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Ïîñòóïèëà â ðåäàêöèþ 14.12.2015

Çàêà÷êà âîäû ñèñòåìîé ïîääåðæàíèÿ ïëàñòîâîãî äàâëåíèÿ èçìåíÿåò ñîñòîÿíèå ïëàñòîâîé ñèñòåìû è òðåáóåò

îñîáîãî âíèìàíèÿ. Îäíèì èç ôàêòîðîâ ðèñêà áûñòðîãî îáâîäíåíèÿ ïðîäóêöèè äîáûâàþùèõ ñêâàæèí ÿâëÿåòñÿ

îáðàçîâàíèå òåõíîãåííûõ òðåùèí èëè òðåùèí àâòîÃÐÏ. Èçìåíåíèå òåìïåðàòóðíîãî ôîíà â ðàéîíå íàãíåòàòåëü-

íîé ñêâàæèíû âëèÿåò íà êàðòèíó ìåñòíûõ íàïðÿæåíèé â ïëàñòå è ïðîÿâëÿåòñÿ, êàê âîçíèêíîâåíèå òåðìîóïðó-

ãîãî ýôôåêòà. Äàííûé ýôôåêò ñíèæàåò äàâëåíèå ðàñïðîñòðàíåíèÿ óæå èìåþùèõñÿ òðåùèí ãèäðàâëè÷åñêîãî

ðàçðûâà ïëàñòà. Â ñòàòüå ðàññìîòðåíà âåðîÿòíîñòü ïðîÿâëåíèÿ òåðìîóïðóãîãî ýôôåêòà â íàãíåòàòåëüíûõ

ñêâàæèíàõ, â êîòîðûõ áûëè ïðîâåäåíû ïðîöåññû ÃÐÏ. Ïðèâåäåíû ïðèìåð è ðåçóëüòàòû ðàñ÷åòîâ äëÿ îïðåäå-

ëåíèÿ âåðîÿòíîñòè ïîÿâëåíèÿ òðåùèí àâòîÃÐÏ. Óñòàíîâëåíî, ÷òî áîëåå ÷åì â ïîëîâèíå ñëó÷àåâ ïðèñóòñòâóåò

âåðîÿòíîñòü îáðàçîâàíèÿ òðåùèí àâòîÃÐÏ âñëåäñòâèå âëèÿíèÿ òåðìîóïðóãîãî ýôôåêòà.

Êëþ÷åâûå ñëîâà: ãèäðàâëè÷åñêèé ðàçðûâ ïëàñòà, òåðìîóïðóãèé ýôôåêò, àâòîÃÐÏ, òåõíîãåííàÿ òðåùèíà,

íàãíåòàòåëüíàÿ ñêâàæèíà

DOI: 10.18599/grs.18.1.8

ÓÄÊ 622.276.432:622.276.66

Êàê èçâåñòíî, çàêà÷êà âîäû ñèñòåìîé ïîääåðæàíèÿ ïëà-

ñòîâîãî äàâëåíèÿ (ÏÏÄ) ÿâëÿåòñÿ îñíîâíûì èíñòðóìåíòîì

äëÿ ïîääåðæàíèÿ ïëàñòîâîãî äàâëåíèÿ è óâåëè÷åíèÿ íåô-

òåîòäà÷è íà ìåñòîðîæäåíèÿõ ÏÀÎ «Òàòíåôòü». Îäíàêî â

ïðîöåññå íàãíåòàíèÿ âîäû â ïëàñò íåîáõîäèì ñòðîãèé êîí-

òðîëü óñòüåâîãî è çàáîéíîãî äàâëåíèé, òàê êàê âûñîêèå äàâ-

ëåíèÿ çàêà÷êè ìîãóò ïðåâûñèòü ïðî÷íîñòü ïîðîä è èíèöè-

èðîâàòü ðàçâèòèå òðåùèí â ïðèçàáîéíîé çîíå ñêâàæèíû

èëè ïðèâåñòè ê ðîñòó óæå èìåþùèõñÿ åñòåñòâåííûõ òðå-

ùèí â ïëàñòå. Ïîäîáíîå ÿâëåíèå îáðàçîâàíèÿ òåõíîãåííûõ

òðåùèí èëè ðàñêðûòèÿ åñòåñòâåííûõ òðåùèí íàçûâàåòñÿ

ïðîöåññîì àâòîÃÐÏ è ñîïðîâîæäàåòñÿ óâåëè÷åíèåì îõâà-

òà ïëàñòà ïî âûñîòå è ïî ïëîùàäè. Ïðèðîñò ïðèåìèñòîñòè

ñêâàæèí ñóùåñòâåííî âûøå òåìïà ïðèðîñòà äàâëåíèÿ ÿâ-

ëÿåòñÿ õàðàêòåðíûì ïðèçíàêîì àâòîÃÐÏ.

