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Abstract. Erosion-karst processes on the surface of

Tournaisian land, formed as a result of regression of Devonian-

Tournasian Sea, led to both significant morphological

transformation of Tournasian paleorelief and formation in the

Late Radaevskian-Bobrikovian transgression of sand lenses

with secondary clay-carbonate cement with a predominance

of carbonate component. On the example of two adjacent wells

it is shown that sandstones with abundant clay-carbonate

cement during logging interpretation may be taken for

carbonate reservoir rocks, if factors are not taken into account

such as increased calcium in seawater of Radaevskian-

Bobrikovian basin and carbon dioxide in the atmosphere of

Lower Carboniferous. They led to the development of

carbonate cement in Visean sandstone and secondary

calcitization in Tournaisian rocks.
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Ðèñ. 1. Ñõåìà àëãîðèòìà «ãëîáàëüíîãî ïîèñêà» â ïðîãðàì-

ìå Wavelet selector.

ðîâîé ãðàôèêè è âèäåî, ìåäèöèíó (àíàëèç ìåäèêî-áèîëî-

ãè÷åñêèõ ïîêàçàòåëåé), àíàëèç ôèíàíñîâîé ñòàòèñòèêè, à

òàêæå ðàçëè÷íûå ïðèìåíåíèÿ îáëàñòè ãåîôèçèêè (àíàëèç

äàííûõ ÃÈÑ, ìàãíèòîðàçâåäêè, ãåîðàäèîëîêàöèè, ñåéñìî-

ëîãèè) (Addison, 2002). Â ïîñëåäíåå âðåìÿ ïîÿâëÿåòñÿ âñå

áîëüøå ïóáëèêàöèé î ïðèìåíåíèè âåéâëåò-ïðåîáðàçîâà-

íèÿ ê äàííûì ñåéñìîðàçâåäêè, â òîì ÷èñëå äëÿ èññëåäîâà-

íèÿ ðåçåðâóàðîâ óãëåâîäîðîäîâ ïî àìïëèòóäíî-÷àñòîò-

íûì õàðàêòåðèñòèêàì îòðàæåííûõ âîëí.

Èíòåðåñ ê ïðèìåíåíèþ âåéâëåò-ìåòîäà äëÿ àíàëèçà

äàííûõ ñåéñìîðàçâåäêè îñíîâàí íà âîçìîæíîñòè àíàëè-

çèðîâàòü ÷àñòîòíûå õàðàêòåðèñòèêè â óçêîì ïðîñòðàí-

ñòâåííîì èíòåðâàëå, ïðèóðî÷åííîì ê îòðàæåíèÿì ñåéñ-

ìè÷åñêèõ âîëí îò ïðîäóêòèâíîãî ïëàñòà. Â êîìïëåêñå ñî

ñêâàæèííûìè äàííûìè ìîæíî èñêàòü ñâÿçè ëèòîëîãè÷åñ-

êèõ ñâîéñòâ ñî çíà÷åíèÿìè ïàðàìåòðîâ âåéâëåò-ðàçëîæå-

íèÿ ñåéñìè÷åñêîãî ñèãíàëà è â ðåçóëüòàòå ïðîãíîçèðî-

âàòü ðàñïðåäåëåíèå õàðàêòåðèñòèê ïðîäóêòèâíîãî ïëàñòà

íà ìåæñêâàæèííîì ïðîñòðàíñòâå.

Ðàçíûìè àâòîðàìè ïðèìåíÿþòñÿ íåñêîëüêî ðàçëè÷íûõ

ìåòîäèê âåéâëåò-àíàëèçà äàííûõ ñåéñìîðàçâåäêè â ðàçëè÷-

íûõ ñåéñìîãåîëîãè÷åñêèõ óñëîâèÿõ – Ìåêñèêàíñêèé çà-

ëèâ (Castagna et al., 2003), Èðàí (Saadatinejad et al., 2013,

Shokrollahi et al., 2013), Çàïàäíàÿ Ñèáèðü (Àëåêñååâ è äð.,

2009, Íèêóëüíèêîâ 2012), Êèòàé (Zhu et al., 2009), Íèãåðèÿ

(Sinha et al., 2005) è äð. Îïèñàíî ïðèìåíåíèå íåñêîëüêèõ

ðàçëè÷íûõ ìåòîäèê ðàñ÷åòà âåéâëåò-ïðåîáðàçîâàíèÿ ñåé-

ñìè÷åñêèõ äàííûõ – íåïðåðûâíîå âåéâëåò-ïðåîáðàçîâà-

íèå CWT (Saadatinejad et al., 2013; Shokrollahi et al., 2013),

÷àñòîòíîå âåéâëåò-ïðåîáðàçîâàíèå CWTFT (Íèêóëüíèêîâ,

2012), äèñêðåòíîå âåéâëåò-ïðåîáðàçîâàíèå DWT â îäíî-

ìåðíîé è äâóõìåðíîé ìîäèôèêàöèè (Àëåêñååâ è äð., 2009),

ìåòîäèêè àäàïòèâíîãî âåéâëåò-ðàçëîæåíèÿ MPD è ISA

(Castagna et al., 2003, Sinha et al., 2005), âåéâëåò-ôðàêòàëü-

íàÿ ìåòîäèêà WTMM (Liner et al., 2010).

