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ABSTRACT

Water shutoff is an effective way to enhance oil recovery
and lower water production. It is crucia to select target
wells and target zones properly, otherwise, the effect of
water shutoff may be disturbed. Traditionally, the job to
select target wells and target zones is aways done
artificially and imprecisely, as a result, water shutoff does
not perform as good as it can. This paper proposes a fuzzy
method capable of optimizing the selection of target wells
and target zones for water shutoff. This study plays a
significant role in the technique of water shutoff.

FUNCTION OF WATER SHUTOFF

An effective water shutoff treatment can lead to the following
good results[2].

1. Water shutoff conducted in the stage of low or intermediate
water cut will be ableto prolong waterfree oil production period.

2. Water shutoff is able to improve oil displacement efficiency
and thus enlarge recoverable oil reserves.

3. By plugging zones of high water cut, liquid production from
these zonesis controlled at adesirablelevel, water cut of the treated
oil wel is successfully controlled and water output of it is
decreased.  Correspondingly, the utilization efficiency of injected
water is enhanced and thus more ail can be recovered with the
same amount of water injection.

4. Water shutoff performed on high water cut zoneswill resultin
an increase of the liquid output from low water cut zones not
plugged. As a result, oil production of the trested well is
gimulated. Indirectly, water shutoff weakens the decline rate of
oil production.

5. For commingled production wells, certain amount of crude il
dill exigts in some zones when water cut of some other zones
aready exceeds the economic limit. Plugging high water cut
zonesmakesit possibleto recover theresidua oil inthese zones.

DETERMINATION OF THEWATER CUT LIMIT
FOR WATER SHUTOFF

Water cut limit for water shutoff means the optimum water cut
to conduct the trestment of water shutoff. For different dilfields,
water shutoff should be adopted at dfferent level of water cut.
Two aspects of facts must be considered comprehensively.

1. For zones without dternative production wells or for zones
tending to form some stagnant area inside them, premature water
shutoff will cause a substantia loss of ecoverable oil reserves.
Therefore, higher water cut of the plugged zonesismore hel pful to
increase recoverable oil reserves and maintain oil production.

2. Determination of the water cut limit for water shutoff should
make certain considerations of the price system. Both investment
and output should be considered economically [2].

PRINCIPLESFOR SELECTING TARGET WELLS
AND TARGET ZONES

To efficiently choose target wells and target zones to be trested
with water shutoff, the following principlesmust bewell weighted.

1. Target zone should qudify the water cut limit water shutoff
required.

2. Zoneswith sharp plane contradictions caused by unreasonable
injection-production relationship or reservoir heterogeneity should
bepreferentialy considered.

3. Wells containing zones with very different water cut should
bepreferentially selected.

4. Wdlls having relatively capable aternative pay zones should
bepreferentialy considered.

5. Wells with higher flowing pressure should be preferentialy
consdered.

6. If dynamic parameters of every zone can not be determined
through separate zone test, then wells with water cut higher than
90% or mean vaue should be preferentialy considered and zones
with higher liquid production should be preferentially selected.
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7. For wells satisfying (1), enhancement of liquid production
should be preferentidly considered. Otherwise, water shutoff
should beapplied.

(Rit1- Rt 2)/(R - Ru)” [[L- fur2J- R+ (- furoJRIQL

s g /[P, - (36.6+3.04f,, /(1- f,)] @

Where,

Rw1 and Ry>= flowing pressure before and after liquid production
enhancement respectively, MPa

P, =formation pressure, MPa

farr @nd fy, = water cut of high water cut zone and that of low
water cut zone respectively, fraction

Q. =liquid production rate of thewell, t/d

R =theratio of theliquid production from the high water cut zone,
fraction

fw=water cut of thewell, fraction

P.=priceof crudeail, yuan/t

S =the cost to change the pump, yuan/t

8. Income created by water shutoff should be greater than the
totd cog, i.e, ether (2) or (3) should be satisfied. Otherwise,
water shutoff should not be adopted.

(A- fWQRG(F: - S) + fnQLRw B? SpI /(EpITe) (2)

{(Parr - Rus2) /(R - P\Ml)l.(tl' fwfle‘ R)+ (J-' fwfl)R]QL} ©)
’ (Pc h S/) +[fwf1RQL - (ow1 - PWfZ)/(Pr - ow1) fwfz(l‘
RIQIB® S, /(E,T,)
Where,
B = congtant related to cost of water injection, yuan/t
S =ambulatory cost of crudeail, yuan/t
Ey = ratio of success of water shutoff, fraction
Te=valid period of water shutoff, day
Ry = ratio of enhanced il production by water shutoff, fraction
Ry = ratio of weskened water production by water shutoff,
fraction
S, = operation cost, yuan/well

TO SELECT TARGET WELLS AND TARGET ZONESUSING
FUZZY METHOD
Indexes
A.Wéer Cut

If water cut of every zone can not be determined, combined
water cut of thewholewell isoften used as anindex to select zones
to be plugged. A larger difference between the combined water
cat ( fy ) and the water cut limit for water shutoff aways
necessarily meansabetter result.