Íåêîíòðîëèðóåìûé ðîñò òðåùèí ìîæåò íåãàòèâíî

âëèÿòü íà ñèñòåìó ðàçðàáîòêè âñëåäñòâèå ðàííåãî ïîä-

õîäà âîäû ê äîáûâàþùèì ñêâàæèíàì ñ èõ îáâîäíåíèåì,

íåæåëàòåëüíûõ ïðîðûâîâ âîäû â âåðõíèå èëè íèæíèå ãî-

ðèçîíòû è ò.ä. Ïîýòîìó î÷åíü âàæíûì ÿâëÿåòñÿ êîíòðîëü

íàä ýòèìè ïðîöåññàìè, âëèÿþùèìè íà ýôôåêòèâíîñòü

ñèñòåìû ÏÏÄ è âûðàáîòêó ìåñòîðîæäåíèé â öåëîì. Âñå

ýòè àñïåêòû ïðåäúÿâëÿþò ñòðîãèå òðåáîâàíèÿ ê êà÷åñòâó

èñïîëüçóåìîé â ÏÏÄ âîäû êàê ïî ñîäåðæàíèþ ìåõàíè-

÷åñêèõ ïðèìåñåé, òàê è ïî áèîëîãè÷åñêîìó çàãðÿçíåíèþ.

Îäíàêî ïîìèìî îïàñíîñòè çàãðÿçíåíèÿ ïëàñòà åñòü åùå

îäèí êðèòåðèé, âëèÿþùèé íà ïëàñòîâûå ñèñòåìû, – ýòî

òåìïåðàòóðà çàêà÷èâàåìîé âîäû. Äëÿ ìåñòîðîæäåíèé Òà-

òàðñòàíà â çàâèñèìîñòè îò ñåçîíà â òå÷åíèå ãîäà òåìïå-

ðàòóðà íàãíåòàåìîé â ïëàñòû âîäû ìîæåò êîëåáàòüñÿ îò

18 äî 10 îÑ.

Çàêà÷êà âîäû, êîòîðàÿ èìååò òåìïåðàòóðó íèæå ïëàñ-

òîâîé, ñîçäàåò äâå çîíû – çàâîäíåííóþ, ïðåäñòàâëÿþùóþ

îáúåì ïîðîäû, çàíÿòîé çàêà÷èâàåìîé âîäîé, è îõëàæäåí-

íóþ çîíó ñ ïîíèæåííîé òåìïåðàòóðîé.

Îñîáåííîñòüþ ìåõàíèçìà òåïëîîáìåíà â íåôòÿíîì

ïëàñòå ÿâëÿåòñÿ òî, ÷òî çîíû ñ òåìïåðàòóðîé, îòëè÷íîé

îò ïëàñòîâîé, ïåðåìåùàþòñÿ â ïëàñòå ìåäëåííåå, ÷åì

âîäà ïðîäâèãàåòñÿ â ïîðîäå. Â ñâÿçè ñ ýòèì ïðîäâèæåíèå

îáðàçóþùåéñÿ îõëàæäåííîé çîíû îòñòàåò îò ôðîíòà âû-

òåñíåíèÿ íåôòè âîäîé (Æåëòîâ, 1986).

Îáúåì çàâîäíåííîé çîíû ñ ó÷åòîì ïîðèñòîñòè, îñòàòî÷-

íîé íåôòåíàñûùåííîñòè è ñâÿçàííîé âîäû, ò.å. îáúåì ïëàñ-

òà, çàíèìàåìûé çàêà÷èâàåìîé âîäîé (Perkins, Gonzales, 1985):

, (1)

ãäå Q
æ
 – íàêîïëåííàÿ çàêà÷êà âîäû, ì3, – îñòàòî÷íàÿ íåô-

òåíàñûùåííîñòü, ä. åä., – íàñûùåííîñòü ñâÿçàííîé âîäîé,

ä. åä., m – ïîðèñòîñòü, ä. åä.

Îáúåì îõëàæäåííîé çîíû ñ ó÷åòîì ïîðèñòîñòè è îñòà-

òî÷íîé íåôòåíàñûùåííîñòè (Perkins, Gonzales, 1985):

(2)

ãäå ρ
â
 – ïëîòíîñòü âîäû, êã/ì3, ρ

í
 – ïëîòíîñòü íåôòè,

êã/ì3 , ρ
ï
 – ïëîòíîñòü ãîðíîé ïîðîäû, êã/ì3, Ñ

â
 – òåïëîåì-

êîñòü âîäû, Äæ/êã·Ê, Q
æ
 – íàêîïëåííàÿ çàêà÷êà âîäû, ì3,

S
îí

 – îñòàòî÷íàÿ íåôòåíàñûùåííîñòü, ä. åä., S
ñâ

 – íàñû-

ùåííîñòü ñâÿçàííîé âîäîé, m – ïîðèñòîñòü, ä. åä.

