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BESTIMMUNG ÄQUIVALENTER WIRKUNGSQUERSCHNITTE ZUR DARSTELLUNG

VON ABSORBERSTÄBEN IN DIFFUSIONSRECHNUNGEN

von

W . Scherer
H .J . Neef

KURZFASSUNG

Die Darstellung von Absorberstabgebieten in Reaktorberechnungen
erfordert eine Kombination von Diffusions- und Transporttheorie.
Es wird eine Methode beschrieben, mit der äquivalente Wirkungs-
querschnitte für ein Stabgebiet bestimmt werden können . Mit die-
sen Querschnitten erhält man diesselbe Stabwirksamkeit und die-
selben Reaktionsratenverteilungen sowohl in der Diffusionsrech-
nung als auch in der Transportrechnung für den heterogenen Kon-
trollstab . Die Beschreibung der Methode wird durch Beispiele ver-
vollständigt .
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DETERMINATION OF EQUIVALENT CROSS SECTIONS FOR REPRESENTATION

OF CONTROL ROD REGIONS IN DIFFUSION CALCULATIONS

by

W. Scherer
H .J . Neef +)

ABSTRACT

The representation of control rod regions in reactor calculations
requires a combination of transport and diffusion theory calcula -
tions . A method is described which produces equivalent cross sec-
tions for a rodded region . These cross sections used in a diffu-
sion theory calculation yield the same rod efficiency and reaction
rate distribution as the transport theory calculation for the ex-
plicit heterogeneous control rod . The description of the method is
complemented by sample problems.
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1 . INTRODUCTION AND BASIC DESCRIPTION OF METHODS

The caleulation of the neutronic behaviour of a nuclear reactor in design

studier is based on 1- or 2-dimensional diffusion theory codes . Partly

or fuliy inserted control rods require a more detailed treatment ; firstly

the assumptions of the diffusion theory are not valid in the surrounding

of a control rod and secondly the Problem requires a 3-dimensional treatment.

A 3-dimensional transport code is not yet available ; therefore one has to

use a 3-dimensional diffusion code and to find ways of representing the

rods accordingly.

Two ways haue been discussed up to now : The representation by boundary

conditions at the surface of rodded regions and the use of equivalent cross

sections in those regions . Both representations are based on the calcula-

tion of the heterogeneous control rod in a 1-dimensional supercell with

a transport theory code.

The use of boundary conditions 1,2

	

has some basic and practical dis-

advantages . The coupling of transport and diffusion theory via boundary

conditions only achieves identical leakage through the surface of the

rodded region in both theories, whereas the use of equivalent cross

sections results in identical reaction rate distributions, as will be

shown later . One practical disadvantage occurs when the 3-dimensional

code CITATION
3

is used . In this code fluxes are determined at the mid-

point of a mesh, which will cause a strong dependence of the calculated

rod efficiency on the meshpoint distribution when using boundary conditions.

A further disadvantage results from a restrietion in the input scheine of

CITATION ; it is only possible to provide one set of boundary conditions

for all rodded regions.

The representation of control rod regions by equivalent cross sections

has the advantage of being theoretically more lucid and enables a

higher degree of flexibility in practical applications . Equivalent cross

sections can be determined from a transport theory calculation in different

ways.

The simplest method

	

is to add a certain amount of neutron absorber
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(e .g . Boron) to the rodded region . The concentration of the neutron absorber

is adjusted to give the same rod effectiveness in the diffusion caiculation

as in the transport code . The method resuits in agreement of the rod effec-

tiveness, but flux distribution and reaction rates from the diffusion

caiculation are not the exact ones.

Another method to derive equivalent cross sections from the transport

caiculation consists of flux weighting the actual cross sections in the

rodded region 2 . In this case one has to relate the cross sections to the

boundary flux of the rodded region and not to the average flux in this

region, as it is done in unit cell caIculations . Used in a diffusion calcu-

lation these cross sections lead to good agreement of reactivity and

reaction rates compared with the transport theory results.