Â ïðåäñòàâëÿåìîé ðàáîòå âïåðâûå ïðîâåäåíà àïðîáà-

öèÿ ðàçëè÷íûõ ìåòîäèê âåéâëåò-àíàëèçà ñåéñìîðàçâåäî÷-

íûõ äàííûõ â õàðàêòåðíûõ äëÿ òåððèòîðèè Òàòàðñòàíà è

Ïîâîëæüÿ ñåéñìîãåîëîãè÷åñêèõ óñëîâèÿõ. Ãëàâíîé ïðî-

áëåìîé áûëî îáîñíîâàíèå âûáîðà êîíêðåòíîé ìåòîäèêè

èç áîëüøîãî êîëè÷åñòâà ìåòîäèê âåéâëåò-àíàëèçà ñåéñìè-

÷åñêèõ äàííûõ. Ëþáîé âûáîð â äàííûõ îáñòîÿòåëüñòâàõ

áóäåò èìåòü ñêîðåå ñóáúåêòèâíûé è ñëó÷àéíûé õàðàêòåð.

Ñèòóàöèÿ óñëîæíÿåòñÿ òåì, ÷òî äëÿ êàæäîé ìåòîäèêè ìîæ-

íî èñïîëüçîâàòü îäèí èç íåñêîëüêèõ òèïîâ âåéâëåò-èìïóëü-

ñà (íàïðèìåð âåéâëåòû Ìîðëå, Ãàóññà, Mhat è äð.), à äëÿ

êàæäîãî âåéâëåò-èìïóëüñà ñëåäóåò ïðîâîäèòü ðàñ÷åòû äëÿ

íåñêîëüêèõ ðàçëè÷íûõ çíà÷åíèé äëèòåëüíîñòè («ýôôåêòèâ-

íîé ÷àñòîòû»). Îáùåå êîëè÷åñòâî âàðèàíòîâ îöåíèâàåòñÿ

îò íåñêîëüêèõ ñîòåí äî íåñêîëüêèõ òûñÿ÷ äëÿ ðàçíûõ ìåòî-

äèê, îïðîáîâàíèå âñåõ âîçìîæíûõ âàðèàíòîâ âåñüìà òðó-

äîåìêî. Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû ïðåäëîæåíà ìåòî-

äèêà, ïðèìåíåííàÿ íà Áàëëàåâñêîì ó÷àñòêå Íîâî-Åëõîâñ-

êîãî ìåñòîðîæäåíèÿ.

Ñ öåëüþ îïðîáîâàíèÿ ìàêñèìàëüíî âîçìîæíîãî êî-

ëè÷åñòâà ìåòîäèê âûáðàíû ñëåäóþùèå êðèòåðèè àâòîìà-

òèçèðîâàííîãî îòáîðà íàèëó÷øèõ âàðèàíòîâ âåéâëåò-ïðå-

îáðàçîâàíèÿ.

1. Ðàçðàáîòêà ñîáñòâåííîé êîìïüþòåðíîé ïðîãðàììû

Wavelet Selector äëÿ àâòîìàòè÷åñêîãî ïåðåáîðà ðàçíûõ âà-

ðèàíòîâ âåéâëåò-ïðåîáðàçîâàíèÿ (òèï âåéâëåòà, äëèòåëü-

íîñòü âåéâëåòà («ýôôåêòèâíàÿ ÷àñòîòà»), âðåìåííîé èí-

òåðâàë ðàñ÷åòà íà ñåéñìè÷åñêîé çàïèñè).

2. Äëÿ êàæäîãî âàðèàíòà ïðîãðàììà ðàññ÷èòûâàåò ðå-

çóëüòàò âåéâëåò-ïðåîáðàçîâàíèÿ äëÿ îòäåëüíîãî íåôòåíîñ-

íîãî ïëàñòà.

