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Poboljšanje procesiranja impulsnog neutron-neutron merenja korišćenjem Furijeve transformacije

A improving the PNN Processing using Fourier Transformation
Goran Mančić, Zoran Marković, Hotwell, Kligenbach, Austrija, Miloš Živanov, Fakultet tehničkih nauka, Univerzitet u Novom Sadu
Sadržaj – U ovom radu je prikazana metoda koja se bazira na diskretnoj Furijovoj transformaciji (FT) za postprocesiranje rezultata Impulsnim neutron-neutron (PNN) merenja. Ovi prvi rezultati  veoma  obećavaju za složene slučajeve u bušotinama. FT obećava da će biti važna metoda za analizu impulsnih merenja u drugoj i trećej iteraciji. Prema prvim testiranjima uspešnost metode je oko 80% za uobičajene strukture. PNN  je veoma korisna merna  metoda, koja se koristi za određivanje zona sa gasom u bušotinama. Uobičajeni  metod merenja i interpretacije bazira na snimanju dijagrama opadanja i odnosa broja impulsa sa bližeg detektora (SS) i daljeg detektora (LS.) U kompleksnim litološkim  situacijama ponekad je teško odrediti važne parametre.U čvrstim stenama i slojevima sa  gasom  uspešesnost je oko 50%., ako se koriste samo više FT komponente (tj. prvi i drugi harmonik). Ako pak proširimo FT analizu na prvih 7-10 harmonika uspešnost se povećava na 90 %. .

Abstract – In this paper we showed the method which used discrete Fourier transformation for post processing interpretation of pulsed neutron-neutron (PNN) logging. The first results are very promising in complex situations in cased borehole site. The Fourier Transform promises to be an important part of the pulse decay analysis for evaluation of secondary and tertiary recovery projects. Successfulness of this method, according to test results is about 80% for normal structures. The PNN is very usefully well logging method, which is used for detection zones with gas in the boreholes. The usually method on a logging and an interpretation is based on decay time and ratio on counting values at short (SS) and long (LS) spaced detectors. In a complex litology and borehole conditions sometime is difficult to estimate true value of an important parameters. With a problem of tight gas zones, successfulness is 50%, if we are using only higher components of FT. (e.g. first and second harmonic). But if we expand FT analysis to first 7-10 harmonics successfulness increases to 90%.
1. Introduction

Recently energy prises are rised and many of wells are interesing for produsing. In many old wells were limited  meusements at begining. For long period of time situation in such wells are changed, and they has to measured. This wells are equiped with casing and only limited sort of measurements can be done. 

After finishing boring holes the necessery measurements are made. There are a lot of measurements in open hole [1]. This open hole logging give physical parameters from the well. This data are using for interpretation a petrophysical parameters for determing formation with oil and gas. 

After that the string on casing are put into well. After that the cementation of casing is done. In cased holes there are limeted number of loging. Also, a condition in the wells are changed. After some time of produsing oil or gas it is necessery to perform new logging. Sometimes for economical reasons in open hole are made a minimim set of logging. A neutron methods are very usful for logging in cased holes. 

From this measurements are obteined many usfull data as porosity of formation, water saturation, litology information and indication on oil and gas. In some cases the intepretation for diferent situation gives similar quantitave results. In this situation there are needing for more data and using additional processing to solve these problems

One of the solutions for extracting new information from existing neutron decay curve lies in spectrum analysis time dependent neutron decay curve. One of the well known techniques for spectrum analysis is discrete Fourier transformation.

2. The pulsed neutron logging

The PNN logging based on generating fast neutrons in a borehole and detecting slowed neutrons. A record is done in time. Analyzing response of neutrons it is possible to estimate many petrophysical data important for farther gas production in cased borehole.

A typical logging system is consisting of a surface system, a cable for running tools and borehole tools [1,2]. In our case we are talking about the PNN system of company Hotwell from Austria [3,4], Fig.1.

The neutron generator in the PNN system consists of two blocks containing a neutron tube and a high power with high voltage supply. The system generates high energy neutrons  (14,1 MeV). The pulses are very short, around 1 s. The neutrons emitted to a borehole formation. In the formation the neutrons scattered with a present atoms.
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Fig. 1 Mesurements principes of PNN
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Fig. 2. PNN interpretation.

The main influences to the scattering have the materials containing hydrogen. In the boreholes that are a water, oil, gas and some minerals. It is clear that if are more hydrogen atoms there are more losing in energy. 

The detectors are based on ionizing tubes containing the He3.  The numbers of the absorbed neutrons in the tubes are slowing down in time. The decay time deepens of an effective capture cross section for neutrons (sigma) of the materials in the formations. For that a measuring response is in time channels. Usually time of recording is about 2 ms, the channels are wide 36 s, and number of channels is 60. The system has two detectors: short spaced (SS), mainly for recording influence of a borehole and long spaced (LS), mainly influenced by a formation. This data recorded semi-continuously with usually depth resolution of the 0,1 m.  

From the recorded date it is possible to estimate directly many parameters, and also calculate many other parameters. The directly recorded data are: sigma, porosity volume of shale and volume of minerals (up to 5). Calculated data are water saturation (Sw), porosity of water, sigma-matrix and Sw with one supposed material. For a recording curves and an interpretation data are made many programs. These programs are usually giving reliable and useful data. Sometimes situations in wells are unexpected or are unusually. In these cases method based on FT is useful for data interpretation. Also in case of normal situation reliability of the obtained data will be higher.  

