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Key words: The paper review efficiency of geological and technological methods (GTM) of bottomhole formation zone (BHFZ) treatment
well, formation, bottomhole that increase productivity of production wells. Today, according to directional documents, value of skin-effect (S) which is
formation zone, skin-effect, determined by calculations based on well-test is the main information to screen a GTM. The greater positive value of S-effect at
parameters, productivity, reduced the same production rates, the earlier it is planned to carry out a GTM on a well. Wells with negative value of S take the last
radius, drainage system, place. The larger value, the less probability of GTM application. There is no relation between S value and parameters of a
hydrodynamic resistance, particular GTM technology. That is caused by physical nature of this dimensionless coefficient. According to directional
efficiency, specific surface, documents, S gives a generalized virtual assessment of BHFZ state through the principles of good-bad and more-less. Thus,
formation drainage filter. BHFZ characteristics needed to select parameters for a particular technology of GTM application in each well remain unknown.

An analysis of real physical objects that constitute structural basis of BHFZ whose properties determine value of S is performed.
A historical review of development of this parameter since 1949 is given. It is established that generalized unified characteristic
of BHFZ basically reflects its two properties, that are diriment in structural feature that are specific surface of a well drainage
system and hydrodynamic resistance of its formation fluid. A technique for determination numerical values of these parameters
is proposed. There are examples of application of proposed BHFZ characteristics for analysis of reasons of change in
productivity of a production well of Perm region during 4 years of operation and reasons for change in productivity of five more
wells after the GTM application are given in conclusion.

Kniouesvie crosa: Paccmotpena a¢dexTuBHOCTh reosoro-texnonorndeckux MerogoB (I'TM) BosxeiicTBust Ha npu3a0oOWHYI0 30HY
CKBaXUHA, IUIACT, IpHU3aboitHas npoaykruBHbIX mactoB (IT3I1) s yBenudyeHHs NPOU3BOAUTENBHOCTH APEHUPYIOIIMX MX CKBaXHH. B HacTosiuee Bpems
30Ha, CKUH-(PAKTOP, MApaMeTphbl, OCHOBHO# MH(popManueil a1 Bbibopa TexHomorun I'TM, cooTBercTByMOIel cocTosHUIO KoHKperHoi II3II, sBiusercs,
HPOJYKTUBHOCTB, IPHBEIEHHBIH COIIACHO PYKOBOJSILIMM JOKYMEHTaM, BEIHYMHA CKMH-(akTopa (S), onpenenseMas pacueTHBIM IyTEM IO Pe3ysbTaTaM
pazmuyc, ApeHaXHas CUCTEMa, TUJIPOJIMHAMMYECKUX HCCIIeJoBaHuil CKBaXMH. Yem Ooiibliie MOJOXKHUTENbHAS BEIMYMHA 3TOro KO3 HIMEHTa IpH
THIPOIMHAMUYECKOE OJIMHAKOBBIX NeOMTaX, TeM paHblle ILIaHupyercs nposenenne I'TM B ckaxkune. Ha mnocnenHeM MecTe OCTaOTCA
ConpoTHBIIEHHE, YPPEKTUBHOCTD, CKB@KMHBI C OTPULIATENILHBIM 3HaueHHeM S. UeM Oosibllie €ro BEIMYMHA, TEM MEHbIIE BEPOATHOCTH nposeneHus I'TM.
yJellbHast II0BEPXHOCTb, Huxkakoro oTHomeHHs K BBIOOpY IapamMeTpoB KOHKpeTHoi TexHonmoruu I'TM Benmuuna S He umeer. Ilpuunnoil Tomy
IJIACTOBO-APEHAKHBIH QUIBTP. CIy’KUT (hU3MYECKas CYIIHOCTb JAHHOTO Oe3pazMepHoro koddduuuenrta. CorjnacHo pyKOBOAAIIMM JOKYMEHTaM, OH JaeT

HEKyI0 0000IIEHHYI0 BUPTYyallbHYI0 OlleHKY coctosHus IT3I1 ckBaxuHBI IO NMpHHIMIAM XOpollee — IUIoXoe U Gojee —
meHee. Takum oOpasom, xapakrepuctuku II3I1, HeoOxommmele a1 BEIOOpa MapamMeTpoB KOHKPETHOH TEXHOJOTMH
nposeaeHnst 'TM B kaX1oit CKBaXKHHE, OCTAIOTCS HEM3BECTHBIMH.

