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Abstract — Pulse method of non-stationary flooding is a apparatus, pulsators etc) are used for pulse flooding in order to
continuous regulation process. Its efficiency is determined by the boost reverse capillary imbibitions of closed oil zones and
reserve recovery stage and is chosen after thorough analysis of reversal filtration of the injected water [1-3]. Such complex
the development, when the oil deposits are determined flooding was tested in 2015-2016y.y. and it proved efficient.

differentially on the field zones and deposits and there is a For the elastic capillary imbibition to be effective half
positive forecast of their extraction by existing methods. Then 2

comparing development parameters of different variants of pulse cycle duration should be in the rar@; , where R—
non-stationary flooding the best development method is chosen. x:0,5

In this case bottom-hole or well head devices (energizers, shaker feedcontour radius,y is formation pressure conductivity. If
apparatus, pulsators etc.) are used for pulse flooding in order to _ —-10° 2 .

boost reverse capillary imbibitions of closed oil zones and R°_599 m X . 10°sm™ /s (av.er.age pallrameter_s), this
reversal filtration of the injected water. Experiments showed, —condition is valid at t > 2day, that is in all oil deposits zones
with the increase of vibration frequency at the given parabolic ~where it was fulfilled. But some zones had no positive effect.

law of pressure deviation fluid penetration rate into the Let's determine effect conditions of the reverse filtration and
fractured-porous layer increases sharply. Preliminary results at water injection well change of mode.

showed high efficiency of selective application of complex Such mode of operation will be effective when capillar
flooding of hydrocarbon deposit. imbibition is enhanced by reverse filtration which allows
injecting water smoothly.
Keywords water injection well, capillar, parabolic, law, In areal development systems these conditions are fulfilled
frequency. by the geometry and position of water injecting and extracting
wells.
. INTRODUCTION In block systems peculiarities of mutual position of water

Efficiency of impulse non-stationary flooding as method ofiniecting and extracting wells allow many variants of
development regulation depends on successful choice of 9Peration modes (singular, in groups, in blocs etc). That is
rational variant with the account of certain conditions of#Vhy it iS necessary to take into account influence of
deposits development. Practical experience of impulse nofnsequent operation mode change on the final effect of pulse
stationary flooding (with additional application of pulsing non_—statlonarylfloodlng and the choice of the rational variant
devices down the hole or on the reinjection well head) show!§ given conditions.

that it should be used with caution especially developing new  strict analytical solution on determining quality effect and
deposits. Method variants with less amount of water argyse non-stationary flooding in this formulation is rather
suitable only for flooded deposits with mechanized wategjifficult [4]. But if we solve several practical problems, for
extraction. example choose the best variant, its fulfillment; we will get
Pulse non-stationary flooding is a continuous regu|(,31t0r);omparatlve charactenstlcs_ of_ process ef‘f|C|_er_lcy. In block
process. Its variant is chosen after thorough analysis of tifi€velopment systems the criteria of relative efficiency of pulse
development, when oil deposits are determined differentiallj}on-stationary flooding can be the speed of filtration parallel
in the field zones and there is a positive forecast of thefi© the pumping row. Using this parameter as a criterion is
extraction with the existing methods. Then comparingustified [5].
development parameters of different variants of impulse non | ateral coning is known to go narrow from water injection
stationary flooding with that one of the non-stationarywelis to extracting wells. As here the pressure differential is
flooding the best method is chosen. maximal. That is why solution of the problem of a uniform oil
displacement and increasing of waterless extraction comes
Il. MATERIALS AND METHODS down to injected water flow increase in the direction parallel
To egtimate the results and efficiency of impulse stationaryto the water injection wells row. Injected water arrival
flooding it is necessary to compare the effects of elastitensity index in this direction equals to corresponding
capillary imbibition of closed pores change of filtration component of filtration speed. Filtration speed component
direction during pulse non-stationary flooding. In this casevariation value in any direction does not give absolute values
bottom-hole or well head devices (energizers, shake®f oil recovery, water cutting lessening and so on. It allows
receiving comparative estimation of different operational
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modes of water injecting wells, when capillar imbibition is P ,=const), shown in picture 2, with the following initial
enhanced by reverse fluid direction [6]. data: a parallelepiped is chosen as a tested formatiox e(x

, . . . . d=20x20x 200 sm), then
Now, let’s study the influence of viscous-capillar cyclic
oil-water displacement on blocks capillar imbibition 2 2 2
acceleration. In reality this method consists of periodicS§=[ ®+ ﬁ)} = 46”; ?) = 42(?0+200?) = 0048 12;
pressure change or flow rate on the layer limits resulting in ed ed 2010 sm
periodic change of these parameters during the contact Qfere: g= ks [5/2: 10%°D,048 = 48107 :
highly porous and low permeabilitia objects of a layer.

