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ABSTRACT 

Further studies in continuation of the work presented in 2001 in Portoroz were 
performed in order to study and improve the performances, precission and domain of 
application of the deterministic transport codes with respect to the oil well logging analysis. 
These codes are in particular expected to complement the Monte Carlo solutions, since they 
can provide a detailed particle flux distribution in the whole geometry in a very reasonable 
CPU time. Real-time calculation can be envisaged. The performances of deterministic 
transport methods were compared to those of the Monte Carlo method. IRTMBA generic 
benchmark was analysed using the codes MCNP-4C and DORT/TORT. Centric as well as ex-
centric casings were considered using 14 MeV point neutron source and NaI scintillation 
detectors. Neutron and gamma spectra were compared at two detector positions.  

 

1 INTRODUCTION 

At the last year conference in Portoroz [1] we presented the first results of the transport 
analyses of some typical oil well logging problems using Monte Carlo (MC) and deterministic 
codes. The results indicated that both Monte Carlo (e.g. MCNP [2]) as well as deterministic 
(e.g. DORT/TORT [3]) codes are suitable for the radiation transport calculations of nuclear 
oil-well logging problem, provided the adequate cross-sections are used. As a starting point 
several existing cross-section libraries developped for the fission and fusion applications were 
used in the deterministic calculations and gave already very satisfactory results. For more 
routine use requiring higher precision a development of a special purpose oil well logging 
cross section library was suggested. 

Further analysis is presented in this paper. As before, the spectroscopic or carbon-
oxygen (C/O) logging method for the detection and localisation of residual hydrocarbon 
deposits in the formation around the existing wells casing was studied. The method is based 
on the fact that water contains oxygen, and oil contains carbon, hydrogen content being 
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approximately the same. The spectra of gamma radiation produced from the neutron 
interaction provide information on the relative proportion of carbon and oxygen, and therefore 
on the ratio of oil and water, in the formation. Typically the neutron-logging tool consists of a 
fixed 14 MeV neutron source and (multiple) neutron or gamma detector(s) placed at different 
distances from the neutron source. From the neutron or gamma signal detected at the detector 
locations the information on the composition of formation or fluid behind the casing can be 
extracted.  

The IRTMBA generic tool geometry [1] (shown in figure 1) represents a simplified, but 
realistic model of an actual Schlumberger’s tool for neutron saturation logging. The case 
considered here is a cylindrical tool with casing diameter of 17.8 cm, borehole diameter of 
20.3 cm, and a 14 MeV DT neutron source. Two NaI detectors (with a diameter of 3 cm, and 
a height of 7.6 cm and 15.2 cm for the near and far detector, respectively) were located 29 cm 
apart from each other. In our calculations the formation, with diameter of ~180 cm was either 
quartz (SiO2) sandstone or limestone with different porosities and corresponding water 
content.  

To determine how suitable the deterministic methods are for the oil well logging 
applications the following main topics were covered: 

- Development of a special purpose cross-section library with a reasonable number of 
energy groups covering fast to thermal neutron as well as gamma groups. The gamma 
energy groups were selected in such a way to take into account the gamma lines 
characteristic to Oxygen and Carbon, a requirement which was not fulfilled in the already 
available libraries since intended for other applications. The calculated multigroup gamma 
flux can in this way provide a distinction between gamma rays originating from reactions 
on Oxygen and Carbon. 

- Study of the ability of the deterministic codes (like the codes included in the DOORS 
package) to provide an accurate solution of the typical oil well logging geometries. In 
particular some modelling problems were expected for the looging tools located 
assimetrically in the well (ex-centric tools). Approximations are required in the modelling 
and the results were compared to the Monte Carlo calculations which are more flexible in 
the geometry description. 

 

2 GENERIC WELL LOGGING TOOL TRANSPORT CALCULATION 

The drawbacks of the deterministic methods as compared to the Monte Carlo are a more 
difficult description of complex geometries, and the use of multigroup instead of pointwise 
cross-sections. The objective was therefore to estimate the impact of the approximations used 
in the deterministic codes on the oil well logging transport calculations and to determine their 
precision and possibly propose the improvements. In particular we were concerned with the 
approximations concerning the cross section library and the geometry modeling. 

2.1 Centric and ex-centric tool modelling 

A library specially dedicated for the oil well logging applications with an optimized 
energy group structure as well as the appropriate weighting and self-shielding treatment was 
processed. The reference calculations were done using fine 175 neutron and 45 gamma-ray 
energy groups, 3 upscattering neutron groups, 12 groups below 5 eV. To cover as adequately 
as practical the oxygen and carbon windows (Oxygen between 4.76 and 7.05 MeV, Carbon 
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between 3.21 and 4.75 MeV), 9 gamma groups were selected between 3.21 and 7.05 MeV. 
The library is based on the latest ENDF/B-VI.8 data, which were processed using 
NJOY/TRANSX to take into account the self shielding effects. 