B paboTe BBIMONHEH aHAIU3 PEabHBIX (PU3NYECKUX 0OBEKTOB, COCTABISIONINX KOHCTPYKTHBHYIO ocHOBY I13I1, cBoiicTBa
KOTOPBIX OHpenensoT BenuuuHy S. IIpuBeeH MCTOpUYECKUi 0030p pasBUTHS JAHHOTO Iapamerpa HauuHas ¢ 1949 r.
YcranoBneHo, 4To 00001IIeHHas equHas XapaktepucTuka 11311 B ocHOBHOM 0TOOpakaeT JiBa ee CBOMCTBA, OTINYAIOIIHECS
10 KOHCTPYKTUBHOMY IIPU3HAKY, — 9TO yZeJbHas MOBEPXHOCTb IPEHAXHOW CHCTEMbl CKBaXKHHBI U TMAPOAMHAMHYECKOE
CONPOTHUBIIEHHE ee IIacToBoro (uibrpa. IIpeioxkeHa METOANKA ONPEJCICHUs YHCICHHBIX 3HAYCHHIl 3THX MapaMeTpoB.
B 3akiroueHHe NpUBEICHBI MPUMEPhI IIPAKTHYECKOTO HCIONB30BAHUS IPEUIOKEHHbIX XapakTepuctuk I13IT s anannsa
HPUYMH U3MEHEHHMs IIPOAYKTUBHOCTH OJIHOH M3 JOOBIBAIOIIMX CKBaXKMH IIepMCKOro kpas B HPOLECCE €€ YEThIPeXJIeTHEH
9KCIUTYaTalluy U IPUYMH U3MEHEHHU MPOYKTHBHOCTH €llie IATH cKBaxkuH nocie I'TM.
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Introduction

Increase in time of operation of production
wells that pump a productive reservoir in oil fields
causes the fact that state of a bottomhole formation
zone (BHFZ) that plays a role of a filter in a
drainage system of wells is changed.
Multidirectional movement of various fluids in that
zone during operation is accompanied by either
blockage or cleaning of its free space, which
significantly affects well productivity. Therefore,
assessment of a real state of BHFZ is one of the
most important tasks that determines a direction of
work to improve efficiency of well operation
including a technology for BHFZ stimulation in
particular conditions that has to be chosen.

Today, a value of skin factor S that is the main
parameter for assessing the state of BHFZ is used
everywhere [1]. For the first time that was used in
oil production in 1949 by an American scientist
Van Everdingen. He called it a dimensionless
factor reflecting properties of a film that covers
penetrating (infiltrating) surface of a well and
hinder free movement of fluids between a well and
formation. Dimensions of that parameter and its
physical nature were determined by the following
expression:

S=(k—k*)/ k* x In(ra/r) (1)

where £, k* are permeabilities of the main formation;
74, 1y are radii of BHFZ and well respectively.

That was not consider to obtain large values of
S <<-1.

Later a practical method for determination of a
value from pressure build up curve (PBC) is taken
in a stopped well during field well test [2].

S = (b/i) — In(2,25&/r,7), )

where b, i and & are the parameters calculated from the
PBC, reconstructed in semilogarithmic coordinates.
That a dimensionless parameter was widely
used in our and foreign practice of oil production
as a multiuse one for assessing the state of BHFZ.
However, during accumulation of information on
well survey it was determined that in a sufficiently
large number of cases the parameter value
becomes negative and large. Essentially, this

means that at S = 0 a virtual cover is washed off
from the well walls. If the value continues to
decrease S appears again as a virtual physical
nonsense, real physical essence of which will be
interpreted by every speciallist in different way
until their own interpretation is included a
guideline document.

Current state of the issue
of real BHFZ parameters estimation

In order to eliminate uncertainties in evluation
of BHFZ state another dimensionless parameter
such as damage factor is used in American practice
since 1953 (1 — PR). That was developed by
Tomas [12] as a coefficient of zonal damage,
where PR = k*/k is a ratio equal to Q*/Q if other
parameters that determine real and calculated rates
are equal. Positive value of a factor from 0 to +1
indicates a damage (deterioration) of BHFZ.
Negative value of a factor from 0 to —oo on
contrary indicates its improvement. Numerical
value of a parameter, other than zero, determines
degree of deviation of flow penetration property of
BHFZ from the natural state of the main reservoir.
The disadvantage of this parameter is asymmetry
of its boundary estimates. Therefore, although
possible use of 1/PR instead of 1 could provide the
necessary property, only a positive part of them
has received practical application.