. . - . 1 =10 sPz;
During pressure increase oil in porous blocks, lenticles or

interlayers is pressed and water penetrates into them. When 3, = 10° 1/Pa;
the pressure is lowered oil and water expand but water is held P =10 MPa:
by capillary forces in non-uniformities of the layer and oil pax '
exits them. P,in=1 MPa (for the first dependance);

In viscous-capillar cyclic mechanism there are two effects 7=0,1s;
that influence its result. The first is acceleration of water
penetration into layers’ non-uniformities as the result of y=¢.
average pressure drop increase between them. The secc o BT - B, 05T T T
effect is capillar water hold in non-uniformities. 1

To estimate water penetration acceleration into non
uniformities let's deal with porous-fractured layer, using ar
equation of liquid exchange between blocks and fractures [7

liquid penetration speed
107, 1ic

after mathematical manipulations we receive equation t 23> J=
determine speed of liquid penetration into non-uniformities. -30 .7
2 bt ' t 50 &
U= it ﬁ a f) (bt - 1) - 7“Pmmaﬂab + C . (1) period corresponding to pressure increase, 1, §
eb H b b Fig. 1. Dependence of fluid penetration speed into non-uniformities on fluid
oscillation frequency
Taking into account stationarity of fluid oscillation onset
that isu(a,t)= u(t), specific equation solution (1) will be As U is fluid volume from blocks into fractures per time
5 unit to fractured-porous layer volume unit, then total fluid
agala volume in fractured-porous medium per volume unit wilhie
=—|— -1)-/Pnn |, 2 o
{ (bt 1) Pm'“} ) =m + m = 0,14 + 0,20 = 0,34. Then, on the condition that
oil will be substituted by water we can determine time of
fluids exchange in the given sample
A/ Prax =/ P
where g =Y max“VFmin .o T
$1 HB> t = T_ ()

a is a coefficient characterizing fluid exchange intensivity v
between blocks and fractures; As graphs in pictures 1 and 2 show, with oscillation
frequency increase at the given parabolic law of pressure

H - oil viscosity, P&, change fluid penetration speed into fractured-porous layer

w- angular frequency, Rad/sec sharply increases. As for pressure change, efficient fluid
o penetration starts from values 6 ... 7 dMRvith oscillation
/B, — blocks elasticity, 1/Pa. frequency increase this value can be lessened.

Average fluid flow per cycle in one direction (e.g. from |t is important not only to “inject” the fluid into the non-
fractures to blocks), with the account of introducedyniformities, but also to hold it there by capillar forces while

designations after manipulations will be oil is flowing out. For quality estimation let's have a look at
5 b the model process. Let a parallelepiped porous sample be in
= aat; 3(#_1) 3 \/P_ , (3) less wettable phase. Lateral surfaces and one frontal surface
Tub | b\ 2 min are non-penetrable and a free frontal surface at the initial

moment touches the fluid. Reverse capillar imbibition starts,
where T'is pressure change cycle, s; that is wetting phase will be taken in and non-wettable will
flow through the only non-wetted frontal surface. Apparently,
fluid will be taken in by small pores, and non-wetting phase
Basing on the formula (2) the dependence is created Will flow out by big pores.
f(ty) at different fluid vibration frequency (see. pic.1), also
dependence based on the formula )% f (4P, where

t; is a period corresponding to pressure increase moment, s.
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Fig. 2. Dependence of fluid penetration average speed int-uniformities
on pressure change

[ll. RESULTSAND DISCUSSION!

As experiments on reverse imbibition of clear sam
show [4], filtration of both phases in reverse directions
uniform during all flow; every phase takes its own
channels systemReverse imbibition can be studied
ordinary one-dimensional two-pke filtratiol. Relative
penetrability for reversed flow can differ from corresponc
functions during on@limensional flow of both phas. But, in
further quality study this difference is not taken into acc.

Experimental studies[4] on holding wate in non-
uniformities during cyclic impact showed that time neces
for injected water to hold in nowniformities completel, is
approximately equal to time necessary for reversed or (
capillar imbibition of the given noaoniformity with the rest ¢
the layer.Now, let's compare speed of oil “substitution” ir
block during cyclic impact on the layeto the speed of
reversed capillar imbibitiorwhich is shown by formu [7]:

m, (5, [ (oA ] %Esf

Ty

#(t) =
, )

wherem, is blocks porosity, 0,2;
S, is blocks water saturation, 0,5;
o is surface tension, 34[40°H/m ;
cos @ is wetting angle, 0,6;
7= 25,3, is determined experimentdlf}.

