
 

 

The  Henryk  Niewodniczański 
INSTITUTE  OF  NUCLEAR  PHYSICS 

Ul. Radzikowskiego  152, 31-342  Kraków,  Poland. 

 
www.ifj.edu.pl/reports/2000.html 

Kraków,  December  2001.      
 
 
 
 

Report  No  1893/PN 

 

Influence of granulation of the diabase sample 
on the thermal neutron ΣΣΣΣa measurement 

 
U. Woźnicka, E. Krynicka, K. Drozdowicz, M. Kosik and W. Janik 

 

 

The work has been performed in the frame of the Project No. 9 T12B 027 16 
of the State Committee for Scientific Research 

 
Abstract 
 The effective thermal neutron macroscopic absorption cross section Σa of a 
heterogeneous material is lower than the cross section of the corresponding homogeneous 
material which contains the same components contributing in the same proportions. When 
rock materials are investigated the sample contains usually grains which create heterogeneity. 
The heterogeneity has to be considered in respect to the thermal neutron transport in the 
sample. The heterogeneity effect depends in this case on the mass contribution of highly- and 
low-absorbing centres, on the ratio of their absorption cross sections, and on their sizes. Final 
results of measurements can be perturbed by neglecting the heterogeneity effects. In the work, 
an influence of granulation of diabase sample on the result of the measurement of the cross 
section Σa of diabase with Czubek’s method has been experimentally investigated. The 
samples of two different granulations of diabase have been used, saturated with a few 
different fluid absorbers. The complex samples, being various combinations of these 
components, have allowed to interpret from the experiments an unperturbed value of the cross 
section Σa of diabase and to establish the limit grain size for considering the medium as either 
homogeneous or heterogeneous. The results can be applied to other rock material of similar 
neutron properties.  
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1.  Introduction 

 The thermal neutron absorption cross section Σa is one of the thermal neutron diffusion 

parameters needed in various geophysical applications.  When the absorption cross section of 

a rock material is to be measured a problem of the heterogeneity can appear.  The 

heterogeneity can be created by concretions in the natural rock material and additionally 

gained in a process of preparation of the sample for a neutron measurement.  The rock sample 

is then usually crushed, sometimes saturated by a poisoning fluid, and these acts can result in 

the presence of small regions characterized with differing neutron transport properties in the 

investigated volume.  Finally, an effective absorption cross section of the heterogeneous 

medium is measured and it can differ from that of a homogeneous material which consists of 

the same components in the same proportions [1], [2].  The question is which granulation is 

permitted to treat the sample material as still homogeneous, and from which size of rock 

grains we have to consider a heterogeneous medium.  It can be, for example, a sample which 

contains rock grains and air bubbles or spaces filled with a fluid. 

 In the paper an experiment on diabase samples of two different granulations is reported.  

The results show the dependence of the measured absorption cross section on the grain size of 

the rock. 

 

2.  Pulsed neutron measurements for diabase samples 

 The macroscopic absorption cross section Σa has been measured by Czubek’s pulsed 

neutron method [3]. In consecutive measurements the sample (having the fixed cylindrical 

size  H1 = 2R1= 6 cm)  is enveloped in cylindrical shells of size  H2g = 2R2g  of Plexiglas 

moderator of variable thickness. The time decay constant λ of the fundamental mode of the 

pulsed thermal neutron flux in the system is measured. The absorption rate 〈vΣa〉  of the 

sample is found as the intersection of the experimental curve, λ(H2g), with a theoretical one. 

The theoretical curve, λ*(H2g), contains geometrical parameters of the system and the thermal 

neutron diffusion parameters of the outer moderator. It includes also a correction function 

resulting from the diffusion cooling of the thermal neutron energy spectrum in this two-region 

system, in which the inner sample is a mixture of a hydrogenous and non-hydrogenous media 

[4]. 
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 Diabase samples, used in  the present neutron measurements, were taken from the 

compact deposit exploited by „Niedźwiedzia Góra” Quarry (Quarries of Natural Resources, 

Krzeszowice near Kraków).  The magmatic diabase deposit at Niedźwiedzia Góra is dated on 

the early Permian period when a volcanic activity was intense in that region.  Taking into 

account the origin of the mentioned deposit, an assumption of the homogeneity of the rock 

samples in a sense of their elemental composition is highly justified.  This homogeneity 

assures the same neutron properties of the all rock material used regardless of a granulation.  