Since 1953 a more meaningful parameter such
as reduced well radius is used in domestic practice
with the same purpose. That is virtual radius of
some perfect well operating with production rate of
a real well at interval of a productive formation
[13-20]. That radius rq = ryw . € ¢ is calculated
using C = C; + (,, obtained from Shchurov’s
charts [20], that represent C, and C, as functions
from a method of casing perforation and degree of
productive formation penetration. Since 1985
official documents [22, 23] require to calculate 7yeq
through b/i and &, that are parameters determined
from semi logarithmic anamorphosis of PBC, and
use Skin-factor S = In(rw/req) (instead of
Shchurov’s coefficients) that is numerically not
equal to calculated by formula (2) but reliable in
terms of virtual physical nature. These changes
were confirmed by later [24] domestic guidelines.
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Unfortunately, even this version of a parameter
that characterise a state of BHFZ showed its
inefficiency shortly. Indeed, having its design
values varying in the range 0-0.01 cm, real
throughput of a pipeline or any well, is reset to
zero a reservoir fluid. In this case, reduced radius
Ied together with a virtual well becomes
meaningless. In the opposite case, when calculated
reduced radius of tested wells approaches to size of
radius of their feeding zone (and exceeds it
sometimes) meaningless objects are obtained
again. And again we go beyond the well-known.
Neither virtual nor real physical objects can be
meaningless (nonsense).

Reduced radius and a virtual well become
meaningless objects. In the opposite case, when a
calculated reduced radius of tested wells
approaches to size of radius of their feeding zone
(and exceeds it sometimes) then again from virtual
ones we get meaningless objects. We go beyond
the well-known again. Neither virtual nor real
physical objects can be meaningless (nonsense).

Despite this fact, incredible values of skin
factor and reduced radius of production wells
continue to appear in report technical
documentation and data banks for control of field
development, which puzzle engineering and
technical staff of the oil fields.

Recently, there are in some publications [25, 26]
new computational operations are proposed as
methods of overcoming a still urgent challenges.
Those  operations  increase  accuracy  of
determination of above parameters that evaluate
BHFZ state. However, since the virtual essence of
parameters in such works remains unchanged
efficiency of well operation cannot be increased this
way. In this case dynamics of comparative estimates
of real physical objects has a practical value.

Upgrade of the method for determination
of BHFZ state

An araised issue can be solved at more careful
analysis of modern theoretical bases of
development of oil fields. For example, there are
two main factors recognized by oil field personnel
among objective factors characterizing well design
and complicating movement of fluid between a

productive formation and wells. Those factors are
surface area of a drainage system (i.e. well radius
as the best case) and value of hydrodynamic
resistance of BHFZ as a formation filter. [27]. At
the same time, modern guidelines recommend to
use only generalized characteristics of the object of
interest. Therefore, for more correct and clear
understanding of structure of BHFZ it is advisable
to use quite correct parameters, physical essence of
which corresponds to real design of wells and
properties of a productive reservoir. Obviously,
such parameters should include a specific surface

of a drainage system (SSDS) of a well rr: and S

which represents dimensionless hydrodynamic
resistance of its formation-drainage filter (FDF).
Among the parameters presented in formula (1), S
includes a number of parameters characterizing
constantly changing properties of a reservoir
continuum, including velocity of the fluids, their
composition, properties, pressure in BHFZ etc.
Their magnitude determine constantly changing
size and throughput properties of a filter. In case of
positive values of S parameter, resistance of BHFZ
increases in comparison with a reservoir value,

which is equal to In(R/ rr; ), while for negative

values it decreases on contrary.

The method for determination the parameter
does not require special explanation, since it is
specified by relevant guidance documents [11].
The most probable filter size is calculated in
accordance with [28-30].

An ideal understanding of the physical essence
and magnitude of the first parameter can be obtained
by considering results of the initial full opening of a
productive formation. In this case, part of the real
wellbore located in a productive formation is its
drain. A part of a lateral surface of the drain i.e.
borehole area surface that belongs to length of the
drain, is the required quantity. Obtained SSDS (cm),

. ok . .
corresponds to a reduced well radius 7, which is

relative reduced in 6.28 times by quantitative
characteristic of this parameter. The physical essence
of the parameter will not change in front of other
methods of opening a productive formation for its
drainage as well. Its magnitude varies only.
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Determination of SSDS can be performed
through generally known Dupuis formula if well
productivity index is a function instead of well
production rate.

K=2n¢/In(R/7,,). (3)

All the constituent parameters of this formula
except redused well radius r,,:d are determined

expirementally. As a result of well test using
constant rate method K is determined before a well
was stopped for PBC; ¢ (formation conductivity) is
determined by PBC, R parameter is determined as a
half of length between wells in a network, i.e. well
influende area in accordance with head documents.
Equation is solved in respect to an unknown

parameter. Then analogous parameter of 7, was

determined earlier by PBC. In accordance with the
requirements of RD  153-39.0-109-01 [12],
corresponding parameters of $* and S are calculated
for obtained reduced radii. Such calculations were
performed based on results of study of 20 wells at
11 fields of Perm region. Fig. 1 a shows the graph
of the relationship between the results obtained.

