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Abstract

A systematic investigation has been conducted to deter-
mine the streaming effect of neutrons and gamma rays along
straight reactor coolant pipes. Different dimensions, as well
as a variety of coolant materials has been considered, like
water, steam, and sodium. The standard material configuration
consists of four material zones representing the coolant, the
pipes wall, the thermal isolation embedded in the bulk shield.
It was found that a large contribution of the total streaming
effect is due to the thermal insulation zone which could bo
reduced by using additional absorber.

Une investigation systématique a été faite pour determi-
ner l'effet du courant des neutrons et des rayonnement gamma
le long des canaux de refroidissement droits dans un réacteur.
On a considéré l'influence de dimensions différentes aussi bien
que celle de quelques matières de refroidissement comme, l'eau,
la vapeur et le sodium. La configuration géométrique se compose
de quatres zones représentant: le fluid refroidissant, la paroi
des canaux de refroidissement, l'isolation thermique encastrée
dans le blindage. On a trouvé que la zone d'isolation thermique
contribue beaucoup au "streaming effect", ce qui peut être ré-
duit en ajoutant dep absorbants.
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1. INTRODUCTION

The problem of computing the effect of radiation strea-
ming along reactor coolant pipes is common to all reactor
shield design. Since different reactor types have different
coolant materials or different dimensions, it is of great use
to carry out a systematic investigation using different coolant
materials and different pipe dimensions.

Regarding the complicated nature of the problem where
usually simple methods do not give adequate answer in addi-
tion to the lack of experimental informations to assess the
simple methods, it is neccessary to use transport methods like
SN or Monte Carlo codes. The S N method has the advantage over
the Monte Carlo method in that the detailed informations given
by the S N method would help to supply more understanding to
the problem.

It is possible to differentiate between two types of
ducts according to their effect on the shield and hence on
the way of dealing with them. The first type of ducts is one
with large dimensions which disturbs the radiation penetration
in the bulk shield appreciably and requires the solution of
the transport equation in both the shield as well as the duct .
itself. The S N program DOT II [lj has been used to study this
type of ducts. Different cooling materials, different dimen-
sions, as well as different source distributions have been con-
sidered.

The other type of ducts which are typical for space re-
actors is a small radius duct. Its effect could be treated
as a small perturbation to the shield fluxes. A combination
between the two programs DOT-II and DUCT [2] is used to cal-
culate such ducts.

Successful as well as economical use of the two-dimen-
sional S N codes requires energy group collapsing. Therefore
great care has been paid to obtain an optimum group set for
the shielding as well as the duct materials. The first section
of this work is devoted to the problem representation, the
second deals with the group collapsing and the third gives a
summary to our results of neutron and gamma streaming along
coolant pipes for different reactors.

2. REPRESENTATION AiflD DESCRIPTION OF THE PROBLEMS

2.1. Geometry and Materials

A straight coolant pipe in a shield usually consits of
four concentric cylinders, the coolant material, the pipe's
wall, the thermal isolation and the shield.
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2.1.1. Multizones Calculation

Sodiun as Coolant

The dimensions and the material densities for sodium
cooled reactor's ate given in the following table:

Material Zones

Densities g/cm

Outer radius cm
ii

и

(1)

(2)

(3)

Sodium

0.854

40

10

. 5

Iron

8.2

43

11.5

5.5

SI0
2

0.12

63

21.5

15.5

Concrete

2.3[3]

103

103

103

Set (4) has the same dimension as set (3) except that the
two first zones are filled v/ith concrete.

fra~ter' as Coolant

A typical pressurized v/ater reactor was selected as
.an example. For this reactor the thermal isolation zone is
of two sub zones, asbestos and SIO2. The dimensions and
densities are shown in the following table

Material zones

Densities g/cm

Outer radius cm

Water

0,72

40

Iron

8.2

45

Asbestons

2.5

54

sio
2

0.15

75

Concrete

2.3

115

In all cases the cylinder length is 150 cm.

2.1:2. Two-Zones Calculation

In order to be able to isolate the streaming effect
induced by individual materials, it was found useful to
perform further investigation on a two zone problem. In this
case only the coolant materials and the shield are considered.

In the neutron calculation, the pipe radius is 10 cm
and it has been filled with, water, steam, sodium, SIO2 and

poisoned with absorber. In the gamma-ray calculations,
the effect of varying the pipes dimensions (diameter: 20 cm,
40 cm, 80 cm) and the initial angular distribution has been
considered. The coolant materials, water, sodium, steam, and
air were used with atomic densities, 0.623 g/cm, 0.854 g/cm-

3

0,0360 g/cm
3
 and normal air density respectively.

2.2. Source Description

2
A plane source with one neutron or gamma/cm .sec is

placed at the cylinder top which has a cosine angular dis-
tribution. Moreover isotropic and cosine2 angular distributions
were also used in the gamma calculations.

The source energy spectra for neutrons are typical to
either the fast breeder reactor or to the pressurized water
reactor. For gammas the reactor spectrum [4] as well as the
fast breeder spectrum are used.
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3. ENERGY GROnP COLLAPSING

Energy group collapsing is a neccessity in calculating
complicated problems in tv/o dimensions. The fine group cross
section obtained from our standard IKE fine group iibrary
with 98 neutrons and 18 gamma groups are used in a multi-
group calculation with the.two programs ANISN [5] and DOT-II.
The fluxes and. flux moments integrated over the zones in
question are stored in the library data pool and were further
used to study the errors in the condenstion process.These
errors are mainly due to inadequate representatation of the
energy-angle, energy space correlation, and in using the
one dimensional spectra as weighting spectra.