3. Ïðîèçâîäèòñÿ àíàëèç ñòàòèñòè÷åñêèõ

ñâÿçåé ñ êîëëåêòîðñêèìè ñâîéñòâàìè, îïðå-

äåëåííûìè ïî ñêâàæèííûì äàííûì (òîë-

ùèíà ïëàñòà, ïîðèñòîñòü, íåôòåíàñûùåí-

íîñòü è äð.).

4. Âûäåëÿþòñÿ ðåçóëüòàòû ñ íàèëó÷øåé

ñòàòèñòè÷åñêîé ñâÿçüþ ñ ëèòîëîãè÷åñêèìè

ñâîéñòâàìè íåôòÿíîé çàëåæè (âû÷èñëÿåòñÿ

êîýôôèöèåíò êîððåëÿöèè).

Ïðîãðàììà Wavelet Selector ñîçäàíà íà

îñíîâå áèáëèîòåê ïàêåòà âû÷èñëèòåëüíîé

ìàòåìàòèêè R Statistics, îáëàäàþùåãî âñòðî-

åííûìè ïðîöåäóðàìè âåéâëåò-àíàëèçà è

ñòàòèñòè÷åñêîãî àíàëèçà.

Â êà÷åñòâå êðèòåðèÿ îòáîðà íàèëó÷øèõ

âàðèàíòîâ ðàñ÷åòà âûáðàíà âåëè÷èíà êîýô-

ôèöèåíòà êîððåëÿöèè ìåæäó ðåçóëüòàòàìè

âåéâëåò-ïðåîáðàçîâàíèÿ ñåéñìè÷åñêèõ äàí-

íûõ è ñêâàæèííûìè äàííûìè.

Îáùàÿ ïîñëåäîâàòåëüíîñòü äåéñòâèé ïðè îïðîáîâàíèè

ìåòîäèê âåéâëåò-àíàëèçà ñîñòîèò èç ñëåäóþùèõ ýòàïîâ

(Ðèñ. 1):

1. Âûðàâíèâàíèå êóáà ñåéñìè÷åñêèõ äàííûõ ïî èíòå-

ðåñóþùåìó ãîðèçîíòó;

2. Ñîçäàíèå áàçû ñêâàæèííûõ ïàðàìåòðîâ â R äëÿ èíòå-

ðåñóþùåãî ãîðèçîíòà;

3. Âûáîð ìåòîäèêè âåéâëåò-ïðåîáðàçîâàíèÿ è òèïà âåé-

âëåòà;
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Ðèñ. 2. Ïðîãíîçíàÿ êàðòà

ðàñïðåäåëåíèÿ êîýôôèöè-

åíòà íåôòåíàñûùåííîñòè

îòëîæåíèé òóðíåéñêîãî

ÿðóñà Áàëëàåâñêîãî ó÷àñò-

êà. (âåéâëåò Mexh, ìåòî-

äèêà CWT, ýôôåêòèâíàÿ

÷àñòîòà 16 Ãö).

âîçìîæíîñòü çàäàâàòü ïîðîã îòáîðà ïî âåëè÷èíå êîððåëÿ-

öèè, íàïðèìåð ñî çíà÷åíèÿìè êîýôôèöèåíòà íå íèæå 0,7.

Èñïîëüçîâàíèå îïèñàííîãî àëãîðèòìà «ãëîáàëüíîãî

ïîèñêà» ÿâëÿåòñÿ ïåðâûì ýòàïîì ðàáîòû. Â ðåçóëüòàòå

óäàåòñÿ ñóùåñòâåííî ñîêðàòèòü îáëàñòü ïîèñêà, è îñòà-

âèòü äëÿ äàëüíåéøåãî àíàëèçà òîëüêî ëó÷øèå âàðèàíòû.

Íà âòîðîì ýòàïå äëÿ ýòèõ âàðèàíòîâ ïðîâîäèòñÿ âèçóàëü-

íàÿ îöåíêà è ïîñòðîåíèå ðåãðåññèîííûõ ìîäåëåé. Ïî ïî-

ëó÷åííûì ìîäåëÿì çíà÷åíèÿ âåéâëåò-ïðåîáðàçîâàíèÿ

ñåéñìè÷åñêîãî ñèãíàëà ïåðåñ÷èòûâàþòñÿ â çíà÷åíèÿ ïëà-

ñòîâîãî ïàðàìåòðà ïî âñåìó ñåéñìè÷åñêîìó ìàòåðèàëó è

ñòðîèòñÿ êàðòà ïëàñòîâîãî ïàðàìåòðà íà ìåæñêâàæèííîì

ïðîñòðàíñòâå, êîòîðàÿ è ÿâëÿåòñÿ êîíå÷íûì ðåçóëüòàòîì.