In the method described in this report all reaction rates in the rodded

region and outside are made equal in transport and diffusion theory . The

equivalent cross sections to calculate the reaction rates in the diffusion

theory depend an geometry and meshpoint distribution inside and outside

the rodded region . In the case of only one meshpoint in a central rodded

region the diffusion flux is easily defined . In the case of an excentric

region one has to make additional assumptions . Consequently the cross section

set derived by this method includes the information of the meshpoint dis-

tribution in the diffusion caiculation . The method discussed here is

similar to the approach used in the WIMS Code System

	

, and has been

adopted for the use with the KFA computer-codes and the Dragon eomputer

codes lo

The sample problems for rodded I-dimensional supercells show a very good

agreement of reactivity and reaction rates in both theories.

2 . DETERMINATION OF EQUIVALENT CROSS SECTIONS

Let us define the effectiveness of a control rod (UZ) or an array of CRs by:

te 4
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where ko is the multiplication factor of the reactor without rods, and

k the multiplication factor with rods inserted . Under the assumption that

diffusion theory is valid everywhere in the unrodded reactor, one can con-

clude that k0 from a diffusion calculation is equal to

	

from a transport

calculation . In a rodded reactor the rodded regions require a special treat-

rnent

	

T
with the aim that k from the diffusion calculation is equal

	

from

a transport calculation . The proof is of course possible only for simple

geometries and will be mute in the sample calculations in chapter 4 of this

report.

For a real 3-dimensional reactor one has to make the assumption that per-

turbations which are far apart from a CR, for example other CRs, material

bounderies etc ., do not influence the neutron behaviour in the neighbour-

hood of the CR . This assumption makes it possible to define a rodded cell,

normally caled supercell, for the transport calculation . With the assump-

tion that the supercell concept is valid, the aim is to get as a result

that

	

is equal

	

'P .

Starting point for the method discussed in the following is the data for

the homogeneous reactor and the heterogeneous CR . These data contain homo-

genised densities in core zones and the heterogenecus layout of the CR

according to Fig . I.

Condensed cross sections for the homogeneous core zones are derived from

unit cell caloulatiohs.

A rodded supercell contains consequently the heterogeneous control rod

surrounded by one or more homogeneous reactor regions . The result of the

transport calculation for such a cell is the flux distribution

	

(r), from

which reactioh rate distributiorts, currehts, etc ., can be determined . The

flux

	

(r) is the correct one (or best available one) as it is calculated

by transport theory . Only in the vicinity of the rod this flux differs from

the flux solution

	

(r), obtained with diffusion theory methods . Therefore

it is possible to write:

er)

	

(r) 4 li (r)

	

( 1 )



with the transient flux 1(r)

	

for r eR, the outer radius of the cell.

One divides the cell into two regions (Fig . 1), and makes the assumption:

r .>rj

t) 4 elf (er)

	

r

	

(la)

r 1 divides the cell in a rodded region (rer l ) and an unrodded region (r >r )

The rodded region may contain parts of the homogeneous surrounding of the CR.

The unrodded region needs no correction if it is calculated with diffusion

theory methods, brat for the rodded region one has to look for an appropriate

way of representation in the diffusion theory.

The aim is to equalise reaction rates in both calculations in the rodded

region . If this is achieved, the reaction rates as well as the neutron balance

are correct everywhere . This results in the correct multiplication factor

k J.
D

in the diffusion theory.

The radius r 1 obviously determines the size of the rodded region in the

subsequent diffusion calculation . For this region a set of macroscopic Cross

sections for all reactions will be determined, so that reaction rates in both

theories are equal, at least an supercell level . This cross section set is

called the equivalent Cross section set.

The reaction rate A for any reaction inside r 1 is known from the transport

caiculation . The equivalent reaction rate a inside r i caIculated by diffusion

theory is:

is the macroscopic Cross section and just the value to be determined . V is

the volume of the rodded region, and ir is the average diffusion flux inside

Irr If one ehlooses only one mesh point inside r 1 in the diffusion Code, say

at ri (Fig . 1), then
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( rd )

	

( 3 )

The determination of

fir

and hence

	

depends an the special geometric

representation of the rodded region . Three of the most common situations

are now discussed in detail.

2 .1 Central Rod

The leakage for the rodded region in transport theory L( r 1 ) is set equal

to the leakage as calculated in the diffusion theory I(r l ) . ()sing the

notation in the code CITATION we get:

(rot) v l(rn)

	 cf (KI»
r.i ,

	

re	 #

z1
( 4 )

where r2 ' is the firnt meshpoint in the diffusion theory caiculation out-

side the rodded region (Fig . 1).

According to the assumption (la) it is(r 2 ) = e(r2), which is known.

