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ABSTRACT

The carnet leve l of novel technologies for oi l fiel ds
deve lopment is su ffic i ently high. The common wond

prac tica includes oi l reservoir water flooding, ch emical
and therm al EOR , miscible/imnrisible oi l displacement
- injection of hydrocarbon gases, carbon dioxide etc . In
the practical deve lopment of heavy oil fields, thermal
drive plays a n espec i al rol e .

However, this is a common knowledge, that even die
application of high effic ient EOR /IOR technologies for
oil fie lds development u sing vertical Wel ls does not

enable to achieve the final oil recovery for more than
40-50% of the estima t ed reserves .

The main reason for the above is the Jack of

possibility to reach the high level of the reservoirs
conformance by the producing and injectio n Wells, as
Wall as formation sweep during the application of
these technologies

T'lie horizontal (HW) and horizon tal-branch e d Wall
systems (HB WS) are one of die realistic and promising
way to so lve this problem. Such Wells have being
applying in growing ra ta in many cou ntries . A t dis t,
the main accent has been made on the tec hn ical
peculiarities of dri lling-in of the targe ts by means of

marked We lls w i thou t their considering ene r getic
charac teristics and projec t ed.me thods of their drainage .

The success of the efficient oil field development witli
different geological characteristics by means of HW

and HBWS will depend on the simultaneous solution

of a broad range of technical, geological and

technological problems .

Among them the major problems are:
- d e tai le d study and simula tion of the geological

peculiarities of the fonnations being developed, their
natural behavior and reservoir fluids properdes ;
- scienti fic and labora t ory-experimen t a l substantiation

for the oil reservoirs displacement agents ;
- s tudy of the spacing of vertical, horizontal and
branched- horizon ta l Wells, ena b ling the high effi c iency
of the pay zone drilling-in, and what is still more

important, the rational usa of natural and artificia l
reservoir energy ;

- study of technical peculiarities of horizontal and
b r anched-horizonta l We lls cons truc t io n applicable to
certain geo logical cond itions ;

- feasibility analysis of the selected options for the

developmen t of oil fields, inc luding the evaluation of
the bes t me thod of oi l production .

Mie act u al so lu tion of the above pro blems is disp layed

by the examples of the oil fie lds development in
Udmurti a .
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INTRODUCTION

The paper is focused on the desc ribing of the principal

ways of difficult-to recover heavy oil rese rves

development by means of horizontal and branched-
horizontal Wells systems . Being considered are the
complex tasks for . detail study of the geological

characte ri s tics of the project under development , the

choice of efficient treatment for oil rese rvoirs in

combina tion witti their being drilled-in by means of

ho rizontal branched-Wells systems .

The criteria of horizontal-branched Wells systems in
different geological conditions have been formulated .

During die cons ide ra tion of the technologi cal problems
of oi l fie l ds development us ing th e HBWS , the major

conditions for their high-efficiency development at

different stages, are highlighted.

DETAIL STUDY OF THE GEOLOGICAL
STRUCTURE OF THE PROJECTS BEING
DEVELOPE D

Tlie .application of complica ted We lls systems for the
development of oi l fields requires different Erom
traditio na l cases approac hes to die study of their

geolog ical s tru c t ure.
Baserf on the geo logical study of die oi l poo l at the
stage of eva luation of the oi l reserves or its pi lot

development, the fo llowing detai l inves tigation of the

project is carried out :
- the general geologica l charac teristics, describing die
type of oi l poo l and its saturation w i tti oi l , gas and

wa ter,

- detemv nation of the objects to be deve loped and the
subsequen s of put ting them in t o operabon ;
- study of litho logical and petrophysical and reservoir
characteristics of all beds of stratigraphic section, their

heteroge nei ty ;

- study of physica l and chemical proporties of the

reservoir flui ds and gases . For oi ls wit ti i ncreased and
high v iscosity the relatio nship boswoon reservoir oil
viscosity and tempera ture is de temuned ;
- detemunation of the geotherma l factor of the oil pool

area, measurement of pressure and temperature of the
formation under deve lopment ;

- study of the oi l and gas reserves wit ti the

specificatio n of the stratigraphic section of reservoirs ;

- genera l desc rip tion of oi l and gas bearing beds,

situated under the crost of the developed object, for the
ra tiona l design of horizo nt a l we ll bores and branch ed -
horizon ta l We lls systems profi lé .

