Dual-layer IPR with dynamic fracture

Consider a water injector with main pay in Reservoir Layer #1 and spontaneous fracture extending down to Reservoir
Layer #2 (see Fig. 1).

Assume that fracture is not fixed and requires surplus pressure Ap, to get opened against the rock burden.

When injection bottomhole pressure p,, is below fracture opening value p,; < Ap, then water is going to the main
pay only (Reservoir Layer #1) and flow radially around the well.

When injection bottomhole pressure p,, is above fracture opening value p,, > Ap, then water is going to the
fracture and then gets distributed between Reservoir Layer #1 and Reservoir Layer 2
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Fig. 1. Dual-layer well schematic

(1) 9=q +a (2) Pws =Ppe +alJ (3) J=Ji+J

Ji-p1+J2-(p2 —6p2)

(4) Pe = APf +

Ji+ >
_Ji-p+ o pe
(5) Pe = Ji+J»
Ji
(6) Pe = 1+J_ Apf+p2—5p2
2
where
Well

q total subsurface flowrate of the well



J total well productivity Index
Pe apparent formation pressure of dual-layer formation
h true vertical height between the layers tops
p) wellbore fuid density
g gravity constant
Apy fracture opening pressure
Layer #1
Pwf bottom-hole prdessure at Layer #1 top
q total subsurface flowrate of the Layer #1
DI formation pressure of the Layer #1
Ji productivity Index of the Layer #1
Layer #2
Pws2 = Pws +pgh  bottom-hole prdessure at Layer #2 top
@ total subsurface flowrate of the Layer #2
P formation pressure of the Layer #2
J productivity Index of the Layer #2
(7) Pwfl = Pws = Aps +p1 +qild;
(8) Pwf2 = Pws +06p2 = Apy + p2 + @2/ )2
This leads to
(9) q1 =J1 - (pwy —p1 — Apy)

(10) @ =J2-(Ppwr2—p2—Aps) =J2 - (puwr — (P2 + Apyr — 6p2))

and

Q1) g=q+q@=q =J1 (Pwr — (1 +Aps)) + J2 - (pwr — (p2 — 6p2 + Apy))
12) q=U1+Jd2) pwr—J1-(p1 +Aps)+J2 - ((p2 — p2 + Apy))

or

(13) g=J - (pws — pe), Where J = J; + Jr and po = J =" - (J1 - (p1 + Apy) + Ja - (D2 — Sp2 + Apy))

or

(14) Pe=Aps+J7" - (J1 - p1 + 2+ (p2 — 6p2))
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