Choosing D 1 = D2 (which is always possible) for the diffusion coefficient

we find:

In rase the transport leakage L(r l ) is not known explicitely from the trans-

port calculation, it can be determined by the neutron balance of that cal-

culation as follows :

(5)



6

L(r l ) = (inscatter rate + fission rate - absorption rate - outscatter

rate) T

(6)

These reaction rates are known (A in (2)

	

and the combination of (5) and

(2) will give the equivalent cross sections:

de.

(7)

Formula (4) is valid for the CITATION code in cylindrical geometry . using

other codes and/or different geometries may change this formula, but it

should always be possible to calculate

	

from L = 1 . lt is now possible

to calculate from (2) all

	

, namely

	

)(i14	and the scatter

matrix

	

g9e
. For the rodded region the sarge diffusion coefficient has to

be applied as for the surrounding unrodded region, which means that

remains unchanged.

The method described even takes into account the mesh point distribution

in the diffusion code ; provided that only one mesh point is in the rodded

region . This case is, however, very important as one normally wants to

reduce the number of mesh points in the final reactor caiculation.

2 .2 Excentric Rod in R-8 -Z Geometry

For exact calculations of rod efficiencies in pebble bed reactors 3-D-diffu-

sion caIculations in R-O-Z-geometry haue to be performed . In this case the

rodded region is represented in the diffusion caleulation by a segment of

a cylindrical annulus (Fig . 2).

In the transport calculation r 1 is the radius of the rodded region . The
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rodded region in the diffusion theory has the same volume . Therefore and

because of symmetry conditions the mesh size of the rodded region in-the

diffusion calculation is :

Tr

with Rc the average position radius of the rodded region.

For the adjacent mesh in R- or e-direction

	

Ore 2 can be choserL

The relation to be fullfilled is

The flux

	

from the transport calculation, necessary to solve (5)

has to be deterrnined at transport meshpoint

4A1VY'rr

because the affected volumes in both representations have to be equal . Of

course it is also possible to define r2 and to calculate

	

2 and

	

2 from

(11) and (lo).

In CITATION the position of the flux point inside a mesh is determined by

equalizing the volumes of the four quadrants of the mesh . Therefore the

fluxpoint in the rodded region is not at Rc but at R l . The leakage in the

diffusion calculation

	

as evaluated by CITATION and using 0 1 = 0 is:

( 8 )

( 9 )

(12)
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with

4	 4 2 . 	

4 Ro

	

Pe°(di 44 t )

In most practical cases

(13)

because

	

A ee e, 4

(13a)

	

and

ys is the average flux of the Tour adjacent flux points . With the assump-

tion

in analogy to (la) the caloulatian can be continued as , before.

2 .3 Rod in Triangular Geometry

Triangular geometry is often used for the calculation of reactors with

hexagonal block type fuel elements . The layout of the meshgrid in this

geometry can be seen fror Fig . 3 . There are 6 meshpoints in the rodded

region . lf the rod is in central position these six meshpoints represent

the radius

	

whereas the meshpoints in the six triangles which have their

base towards the inner hexagon represent r 2 . The volume of this hexagon

(la



_g

is the saure as the volume of the rodded region in the cylindrical trans-

port caIculation.

As in the rase of the excentric rod in R-0-Z geometry, one has to make the

assumption that the average flux over the outer mesh points is equal to the

transport flux e (r2) . In addition to this, it is assumed that the average

over the six mesh points in the inner hexagon is representative for

Under these assumptions, the formulas in 2 .1 can be used for the cases with

triangular geometry in CITATION.

3 . COMPUTER CODES FOR THE CALCOLATION OF EQUIVALENT CROSS SECTIONS

As mentioned before the diffusion code used for the representation of

rodded regions is the 3-dimensional program CITATION . For the determination

of the equivalent cross sections for CITATION two S N_codes have been used:

)(SM 6 and ANISN 7 . Both codes have been modified and auxiliary programs

()MR for )(SM and RCS for ANISN)have been written to calculate the equiv-

alent cross section sets . The )(SM route is described in 8 , whereas the

ANISN route can be found in 9 . A calculation scheine for the XSDRN route 9

starting with a unit cell caIculation, is qiven in Fig . 4 . With respect to

triangular geometry problems it is canvenient to include the spectral in-

fluence of the rod an the surrounding regions inside the supereen as shown in

Fig . 4 . (Set B data) . For practical reasons one may neglect this influence

in large pebble bed calculations in (R-8-Z) geometry . As the corresponding

example in the next chapter shows, this approximation can be justified .
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. SAMPLE PROBLEMS

4 .1 1 . Sample Problem	 XSDRN-XRRR-CITATION

For a 1-dimensional cylindrical supercell calculations have been performed

in nine energy groups . The cylindrical model of a GA-1160 MW(e) patch has

been chosen as the supercell . The patch consists of seven blocks, each with

a dimension of 36 cm across flats . In the inner, central block one single

control rod is inserted, see Fig . 5.