Based on the detail investigation of the oil pool, we

have constructed an estimated geological and physical

model, which meers the requirements of the

mathematical programs for technological forecasting
of the oil pool development indices and oil recovery

under the preses scheures of complicated Wells systems

and oil bed treatinent technologies .

GROUNDS FOR THE TECHNOLOGIES OF OIL

BED TREATMENT

The choice of oil bed treatment technologies is baserf

on , the geo logical and physica l cri teria wi tti the

application of the comb i ned sp ac ing of vertica l ,
horizontal and branched - horizonta l We lls systems . At
the same time it is necessary to conside r one of die

major factor the applicable treatment technologies

shou ld en able the rea lization of the HW and HBSW
potentia l for o il recovery . at optimum reservoir
pressures i.e . the ra tes of restoring the reservo i r

energy during the used trea tm ent techno logies should

correspond to the estimated top level of production

from complicated Wells systems . The top level of
production derive Erom t he relationship be tween the
tota l extens ion o f d ri lling in of the reservoi r s by means

of Wel ls systems, reservoir charac teristics of the pay
beds and optimum reservoir pressures .

Thus, the app lication of complica t ed horizonta l and
b ranch ed horizontal Wells sys tems die choice of such
bed treatment technologies, which could enable the

proportional res t ora tion of die reservoir energy in the

cou rse of the projec t developmen t is necessarily

require d .

For the high viscous oil pools, the most profitable and

technological ly efficien t recommende d methods might

be the pulse-dosing heat treatment of bed using the

sys t em of spec ial injection Wells (1,2) as we ll as
themiocyc lic trea tm ent of beds through the sys t em of
production We lls [3] . The . a pplication of the above
t ec hnologies prov ides a numb e r of essenba l indu s t ria l
benefi ts : accele ration of die [herm al drive process at
the available capacity of hea t generati ng faci lities,
economy o f resources noode rf for the preparation of die

heat-transfer agent i ncrease of the producing Wel l s
outpu t and thus, the increase of oil prod uction race,

improvement of the reservo irs confocmance conditio n s

by displacemen t, and the final result is the
enhancement of the ultimate oil recovery.
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SUBSTANTIATION OF COMPLICATED WELL
SYSTEMS SPACING

The complicated Well s systems should meet the

following main principal requirements for high-
efficient oil pool development :

- enable the maximum coverage of pay beds by
drilling in ;
- capital investrnents for the construction of Wells
systems should be back paid profitably ;
- while constructing the Wells systems and ducing their

operabon, the safeguarding of the local natural

reserves, not included info the current development
program, should be provided ;

- the complicated Wells systems in combination witti
the applicable bed treatment technologies should
ensure the fulfillment of the three basic principles of
]ugh-efficient oil pools development:
1) achieving the projected volume of oil production
2) reaching the high final oil recovery
3) gaining the high economic profitability.

HW and HBWS in the drilling-in of the objects being

developed may function botte as die producing and
injection Wells.

When ful fi lling the technical program for the
con s truction of complex We lls systems. [here is a
numbe r of principal t asks t o be highligh ted . The major
of themare :
- providing the technical safe ty of dri lling-in of the
target reservo ir, or of the enti re beds system of the
projec t ;
- ensuring techni ca lly the long-term operabon of the
complex Wells systems ;
- the moni toring of the technica l condi tions and tlie
specifications of draini ng of the horizon t al drilled- ou t
We l ls sys tems by means of the log services and
hydrodynamica tests ;

- and evidently one of th e main tasks is ensuring th e
reserves safety withm die area of construction of the
complicated Wells systems .