Åñëè ðàññìàòðèâàòü âåðòèêàëüíóþ íàãíåòàòåëüíóþ ñêâà-

æèíó ñ óæå ñîçäàííîé òðåùèíîé ãèäðàâëè÷åñêîãî ðàçðûâà

ïëàñòà (ÃÐÏ), òî ôðîíò ïðîäâèæåíèÿ âîäû îò òðåùèíû ãèä-

ðîðàçðûâà ìîæíî ïðèíÿòü â ôîðìå ýëëèïñà. Â ðàáîòå

(Perkins, Gonzales, 1985) îáúåì çàêà÷èâàåìîé âîäû óñòàíàâ-

ëèâàåòñÿ, êàê îáúåì ýëëèïñà êîíôîêàëüíîãî ãëàâíîé îñè

òðåùèíû ÃÐÏ. Áîëüøàÿ îñü ýëëèïñà (à) ðàñïîëîæåíà âäîëü

òðåùèíû, à ìàëàÿ îñü (b) ðàñïîëàãàåòñÿ âäîëü ëèíèè øèðè-

íû òðåùèíû è ïåðïåíäèêóëÿðíà áîëüøîé îñè, à ïîëóäëèíà

òðåùèíû (L
òð

) áóäåò ÿâëÿòüñÿ ôîêóñíûì ðàññòîÿíèåì.

Äëÿ íàõîæäåíèÿ áîëüøîé (ïî îñè Õ) è ìàëîé (ïî îñè Y)

ïîëóîñåé ýëëèïñà èñïîëüçóþòñÿ ýëëèïòè÷åñêèå êîîðäè-

íàòû, â êîòîðûõ êîîðäèíàòíûìè ëèíèÿìè ÿâëÿþòñÿ êîí-

ôîêàëüíûå ýëëèïñû è ãèïåðáîëû.

Çà äâà ôîêóñà F
1
 è F

2
 îáû÷íî áåðóòñÿ òî÷êè ìèíóñ Ñ è

ïëþñ Ñ íà îñè Õ äåêàðòîâîé ñèñòåìû êîîðäèíàò, â íàøåì

ñëó÷àå ïðåäñòàâëÿþùèå ïîëóäëèíû òðåùèíû L
òð

.
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 , (3)

 ,  (4)

ãäå ξ ≥ 0 ,  β ∈ (0, 2π).

Ëèíèè óðîâíÿ ξ ÿâëÿþòñÿ ýëëèïñàìè, ëèíèè óðîâíÿ

β� – ãèïåðáîëàìè. Ãèïåðáîëè÷åñêèé êîñèíóñ (ch) è ãèïåð-

áîëè÷åñêèé ñèíóñ (sh) íàõîäÿòñÿ êàê:

(5)

è  . (6)

Äëÿ áîëüøîé ïîëóîñè β = 0, òàê êàê îíà èäåò âäîëü îñè

Õ, à êîñèíóñ 0 ðàâåí åäèíèöå. Äëÿ ìàëîé ïîëóîñè β = π/2,

òàê êàê îíà ïåðïåíäèêóëÿðíà îñè Õ è Sinπ/2=1, à Ñ = L
òð

.

Ñëåäîâàòåëüíî, íå ó÷èòûâàåì Cosβ è Sinβ â âûðàæåíèÿõ

(3, 4) è óáèðàåì èõ, êàê ðàâíûõ åäèíèöå, è ïîëó÷àåì ïðè-

ìåíèìî äëÿ ðàññìàòðèâàåìîé òðåùèíû:

 , (7)

 . (8)

Ïîëó÷èâ çíà÷åíèÿ áîëüøîé (à) è ìàëîé (b) ïîëóîñåé,

ìîæíî âû÷èñëèòü îáúåì ýëëèïñà êîíôîêàëüíîãî ñ òðå-

ùèíîé:

(9)

èëè

(10)

Ïðèíÿâ e2ξ = z  äëÿ óðàâíåíèÿ (10), ïîëó÷èì:

 (11)

È äàëåå, ïðåîáðàçîâàâ (11), ïîëó÷èì êâàäðàòíîå óðàâ-

íåíèå èëè àëãåáðàè÷åñêîå óðàâíåíèå 2-é ñòåïåíè ñ îäíèì

íåèçâåñòíûì:

.  (12)

Ïîëó÷åííîå ïðèâåä¸ííîå êâàäðàòíîå óðàâíåíèå âèäà

x2+bx+c=0 èìååò ôîðìóëó äëÿ êîðíåé (Áàðñóêîâ, 1966):

 .  (13)

Ðåøåíèåì äëÿ Z áóäåò:

 , (14)

ãäå  .

Òîãäà:

 .  (15)

Òàê êàê e2ξ = z, òî lnZ = 2ξ èëè

(16)

Çíàÿ îáúåì çàâîäíåííîé V
ç
 (1) îáëàñòè, íàõîäèì áîëü-

øóþ è ìàëóþ ïîëóîñè ýëëèïñà çàâîäíåííîé îáëàñòè:

(17)

(18)

Òàê æå âû÷èñëÿþòñÿ áîëüøàÿ è ìàëàÿ ïîëóîñè äëÿ õî-

ëîäíîé îáëàñòè, çíàÿ îáúåì îõëàæäåííîé çîíû V
x
 (2):

 
(19)

  
(20)