The two previously defined regions are:

Rodded Region :

	

Heterogeneous rod region, outer radius r s = 5 .o8 cm;

and

Homogeneous inner block, outer radius
1

	

18 .9 cm.

Unrodded Region :

	

Six surrounding blocks with the same material as the

inner block, outer radius R - 5o cm.

lt has also been attempted to define as a rodded region the actual rod region

up to 5 .o8 cm.

The nine group cross section set has been condensed from a 123 group unit

cell calculation, using the XSDRN code . In the first calculation of the

supercell with XSDRN and CITATION the rod region has been replaced by homo-

geneous block material, resulting in a fully homogeneous cylinder of outer

radius 5o cm with reflecting outer boundary conditions.

Resuits are listed in Table 1, Case 1 for the XDSRN calculation, Case 2 for

the CITATION calculation in the same 1-dimensional cylindrical geometry.

The difference of 4o mN between both cases is tolerable.

The XSDRN transport calculation for the supercell with the heterogenecus

rod results in a kevalue of o .916o, as listed in Table 1, Case 4 . The results

(reaction rates, fluxes etc .) of this calculation are input values

	

to XRRR,

which caIculates the equivalent cross section set for the inner tone in the

subsequent CITATION diffusion calculation .
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The cross section set calculated from case-4-data is dependent an the mesh

spacing in the diffusion calculation, which should have only one mesh point

inside the inner region . This point has been chosen to r 1 = 13 .364 cm, whereas

the first mesh point outside the inner region is at r - 23 .141 cm . Both

radii are Input values to XRRR.

There are six further mesh points between

	

and R = 5o cm in the CITATION

calculation . The result from the diffusion calculation with case-4-data is

listed as Case 5 . The kevalue is in agreement with the transport calculation

by Ilo mN, the effectiveness differs only by 1% if one compares transport

and diffusion calculation.

Cases 6 to 12 in Table 1 are basically the same as Case 5, but with same

variations in mesh point distribution and cross section data:

Case 6

	

Same as Case 5, but two mesh points in the inner zone.

Case 7

	

Same as Case 5, but ten mesh points in the inner zone.

Case 8

	

Same as Case 5, but twelve instead of six mesh points in

the outer zone . r2 remains at 23 .14 cm.

The larger disagreement between Case 6, 7 and 5 compared to Case 8 and

Case 5 shows the importance of having only 1 mesh point in the inner zone.

The mesh point distribution in the outer zone does not influence the multi-

plication factor very much.

Case 9

	

Same mesh point distribution as in Case 5, scattering in rod

material not taken into account.

Case lo

	

As Case 5, scattering cross sections not processed by )(Re.

The scatter matrix of the outer zone is used in the inner zone

as well.

These cases show that the multiplication factor is not only affected by the

absorption events, but that all events including scattering in the inner

zone are important especially if the rodded region contains much core material .
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Compared to the scatter events in the outer block, the scatter events in

the rod materials are negligible.

Cases 11, 12

	

The First mesh point outside the inner tone is changed

from 23 .14 cm to 2o .31 and 28 .76 . Cross sections for the

inner zone are re-calculated by )(RR according to the new

mesh point distribution.

These cases are in very good agreement with Case 5 and show the ihsensi-

tivity of the calculation method to the choice of the outer mesh point distri-

bution . A variation of the only inner mesh point at 1'1 is not possible

in CITATION, but discrepancies are not expected for this case.

Case 13 ist of special importance : Here the inner zone is reduced to

r 1 = 5 .o8 cm, the outer radius of the rod channel . The mesh points used

for the cross section calculation are r 1 = 3 .59 cm and r 2 = 6 .25 cm . For

this case the multiplication factor is in very good agreement with the

transport theory multiplication factor for the explicit rod.