The Fig. 2. shows the PNN interpretation of the well with the gas cap in the interval 746m-749m, and the zero porosity on the 770m. 

3. The Application of  the Fourier analysis on a  log results

Acording explanation of PNN logging obtained data from time channels has to be processed. For that we make a matrix files. The matrix files are binary files that represent three-dimensional matrixes. One dimension of such matrix file is depth increments from top of some interval to bottom of some interval. Typical depth increments are 0.1 m for metric units and 0.5 ft for English units. Second dimension of such matrix file is a time represented through the 60 time- channels at each depth level. Each time-channel is 36 s wide which means that time sequence of 2100 s or 2.1 ms is covered. A third dimension actually is value placed at particular depth into particular time-channel. This third dimension can actually be next values: neutron count rate in long or short spaced detector, ratio value between short and long spaced detector, 

capture cross section () value or calculated water saturation value. Typical view of the matrix file is shown on the Table 1. 

The Fig.  3. shows the typical count rate matrix file like an image. 
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3. Short  Spacing Count-Rate Image

Table I 

Matrix coefficients for long spaced detector

Depth    Ch1  Ch2  Ch3  Ch4  Ch5  Ch6  Ch7 ...........  Ch56 Ch57 Ch58 Ch59 Ch60

2284.5   39   34   63   69   66   66   50  ...........     0    0    0    0    0

2284.4   35   31   51   69   67   58   58  ...........     0    0    0    0    0

2284.3   36   36   51   55   58   53   45  ...........     0    0    0    0    0

2284.2   47   48   69   77   76   75   80  ...........     0    0    0    0    0

2284.1   27   28   52   52   47   51   49  ...........     0    0    0    0    0

2284.0   35   37   67   67   66   58   57  ...........     0    0    0    0    0

2283.9   32   40   62   59   69   59   50  ...........     0    0    0    0    0

2283.8   32   48   51   55   63   60   55  ...........     0    0    0    0    0

.

.
Typical Neutron decay at one of depth points of these matrix files is presented on the Fig. 4. depends on different parameters like neutron generator borehole conditions lithology prosily and saturation. On these count-rates it is performed the Fourier transformation is made in 128 points and 60 first members of a Fourier order are saved in very similar matrix file. Then these new matrix may be observed as any other matrix file. Curves can be extracted from a particular channel or as a sum or average value between different channels. This transformation is made on short and long spaced neutron decays. From each transformation are made two Fourier transformed matrix files. From the short spaced detector it is made one file which is made of ratio between real and imaginary components of first 60 members of the Fourier transform and second which is made of the power spectrum. From the long spaced detector it is created one from ratio of real and imaginary component and second as a product of first one and the power spectrum of long spaced detector.

The main application of the PNN logging is to detect gas zones in cased holes. From the Fig. 4 we see that response for gas and tight zones are very similar. So we cannot find which is zone with gas as in other situation with a standard processing. Only difference in spectra is in the first several harmonics from 5 to 7. If consider that first set of harmonics and compare response in gas and tight zones it is possible to get differences in that two types of  zones [6]. The processing is not so easy and determined, but gives useful results.

4. The application of Fourier analysis in the distinguishing gas zone from tight zones 

If aplay Fourier Transform (FT)  we can see that in different zones have different response. For us most interesting are gas and tight zones. We can notice that FT shows better resolution in gas interval, as well as in part where is zero porosity [6]. 

The ratio between real and imagine components gives good water saturation picture. Normalizing ratios with value in water (better) or with the value in the shale zone gives real values of the Sw. The ratio derived from the FT from a decay curve from the short space detector, and the long space detector normalized by an index of a Sw gives porosity pictures of a reservoir. 

During real time logging, all of these calculations are not possible, but some of them are presented. Thus, real time calculation considered only higher components of FT [6]. 

Comparing FFT extracted curves from PNN logging with bulk density and neutron porosity curves from standard open hole logging program, one can noticed matching beatween curves (Fig. 5). Derived from open hole logging anf PNN logging. In this well, PEF curve is lithology indicator. CN is neutron porosity and RHOB is density from open hole logging. IndexCNFFFT, and IndexRHOBFFT are indicators obteined from FT analysis. Changes in lithology (particulary on 2008m) affect on both FFT curves, so it must be accounted in the log interpretation.  
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Figure 14. Fourier Matrix Image with Fourier member’s spectrum in gas and tight zones.
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Fig. 5. Comparasion of open hole logging and results of FT analysis
5. Conclusion

In case when is difucult to make difference beatween gas and tight zones the Fourier Transform promises to be an 

important part of the pulse decay analysis for evaluation these zones. Successfulness of this method, according to test results is about 80%. 

 Same rule applied here is achievable on whole reservoir. Unfortunately, sometimes is necessary to combine different techniques of the FT analysis (real vs. imagine components or power spectrum from short and long detector).  And analysis starts to become man-dependent. 

First results show that in a problem of tight and gas zones, successfulness was 50%, if we are using only higher components of FT. (e.g. first and second harmonic). But if we expand FT analysis to first 7-10 harmonics successfulness increases to 90%.
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