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1. INTRODUCTION 

In the European Fusion Technology Programme there is only a small activity 

on research and development for fusion neutronics. Nevertheless, looking 

further than blanket design now, as we are getting involved in the design 

of the radiation shields for the coils and the biological shields, it 

becomes apparent that fusion neutronics as a whole still needs substantial 

development [1]. The existing exact codes for calculation of complex 

geometries like MCNP [2] and DORT/TORT [3] are put over the limits of 

their numerical capabilities, whilst approximate codes for complex geo

metries like FURNACE [4] and MERCURE4 [5] are put over the limits of their 

modelling capabilities. The main objective of the present study is just 

to find out how far we can get with existing codes in obtaining reliable 

values for the radiation levels inside and outside the cryosttt/shield 

during operation and after shut-down- Starting with a ID torus model for 

preliminary parametric studies, more dimensional approximations of the 

torus or parts of the torus including the main heterogeneities should 

follow. Regular contacts with the NET-team are kept, to be aware of main 

changes in the NET design that might affect our calculation models. Work 

on the contract started 1 July 1990. The technical description of the con

tract is given in Appendix A. 
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2. ONE-DIMENSIONAL CALCULATIONS WITH ANISN AND MCNP 

In order to check the consistency of our codes and libraries with those 

used in Garching, we recalculated some of the ITER benchmark calculations 

for the inboard and outboard blanket and shield of ITER [6j. The benchmark 

was calculated by NET with MCNP using the cross-section data library be

longing to HCNP-3B and with ANISN using a 100 n.21T group library ANILIB 

derived from VITAMIN-C. We used the same MCNP data library for our MCNP 

calculation and for our ANISN calculation we used a 100 n,21 7 group li

brary derived with TRAMIX [7] from the MATXS (JEF/EFF1) library [8]. Twc 

different TRAMIX libraries were used, one derived assuming infinite 

dilution, end one taking resonance self-shielding into account. 

With MCNP good agreement was observed for benchmark problem B1A-M between 

the results of our calculations and the one performed in Garching. 

Significant deviations occurred, however, for benchmark problem B2-M (see 

table 1) between the results of the MCNP calculation and the ANISN calcu

lation in which infinite dilution was assumed. 

In the latter calculation the neutron flux in the inboard blanket appeared 

to be much higher than the flux in the MCNP calculation. The same was ob

served in benchmark calculations performed by NET (B1A-M). In our calcula

tion differences up to 21% are observed in the total neutron flux in the 

inboard coil (see fig. 1), whereas differences as large as 60JC occur in 

the low-energy (E < 100 eV) neutron flux, which is strongly influenced by 

self-shielding. 

Moreover, when self-shielding was taken into account on the ANISN calcula

tion, the results of this calculation were in perfect agreement with the 

results of the MCNP calculation (see fig. 1). Therefore bulk shielding 

calculations can only be performed accurately with discrete ordinate codes 

like ANISN when selfshielding is taken into account properly. 
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3. THE SEGMENT SLOT PROBLEM 

The large thickness of the outboard blanket/shield in the existing torus 

design causes the segment slots to become large radiation leaks towards 

the TF-coils as well as towards the cryostat inner surface. The colliga

tion of the radiation through the slots is so pronounced that an estimate 

of the relative contribution of the slot leakage to the radiation level 

inside the cryostat can be Bade by analytic means, at least for the fast 

neutron flux component. Some results of this analysis are given in fig. 2. 

Due to the segment slots the fa&t neutron flux (>0.1 MeV) at the inner 

surface of the cryostat will be increased by a factor 100 directly in line 

with the slots and by a factor 10 on the remaining cryostat surface, the 

latter being due to partly scattering of the beam of radiation as it en

ters the vacuum vessel. This result agrees with the result from HCNP cal

culations performed by Petrizzi [9] that 95* of the radiation heating in 

the outer leg of the TF coils is due to the leakage through the segment 

slots. 

One major conclusion drawn from this analysis is that one-dimensional bulk 

shielding calculations do not suffice for providing realistic estimates 

for the radiation fields outside the torus as designed now. 

Therefore the parametric calculations planned to be performed in ID were 

abandoned, and are now being performed in 2D gsometry with proper model

ling of the slots. 

Another conclusion from the present analysis is that with respect to the 

radiation load to the cryostat the thickness of the outboard blanket/ 

shield could be reduced from 115 cm to 90 - 95 cm. In that case the fi

gures given above for the effect of the slot on the fast neutron flux 

(>0.1 MeV) would be reduced to a factor 8 directly in line with the slots 

and a factor 2 on the remaining cryostat surface. 

These figures will have to be confirmed by the MCNP and DORT calculations 

underway, and therefore should only be used as an indication. 
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U. TWO-DIMENSIONAL CALCULATIONS WITH MCNP AND PORT 

The modelling of a torus segment in two dimensions including the blanket/ 

shields, the segment slots and the vacuum vessel has been started using 

MCNP as well as DORT. For both codes the large inhomogeneities formed by 

the slots will cause the ouin numerical difficulty, which has to be solved 

by using biased weight windows with MCNP and by using forward biased angu

lar quadrature with DORT. 

