of low activation materials. Activation analysis 
obtained with FENDL shows improvement in quality for assessing low activation structural materials. 
Confidence in using FENDL is also being established. The IAEAINDS FENDL activity has established the 
essential nuclear data base with quality assurance procedure for the benefit of fusion energy development. 

168 
56.5 

9.2+6 
8.69 
0.912 
0.015 
20.1 
4.37 

Tc99 
C14 

Re1 86m 
Nb94 
Tc99 
Nb94 
Tc99 
C14 
A126 

Acknowledgment 

145 
35.4 
1.1+7 
3.85 
0.928 
0.054 
18.9 
1.87 

1.33 
25.1 

This work was supported by the USDOEIOFES, under Grant No. DE-FG03-92ER54137. 

1.14 
23.1 

63.6 
131 
10.4 

0.309 
0.0636 
5.69+3 

601 
1.32 

0.0893 

References: 
[I] A.B. Pashchenko, H. Wienke, S. Ganesan, "FENDL: International Reference Nuclear Data Library for 
Fusion Applications," J. Nucl, Materials, 233-237(1996) 1601, 
[2] E.T. Cheng, A.B. Pashchenko, J. Kopecky, "Overview on Recent Nuclear Data Development for Fusion 
Reactor Technology," Fusion Technology, 30(1996) 1 182. 
[3] H. Wienke, "FENDL-2: An Improved Nuclear Data Library for Fusion Applications," this conference. 
[4 ] R. Aymar, "The International Thermonuclear Experimental Reactor," Fusion Technology, 30(1996)397. 
[5] E.T. Cheng, et al., "Study of a Spherical Tokamak based Volumetric Neutron Source," TSI Research 
report, TSIR-45 (1996); submitted to Fusion Engineering and Design for publication. 
[6] E.T. Cheng, "Waste Management Aspect of Lithium-Vanadium Alloy based Fusion Blankets," J. Nucl. 
Materials, 233-237(1996)1467. 
[7] M.E. Sawan, et al., "Three-Dimensional Neutronics and Shielding Analyses for the ITER Divertor," 
Fusion Technology, 30(1996)601. 
[8] L. Petrizzi, et al., "3-D Shielding Analyses of the Vertical and Mid-plane Ports in ITER," ibid., 606. 
[9] E.T. Cheng, G. Saji, "Activation Analysis for ITER Safety and Environmental Assessment," ibid., 141 1. 
[lo] F.M. Mann, "REAC*3 Nuclear Data Library," Proc. Intl. Nucl. Data for Sci. Technol., Juelich, 1991. 
[I 11 A.B. Pashchenko, ed., "The IAEA CRP on Activation Cross Sections for the Generation of Long-lived 
Radionuclides of Importance in Fusion Reactor Technology, Final Report," INDC(NDS )-344 (April 1 997). 

54.7 
67.9 
1.27 

0.287 
0.0547 
5.34+3 

517 
3.79 

0.00925 


