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Water Coning

Meyer, Gardner, and Pirson proposed a similar expression for determining the cnitical o1l rate in
the water coning system shown schematically in figure -15.

The proposed relationship has the following form:
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Resolve example (1-1) assuming that the 01l zone 1s underlaid by bottom water. The water
density is given as 63.76 1Ib/ft. the well completion interval is |5 ft as measured from the
top of the formation (no gas cap) to the bottom of the perforations.

Solution:

The critical o1l flow rate for this water-coning problem can be estimated by applying
equation ( 12). The equation is designed to determine the critical rate at which the water

cone “touches™ the bottom of the well to give.
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Qo max = 0,001535 [((63.76/62.4)-(47.5/62.4))/ In(660/0.25)] (93.5/0.73*1.1)  [40%- 15}
Qo max = 8.13 STB/day
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Simultancous Gas and Water coning

If the effective oil-pay thickness h is comprised between a gas cap and a water zone figure -17,
the completion interval hy must be such as to permit maximum oil-production rate without
having gas and water simultancously produced by coning, gas breaking through at the top of the

interval and water at the bottom,

This case is of particular intcrest in the production from a thin column underlaid by bottom water

and overlaid by gas.]

Fig.17 : The development of Gas and Water coning

For this combined gas and water coning, Pirson { 1977) combined equation {1 1) and (12) to produce
the following simplified expression for determining the maximum oil-flow rate without gas and
waler coning:

Qomax = Qow + Qog .... (13)
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The following data are available:

Hocizonial and vertical permeability, 1.e, k= k= 110 md
Ol relative permealsnding, Ky, = D85

Onl effective permeabidity, k, = 93.5 md

Onl densaty, p, = 47.5 'R’

Waster demsity, po= 61.76 It

Gas dossity, pe= 51 TR

Onl viseasity, po= 073 ¢p

Onl foemation vobume factor, FVE, B, = L1 bUSTE

Onl cobumn thickness. b~ 65 ft

Perforated intenval, by = 15

Depth from GOC o top of perforstions, D= 25 i
Well-bore radius, 1, -0.251t

Drasage adius, r, = 660 fi

Calculate the maximum permissible oil rate that can be imposed 10 avosd cones breakthrough,
12, water and gas coning.

Sulutien:
Apply equation [ 14) to solve for the simultancoss gas-and water coning problem, 1o give:
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Pirson demives 2 relamonshup for determiming the apnmam placement of the devired h, foet of
perforation in an oil rone with a pas cap above and a water rone delow. Pirson proposes that the
optimum dntien e Dy from the GOC 10 e wop of the parforations can determmad from the

foll. 4 ing exprosed

O =m-ap)fi-(E=£2) _ aa
- ap) | (’w _’g} 14)
Where the destance [\ bs expressed in foet,
Exsmple (1.4p
Using the duta given in example (1-3), caleulate the optimum distance for the placoment
of the 15 foot porfommions

Sule jon;
Appiveng squanon (14) gives.

Di=(65-15) 1- 42.5-5] ) 139
6176~ 31
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Completion Efficiency

Generally, there are difference types of well completions: the cased-hole completion has
advantage charactenze the open-hole completion by:

I- Excessive gas or water production can be controlled more easily.

2~ Can be selectively stimulated,

3 Adaptable to multiple completion techniques,

The advantage of cased-hole completion comes in account of loss in well potential to produce
with maximum rate because of casing and perforation. Also it is not unusual during drilling,
completion, or work-over operations for matenials such as mud filtrate, cement slurry, or clay
particles 1o enter the formation and reduce the permeability around the well-bore which cause
potential loss. This effect is commonly referred to as “well-bore damage™ and the region of
altered permeability is called the “skin zone™ this zone can extend from a few inches to several
feet from the well-bore as shown in figure -8 . it express by positive skin factor (s = +). Many
other wells are stimulated by acidizing or fracturing, which in effect increases the permeability
near the well-bore, expressed by negative skin factor (s = ), Figure - 19 shows pressure profile
through porous media,

—» Mo
Figure —18: near well bore skin effect.
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Pressure Profile
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Figure -19 : pressure profile, reprehensive of positive and negative skin effects,
According to the above factors that cause pressure loss, there are many skin factors as following:
St= Sfm + S‘ +Sﬂv

Where;
Sim = Formation skin factor due to alteration formation charactenistics (permeability),

Many wells either have a zone of reduced permeability near the well-bore resulting from drilling
or completion operations or have been stimulated by acidizing or hydraulic fractuning.

Those factors that cause damage to the formation can produce additional localized
pressure drop during flow. This additional pressure drop is referred to as Apye. On the other
hand, well stimulation techniques will normally enhance the properties of the formation and
increase the permeability around the well-bore, so that a decrease in pressure drop is observed.
The resulting effect of altering the permeability around the well-bore is called the skin effect,



compares the difference in the skin zone pressure drop for three possible outcomes:

First outcomes: Apuis = 0, indicates an additional pressure drop duce to well-bore damage,
e, kain<kands = +,

Second outcomes: Apsie < 0, indicates less pressure drop due to well-bore improvement, i.c.,
Kain>kands = —.

Third outcomes: Apain = 0, indicates no changes in the well-bore condition, 1.c., Kaio= k and
§ =10,
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