Îõëàæäåíèå çîíû ïëàñòà âîêðóã òðåùèíû ÃÐÏ ïðèâî-

äèò ê òåìïåðàòóðíîé äåôîðìàöèè ïëàñòà, ïîýòîìó íåîá-

õîäèìî ó÷èòûâàòü ãåîìåõàíè÷åñêèå îñîáåííîñòè ïîâåäå-

íèÿ ãîðíûõ ïîðîä. Èçìåíåíèå òåìïåðàòóðíîãî ïîëÿ ïðè-

âîäèò ê èçìåíåíèþ ëîêàëüíûõ íàïðÿæåíèé â îõëàæäàå-

ìîé çîíå è âîçíèêíîâåíèþ òåðìîóïðóãèõ (ΔσÒ) ýôôåê-

òîâ. Èìåííî õàðàêòåð ìåñòíûõ íàïðÿæåíèé îïðåäåëÿåò íà-

ïðàâëåíèÿ òðåùèíû, å¸ ðîñò â âûñîòó, äàâëåíèÿ ðàçðûâà è

ò.ï. Ïîÿâëåíèå òåðìîóïðóãîãî ýôôåêòà èçìåíÿåò îáùèå

íàïðÿæåíèÿ â ïëàñòå è ìîæåò âëèÿòü íà èíèöèàöèþ èëè

ðàñïðîñòðàíåíèå óæå èìåþùåéñÿ òðåùèíû.

Èçìåíåíèå òåðìîóïðóãèõ íàïðÿæåíèé (ΔσÒ) ïðèâîäèò

ê ñíèæåíèþ ìåñòíîãî ìèíèìàëüíîãî ãîðèçîíòàëüíîãî íà-

ïðÿæåíèÿ (S
h
) â îõëàæäåííîé çîíå. Â ñâÿçè ñ ñîêðàùåíè-

åì ìèíèìàëüíîãî ãîðèçîíòàëüíîãî íàïðÿæåíèÿ êðèòè÷åñ-

êîå äàâëåíèå äëÿ ðîñòà òðåùèíû íà êîíöå òðåùèíû ìîæåò

áûòü íèæå, ÷åì äàâëåíèå ðàñïðîñòðàíåíèÿ òðåùèíû.

Â ñëó÷àå, åñëè òðåùèíà óæå ñóùåñòâóåò, å¸ ðàñïðîñò-

ðàíåíèå ïðîèñõîäèò, êîãäà èíòåíñèâíîñòü íàïðÿæåíèÿ íà

îñòðèå òðåùèíû âûøå çíà÷åíèÿ êðèòè÷åñêîãî íàïðÿæå-

íèÿ ðàçðóøåíèÿ (σ
êð

):

.  (21)

Óñëîâèåì äëÿ ðàñïðîñòðàíåíèÿ òðåùèíû ïî ìåòîäó

Èðâèíà (Hagoort, 1981) ÿâëÿåòñÿ óâåëè÷åíèå ìèíèìàëüíî-

ãî íàïðÿæåíèÿ íà âåëè÷èíó êðèòè÷åñêîãî íàïðÿæåíèÿ

ðàçðóøåíèÿ:

.  (22)

Äëÿ òðåùèí áîëåå 3 ì êîýôôèöèåíò èíòåíñèâíîñòè

íàïðÿæåíèé Ê
Icr

 î÷åíü ìàë, è èì ìîæíî ïðåíåáðå÷ü
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Òàáë. 1. Èñõîäíûå äàííûå.

(Hagoort, 1981). Ñ ó÷åòîì èçìåíåíèÿ òåðìîóïðóãèõ íàïðÿ-

æåíèé âûðàæåíèå (22) ïðèíèìàåò âèä:

(23)

 , (24)

ãäå ν  – êîýôôèöèåíò Ïóàññîíà, ä. åä.; Ð
â
 – äàâëåíèå, îêà-

çûâàåìîå âåñîì ïåðåêðûâàþùèõ ãîðíûõ ïîðîä, ÌÏà; α –

êîýôôèöèåíò Áèî; Ð
ïë

 – ïëàñòîâîå äàâëåíèå, ÌÏà.

Êîýôèöèåíò Áèî èìååò çíà÷åíèå â äèàïàçîíå îò 0,7 äî 1

è îáû÷íî ïðèíèìàåòñÿ ðàâíûì åäèíèöå.

 õàðàêòåðèçóåò, íà ñêîëüêî ñíèæàåòñÿ äàâëåíèå ðàñ-

ïðîñòðàíåíèÿ òðåùèíû è áåðåòñÿ ñ îòðèöàòåëüíûì çíàêîì,

òàê êàê ïðîèñõîäèò ïîíèæåíèå òåìïåðàòóðû ïëàñòà.

,  (25)

ãäå α
ò
 – êîýôôèöèåíò òåïëîâîãî ðàñøèðåíèÿ, ì/ì·îÑ; Å –

ìîäóëü Þíãà, ÌÏà; ν – êîýôôèöèåíò Ïóàññîíà, ä. åä.; ΔT –

ðàçíîñòü òåìïåðàòóð ïëàñòà è çàêà÷èâàåìîé âîäû, îÑ;

f
(a, b, h)

 – êîýôôèöèåíò Ïåðêèíñà, èñïîëüçóåìûé äëÿ ó÷åòà

äàâëåíèÿ âîêðóã òðåùèíû (Perkins, Gonzales, 1985).