Dfw = fw.well - fw.limit 2 O @
fulimit = (fw.ultimate- A) ®)
Where,
Df,, = the difference between combined water cut of the whole
wel and the water cut limit of water shutoff, %
fuwwal = combined water cut of the whole wdll, %
f o im i = Water cut limit for water shutoff, %
fusultimate= €cONOMic limit of water cut, %
A = scopeof water cut

B. Difference of Water Cut Between Different Zones, Df\;\,

The difference of water cut between different zones should be
greater than 50%. Thelarger it is, the better theresult is.

fw o high - fw,
Df ¢ = w rhigh wilow 100 % (6)
fw low

Where,

Df\;\, = the largest relative difference of water cut between
different zones, a £ Df § <b

fshigh = the highest water cut among all zones, %

fwslow = thelowest water cut among all zones, %

C. Alternative Productivity of Tthe Plugged Zone, DQ_

The productivity loss a the plugged zone should be compensated
by the alternative producing zonesin the same well.

Q. - Q¢
D = L L
Q. o ™

Where,

Q_ = productivity of alternative producing zones
Q= productivity loss caused by water shutoff
DQ, = rdativedifference

D. Flowing Pressure, DRy

DR, =(P,- P,)/P,” 100%3 10% (8)
Where,
DR,, = relative difference between flowing pressure of the plugged
well and average flowing pressure of thewholetract, %

R, =flowing pressure of the plugged well, MPa
EW = averageflowing pressure of thewholetract, MPa
Thelarger DRy is, the better the effect is.

E. Index for Comparing Liquid Production Enhancement
and Water Shutoff, DD

Usudly, if conditions permitted, liquid production enhancement
should be preferentialy adopted. Nevertheless, water shutoff
should be applied if saes profit created by liquid production
enhancement is smdler than the totd cod, i.e, a bigger
DD suggestswater shutoff be gpplied.

DD ={S./[P; - (36.6+3.04f, /(L- f,))]- ABI- R)+

(- fu)RQUAABA- R+(- Ty RIQ) 1006 O
Where p= w1 Pu2
' Pr - Pu 1
B = l- fWﬂl

While DD 23 10% , water shutoff should besdected.

F. Profit Obtained Through Water Shutoff, DD

Water shutoff will increase oil production and decrease water
production. Certain income will be produced by this way. The
income pD' should belarger than thetotal cost. Thelarger DD is,
the better water shutoff is.

DD'=[(1- fu)QLRu(P.- Sy)+ fyQLRuwB (10)

- S ELTINS, I(ELT,)]

G. Plane Contradiction of The Target Zone, M
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For the reason that water shutoff is able to weaken plane
contradiction, so water shutoff is a preferential choice for
zones with sharp plane contradiction.

Selection of Target Wells and Target Zones Using Fuzzy
Theory [1]

The method involves the following three steps.
A. TheFirst Step

Firstly, wells and zones obviously unfit for water shutoff
should be artificially picked and thrown away. These wells
and zones are mainly the following ones.

1. those very different from the aforementioned indexes

2. those fit for other measures

3. those fit for neither mechanical water plugging nor
chemical water plugging

Except for the three cases, water shutoff is available.
B. The Second Step

In the second step, first level judgement is conducted
using fuzzy method.

Give points to every index for all wells according to the
value. If value of the ith index of the jth well is Dj and

the upper and the lower limit of it are Dy and Dgown

respectively, then the following two parameters can be
calculated.

a=0.5d,, +dyum)

b=[-(dy, - ) /(4" 0" O5)]'?

Then tij and rij can be calculated respectively, as shown in
(11) and (12).

t, =(d; - @%- b*" Inx (12)

fj =exp(-tj /b%) (12)
Then we obtain the fuzzy anal ogous matrix.

Ry
Rz (13)
R3
Apply B = Aj © R to calculateB; .
Reservoir property is B, = (bll, o T o , bln).
Oil related property is BZ = (b21,b22, b23, ...... , bzn) .
Productivity related property is B, =(b,,,b,,,b,;,......b, ).

4

Where, b;=3 Ay -
k=1

C. TheThird Step

The third step is to execute the second level fuzzy
judgement.

The fuzzy andogous matrix here can be formulated through the
first level judgement.

&, 0
R= B (14)
&84

Where,

B, = reservoir property

B,=ail related property

Bs= productivity property

At last, based on the formula B=A" R (Matrix

multiplication), we can obtain (15).

b,} (15)

B
Where, b = é Aby -
k=1
Then b can be obtained through (16).

N
= o)
h=b/Qq b (16)
i=1
Final choice can be made according to the calculateda
and its standard distribution.
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