It is seen from the chart that S has
systematically higher values in all the range of
values. That can be caused by the effect on
calculation of different reservoir coditions that is
common for different methods of well test. The
parameter S* is determined based on results of test
of working wells, i.e. in conditions of speed fluid
movement in BHFZ. The parameter S is
determined in all other wells, i.e. with no analogue
fluid movement in BHFZ. Here, in accordance
with Shchurov’s theory it is possible to write an
equation $* = § + C, where a parameter C reflects
a value of additional hydrodynamic resistance that
appear in BHFZ when flud moves. It is clear that
those resistances are located in an BHFZ, which is
as close as possible to drane wall where the
maximum speeds are concentrated. Hydrodynamic
resistances inside the drain are negligible.
Moreover, it has to be noted that BHFZ in terms of
time is not included in information field of PBC.
Now, using obtained values of C in accordance
with head documents it is possible to determine 7.,
(true reduced well radius) that represent a value
proportional to SSDS. If C = 0 then rr: = Fy.
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Fig. 1. Dependencies between: a — S values,
determined by different methods of well test;
b — productivity and reduced wellbore radius for PBC;
¢ — productivity and true reduced radius of wells

To assess a degree of influence of two reduced
radii on productivity of wells we use its
dimensionless analogue as a function. Specific
coefficient of productivity is a part of the
coefficient calculated by a method of constant rates
per unit of hydraulic conductivity of a formation,
determined by PBC. Unfiltered results of
calculations performed for 15 wells, 7 deposits and
13 fields of Perm region are shown in Fig. 1, b, c.

The graphs show existence of logical
relationships between the parameters studied, but
the nature of these relationships is not the same.
So, with increase in values of parameters at initial
sections of the graphs, a similar dynamics of their
productivity is observed, which corresponds to
requirements of theoretical basis (3). This trend is
maintained in the second case with their further
increase in the second version (see Fig. 1, ¢), while
the first case is reversed (see Fig. 1, ) which
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contradicts (3). Another negative characteristic of
this case is a zero value of the parameters. Well
productivity in this case in accordance with the
formula (3) should not be equal to zero as well, but
this is not the case shown in Fig. 1, b. The third
negative sign for the first sample is observed on X-
axis of the graphs. With a real well radius of about
10 cm, these values, shown in Fig. 1, b, are
unlikely to appear. More real are the figures shown
in Fig. 1.

Presented analysis allows to propose reduced
well radius, called true (actual), to use for practical
purposes. It corresponds to SSDS and can deviate
within a reasonable range from the actual radius of
wells, reflecting either blockage of its drainage
systems or formation of new penetrating
(infiltrating) surfaces. There is no changes in terms
of internal dimensionless hydrodynamic resistance
of a well, except for a virtual cover film which is
not considered anymore. S value is simply added to
analogous resistance of a well drainage system.

To wverify the efficiency of proposed
specifications it was necessary to calculate well
flow rates using the Dupuyi's formula with
substitution of the above parameters into it and
compare with real rates. Herewith, in the first case
when performing calculations in a denominator

(3), we use a parameter InR/rq and (InR/ rr: +5)

in the second case. Fig. 2 shows results of
comparison of the rates calculated according to the
first case for 15 studied wells.

80
-‘3 70 e
7 60 P
550 e
40 o
£30 <
520 o o y=0.8867x
S 10 ;/9/ R*=0.963

o &

0 20 40 60 80 100

Measured rate, m3/day

Fig. 2. The ratio of well flow rates
measured and calculated

Rates of the same wells calculated according to
the second case of the Dupui's formula are not
represented graphically, because they are identical

to those obtained as a result of measurements. It is
clear that this case of calculations has real
advantages.

An example of practical use
of allocated characteristics of BHFZ

In order to use recommended parameters of
BHFZ it is offered to evaluate how they affect well
productivity. In the Fig. 3 below such an
evaluation is made on example of the six-time test
of well 182 of Ariazhskoe field, which gives
almost no water in its production.