Îïèñàííàÿ ñõåìà ïðèìåíåíà íà Áàëëàåâñêîì ó÷àñòêå

Íîâî-Åëõîâñêîãî ìåñòîðîæäåíèÿ íà òåððèòîðèè Òàòàðñòà-

íà ïî ñåéñìîðàçâåäî÷íûì äàííûì ÌÎÃÒ 3D è ÃÈÑ 35

ñêâàæèí. Àíàëèç ïðîâîäèëñÿ ïî òðåì ïðîäóêòèâíûì êîì-

ïëåêñàì â îòëîæåíèÿõ áîáðèêîâñêîãî ãîðèçîíòà, òóðíåéñ-

êîãî ÿðóñà è ïàøèéñêîãî ãîðèçîíòà.

Ñ ïîìîùüþ ïðîãðàììû Wavelet Selector ïðîâåäåí àâ-

òîìàòèçèðîâàííûé ïåðåáîð âàðèàíòîâ ðàñ÷åòà. Îïðîáî-

âàíû ìåòîäèêè CWT, CWTFT ñ âåéâëåòàìè Ìîðëå, Mexh,

Ãàóññà 1, 3, 4 ïîðÿäêîâ äëÿ ýôôåêòèâíûõ ÷àñòîò 12-40 Ãö ñ

øàãîì 2 Ãö è 45-100 Ãö ñ øàãîì 5 Ãö, à òàêæå ìåòîäèêà

DWT ñ âåéâëåòàìè Õààðà è Äîáåøè 1-6 óðîâíåé ðàçëîæå-

íèÿ. Íà ðèñóíêå 2 ïðåäñòàâëåíà ïðîãíîçíàÿ êàðòà ðàñïðå-

äåëåíèÿ êîýôôèöèåíòà íåôòåíàñûùåíîñòè äëÿ òóðíåéñêî-

ãî ÿðóñà. Â ðàìêàõ âûïîëíåííîé ðàáîòû òàêæå âûïîëíÿ-

ëèñü ðàñ÷åòû ïðîãíîçíîãî ðàñïðåäåëåíèÿ êîýôôèöèåíòîâ

ïðîíèöàåìîñòè, ïîðèñòîñòè, ãëèíèñòîñòè, ïåñ÷àíèñòîñòè,

íåôòåíàñûùåííîé òîëùèíû (Ðèñ. 3), ãèäðîïðîâîäíîñòè.

Òàêèì îáðàçîì, ïðåäëàãàåòñÿ îðèãèíàëüíàÿ ìå-

òîäîëîãèÿ ïðèìåíåíèÿ âåéâëåò-àíàëèçà ê

äàííûì ñåéñìîðàçâåäêè, îñíîâàííàÿ íà

àâòîìàòèçèðîâàííîì ïåðåáîðå

4. Ââîä ñåéñìè÷åñêèõ äàííûõ â R;

5. Ââîä ñêâàæèííûõ ïàðàìåòðîâ â R;

6. Öèêë ïî ðàçëè÷íûì ìàñøòàáàì (ýôôåêòèâíûì ÷àñ-

òîòàì) âåéâëåòà è âðåìåííûì èíòåðâàëàì. Äëÿ êàæäîãî

ñî÷åòàíèÿ âû÷èñëÿåòñÿ âåéâëåò-ïðåîáðàçîâàíèå ñåéñìè-

÷åñêèõ äàííûõ;

7. Ñòàòèñòè÷åñêèé àíàëèç (äëÿ êàæäîãî âàðèàíòà ðàñ-

÷åòà âåéâëåò-ïðåîáðàçîâàíèÿ) – âû÷èñëåíèå êîýôôèöè-

åíòà êîððåëÿöèè ñ êàæäûì èç ñêâàæèííûõ ïàðàìåòðîâ.

Âûäåëÿþòñÿ íàèâûñøèå êîýôôèöèåíòû êîððåëÿöèè.

Ïðîãðàììà Wavelet Selector âûïîëíÿåò øàãè 4-7 àâòî-

ìàòè÷åñêè.

Â ïðîãðàììó ââîäÿòñÿ ñåéñìè÷åñêèå äàííûå, ñêâàæèí-

íûå ïàðàìåòðû è ñïèñîê ìåòîäèê äëÿ ïðîâåäåíèÿ ðàñ÷å-

òîâ. Ñêâàæèííûå ïàðàìåòðû èñïîëüçóþòñÿ â âèäå ñðåäíå-

âçâåøåííûõ ïî ïëàñòó çíà÷åíèé, ÷òî ÿâëÿåòñÿ íàèáîëåå

êîððåêòíûì äëÿ òîíêèõ ïëàñòîâ (ìåíåå 10-15 ì), ÷üÿ òîë-

ùèíà íèæå ðàçðåøàþùåé ñïîñîáíîñòè ñåéñìîðàçâåäêè.