Material of two different granulations has been used for the samples in the neutron 

measurements.  The grains in one portion are smaller than 4 mm, in the second one they have 

the size between 6.3 and 12.8 mm.  Diabase samples have been rinsed in distilled water and 

dried at 105 °C up to a constant mass before succeeding experimental procedures in the Lab.  

 Czubek’s Σa measurement method requires a poisoning of a crushed rock sample by a 

liquid absorber.  Water solutions of boric acid H3BO3 have been used as the poisoning 

medium.  Six different combinations of the complex samples have been obtained using four 

solutions of H3BO3 of various concentrations and the diabase samples of two various 

granulations.  They have reached the range from 

  fine rock  + weak absorber  (the H3BO3 solution of a low concentration)  
up to 

  coarse-grained rock  +  strong absorber  (the H3BO3 solution of a high concentration).  

The list of the complex samples is given in Table 1.  Numbers in the codes of H3BO3 

solutions mean the nominal concentrations of the solutions.  Their physical parameters are 

given in Table 2.  Individual standard deviations σ(k) have been always estimated.  The 

densities ρw(k) at 20 °C have been interpolated from a table in [5].  The macroscopic 

absorption cross section Σa of a solution of the given concentration k is calculated basing on 

the elemental composition, the microscopic absorption cross sections, and the mass density 

ρw(k).  

 For each complex sample the thermal neutron decay constant λ has been measured as a 

function of the external size H2g of the outer moderator [6], [7].  The results are listed in 

Table 3 where σ(λ) means the standard deviation of the determined λ value. 
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Table 1.  List of the complex samples. 
 

Granulation 
of diabase 

 
 
 
 

[mm] 
 

 

Code 
of the sample 

 

Code of the 
saturating solution 

 

Mass contribution 
of the rock 

qR 

 

Bulk density 
of the sample 

ρ 
[g cm–3] 

 

Baz-4 Mdg1.20 0.781 2.027 

Baz-6 Mdg1.20 0.789 2.040 

 
 

≤ 4.0 

Baz-1 Ma_2.00 0.790 2.033 

Baz-7 Mdh1.30 0.787 2.020 

Baz-2 Ma_2.00 0.777 1.994 

 
 

6.3 ÷ 12.8 

Baz-5 Mdf2.50 0.775 1.990 

   Density of diabase  ρR = 2.7680 ± 0.0002 g cm–3 
   Contribution of the solution  qw = 1 – qR 

 

 
 
Table 2.  Physical parameters of the H3BO3 solutions. 

 
 
 
 

Code of the 
H3BO3 solution 

 

Weight 
Concentration 

 

k 
σ(k) 

 

Density 
 
 
 

ρw(k) 

 

Mass absorption 
cross section a) 

Σw 
σ[Σw] 

 

Linear absorption 
cross section a) 

ρw Σw 
σ[ρw Σw] 

  

[wt. %] [g cm–3] [cm2 g–1] [cm–1] 
Mdg1.20 1.2000 

0.0001 
1.0029 0.10976 

0.00043 
0.11007 
0.00044 

Mdh1.30 1.3000 
0.0001 

1.0032 0.11705 
0.00047 

0.11742 
0.00047 

Ma_2.0 2.0014 
0.0002 

1.0056 0.16820 
0.00072 

0.16914 
0.00073 

Mdf2.50 2.5000 
0.0002 

1.0074 0.20456 
0.00090 

0.20608 
0.00091 

 
a) at v0 = 2200 m s

–1 
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Table 3.  Decay constants λ measured on the complex samples (diabase + H3BO3 solution). 
___________________________________________________________________________ 
 