Èçìåíåíèå íàïðÿæåíèé ïðîèñõîäèò êàê âäîëü îñè òðå-

ùèíû, òàê è ïåðïåíäèêóëÿðíî åé. Kîýôôèöèåíò Ïåðêèí-

ñà 
х х

 ó÷èòûâàåò âëèÿíèå èçìåíåíèÿ ïåðïåíäèêóëÿð-

íîãî òðåùèíå ñòðåññà, âëèÿþùåãî íà ñèëû, ìåøàþùèå

ðàñêðûòèþ òðåùèíû.

х х

х

х

х

х

х

х
х

1      1          1,45                       
0,9        

х

х

х

     0,35                       1
                                  2                               0,774

(26)

Çíàÿ óñòüåâîå äàâëåíèå çàêà÷êè, ìîæíî îïðåäåëèòü

äàâëåíèå íà çàáîå:

т перф,   (27)

ãäå Ð
óñò

 – äàâëåíèå íà óñòüå íàãíåòàòåëü-

íîé ñêâàæèíû, ÌÏà;  ρ
æ

– ïëîòíîñòü çà-

êà÷èâàåìîé âîäû, êã/ì3; Í – ãëóáèíà èí-

òåðâàëà çàêà÷êè, ì; ΔÐ
ò
 – ïîòåðè äàâëå-

íèÿ íà òðåíèå (Ãèäðàâëèêà, 1984), ÌÏà;

ΔÐ
ïåðô

 – ïîòåðè äàâëåíèÿ íà ïåðôîðàöèè

(Ñóëåéìàíîâ è äð., 1984), ÌÏà;

т , (28)

ãäå λ – êîýôôèöèåíò òðåíèÿ ïðè äâèæå-

íèè æèäêîñòè â òðóáàõ;

,

ïðè Re > 2300  . (29)

×èñëî Ðåéíîëüäñà:

 ,  (30)

ãäå V – ñêîðîñòü ïîòîêà æèäêîñòè, ì/ñ;

d – âíóòðåííèé äèàìåòð ÍÊÒ, ì;

ρ
æ 

– ïëîòíîñòü æèäêîñòè, êã/ì3; μ – äèíàìè÷åñêàÿ âÿçêîñòü

æèäêîñòè, Ïà⋅ñ; L – äëèíà òðóá ÍÊÒ, ì.

 ,  (31)

ãäå Q – ïðèåìèñòîñòü ñêâàæèíû, ì3/ñ; n
ïåðô

 – êîëè÷åñòâî

ïåðôîðàöèîííûõ îòâåðñòèé, øò.; d
ï
 – äèàìåòð ïåðôîðà-

öèîííûõ îòâåðñòèé, ì; ϕ – êîýôôèöèåíò ðàñõîäà, çàâèñÿ-

ùèé îò õàðàêòåðà èñòå÷åíèÿ æèäêîñòè.

Äëÿ ïðåäîòâðàùåíèÿ ðàçâèòèÿ òðåùèíû íåîáõîäèìî

ñîáëþäàòü óñëîâèå íå ïðåâûøåíèÿ çàáîéíîãî äàâëåíèÿ

íàä äàâëåíèåì ðàñïðîñòðàíåíèÿ òðåùèíû:

P
çàá
<P

òð
. (32)

Íà ïðèìåðå ñêâ. 891 ÍÃÄÓ «Áàâëûíåôòü» ÏÀÎ «Òàò-

íåôòü» ðàññìîòðèì âëèÿíèå çàêà÷êè õîëîäíîé âîäû è ïðî-

ÿâëåíèå òåìïåðàòóðíûõ ýôôåêòîâ íà èçìåíåíèå äàâëåíèÿ

ðàñïðîñòðàíåíèÿ òðåùèí àâòîÃÐÏ.

Â íàãíåòàòåëüíîé ñêâ. 891 áûë ïðîâåäåí ÃÐÏ â èíòåð-

âàëå áîáðèêîâñêîãî ãîðèçîíòà. Ïî ôàêòè÷åñêèì äàííûì

îáúåì çàêà÷êè â 2015 ã. äî ÃÐÏ íà ñêâ. 891 êîëåáàëñÿ îò 39,2

äî 86,1 ì3/ñóò ïðè óñòüåâîì äàâëåíèè Ð
óñò 

= 7,6 ÌÏà. Ïîñ-

ëå ïðîâåäåíèÿ ÃÐÏ ïðèåìèñòîñòü ñêâàæèíû âûðîñëà â

ñðåäíåì äî 111,3 ì3/ñóò ñî ñíèæåíèåì óñòüåâîãî äàâëåíèÿ

äî Ð
óñò 

= 7,0 ÌÏà. Äëÿ ðàñ÷åòà ïðèìåì òåìïåðàòóðó âîäû

10 îÑ êàê íàèìåíåå áëàãîïðèÿòíîå óñëîâèå.