Ïðîãðàììà Wavelet Selector ïðîèçâîäèò àâòîìàòè÷åñ-

êèé ïåðåáîð âñåõ âîçìîæíûõ ìåòîäèê èç çàäàííîãî ñïèñ-

êà. Äëÿ êàæäîé ìåòîäèêè ïðîèçâîäèòñÿ ðàñ÷åò âåéâëåò-

ïðåîáðàçîâàíèÿ ñåéñìè÷åñêèõ äàííûõ è âû÷èñëåíèå êî-

ýôôèöèåíòà êîððåëÿöèè ìåæäó çíà÷åíèÿìè âåéâëåò-ïðå-

îáðàçîâàíèÿ â îêðåñòíîñòÿõ ñêâàæèí ñî çíà÷åíèÿìè ñêâà-

æèííûõ ïàðàìåòðîâ. Ðåçóëüòàòû ðàáîòû ïðîãðàììû âû-

äàþòñÿ â âèäå òàáëèöû «ïàðàìåòðû âåéâëåò-ðàçëîæåíèÿ –

çíà÷åíèå êîýôôèöèåíòà êîððåëÿöèè». Â ïðîãðàììå åñòü
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ðàçëè÷íûõ ìåòîäèê âåéâëåò-ïðåîáðàçîâàíèÿ è àâòîìàòè-

÷åñêîé ñåëåêöèè âàðèàíòîâ ñ íàèáîëüøèì êîýôôèöèåí-

òîì êîððåëÿöèè ñî ñêâàæèííûìè äàííûìè.

Ìåòîäèêà ïðîãíîçèðîâàíèÿ ñâîéñòâ ïëàñòà ïî ðåçóëü-

òàòàì âåéâëåò-àíàëèçà ñåéñìè÷åñêèõ äàííûõ âïåðâûå îï-

ðîáîâàíà íà òåððèòîðèè Òàòàðñòàíà (íà ïëîùàäÿõ ÏÀÎ

«Òàòíåôòü»).

Ìåòîäèêà ìîæåò èñïîëüçîâàòüñÿ íà ëþáîì ó÷àñòêå,

ãäå åñòü ðåçóëüòàòû ñåéñìîðàçâåäêè è äîñòàòî÷íîå äëÿ

ïîñòðîåíèÿ ðåãðåññèîííîé ìîäåëè êîëè÷åñòâî ñêâàæèí.

Ïðåäëàãàåìóþ âåéâëåò-ìåòîäèêó ñëåäóåò ðàññìàòðè-

âàòü, ïðåæäå âñåãî, êàê îäíó èç äîïîëíèòåëüíûõ ïðîöåäóð

äèíàìè÷åñêîé îáðàáîòêè ñåéñìîðàçâåäî÷íûõ äàííûõ è

èñïîëüçîâàòü êàê èñòî÷íèê äîïîëíèòåëüíîé èíôîðìàöèè

ïðè îáîñíîâàíèè ïîäñ÷åòíûõ ïàðàìåòðîâ è êîëëåêòîðñ-

êèõ ñâîéñòâ ïðîäóêòèâíûõ ïëàñòîâ ïðè ïîäñ÷åòå çàïàñîâ

íåôòè è ïîñòðîåíèè ãåîëîãè÷åñêèõ ìîäåëåé íåôòÿíûõ

ìåñòîðîæäåíèé.
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Prediction of Reservoir Properties of Productive Layers Based on Wavelet

Transform of Seismic Data

M.I. Saakyan1, R.S. Khisamov2, R.A. Alekseev3, A.M. Chinarev3, N.S. Gatiyatullin4
1State Reserves Committee, Moscow, Russia
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Abstract. Method of wavelet transform of seismic data

for the last decade is being used in the study of hydrocarbon

reservoirs. Different authors use different methods of wavelet

transform. In addition to the methods, type and duration of

the wavelet (effective frequency) may vary. A large number of

possible options are obtained – hundreds and thousands.

The authors have created a program for automatic selection

of the best options for the wavelet transform based on the R

Statistics package. The correlation coefficient between the

result of the wavelet transform of seismic data and reservoir

parameters (layer thickness, porosity, oil saturation, etc.) is

used as the selection criterion. The method was tested on the

Ballayevsky field (Tatarstan, Russia). For the best attributes

the regression models are built and prognostic maps of

reservoir parameters are obtained.

Keywords: seismic survey, wavelet transform, oil, reservoir

properties.
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