Concerning the geometry modeling it was noted in the past that the centrally placed 
looging tool could be relatively easy described already in 2-dimentional cylindrical geometry. 
The case of ex-centric tool is more complex, requiring 3-dimensional calculations and 
approximations in the modelling. A simple approximations consists of replacing the 
cylindrical tool by a square one, perserving the volumes. Although this was considered at first 
only as a starting point for further refinement of the model, the results using this simple model 
were already completely satisfactory. Three sets of calculations were performed, one using 
DORT in cylindrical geometry (centred logging tool), and two 3-dimensional X-Y-Z TORT 
calculations, one representig centered, and the other ex-centered tool. The same cases were in 
additions calculated with the MCNP-4C Monte Carlo transport code, using ENDF/B-VI.2 
pointwise cross-sections, and track length cell flux estimator (F4 tally). Some details on the 
DORT/TORT calculations are given in Table 1 below. The SiO2 formation with 20 % 
porosity (water) was considered. 

 

Table 1: Some details on the transport 
calculations and models used in the 2- and 3-
dimensional analysis of the centred and ex-
centred logging tools. 

 

 

Formation

Cement

Casing

Tool housing

PMT tube (50% Fe)

Far detector crystal (NaI)

Shielding

PMT tube (50% Fe)

Near detector crystal (NaI)

Shielding

Nutron point source
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TORT Centred 
❚ Number of mesh points: 20x20x51 
❚ CPU time: 36 hours 
❚ 30 source iterations  
❚ Convergence criteria: EPS=1.0e-3 
 
TORT Ex-centred: 
❚ Number of mesh points:39x20x51 
❚ CPU time: 84 hours 
❚ 30 source iterations  
❚ Convergence criteria: EPS= 1.0e-3 
❚ Convergence criteria not achieved in 

3-4 mesh-group points, in general far 
from detectors
roceedings of the International Conference Nuclear Energy for New E

DORT r-z centred 
❚ Number of mesh points: 54x128 
❚ CPU time: less than 5 hours 
❚ Solution fully converged in 25

iterations 

❚ Convergence criteria: EPS= 5.0e-4 

F
g
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igure 1: The IRTMBA generic tool 
eometry. 
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Figure 2: Neutron spectra in Detector 1 position for centric and ex-centric case, 
calculated using DORT/TORT and MCNP codes. 

 
Figure 3: Neutron spectra at the Detector 2 position for centric and ex-centric case. 



0308.5 

Proceedings of the International Conference Nuclear Energy for New Europe, Kranjska Gora, Slovenia, Sept. 9-12, 2002 

 

Figure 4: Gamma spectra at the Detector 1 position for centric and ex-centric case. 

 
Figure 5: Gamma spectra at the Detector 2 position for centric and ex-centric case. 
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Note though that both DORT and TORT calculations were performed using the latest 
ENDF/B-VI.8 cross section evaluation, whereas the presently available MCNP4C library is 
based on the older ENDF/B-VI.2 data. 

The comparison between the calculations is presented in Table 2 and in Figures 2-5. We 
can see that the neutron and gamma fluxes calculated with DORT and TORT agree with those 
calculated with MCNP-4C to within 10%. In particular the agreement is very good in the 
gamma flux between 3 and 7 MeV, i.e. in the oxygen and carbon windows. DORT and TORT 
centred tool calculations agree to within few percent, additionally proving that the simple 
model used in TORT is suitable for modelling oil well logging cases.  

A surprising result is the very small difference (~ 5%) in 3-7 MeV gamma flux between 
the centric and ex-centric logging tools, at least in the case of SiO2 formation with 20% 
water. 

 
Table 2. Neutron and gamma fluxes averaged over the volume of the two detectors (SiO2 
with 20% water) 

 

Particle 
E(MeV) Detector MCNP  

(centric) 
MCNP  

(ex-centric) 

DORT/ 
MCNP 

(centric) 

TORT/ 
MCNP 

(centric) 

TORT/ 
MCNP   

(ex-centric)

near 2.33E-4±0.3% 2.19E-4±0.3% 0.95 0.91 0.90 γ 

total far 2.40E-5±0.7% 2.30E-5±0.8% 0.97 0.91 0.86 

near 3.19E-5±1% 3.00E-5±1% 1.04 1.05 1.03 γ 

3.21-7.05 far 3.09E-6±2.7% 3.03E-6±2.7% 1.10 1.08 0.98 

near 1.52E-5 ±±±±1% 1.41E-5 ±±±±1% 1.08 1.09 1.07 γγγγ 

4.75-7.05 far 1.51E-6 ±±±±2.7% 1.50E-6 ±±±±2.6% 1.12 1.10 0.98 

near 1.68E-5 ±±±±1% 1.59E-5 ±±±±1% 1.00 1.01 0.99 γγγγ 

3.21-4.75 far 1.58E-6 ±±±±2.7% 1.53E-6 ±±±±2.7% 1.09 1.06 0.98 

near 1.75E-4±0.4% 1.90E-4±0.4% 1.01 0.97 0.94 Total 
neutron 

flux far 1.14E-5±1.1% 1.29E-5±1.1% 1.04 0.98 0.91 

near 7.32E-5 6.56E-5 0.90 0.86 0.86 neutrons 

< 5.044E-6 far 5.26E-6 5.21E-6 0.89 0.83 0.81 

 

2.2 Cross section library collapsing 

The 175 neutron/45 gamma-ray group calculations were found to require prohibatively 
long computatinal times, several days on a PC. To reduce the computational time an optimal 
energy group structure, i.e. the one permitting accurate and reliable calculations in a 
reasonable CPU time should be determined. In particular the calculation of thermal neutron 
upscattering was found to take a substantial part of the computational time. The need to take 
into account the upscattering effect was pointed out in order to estimate correctly the thermal 
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neutron flux in the past [1], but its influence on the gamma flux in the oxygen and carbon 
windows (roughly between 3 and 7 MeV) remained to be estimated. 

