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Â ðàáîòå ïðåäëàãàåòñÿ àíàëèç ìåõàíèçìîâ ïðîíèêíîâåíèÿ æèäêî-
ñòè â ïëàñò ïðè ðàçðàáîòêå íèçêîïðîíèöàåìûõ êîëëåêòîðîâ ïðè
çàêà÷êå ïîëèìåð-äèñïåðñíîé ñèñòåìû ñ îáðàçîâàíèåì òðåùèí àâòî-
ÃÐÏ âáëèçè íàãíåòàòåëüíûõ ñêâàæèí. Ñôîðìèðîâàíà ìàòåìàòè-
÷åñêàÿ ìîäåëü, ïîçâîëÿþùàÿ îöåíèòü ðàçìåðû çîíû äðåíèðîâà-
íèÿ. Îíà ïðèìåíèìà ïðè ðåøåíèè çàäà÷è î áëîêèðîâàíèè òðåùè-
íû àâòî-ÃÐÏ è ïðè ðàñ÷¼òå ãëóáèíû ïðîíèêíîâåíèÿ ÷àñòèö, âõî-
äÿùèõ â ñîñòàâ ñóñïåíçèè, â ðàçðàáàòûâàåìûé ïëàñò ïðè íàëè÷èè
òðåùèíû ÃÐÏ.
Êëþ÷åâûå ñëîâà: òðåùèíà àâòîãèäðîðàçðûâà ïëàñòà, ïîëèìåð-äèñ-
ïåðñíàÿ ñèñòåìà, ðàñõîä ñóñïåíçèè, çîíà äðåíèðîâàíèÿ ïëàñòà, ôèëü-
òðàöèÿ

Development of a mathematical model for predicting the
characteristic dimensions of the reservoir drainage zone

with an auto-hudraulic fracture

The paper proposes an analysis of the mechanisms of fluid penetra-
tion into the formation during the development of low-permeability
reservoirs during the injection of a polymer-dispersed system with the
formation of hydraulic fracture near injection well. A mathematical
model has been formed that makes it possible to estimate the size of
the drainage zone. It is applicable in solving the problem of block-
ing a fracture and in calculating the penetration depth of dispersed
particles into the reservoir in the presence of a hydraulic fracture.

Keywords: hydraulic fracture near injection well, polymer-dispersed
system, suspension flow rate, formation drainage zone, filtration
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äëÿ æèäêîñòè è ÷àñòèö ñóñïåíçèè â îäíîìåðíîì ñëó÷àå. Çàäà÷à î ïðî-
òåêàíèè ñóñïåíçèè â òðåùèíå àâòî-ÃÐÏ ñâîäèòñÿ ê ðàññìîòðåíèþ äâè-
æåíèÿ ðàáî÷åãî ðàñòâîðà â êàíàëå ïðÿìîóãîëüíîãî ñå÷åíèÿ. Äëÿ îïèñà-
íèÿ ñêîðîñòè ñóñïåíçèè ïðèìåíåí çàêîí Ïóàçåéëÿ. Ââîäèòñÿ äîïóùåíèå
î ëèíåéíîñòè îòòîêà æèäêîñòè â ïëàñò. Ïðè ýòîì ñêîðîñòü ôèëüòðàöèè
ïðèíÿòà íèçêîé, ÷òî ïîçâîëÿåò èñïîëüçîâàòü äëÿ îïèñàíèÿ ïðîöåññà ïðî-
íèêíîâåíèÿ ñóñïåíçèè â ïëàñò çàêîí Äàðñè.

Îñíîâíàÿ ÷àñòü
Äëÿ íàõîæäåíèÿ õàðàêòåðíûõ ðàçìåðîâ çîíû äðåíèðîâàíèÿ ïëàñòà

L ïîëàãàëîñü, ÷òî äèñïåðñíûå ÷àñòèöû â ïëàñò íå ïîñòóïàþò, à îñåäàþò
íà ñòåíêàõ ïîðîâûõ êàíàëîâ â òðåùèíå. Òàêèì îáðàçîì â ïëàñò ïîñòóïà-
åò òîëüêî æèäêîñòü. Ñèñòåìà óðàâíåíèé ìåõàíèêè ìíîãîôàçíûõ ñèñòåì
ïîçâîëèëà íàéòè âûðàæåíèå, îïèñûâàþùåå ðàñïðåäåëåíèå äàâëåíèÿ P
â ïëàñòå. Äëÿ îäíîçíà÷íîãî îïðåäåëåíèÿ ïîñòîÿííûõ áûëè óñòàíîâëåíû
êðàåâûå óñëîâèÿ:

P (0, t) = Pw, (1)

P (l, t) = Pr, (2)

ãäå Pw - äàâëåíèå íà çàáîå ñêâàæèíû, Pr � ïëàñòîâîå äàâëåíèå, t � âðåìÿ,
l � äëèíà òðåùèíû.