Èñõîäíûå äàííûå è ðåçóëüòàòû ðàñ÷åòîâ ïðåäñòàâëå-

íû â òàáë. 1 è 2 (äàííûå ïî íàêîïëåííîé çàêà÷êå, êîíñòðóê-

öèè ñêâàæèíû, ïëàñòîâûì ïàðàìåòðàì âçÿòû èç êîðïîðà-

òèâíîé èíôîðìàöèîííîé ñèñòåìû ÏÀÎ «Òàòíåôòü»

ÀÐÌÈÒÑ, õàðàêòåðèñòèêà òðåùèíû ÃÐÏ ïî îò÷åòó äèçàé-

íà òðåùèíû ÎÎÎ «Òàòíåôòü-ËåíèíîãîðñêÐåìÑåðâèñ»;

ìîäóëü Þíãà è êîýôôèöèåíò Ïóàññîíà äëÿ îòëîæåíèé ãî-

ðèçîíòîâ, ýêñïëóàòèðóåìûõ íà ìåñòîðîæäåíèÿõ ÏÀÎ

«Òàòíåôòü», ïîëó÷åíû èíñòèòóòîì «ÒàòÍÈÏÈíåôòü» â ðå-

çóëüòàòå ïðîâåäåííûõ èññëåäîâàòåëüñêèõ ðàáîò).

Òåðìîóïðóãèé ýôôåêò, âîçíèêàþùèé âñëåäñòâèå òåì-

ïåðàòóðíûõ èçìåíåíèé â îõëàæäåííîé çîíå ïëàñòà, ñíèæà-
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åò â íàøåì ñëó÷àå ëîêàëüíûå íàïðÿæåíèÿ äî 0,7 ÌÏà â

õîëîäíûé ïåðèîä ãîäà. Êàê âèäíî ïî ðåçóëüòàòàì ðàñ÷åòà,

çàáîéíîå äàâëåíèå â ñêâ. 891 ïðåâûøàåò è âåëè÷èíó ìèíè-

ìàëüíîãî ãîðèçîíòàëüíîãî íàïðÿæåíèÿ (S
h
), ñíèæåííîå

òåðìîóïðóãèì ýôôåêòîì . Óñëîâèå P
çàá

< P
òð 

íå ñîáëþ-

äàåòñÿ è ïðèñóòñòâóåò âîçìîæíîñòü äëÿ ðàçâèòèÿ òðåùèíû

àâòîÃÐÏ â ïðîöåññå çàêà÷êè âîäû â äàííîé ñêâàæèíå. Íå-

îáõîäèìî íàáëþäåíèå çà èçìåíåíèåì êîýôôèöèåíòà ïðè-

åìèñòîñòè, äèíàìèêîé äàâëåíèé çàêà÷êè è ïîâåäåíèåì îê-

ðóæàþùèõ ðåàãèðóþùèõ ñêâàæèí. Ñëåäîâàòåëüíî, òðåáó-

þòñÿ ïðîâåäåíèå äîïîëíèòåëüíûõ èññëåäîâàíèé, êîíòðîëü

ïî îêðóæàþùèì ñêâàæèíàì è ìîäåëèðîâàíèå ñèòóàöèé.

Ïîäîáíûé ðàñ÷åò áûë ïðîèçâåäåí äëÿ íàãíåòàòåëüíûõ

ñêâàæèí ÍÃÄÓ «Áàâëûíåôòü», â êîòîðûõ áûë ïðîèçâåäåí

ãèäðîðàçðûâ ïëàñòà (Òàáë. 3).

Ðàñ÷¸òû ïîêàçûâàþò, ÷òî â 67 % ñêâàæèí ïðèñóòñòâóåò

âåðîÿòíîñòü îáðàçîâàíèÿ òðåùèí àâòîÃÐÏ âñëåäñòâèå âû-

ñîêîãî äàâëåíèÿ çàêà÷êè, ò.å. áîëåå ÷åì â ïîëîâèíå ñëó÷à-

åâ òðåáóåòñÿ îáðàòèòü âíèìàíèå íà òåõíîëîãè÷åñêèå ðå-

æèìû ðàáîòû ñêâàæèí.

Êàê èçâåñòíî, ïî ðåçóëüòàòàì ïðîâåäåíèÿ ìèíèôðàêà

ìîæíî îïðåäåëèòü äàâëåíèå ñìûêàíèÿ (èëè ïî äðóãîìó

äàâëåíèå ðàçâèòèÿ òðåùèí), ðàâíîå è ïðîòèâîäåéñòâóþ-

ùåå ìèíèìàëüíîìó ãëàâíîìó íàïðÿæåíèþ â ïîðîäå. Â

ñëó÷àå ïðåâûøåíèÿ äàâëåíèÿ çàêà÷êè íàä äàâëåíèåì ñìû-

êàíèÿ ïðîèñõîäèò îáðàçîâàíèå òåõíîãåííûõ òðåùèí èëè

ðàñêðûòèå åñòåñòâåííûõ òðåùèí ñ óâåëè÷åíèåì âåðîÿò-

íîñòè èõ äàëüíåéøåãî ðàçâèòèÿ.