The value received by formula (5hould be compare
with average flow per cycle by formu(8) at different fluid
vibration frequency.The comparison is shown in pictu3
with the account of formation compressibility decrease ir
course of time.
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Fig. 3. Graph of fluid penetration speed into uniformity and reverse
capillar imbibition

The comparison shows that with injected f vibration
frequency acceleration the speed of rse capillar imbibition
is much less than fluid penetratspeed into non-
uniformities. It should be born in mind that pulsation incre
destroys blocks structure by mechanoactivational proc,
lowering the efficiency of capillar imbibitic. That is why this
method will be effectivef the pulsation of the injected flu
will increase graduallyWe can say that greatdiltration
speed component parallel to the row of dividing injec
wells, more uniformly oil extraction will g[7, 8].

Let's considera part of formation with injection wel
rows and exploitation rov (picture 4). Let's choose
coordinate axes so that one of the axes coincides with th

of injection wells. For poinM with coordinateX and absciss
y of the chosen systeffiltration speed components along a:
are equall’} H I-’l,. correspondingly. As the direction

filtration speed component coincides with the injection w
line, the efficiency of cyclic flooding will be determined

incremental valuelfr on functional mode chae of injecting

wells. Filtration speed projection onto-axis value that ith
depends on injection wells functional mode chi. The value
of speed filtration projection ontc-axis i.e.I{r,C is analytically
determined by expression

V, =-

5, :
X d (6)

x| =

whereK is layer penetrabili;
It is fluid viscosity,

dp di
— is pressure gradie.
dx P 9

Pressure distribution in the point which is at distar
from the source of pressure is determined by an in-
exponent function [9]:
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whereX is formation pressure conductiv.
Taking that r = \;xZ +y? consequently,
cdx .
dr = 3'7, we find
NETERY
{..xz +‘_'!,r2 ]
Q e \ 4xt
x = 2 2 X
2mh x* +vy (
X
Q
O 2cH

Fig. 4. Calculating scheme

For practical use it is convenient to show last formul.
function of relation of X value to hatfistance between

injection wells@,; [10]As the result we hav

_0_5.(£+£
Q e axt \g2 o2 ;
x 2 2
2mha, (r_q + }’q) o,
Ox  0Og

)
Let’s introduce nordimensional filtration speechange on
ordinates axes [10]:

2mho,
Vi=W
Q (10)

To simplify, let's take only y=0Calculation results ¢

nondimensional filtration speed changes for differvalues

z
S

4xt %% are shown in picture 5. As filtration speed :
comporents on axes are vectors, choosing a rational varie
nonstationary flooding it is necessary to take into accoun

only an absolute value of incrementation but also, direc
It follows that for two simultaneously stopped injection w,
with the distance between thefilfration speed changgoes
in opposite directionalong the line parallel to injection we
row; that is anabsolute value of the final speed chang
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determined by the difference of absolute values of s
change from evgrwell. In the rest part of the lay, in relation
to the denoted strip, it is determined -versa, by addition.
As an illustration to estimate the influence of mode ch:
order on the efficiency of filtration direction change let’s t
the part of theinjection wells row for well, with constant
intake capacity (fig. 6).
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Picture 6 showghange curves dimensionless filtration
speedalong the line of injection wel, calculated by formula
z

iF,
(10) [11, 12] atr; = 0,001; 0,1is for four variant of stop: 1

consequently one by one& all simultaneously; 3 well 1
together with well 3, then well together with well 4; 4 well 1
together with well 4 then well together with well 3.

As we can see thmost effective filtration speed chan
along the injection well linehency, efficiency of pulse non-
stationary flooding is at consequent well ¢, then the third,
the fourth, the second variants.

It is important to note that when wells are stop
simultaneously next but oneones between them prone
stagnation and difficult for development are acti
developed in this case. ifeighborin( injection wells change
functional modesynchronousl, stagnation zones can appear.
Formula analysis (9)show that in block systems of
development range consequence of variants according
value of achievediltration direction change is the same
common casg=0, also for no-uniform and flooded layer as
not its parameters bulirectionchange in of fluid flow from
every well determines the final eff.
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V. CONCLUSION

Maximal distance between injection w, whose

operationalmode can change simultaneol, is restricted by

stop duration and further water injectidn. fractions from2
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g,, (rounded to the less valuthis maximal distance will be

determined as relation of whole cycle duration to the les
half-cycles durationlf the haltcycles duration is equal, this
relation is equal to twathat is wells in the row are stopp
next but one.

But it does not exclude other variants of flooc.
Conditions of deposits developm, oil-water boundary
advance can require significant change in filtration directi
one development zone and minor change at the oth. In
this case consequence of waleratione mode change should
take into account the aim of the mode char In particular,
for layer zone, which is outeone to the string between
injection wells,which are stopped simultaneot, filtration
direction change from every well al added. That is why, for
all layer points, whenextreme injection wells stoppt
simultaneouslythere may be created more powerful ins
change of filtration directioby the stop of all nearest we,
then during the stop afext but ons.
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