Tables 3 and 4 present the results of a series of calculations using the original 175 
neutron/45 gamma groups with and without upscattering, as well as using a collapsed 56 
neutron/24 gamma energy group structure. Sandstone and limestone formations were 
investigated with 20 % porosity. For all studied cases it appears that the neutron upscattering 
only slightly influences the gamma flux between 3 and 7 MeV, and practically does not 
influence the C/O ratio, i.e. the ratio between the gamma flux in the carbon and oxygen 
windows. The choice of 56 neutron / 24 gamma-ray energy groups proves to be reasonable, in 
particular it permits substantial CPU time savings. For example 3-dimensional calculations 
were accomplished in 83 minutes, which is more than 60-times faster than by using the 
original library (i.e. 84 h). The omision of the neutron upscattering contributes the most 
significant part to this reduction.  

 
Table 3. Gamma flux and ratios for different group energy structure (centered tool) 

SiO2 formation centered generic tool (DORT) 
Detector-1 Detector-2 Gamma fluxes 

3.21-4.75 4.75-7.05 Ratio 3.21-4.75 4.75-7.05 ratio 
CASE C-W O-W C-W/O-W C-W O-W C-W/O-W 

CPU
time 

20% H2O 
(175/45 th. Itns.) 1.6747E-05 1.6316E-05 1.026 1.7174E-06 1.6944E-06 1.014 150min

20% H2O 
(175/45 1 Itn.) 1.6554E-05 1.6130E-05 1.026 1.6938E-06 1.6704E-06 1.014 21 min

20% H2O 
(56/24 th. Itns.) 1.6667E-05 1.6230E-05 1.027 1.6998E-06 1.6766E-06 1.014 9 min

20% H2O 
(56/24 1 Itn.) 1.6668E-05 1.6231E-05 1.027 1.6999E-06 1.6767E-06 1.014 7 min

CaCO3 formation centered generic tool (DORT) 
20% H2O 

(175/45 th. Itns.) 1.6854E-05 1.5720E-05 1.072 1.6294E-06 1.5810E-06 1.031 250min

20% H2O 
(175/45 1 Itn.) 1.6658E-05 1.5541E-05 1.072 1.6079E-06 1.5599E-06 1.031 21 min

20% H2O 
(56/24 th. Itns.) 1.6763E-05 1.5630E-05 1.072 1.6131E-06 1.5643E-06 1.031 9 min

20% H2O 
(56/24 1 Itn.) 1.6763E-05 1.5631E-05 1.072 1.6132E-06 1.5643E-06 1.031 7 min

 
 
Table 4. Gamma flux and ratios for different group energy structure (ex-centered tool) 

SiO2 formation ex-centered generic tool (TORT) 
Detector-1 Detector-2 Gamma fluxes 

3.21-4.75 4.75-7.05 Ratio 3.21-4.75 4.75-7.05 ratio 
CASE C-W O-W C-W/O-W C-Window O-Window C-W/O-W 

CPU
time 

20% H2O 
(175/45 th. Itns.) 1.5688E-05 1.5097E-05 1.039 1.4959E-06 1.4598E-06 1.025 81 h 

20% H2O 
(175/45 1 Itn.) 1.5684E-05 1.5102E-05 1.039 1.4904E-06 1.4551E-06 1.024 5 h 

20% H2O 
(56/24 1 Itn.) 1.5794E-05 1.5190E-05 1.040 1.4938E-06 1.4578E-06 1.025 83 min
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3 CONCLUSIONS 

A special purpose cross section library for the deterministic codes, based on the latest 
ENDF/B-VI.8 evaluation was prepared for the oil well logging applications. The energy 
group structure was selected in a way to take into account the requirements of these 
applications. ENDF/B-VI.8 among others includes improved oxygen and chlorine cross-
section evaluations. 

Substantial improvement of the results was observed using this special purpose cross 
section library as compared to those using other available libraries, prepared for the fission 
and fusion reactor calculations (BUGLE-96, FENDL-2). The new results using deterministic 
codes DORT and TORT agree within 10 % with the MCNP4C pointwise cross-section 
calculations. 

It was shown that the deterministic codes are suitable for modelling centric as well as 
ex-centric oil well logging cases, which are routinely used in practice. 

Finally, it was demonstrated that the optimisation and reduction of energy group 
structure can lead to substantial computer time savings. The CPU time for a complex 3-
dimensional ex-centric tool calculation can be reduced from ~80 hours down to ~ 80 minutes. 
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