0 10000 20000 30000 40000 50000 60000
Operating time, h
a
Operating time, h
0 10000 20000 30000 40000 50000 60000

Hydrodinamic
conductivity,
mkm’-cm/mPa-s
[=20 (ST SNe - = S )

0 10000 20000 30000 40000 50000 60000
Operating time, h
¢

(=T (SN =N

Productivity index
(m'/day)/MPa
“ g*

0 10000 20000 30000 40000 350000 60000
Operating time, h
d
Fig. 3. Dynamics: a — SSDS; b - S;
¢ — hydraulic conductivity; d — well productivity

Fig. 3, d shows that there is 5 % increase in
well productivity index at the first period of
operation. However, hydraulic conductivity of a
reservoir (see Fig. 3, ¢), which directly affects a
value of this coefficient, at the same time
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decreases by 65 %. At the same time, a degree of
cleaning of FDF is increased by 60 % (see Fig. 3,
b) and well SSDS is increased in 3 times (see Fig.
3, a). As we can see, positive dynamics of the last
two factors neutralized negative impact of
decreased fluid-conducting properties of the main
productive reservoir on well productivity. After
analysis of the penultimate period of operation in
the same way it is easy to see that at this stage
decrease in well productivity was mainly caused
by a decrease in an area of its drainage system. In
other words there was a blockage of BHFZ walls
of virtual well bore.

Another example is shown in Fig. 4, where you
can see results of stimulation on five randomly
selected wells. First two wells drilled clastic
reservoir, others drilled carbonate one. Wells are
located on four fields of Perm region.

According to the charts built from results of
well test before and after stimulation the most
successful is a technology used in the second well
(injector) and the fourth (producer). Rather
intensive stimulation of remote part of reservoir

production well was obtained mainly due to
blockage of a surface of a well drainage system,
despite the slight purification of its filter. There is
a small positive effect obtained in the fifth well
(producer) mainly due to cleaning of a formation
drainage filter; a remote reservoir zone was
contaminated largely; well drainage system is
partially blocked. In case of no data on
parameters of stimulation technology it is
impossible to give recommendations regarding
violations that reduced efficiency of stimulation.

In order to have detailed understanding about
changes occurred after stimulation in the zone of
a formation drainage filter of wells a
graphoanalytical method to study formula (1)
with substitution of previously found values into
it. The most probable changes in extreme
numerical values of physical parameters that
determine S value are shown in Fig. 5.

The figure shows that in our case of negative
initial values of the parameter S, the change in
external dimensions of the FDF after stimulation
affects the change in its hydrodynamic resistance

caused contamination of a reservoir filter in the = more significantly than the dynamics of
first well. A negative result in the third  throughput.
129.9
7.6 100.3 99.0
6.4
1.4
1.2
0.7
L . ) I
03 ~77.6
a b
183.8
I
0.7 0.1 -04 9
15.7
. mm 14
[] 0.2
-117.0 -292
c d

Fig. 4. Influence of properties of RFZ and BHFZ on results of stimulation in five wells:
a — relative increase in well productivity index; b — effect of formation hydraulic conductivity, %;
¢ — impact of well SSDS, %; d — effect of hydrodynamic resistance FDF, %

ISSN 2224-9923. Bectnux [THUITY. I'eonorus. Hedrerazosoe u roproe neno. 2017. T.16, Ne2. C.148-157



154 ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2017. Vol.16, no.2. P.148-157

900

395 371

. | —
—64 —61

=28

=97

a

b

Fig. 5. Relative change in characteristics that determine the value of S after well stimulation:
a — hydraulic conductivity of FDF, %; b — size of FDF, %

Thus, having received a package of proposed
information on the state of BHFZ, including well
SSDS (specific surface of drainage system) and
parameter S (hydrodynamic resistance of its FDF),
field technology service can easily choose most
optimal stimulation regime with calculated
expected increase in well productivity. Chosen
technology determines the type of agent, its
amount, location of implementation in a well,
pumping regimes, maintaining and removal and
will be passed either to cleaning or artificial
increase of well drainage surface system or
decrease of hydrodynamic resistance of its
formation drainage filter or combined influence. In
any case, second well tests will show which real,
rather than virtual, well parameters have been
changed and by what value.

Conclusion

1. It is established that a single generalized
characteristic of BHFZ state in each well makes it
difficult to select parameters of a technology for

stimulation of BHFZ in order to increase efficiency
of well operation.

2. The  technique for  differentiating
evaluation of BHFZ state is suggested.
That includes determination of a specific

surface area of well drainage system and values
of hydrodynamic resistance of a formation
drainage filter.

3. Based on the example of results of
systematic well tests possibilities of using the
proposed characteristics of BHFZ are shown to
identify reasons of change in productivity of a well
that is operating for a long time.

4.Based on results of well tests conducted
before and after stimulation, possibilities of using
above mentioned parameters to determine reasons
for decrease in efficiency of implemented
technologies are shown.

5. The main directions of differentiated
approach to planning of stimulation technology for
specific bottomhole conditions for each well are
indicated.
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