Sample Baz-1  Sample Baz-2  Sample Baz-4  Sample Baz-5 

H2g λ 
σ(λ) 

 H2g λ 
σ(λ) 

 H2g λ 
σ(λ) 

 H2g λ 
σ(λ) 

[cm] [s–1]  [cm] [s–1]  [cm] [s–1]  [cm] [s–1] 
10.8 20 256 

       68 
 10.8 20 019 

       68 
 12.0 15 302 

       58 
 10.0 24 552 

      68 
 20 150 

       34 
  20 141 

     149 
  15 272 

       28 
  24 298 

     118 
 20 307 

       99 
  19 886 

       88 
  15 371 

       41 
  24 508 

     100 
 20 148 

       61 
  20 291 

       48 
  15 227 

     116 
  24 279 

     100 
11.2 18 979 

       91 
 11.2 18 827 

       73 
 12.4 14 534 

       61 
 10.4 22 996 

       94 
 18 950 

       40 
  18 975 

       80 
  14 535 

       45 
  22 781 

     107 
 19 074 

       59 
  18 794 

       80 
  14 581 

       60 
  22 894 

       68 
 19 096 

       75 
  19 063 

       48 
  14 499 

       77 
  22 924 

       86 
11.6  17 918 

     112 
 11.6 17 722 

       38 
 12.8 13 866 

       42 
 10.8 21 344 

     100 
 17 836 

       26 
  17 812 

       59 
  13 822 

       31 
  21 303 

       92 
 17 965 

       51 
  17 742 

       86 
  13 866 

       75 
  21 362 

       92 
 17 774 

       46 
  17 936 

     107 
  13 856 

       27 
  21 323 

       92 
      13.6 12 732 

       36 
   

       12 631 
       40 

   

       12 822 
       53 

   

       12 623 
     104 
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Table 3.  (continued).  
 

Sample Baz-6  Sample Baz-7 

H2g λ 
σ(λ) 

 H2g λ 
σ(λ) 

[cm] [s–1]  [cm] [s–1] 
12.4 14 536 

       31 
 12.4 14 633 

       46 
 14 463 

       62 
  14 593 

       26 
 14 571 

       82 
  14 512 

       41 
 14 454 

       45 
  14 684 

       45 
12.8 13 898 

       56 
 12.8 13 928 

       37 
 13 801 

       50 
  13 920 

       32 
 13 911 

       48 
  13 932 

       33 
 13 749 

       49 
  13 950 

       62 
13.2 13 272 

       66 
 13.2 13 360 

       36 
 13 209 

       58 
  13 336 

       53 
 13 297 

       93 
  13 310 

       52 
 13 180 

       59 
  13 366 

       46 
13.6 12 685 

       58 
   

 12 608 
       43 

   

 12 700 
       42 

   

 12 618 
       73 

   

 

3.  Absorption cross section of 
diabase sample 
 

 The complex sample can be treated 

as a two-component heterogeneous 

medium consisting of rock and liquid 

parts. The heterogeneity of such a sample 

appears through: 

 (i) the grain size effect (depending on 

the rock grain size used), and  

 (ii) an effect of the ratio of the 

absorption cross sections of grains (the 

rock) and of interspaces (the saturating 

liquid). 

 In order to investigate an influence of 

the heterogeneity of the complex sample 

on the neutron absorption we can 

examine two absorption parameters. 

Namely, from the measurement of the 

decay constants λ(H2g) for each complex 

sample we get:  

〈vΣa〉
exp – the experimental (effective)  

      absorption rate of the complex sample 

      and 

ΣR – the (mass or linear) absorption cross 

      section of the rock (diabase), inter- 

      preted from the above value 〈vΣa〉
exp, 

      and given for the thermal neutron 

      velocity  v0 = 2200 m/s. 