Retention of the spatial variation of the spectrum by
dividing each zone into subzones, was found to be very ex-
pencive regarding computer time and storage. However the
problem of energy space coupling was better overcome by
proper choice of group boundaries.

The usual method to treat the energy-angle correlation [6]
is to introduce a correction term which is constructed by
weighting the total cross section with the flux moments.
However,if the fluxes and the flux moments have the same ,
energy dependence within the coarse group, this correction j
term is cancelled. Within the chosen group boundaries it was ;
found that the fluxes and flux moments almost have the same 1
energy dependence. I

Regarding the weighting spectrum, it was found that [7]
one dimensional weigthing for smooth cross section regions
followed by two dimension weighting for the resonance and
minima regions gives good results.

4. RESULTS AND DISCUSSION

All the calculations are carried out on the CDC 6600
mashine using the program DOT-II except for small radius duct
where combination of the DOT and DUCT programs are used.

Assymetric quadrature angle of 80 angles are used. The •
neutron cross section data have been reduced to 25 groups in
the P3 approximation by adobting the method descriped in
section 3. In the g?inuna calculations 18 gamma groups in the
P5 approximation has been used. The results for the neutron
calculations are represented for the total neutron flux and
the total neutron flux density where

flux density = I ƒ Ф(Г,2) OS\fds
with ds the unit area

zo
and g the few group index.

However for the gairana-rays it has been found йоге useful
to represent the results in terms of doses.
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4.1. Neutrons Calculations

4.1.1. Sodium with different dimensions

Fig. 1 shows the radial variation of the total neutron
flux at a penetration 90 cm for the different sets shov/n in
the figure. The fluxes in the sodium and SIO2 zones show
slow radial variation which indicates the streaming effect in
both zones. The shapes of the curves are not much affected by
varying the dimensions.

The axial variation of the flux density in sodium is
shown in Fig. 2. The flux density is increased by a factor
of 1.5, 2, 28, due to the increase in dimensions given by
sets 3,2, and 1 respectively, over the streaming level of set
4. This is because a large contribution of radiation strea-
ming is due to SI02~zone. That is clear from the fact that
the curve without the sodium presence is not very much lower
than that with 5 cm or 10 cm radius sodium. Moreover, curve (1)
is much higher, not only because the sodium dimension, is
larger but mainly because of the increase in the SIO2 dimen-
sions.

The flux density axial variations in the other zones
(Fig. 3 for concrete) shows the same trend. It shows also
that the radiation streaming level is not very much reduced
by penetration, and in the case of large dimensions pipe, the
radiation level at the cylinder's end remains appreciably
large. With smaller dimensions, however, the decay of the flux
density with penetration is faster.

Comparison of the neutron energy spectrum calculated for
the different dimensions indicated before, does not show sig-
nificant change in the spectrum shape. An over all increase
of the spectrum with increasing the dimension exists. This
suggests that the dimension increase acts as an increase in
the source intensity.

4.1.2. Water as a coolant

Calculations in the case of water show that the strea-
ming effect in water is not so severe like that in case of
sodium. At a penetration 120 cm the streaming level in sodium
is a factor of about 9 larger than that in water. This is due
to two factors, the first is the good slowing down properties
of water, and the second is due to the presence of the second
isolation zone (Asbestos) whichs isolates the effect of strea-
ming in water from that in the SIO2 zone (which remains almost
of the same order of magnitude like that in case of the sodium
reactor).

4.1.3. Other Materials

. The results for steam, SIO2* sodium are shown in Fig. 4
which are all calculated for two zones (the duct and the shield).
Because of the low density of steam, the streaming effect in
steam is the highest of all, and then follows SIO2.

Since SIO2 is usually used as a thermal isolator, cal-
culation was performed with additional absorber, It is found that
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10% by weight absorber (boron carbide) (homogenously distri-
buted) in SI02 reduces the SIO2 streaming level almost to
that in pure concrete.

4.1.4. Small Radius Duct

Calculation for small radius duct set (1).has also been
carried.cut using combination of the two programs DOT and
DUCT. Where the shield without the duct presence was calcula-
ted by DOT. This information was supplied to the program Duct,
Which calculations the effect of the duct presence. This cal-
culation is compared with calculation by DOT for both the
duct and the shield. This comparison shows that the DOT-DUCT
results deviates by a maximum of 10%.

Regarding the machine time saving using the DOT-DUCT
combination, if one calculates more then one duct in the
shield (%40 for two ducts. The DOT-DUCT combination has more
advantage for design purposes.

4.2. Gamma-Rays Calculations

The influence of the cosine, and the cosine 2 initial
angular distrubution (Fig. 5) is to raise the doses by a
factor 2 and 3 respectively over the isotropic case. After
about 50 cm penetration the dose axial variations-corres-
ponding to the three cases remain almost parallel.

The effect of varying the pipe diameter on the axial
gamma dose distribution is shown in Fig. 6 for sodium and
Fig. 7 for water. Varying the pipe diameter from 20 to 80 cm
increases the dose level at a penetration of 135 cm by a
factor of 16 in case of water and a factor of 20 in case of
sodium. ',
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Axial Variation of Gamma Dose
in Water Coolant Pipes
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