An advantage of having a small inner zone can be seen from Fig . 6 . Here

the flux profile is shown in energy group 7, the group with the highest

thermal absorption in the rod . The fluxes from Case 4 (S4-explicit rod),

Gase 5 (large rodded region), and Case 13 (small rodded region) are com-

pared here . The flux profile of Case 13 is everywhere in very good agreement

with the transport theory flux, whereas Case 5 gives only the average flux

value for the inner block . The correct flux is, however, of importance when

one is assessing the burn-up of a rodded core or the interaction of burnable

poison with a CR.

The 7-block patch of the GA reactor can be represented in its actual

triangular geometry in the CITATION code . The layout of the patch is shown

in Fig . 3 . With an across flats value of 36 cm one gets r1 = 12 cm and

r = 24 cm . The region surrounding the patch has the property of reflecting

neutrons .
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Case 3 is the homogeneous case without rod and the k-value is naturally

the same as in the cylindrical Case 2.

The use of XRRR-cross-sections in this geometry (Case 14) gave a very good

result, as can be seen from the

	

k values in 'fable 1.

with AN1SN are compared with 4 group calculations with CITATION . In both

codes 1-dimensional cylindrical geometry has been used . In the supercell

a control rod filled with B 4C and with an aluminium canning has been in-

serted into a surrounding, which is equivalent to a pebble bed reactor,

similar to the KANTER-core 111 2

The supercell configuration is given in Fig . 7 . The rodded region is defined

by the outer boundary of the AI-guide tube (r 1 . 5,o cm) . The outer super-

cell boundary was arbitrarily chosen to be R=35 cm.

The comparison has been carried out for a fictitious very streng rod by

increasing the boron concentration of a realistic design by a factor of Zoo

so that diffusion theory is extremely inaccurate in the rodded region.

In addition to the test of the method of equivalent cross-sections other

methods haue been investigated such as boundary conditions and region weighted

cross-sections using the average flux or the boundary flux of the rodded

region.

The results of the comparison are listed in table 2 . Case 1 refers to the

ANISN supercell calculation without rod (including the Al-guide tube).

Case 2 represents CITATION results for that configuration using

all of the mentioned methods to describe the `rodded region' without rod

but including the Al-guide tube . The difference between the methods is

not significant and the keffevalues are in very good agreement with the

transport calculation result.

4 .2 . Sample problem 	 ANISN-RCS-CITATION

In this chapter the results of supercell calculations in 18 energy groups
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Case 3 gives the ANISN resuit for the rodded configuration and indicates

the very large effectiveness of the rod.

The following cases 4 to 12 refer to the rodded configuration calculated

with CITATION using different methods .

	

The average flux

weighted cross sections overestimate the rod worth by approx . 12% . Ort the

contrary

	

using the boundary flux for weighting, orte underestimates the rod

effectiveness by 5% . The new method of equivalent cross-sections gives

excellent results for radii r not too far from the rod boundary . Neve r-

theless this method is very irrsensitive against variation of the meshgrid

outside the rodded region . (Case 6

	

9).

The boundary condition method gives a very good result in this example

(case 11) . Here the mesh spacing immediately adjacent to the rodded region

is the saure as in the transport calculation . Changing this mesh spacing

(case 12) leads to major discrepancies,although the mesh has been refined

in this special case.

Finally case lo shows the influence of negiecting the spectral effect of

the rod an the neighbourhood of the rodded region . In this special example

the calculated effectiveness is too Iow by about 3% . lt can be concluded,

however, that for realistic rod designs in large pebble bed cores this

effect will be even less significant.

The given examples Show that the method of equivalent cross sections is

very useful for the description of rodded regions in diffusion theory cal-

culations . In addition this method gives better results than other methods,

without any trouble of choosing a well adapted mesh grid .
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Table 1

Results of 1 . Sample Problem

(XSDRN-XRRR-CITATION)

Gase
Number m

Code km
Campared

With Case n k n_ km
Remarks

1 XSDRN-S4 1 .o574 No rod

2 CITATION 1 .o578 1 o .ooo4 No rod

3 1 .o578 1 o .ooo4 No rod, triangular geometry, as in Fig .