In order to reduce the variance in a given problea in MCNP several direc

tional source biasing techniques are available. These biasing techniques 

assure azimuthal symmetry with respect to a given direction. 

In the (two-dimensional) slot-problem, however, rather a symmetry with 

respect to a given plane would be needed. Thus, the directional source 

biasing techniques in MCNP cannot be used effectively in this case. 

In our calculations the source was therefore chosen to be isotropic, 

whereas biasing towards the slot-region is accomplished by using the 

weightwindow technique. 

In figures 3 and 4 the Modelling geometry used with MCNP is given. 

The biased quadrature sets available with the DORT code, and originating 

from DOCDP [10] are «ent for the solution of streaming problems in the Z 

or Y direction. Biasing the angular quadrature in the R-direction, as re

quired in our R,8-modelling of a torussector, however, is less trivial 

as DORT poses certain rules on the ordening of the directions, which im

plies that discontinuous n-levels are not allowed. However, we are not 

interested in biasing towards the R-axis. For calculation of the segment 

slots biasing towards the R-Z plane would be more appropriate. As the lat

ter can be achieved without discontinuous n-levels, we intend to derive a 

new quadrature set for our calculations, biased towards the R-Z plane in 

R,9 geometry, using the DOQDP code. 

A first calculation of the slot leakage was performed using a symmetric 

S16 quadrature in a geometry similar to the one used with MCNP. 

The main objective of these calculations will be to devise a realistic 

thickness of the blanket/shields in relation with the segment slots, and 

to obtain the required thickness of the cryostat/shield. 
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S. ACTIVATION CALCULATIONS 

The activation of the torus and the cryostat during operation, that will 

determine the radiation levels after shut-down, will be calculated with 

the FISPACT code [11] using the European activation file [12] and the UK -

decay data library [13]. Our first trials with FISPACT revealed that the 

code that is being used for long-ter» radioactive waste calculations [14] 

was less efficient for application to radiation shielding calculations. 

The code originators were willing to Bodify FISPACT for our application, 

which was supported financially by the NET-teas. 
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6. PLANNING FOR THE PERIOD APRIL-SEPTEMBER 1991 

It is planned to complete our 2D calculations till the end of June. We 

will then be able to advice a suitable thickness for the cryostat/shield. 

and to devise a strategy for sore detailed calculations. These will be 

discussed with the NET-tea» before 3D calculations are started. 
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Tabic 1: Details of the geometry used in the AN1SN calculations for benchmark problem B2-M. The 

parameter R indicates the distance to the centreline of the torus; a zone extends from R = Rt to 

R = Ri. At R = 0 cm a reflecting boundary condition was applied and at R = 930 cm a vacuum 

boundary condition. 
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Figure 1: Total neutron flux in the inboard blanket of benchmark problem B2-M calculated 
with MCNP and with ANISN, both with self-shielding and without self-shielding. 
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Fig. 2. Attenuation of fast neutronflux (>.1 Mev) relative to first-wall outboard, 

analytic estimates. 
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Figure 3: Model of l /48 t h part of the torus as used in the MCNP calculations. 
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Figure 4: Model of the outboard blanket of l /48 t h part of the torus as used in the MC\NP 
calculations. 
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ANNEX A 

Calculation of Radiation Fields Inside and Outside the NET 

Crjostat/Biological Shield During and After Operation 

The areas of the NET building around the cryostat/biological shield in part should be 

accessible during operation, whilst other parts should be accessible at certain times 

after operation. Therefore calculations have to be performed to obtain the required 

thicknesses of the cryostat/biological shield and of the additional penetration shields. 

Thus the radiation fields inside and outside the cryostat/biological shield have to be 

calculated during and after operation, starting with parametric calculations in ID. 

followed by 3 D calculations, for better modelling of the geometry of torus/cryostat as 

well as for proper modelling of the penetration shields. 

The calculated radiation fields will also be of interest to assess the radiation damage to 

materials and equipment, whereas the calculated activation of torus and biological 

shield is of interest to asses the radioactive inventory and the afterheat. 

I . Parametric Calculations in 1 D 

Calculations are required to obtain the biological dose during and after 

operation ouside the cryostate/biological shield, for various thicknesses of the 

latter shield. The work should proceed as follows: 

1. Updating of the ACFA activation cross section library to the standard of the EAF 
file or adaptation of FISBIN to the required task. 

2. Calculation of the neutron and photon fluxes throughout the torus and 

cryostat/shield using the ANISN code and the MAT-175 cross section library. 

3a. Calculation of the activation gamma ray source spectra throughout the torus 

and the cryostate/shield using the flux distributions obtained with the 

calculations in 2. 
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3b. Calculation of the activation of specimens of stainless steel in a number of 

positions inside and outside of me biological shield. 