Òîãäà âûðàæåíèå äëÿ äàâëåíèÿ P ïðèíÿëî ñëåäóþùèé âèä:

P =
Pw − Pr
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ãäå k - ïðîíèöàåìîñòü ïëàñòà, w � øèðèíà òðåùèíû, x � ãîðèçîíòàëü-
íàÿ êîîðäèíàòà, L � õàðàêòåðíûé ëèíåéíûé ðàçìåð ïëàñòà, íà êîòîðîì
óñòàíàâëèâàåòñÿ ïëàñòîâîå äàâëåíèå, l � äëèíà òðåùèíû.

Äàëåå èç çàêîíà Ïóàçåéëÿ áûëî ïîëó÷åíî âûðàæåíèå äëÿ ñêîðîñòè
ôèëüòðàöèè. Íåïîñðåäñòâåííî íàéòè õàðàêòåðíûé ðàçìåð çîíû äðåíè-
ðîâàíèÿ ïëàñòà L ïîçâîëèëî ðàâåíñòâî ðàñõîäà çàêà÷èâàåìîé â òðåùèíó
âîäû Qin è ðàñõîäà âîäû èç òðåùèíû â ïëàñò Qout.

Ïðè ýòîì
Qin = u(0)wh(1− α0), (4)

Qout = 2hw

∫ l

0

q

hw
dx, (5)

ãäå α0 � êîíöåíòðàöèÿ äèñïåðñíûõ ÷àñòèö íà çàáîå íàãíåòàòåëüíîé ñêâà-
æèíû, q � óäåëüíûé ðàñõîä âîäû èç òðåùèíû â ïëàñò, à u(0) � ñêîðîñòü
ñóñïåíçèè â îáëàñòè íàãíåòàíèÿ ðàáî÷åãî àãåíòà.
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Ïðèðàâíèâàÿ óðàâíåíèÿ (4) è (5), áûëî íàéäåíî âûðàæåíèå:

L =
12kl2

w3(ln( α0+1

2±
√

4−(α0+1)2
))2

. (6)

Òàêèì îáðàçîì â êà÷åñòâå õàðàêòåðíîãî ëèíåéíîãî ðàçìåðà ïëàñòà, íà
êîòîðîì óñòàíàâëèâàåòñÿ ïëàñòîâîå äàâëåíèå L, áûëî ïîëó÷åíî äâà êîð-
íÿ (6), êîòîðûå ïðàêòè÷åñêè ñîâïàäàþò ïî çíà÷åíèþ.

Âûâîäû
Ñôîðìèðîâàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ îïðåäåëåíèÿ ðàññòîÿ-

íèÿ äî êîíòóðà ïèòàíèÿ ïîçâîëÿåò ïî çàäàííûì õàðàêòåðèñòèêàì ðàçðà-
áàòûâàåìîãî ïëàñòà, êîíöåíòðàöèè äèñïåðñíûõ ÷àñòèö â çàêà÷èâàåìîé
ñóñïåíçèè è èçâåñòíîé äëèíå îáðàçîâàííîé òðåùèíû ðàññ÷èòàòü ãëóáèíó
äðåíèðîâàíèÿ ïëàñòà â ïðîöåññå çàêà÷êè ñóñïåíçèè â òðåùèíó àâòî-ÃÐÏ.
Ïîêàçàíî, ÷òî ðàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïðîãíîçèðóåò óâå-
ëè÷åíèå ãëóáèíû ïðîíèêíîâåíèÿ æèäêîñòè ïðè ðîñòå êîíöåíòðàöèè ÷à-
ñòèö ñóñïåíçèè. Ýòî ñîîòâåòñòâóåò ïðåäñòàâëåíèþ î òîì, ÷òî ïðè óâåëè-
÷åíèè êîíöåíòðàöèè äèñïåðñíûõ ÷àñòèö ñíèæàåòñÿ ðàñõîä çàêà÷èâàåìîé
âîäû è èç ðàâåíñòâà ðàñõîäîâ îòòîê âîäû â ïëàñò òàêæå ñíèçèòñÿ. Ïðè
ïðåæíåì ïåðåïàäå äàâëåíèÿ ýòî ìîæåò áûòü äîñòèãíóòî ïðè âîçðàñòà-
íèè ðàçìåðîâ çîíû äðåíèðîâàíèÿ.
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