	

3

4 XSDRN-S4 o .916o 1 o .1414 Explicit rod

5 CITATION o .9149 2 o .1429 r i at 18 .9 cm

4 o .ooll

6 o .9137 2 o .1441 r

	

at 18 .9 cm, 2 MP in rodded region

5 o .ool2

4 o .oo23

7 o .9133 2 o .1445 r 1 at 18 .9 cm, lo MP in rodded region

8 o .9147 5 o .ooo2 at 18 .9 cm, 12 MP in unrodded region

9 o .9148 5 o .oool r 1 at 18 .9 cm, na scatter for explicit rod

10 o .918o 5 -o .oo31 at 18 .9 cm, scatter data for unrodded

11 o .9151 5 o .ooo2

region used everywhere

r 1 at 18 .9 cm, r
2

at 20 .31 cm

12 o .9151 5 o .ooo2 r '	at 28,75 cmat 18 .9 cm,

	

2
13 o .9155 2 o .1423 r 1 at 5 .o8 cm

5 -o .ooo5

4 o .ooo5

14 o .9162 3 o .1416 Triangular geometry with rodded region,

4 -o .ooo2 as

	

in Fig .

	

3 .



Table 2

Results of 2 . Sample Problem

(ANISN-RCS-CITATION)

Case
Number m

Code k
m

Compared
With Case n

k
-kn

	

m
f (rod)

1 ANISN-S8 1 .6114

2 CITATION 1,6116+o .ooo2 1 o .ooo2+o .ooo2

3 ANISN-S8 I .o972 1 a .5142 29 .1%

4 CITATION 1,o553 2 o,5563 32 .7%

3 o .o419

5 1 .1129 2 o .4987 27 .8%

3 -o .o157

6 1 .o98a 2 o .5136 29 .o%

3 -o ..ooo8

7 1,o92o 2 o .5196 29 .5%

3 +o .oo52

1 .o942 2 o .5174 29 .3%

3 +o .oo3o

9 L1o32 2 o .5o84 28 .6%

3 -o .oo6o

lo 1 .1o74 2 c15o42 28 .2%

3 -o .olo2

6 -ooo94

11 1 .o997 2 o .5119 28 .9%

3 -o .oo25

12 1 .1137 2 0 .4979 27 .7%

3 -o .o165

Remarks

No rad (but Al-tobe)

Na rod,all methods used

explicit rad

region weighted cross-sections
using average flux

region weighted cross-sections
using boundary flux
equiv . cross-sections

	

r

r' = 6 .15 cm

r

r = lo .77 cm

r = 15 .38 cm

= 22 .3o cm

r = 6 .15 cm

rod spectral effect an unrodded
region of supercell neglected

0/1-boundary conditions

next mesh r ' .6 .I5 cm (like in
Iransport calculation)

D/3„ -boundary conditions

next mesh r' = 5 .lo cm
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UNROt bED REG1ION

MESNPOtNT DISTRIBUTION IN -rl-IE DIFFUSION C0t)E-

Fig	 1 : Supercell with control rod



rodded region

flux points

RC

Fig . 2 : Rodded region in R-O-Z-geometry
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ZONE.

Fig .	 3 : Layout of meshgrid in triangular geometry
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Unit doll calculation
in 123 groups, with rod
materials condensed over
Gell spectrurn

XSDRN

Condensed X-Sections
in 10 groups

Condensed X-Sections
4 groups, SET A

Supercell caldulotion in
10 groups, heterogeneous
CR in homogeneous zones

XSDRN Version
XSRRR

Input for
XRRR

lo groups

Condensed X-Sections
in 4 groups, SET B

SET A dato for zones
which are not indluded
in the supercell,
eise SET B dato

XRRR

Equivalent X-Sections for
rodded reactor regions
in 4 groups

Fi .	 Caldulotion scheine for a rodded reactor,

using )(SM, XRRR anal CITATION

Reactor caiculation
4 groups

CITATION
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Fig . 5 : GA-I160 MWe : Layout of patch-ceI l and

single control rod for 1 e sample problem
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(5MALL Kommet>

0.S

0.4

Fig. Flux profile in a supercell wich control rod
for 1 . saniple problem
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1

Region 1 : B4C Rl 2 .2

	

cm

2 : C R2 2 .7

	

cm

3 : Al canning R3 3 .15 cm rodded

4 : Air R4 4 .oo cm regi an

5 : Al tobe R5 5 .oo cm

6 : Core R6 35 .o cm

	 7

	

Supercell configuration for 2 . sample problem
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