4. Calculation of the gamma fluxes after shut down inside and outside the cryostat/ 

shield with the ANISN code using the gamma ray sources and spectra calculated 

in 3a. 

5. From the neutron and gamma fluxes obtained the radiation damage parameters 

and the biological dose rates should be calculated. 

The calculations 2 and 3 should be performed for at least three thicknesses of the 

concrete shield, where in the calculation 3a the activation gamma ray spectra should 

be calculated directly after operation and for cooling times after operation of 1 day 

and 1 week. 

The calculations 4- and 5 should be performed for all the shield thicknesses and. for 

the specified cooling times. 

I I . Calculations in 3 D 

In general two types of 3 D calculations have to be distinguished: 

Design calculations required to adequately dimension specific components 

of the shield system. They require more detailed representation of the local 

shield geometry considered, but only a few representative detector 

locations to check the effect of design modifications. 

- Mapping calculations required to assess the radiation fields around the 

machine. They require a simple but representative geometrical model of 

the entire shield system. Alternatively, the biological sbield system can be 

calculated starting from a surface source on the torus outer surface 

obtained from a separate calculation of the torus shield system. In each 

case, the calculations should provide dose rate information at a variety of 

locations. 

This contract aims at the second kind of calculations. 

Since the torus as well as the biological shield will have a large number of 

penetrations, each one requiring specific shielding, the problem is largely 
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complex and cannot be handled in a single calculation. It will have to be split 

up. and probably some approximate methods have to be applied. 

An optimal strategy has to be devised how to proceed from order of magnitude 

estimates of the dose rates towards design calculations with a numerical 

accuracy of better than a factor 2. 

The scope of the Contract is: 

to elaborate an optimum strategy to obtain the required information. 

to check the feasibility of this approach by means of test calculations for 

selected problems with two different codes. 

The work will be executed in the following steps: 

1.0 P r o b l e m D e f i a i t i o n 

1.1 Description of the bulk magnet and biological shield system. 

1.2 Identification ard specification of the existing: shielding, deficiencies.. 

1.3 Identification of all locations «mere dose rate information: is required 

1.4 Provide order of magnitude estimates for dose rates at these fjcations 

2.0 Preliminary evaluation of the strategy 

3.0 Test calculations with MCNP and FURNACE to check the validity of the 

strategy. 

3.1 ID-MCNP calculation in inifinite cylinder geometry of dose rates during 

operation and after shutdown, both inside and outside the biological 

shield, to find out: 

- consistency with ID-ANTSN calculations 

- the statistical reliability to be expected from Monte Carlo calculations 

for this size of problems. 

3.2 If point 3.1 is answered positively, performing a calculation with MCNP 

for a simplified 3D model of torus and biological shield, to find out the 

actual feasiblity of such a calculation to obtain dose rates inside and 

outside the biological shield at a sufficient number of positions for 

mapping application for realistic computing times. 

3.3 Provide a simplified 3D model of torus and biological shield (as good as 
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possible identical to the MCNP model used in 3.2 with the FURNACE code, to 

find out: 

a. the feasibility of FURNACE to model the torus and the biological shield 

sufficiently. 

b. the consistency with results obtained with MCNP, by comparing with 

results obtained in 3.2 (if point 3.2 is not completely successful the 

intcrcomparison should be performed as far as this is possible). 

4.0 Adjustment of the overall strategy developed, based on the experience 

gained during the test calculations. 
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Modified tdme schedule NET-contract n r . 89-226 

K.A. Verschuur 

(as agreed with Dr. Dënner. March 1991) 

Ju ly - December 1990 

- Prepara t ion of ac t iva t ion data l i b r a r i e s , MCNP data l i b r a r i e s and 
macroscopic group l i b r a r i e s with TRAMIX. 

- Performance of parametric ID MCNP and ANISN s tudies on fluxes du
r i n g opera t ion . 

January - March 1991 

- Prepara t ion of 2D MCNP and DORT calcula t ions of fluxes during and 
a f t e r shutdown. 

- 1 s t in termediate repor t : r e su l t s of ID ca lcu la t ions , and prospects 
for 2D and 3 n modeling. 

Apri l - June 1991 

- Performance of 2D ca lcu la t ions of fluxes during and a f t e r shut 
down. 

- Problem def in i t ion and s t ra tegy for more de ta i led c a l c u l a t i o n s . 

Ju ly - September 1991 

- 3D MCNP and FURNACE calcula t ion of fluxes during opera t ion . 

- Second intermediate repor t on 2D r e s u l t s and s t r a t egy . 

October - December 1991 

- 3D MCNP and FURNACE calcula t ions of fluxes a f te r shutdown. 

January - February 1992 

- Adjustment of s t r a tegy . 

- Final r epor t . 

KV02/AB 
31-05-91 