Äëÿ íåäîïóùåíèÿ âîçíèêíîâåíèÿ ýôôåêòà àâòîÃÐÏ â

íàãíåòàòåëüíûõ ñêâàæèíàõ íåîáõîäèìî ñîïîñòàâëÿòü è àíà-

ëèçèðîâàòü äàííûå, ïîëó÷åííûå â õîäå ïðîâåäåíèÿ ìèíè-

ôðàêà â ðàññìàòðèâàåìûõ èëè ñîñåäíèõ ñêâàæèíàõ,

ñ ïðîìûñëîâûìè äàííûìè ïî çàêà÷êå è ïðè íåîáõîäèìî-

ñòè îïåðàòèâíî âíîñèòü èçìåíåíèÿ â òåõ-

íîëîãè÷åñêèé ðåæèì ðàáîòû íàãíåòàòåëü-

íûõ ñêâàæèí.

Â íèçêîïðîíèöàåìûõ êîëëåêòîðàõ ïðè

î÷åíü ìàëûõ îáúåìàõ îáðàáîòêè, õàðàêòåð-

íûõ äëÿ ìèíèôðàêà, çíà÷åíèå ìãíîâåííî-

ãî äàâëåíèÿ îñòàíîâêè çàêà÷êè (ISIP) áóäåò

ïðèáëèæàòüñÿ ê äàâëåíèþ çàêðûòèÿ (Gidley

et al., 1989).

Âûâîäû
1. Ïëàñòîâûå òåìïåðàòóðû ãîðèçîíòîâ

Áàâëèíñêîãî ìåñòîðîæäåíèÿ êîëåáëþòñÿ â

ñðåäíåì â ïðåäåëàõ 25-40 îÑ, ïîýòîìó íå

íàáëþäàåòñÿ ÿðêî âûðàæåííûõ ïðîÿâëåíèé ýôôåêòà òåð-

ìîóïðóãèõ èçìåíåíèé íàïðÿæåíèé, íî òåì íå ìåíåå èõ

íåîáõîäèìî ó÷èòûâàòü, òàê êàê îíè ÿâëÿþòñÿ íåîòúåìëå-

ìîé ÷àñòüþ ïðîöåññà çàâîäíåíèÿ.

2. Ðîñò òðåùèí â ðåçóëüòàòå ýôôåêòà àâòîÃÐÏ óâåëè÷è-

âàåò èõ ïðîòÿæåííîñòü èëè ðàçâèòèå ïî âûñîòå, à ýòî ñî-

çäàåò îïàñíîñòü ðàííåãî ïîäõîäà âîäû ê äîáûâàþùèì

ñêâàæèíàì èëè ïðîðûâà â âåðõíèå èëè íèæíèå èíòåðâà-

ëû. Ïîýòîìó âûáîð ñèñòåì ðàçðàáîòêè íåîáõîäèìî îñó-

ùåñòâëÿòü ñ ó÷åòîì ïàðàìåòðîâ ïëàíèðóåìûõ ÃÐÏ, âåðî-

ÿòíîñòè ïðîÿâëåíèÿ àâòîÃÐÏ, îïðåäåëåíèÿ íàïðàâëåíèÿ

ãëàâíûõ íàïðÿæåíèé, îïðåäåëÿþùèõ îðèåíòàöèþ ðàñïðî-

ñòðàíåíèÿ òðåùèí.

3. Êîíòðîëü ïðîöåññà òðåùèíîîáðàçîâàíèÿ, ïîñòîÿí-

íûé ìîíèòîðèíã òðåùèí, ïðîâåäåíèå ñîîòâåòñòâóþùèõ

èññëåäîâàíèé è ìîäåëèðîâàíèå íåîáõîäèìû äëÿ ýôôåê-

òèâíîãî ôóíêöèîíèðîâàíèÿ ñèñòåì ïîääåðæàíèÿ ïëàñòî-

âîãî äàâëåíèÿ è äîñòèæåíèÿ óñïåøíîñòè ðàçðàáîòêè ìåñ-

òîðîæäåíèé ñ èñïîëüçîâàíèåì ãèäðîðàçðûâà ïëàñòà.

Îñîáåííî ýòî âàæíî äëÿ óñëîâèé íèçêîïðîíèöàåìûõ

êîëëåêòîðîâ, ãäå ïðèõîäèòñÿ ïîääåðæèâàòü âûñîêèå äàâ-

ëåíèÿ çàêà÷êè, ïîýòîìó âëèÿíèå òåðìîóïðóãîãî ýôôåêòà

ìîæåò áûòü áîëåå çàìåòíûì. Ðàñ÷åò ðàçìåðîâ çîí ñ ïîíè-

æåííîé òåìïåðàòóðîé ïîçâîëÿåò îöåíèòü ðàçìåðû òðåùèí

â ñëó÷àå ïîÿâëåíèÿ óñëîâèé èõ ðàçâèòèÿ.

4. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü ó÷òåíû â ãèäðî-

äèíàìè÷åñêèõ ìîäåëÿõ äëÿ óëó÷øåíèÿ àäàïòàöèè òåõíîëî-

ãè÷åñêèõ ïîêàçàòåëåé êàê â öåëîì ïî ìîäåëè, òàê è ïî îò-

äåëüíûì ñêâàæèíàì. Äàííûå òàêèõ ðàñ÷åòîâ äîëæíû ó÷è-

òûâàòüñÿ ïðè ïëàíèðîâàíèè ãåîëîãî-òåõíè÷åñêèõ ìåðîï-

ðèÿòèé íà ñêâàæèíàõ äëÿ ïîâûøåíèÿ èõ ýôôåêòèâíîñòè.

5. Ïðîâåäåííûå ðàñ÷¸òû ïîêàçûâàþò, ÷òî â 67 % ñêâà-

æèí ÍÃÄÓ «Áàâëûíåôòü» ïðèñóòñòâóåò âåðîÿòíîñòü îá-

ðàçîâàíèÿ òðåùèí àâòîÃÐÏ âñëåäñòâèå âûñîêîãî äàâëå-

íèÿ çàêà÷êè, ò.å. áîëåå ÷åì â ïîëîâèíå ñëó÷àåâ òðåáóåòñÿ

îáðàòèòü âíèìàíèå íà òåõíîëîãè÷åñêèå ðåæèìû ðàáîòû

ñêâàæèí.
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Abstract. Water injection with reservoir pressure

maintenance changes the state of reservoir system and

requires special attention. Formation of man-made cracks and

cracks caused by automatic hydraulic fracturing is one of the

risk factors in rapid flooding of production wells. The

temperatures changes in the area of injection well affect local

stresses in the reservoir and are manifested in the form of

thermoelastic effect. This effect reduces the distribution

pressure of existing hydraulic fracturing cracks. The article

considers the probability of thermoelastic effect in injection

wells in which hydraulic fracturing processes have been

carried out. Examples and calculations are given for

determining the probable occurrence of cracks caused by

automatic hydraulic fracturing. It was found that for more

than half of the cases cracks occur by automatic hydraulic

fracturing due to the influence of thermoelastic effect.

Keywords: hydraulic fracturing, thermoelastic effect,

automatic hydraulic fracturing, man-made cracks, injection well

References
Barsukov A.N. Algebra (6-8 classes): for secondary schools. 11th

ed. Moscow: Prosveschenie Publ. 1966. 296 p.

Economides M., Oligney R., Valkó P. Unified fracture design:

bridging the gap between theory and practice. Texas: Orsa Press. 2002.

Pp. 64-65.

Gidley J.L., Holditch S.A., Nierode D.E., Veatch R.W. Resent

advances in-hydraulic fracturing. Monograph Series; SPE of AIME.

Richardson, TX. 1989. V. 12.

Gidravlika [Hydraulics]. Moscow: Energoatomizdat Publ. 1984.

142 p.

Hagoort J. Waterflooded-induced hydraulic fracturing: Dphil. Delft.

1981. 85 p.

Perkins T.K., Gonzales J.A. The effect of thermo elastic stresses

on injection well fracturing. SPE Journal. 1985. V. 25. ¹ 2. Pp. 78-88.

Suleymanov A.B, Karapetov K.A., Yashin A.S. Prakticheskie

raschety pri tekuschem i kapital’nom remonte skvazhin [Practical

calculations under the current and workover]. Moscow: Nedra Publ.

1984. 140 p.

Zheltov Yu.P. Razrabotka neftyanykh mestorozhdeniy [Oil

development]. Moscow: Nedra Publ. 1986. 240 p.

For citation: Salimov O.V., Girfanov I.I., Kochetkov A.V.,

Ziyatdinov R.Z., Morozov P.G. The influence of thermoelastic

effect on cracks of automatic hydraulic fracturing in injection

wells. Georesursy [Georesources]. 2016. Vol. 18.  No. 1. Pp. 46-

50. DOI: 10.18599/grs.18.1.8

Information about authors

Oleg V. Salimov – PhD, Chief of Hydrofrac Research

Laboratory, Well Operation and Workover Department

Phone: +7(85594)78-984, e-mail: sov@tatnipi.ru

Ildar I. Girfanov – Engineer, Hydrofrac Research

Laboratory, Well Operation and Workover Department

Phone: +7(85594)78-998, e-mail: gii@tatnipi.ru

Aleksandr V. Kochetkov – Engineer, Hydrofrac Research

Laboratory, Well Operation and Workover Department,

Phone: +7(85594)78-998, e-mail: kav6365@tatnipi.ru

Radik Z. Ziyatdinov – Scientific Researcher, Hydrofrac

Research Laboratory, Well Operation and Workover

Phone: +7(85594)78-660, e-mail: zrz5969@tatnipi.ru

Tatar Oil Research and Design Institute (TatNIPIneft) PJSC

Tatneft. Russia, 423230, Bugulma, M.Jalil str. 32

Pavel G. Morozov – Deputy Head of Reservoir Engineering

Department, Oil and Gas Production Department «Bavlyneft»

PJSC Tatneft. Russia, 423930, Bavly, Gogol str. 20

Phone: +7(855-69)45-161, e-mail: morozovpg@tatneft.ru



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName (my hi)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