The cross section ΣR from the standard interpretation of Czubek’s measurement is obtained 

under the assumption that material of the complex sample is homogeneous. Therefore, this 

value can be here biased due to neglecting in the interpretation procedure an influence of the 
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heterogeneity. The results of the experiments, 〈vΣa〉
exp, and of such an interpretation, ΣR

b , are 

listed in Table 4. The dependence C2
mix(λ*), defined in [4], has been used in the calculation 

of the theoretical curve λ*(H2g) for the outer moderator in Czubek’s method. 

 

 

Table 4.  Experimental absorption rates and cross sections. 
 

 
 

Code of 
the sample 

 

Complex sample 
 
 

〈vΣa〉
exp 

 

σ(〈vΣa〉
exp) 

 

[s-1] 
 

 

Diabase sample 
 

b
RΣ  

σ( b
RΣ ) 

 

[cm2
 g-1] 

 

 

Grain effect 
 

GR 
 

σ(GR) 
 

eq.(1) 
Baz-4 13 585 

       66 
0.00818 
0.00023 – 

Baz-6 13 435 
       74 

0.00864 
0.00024 – 

Baz-1 19 297 
       98 

0.00989 
0.00034 Σ R

 =
 0

.0
08

90
 

– 

Baz-7 13 881 
       35 

           0.00801 
           0.00016 

0.90 
0.02 

Baz-2 18 989 
      101 

           0.00749 
           0.00036 

0.84 
0.04 

Baz-5 22 566 
      118 

           0.00721 
           0.00044 

0.81 
0.05 

 
 
 
 Generally, the grain effect in the sample is manifested by a decreasing of the interpreted 

Σa values in comparison to those for the homogeneous medium. This behaviour results from 

the experiments and the theoretical analysis presented in [1], [2]. Taking into account this 

principle, we can assume that the value Σa obtained from the evaluation of the experiments on 

the sample consisting of the smallest grains poisoned by the weakest absorber (samples Baz-4 

and Baz-6) is closest to the value obtainable from a measurement on a homogeneous sample. 

This conclusion was confirmed by experiments on artificial samples which simulated a rock 

material [4]. As the value from the experiment on the sample Baz-1 is not less, we can assume 

the absorption cross section ΣR of diabase equal to the average from those three 

measurements, ΣR = (0.00890 ± 0.00015) cm2 g–1.  
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 The values of the cross sections obtained from experiments on the samples consisting of 

bigger grains (Baz-2, Baz-5, and Baz-7) should be considered as biased, ΣR
b , by the effect of 

the heterogeneity.  This effect includes both the grain size (Y) effect and the influence of the 

strongly different absorption cross sections of the poisoning solution and of the rock (the 

absorption ratio S = Σw /ΣR ), and can be expressed by the ratio  

   G Y SR
R
b

R
( , ) = Σ

Σ
      (1) 

(which is the definition slightly different from that in [2] where the entire cross section Σa of 

the mixture was considered). The results are given in Table 4.  As expected, the lowest effect 

is observed in the sample poisoned with the weakest absorber (solution Mdh1.30, Sample 

Baz-7). The stronger is the absorber (a greater S), the stronger is the effect of heterogeneity, 

i.e. the ratio G(Y,S) has a lower value. 

 
 

4.  Influence of the heterogeneity of the complex sample on the measured 
absorption rate 

 The absorption rate 〈vΣa〉
exp measured for the complex sample is an effective value in 

which the influence of the sample heterogeneity is contained (in both meanings, i.e. the grain 

size effect and the ratio of the absorption cross 

sections of components).  This grain effect is 

defined as the ratio of the measured effective 

value to the value 〈vΣa〉
hom calculated for a 

corresponding homogeneous medium (the same 

contributions qR and qw of the components which 

are homogeneously spread): 

 

   G
v

v
=

Σ

Σ
a

exp

a
hom              (2) 

 

which exactly corresponds to the definition in [2].
 

    Table 5. Parameter G of the grain 

    effect of complex samples. 
  

Code of 
the sample 

 

〈vΣa〉
hom 

σ(〈vΣa〉
hom) 

 

[s–1] 

 

G 
σ(G) 

 

eq.(2) 

 Baz-7 14 192 
       69 

0.978 
0.005 

 Baz-2 19 470 
       87 

0.975 
0.007 

 Baz-5 23 141 0.975 

     102 0.007 

 The found value ΣR of the absorption 
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cross section of diabase has been used in the calculation of the thermal neutron absorption 

rate for the homogeneous mixture: 

 

   ( )v v q qΣ Σ Σa
hom

R R w w= +0ρ   .    (3) 

 

The grain parameter G has been calculated for the complex samples (Baz-2, Baz-5, Baz-7) 

which contain bigger grains of diabase. The results are presented in Table 5. 

 

 

5. Conclusions 
 

 The heterogeneity of the sample from the point of view of the thermal neutron transport 

was elsewhere analyzed theoretically and experimentally. The theoretical model [2] for a two-

substance medium included the grain size effect G(Y), the influence of the mass (or volume) 

contributions qi of components, and the dependence G(S) on the ratio of the absorption cross 

sections of components. The model experiments [1] were performed for a high absorption 

ratio, S ≈ 200, in order to clearly verify the theoretical predictions. In the case of the samples 

composed of an absorbing solution with rock grains, the absorption ratio S is of the order of 

10. The theory predicts in such a case a much weaker grain size effect which in certain cases 

can be even negligible. Test experiments [4] were performed on an artificial rock material of 

well defined neutron transport parameters, i.e. on the samples composed of silicon grains and 

H3BO3 solutions, which offered the ratio S between 13 and 20 .  The grain size of about 5 mm 

was there established as the limit which allows to treat the mixture as a homogeneous 

medium. 

 The mentioned heterogeneity effects act jointly in experiments on samples of an 

unknown neutron parameters, and from a single experiment it is difficult to judge whether the 

result is perturbed, i.e. whether the parameter G(Y, S, qi) ≠ 1. Results of the measurements 

described in the present report should give a help for the interpretation. The experiments have 

been performed on the natural rock material, diabase. The ratio S of the linear cross sections 

Σa  has varied approximately between 4 and 8 (cf. data in Tables 4, 2 and 1) . This low value 

has allowed to treat as unperturbed by a heterogeneity effects the cross section Σa of diabase 

interpreted from the experiments made on the material of granulation below 4 mm. A 
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correctness of this approach has been here confirmed also by the observation that the value Σa 

interpreted from the experiment on the sample of diabase saturated with a stronger absorber 

was not lower than from the experiment with a weaker absorber.  

 The results b
RΣ obtained from the series of experiments on the samples containing diabase 

of greater grains (from 6.3 to 12.8 mm) have been always underestimated, as the parameter 

GR in Table 4 indicates. Moreover, this parameter decreases with an increasing absorption of 

the poisoning medium, i.e. with the increasing ratio S, which is consistent with the theory. It 

is necessary to underline here that the observed underestimation is between 0.9 and 0.8, while 

the grain effect G for the entire complex sample (diabase + absorber) is almost insignificant 

and constant at different absorption of the poisoning solution, G ≈ 0.98. This note is very 

important for an analysis of experiments on samples being mixtures of low and high 

absorbing materials, when the cross section of the low absorbing material is to be found.  

 The final conclusion is that measurements of the absorption cross section (or other 

thermal neutron diffusion parameters) of rocks has to be interpreted carefully because the rock 

material is usually crushed and the problem of the grain size effect can appear. The space 

between the grains can be filled with air or an absorbing fluid. In both cases, the components 

differ in the thermal neutron absorption properties. If the rock grains are then greater than 5 

mm, the heterogeneity effect cannot be neglected. The smaller are the grains the smaller is a 

probability of the occurrence of an interpretational error. The rock grains of size not greater 

than 1 mm (used routinely in Czubek’s Σa measurement method) assure the condition of the 

homogeneous medium for the thermal neutron transport, independently, in practice, of the 

absorption properties of the second component.  
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