THE FUNDAMENTAL CRITERIA OF

SELECTING THE OBJECTS FOR THE
APPLICATION OF HW AND HBWS

Essentially HW and HBWS can be applied in any
geologica l cond i tion s . However, at the curre nt stage,
the ma in l i miting factors are related to the technique
and techno logy of the ir cons t ruction .

The preferente can be attributed to the objects witti

the following geological and physical characteristics :

- depth of deposits - more than 2000 m. ;
- oil pools witti any type of deposition conditions ;
- single - bed pools witti the pay section exceeding
5 m. ;
- multiple - deposits witti a broad range of pay sections
and their heterogeneity as to penneability and zone
continuity ;
- objects witti carbonate and terrigeneous, porous and

porous - fractured reservoirs ;
- objects witti mine rocks resistant to spontaneous
destrucáon ;
- the level of the reservoirs oil saturation or the density

of oil is limited by the economical indices, when the

applied systems and the development technologies are
profitable .

The complex Wells systems in combination witti the
high efficient treatment technologies are used in such

cases, when the field operator is assigned to achieve

high oil production races from the geological
complicated formations .

The examples of specific technological 'design and
development of several oil fields in Udmurtian using

the complex Wells systems are described bèlow .

THE GREMIIKHINSKOE OIL FIELD, A4
FORMATION: EXAMPLES OF FIELD
APPLICATION OF HW AND HBWS

This is the case, when the oil pool has been completed

by means of the system of vertical Wells and is being
commercially developed .

Structurally, the A4 oil deposit is represented by

brakhianticline fold witti the smalt angles of the
inclination .

The section displays the interceding of carbonate

porous-and-fractured reservoirs and chick low-

permeable or impermeable layers .

Totally, the A4 formation consist of up to 17 oil
saturated layers witti thicknesses varying from 1 to 6m .
The dense impermeable carbonate rocks have

thicknesses rangmg from 1 . 1 to 3.8 me ters .
Permeability varies withm a broad range from fractions
to 2 .3 Darcy having average v alue being arou nd 0. 1 50
Darcy . The average porosity is 0 . 1 8 . The oil is heavy
(0:923 gr ams per cub .cm.), high -viscou s
(90- 1 80 MPa .s) w itti low content of d isso lved gas (up
to 6.0 cub .m/ton ) . The oi l pool has a wide aqu ifer on
the depth of 1000 m. (OWC). The ini tial reservoi r
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pressure at the OWC equals to 12 .3 mPa and the

reservoir temperature is 28°C.

The oil pool was drilled in by the uniform triangle

spacing witti the Bistances between the Wells to be 173

meters. Inverted 7 -spot elements witti heat-transfer

agent injection into the central injection Wells veere

formed . Bed A4 has been drilled in by producing and
injection Wells for the entire oil bearing thickness by

means of the selected cumulative perforation. The

perforation intervals cover the oil saturated thicknesses

from 8.0 to 32 meters .

Producing Wells race varies from 10 to 20 tors of

liquid and 3,5 to 7 tons of oil per day at the bottom

hole pressure of 5 to 7 MPa and reservoir pressure in
drainage areas from 7 to 11 MPa. The injectivity rate

amounts to 160 tons per day. The injected into the bed

heat transfer agent parameters are: injection well head

temperature - 260°C, injection pressure - 4 .5 to

6.0 MPa.

The tota l amount of oil produced during the oil pool

development period (since 1981) is about 10 .0 million

tons (approximate ly 15% of the ini tially evalua t ed oil

in place) . The forecasting for the oil pool deve lopment

indices, when using the appl icable reservoir drilling- in

method and the injection of hea t -t ransfer agents show

the Einat oil recovery factor of no more than 35% .

When genera lizing the major geological and physical

characte ristics of the A4 oil pool , it can be noted that

the above object is favorable for high-efficient

app lica tion of the ho rizontal branched-Wells systems in

connec tion witti [hermal d rive methods . The most

favorable above factors for this pool may be :

- the convenient deposition depth for the provision and

construc tion of Wells having any profile ;

- availabi li ty_ of the multizone system witti a broad

range of the penneability heterogeneity ;

- lithological pinching out of ce rtain gay and dense

layers ;

- availability of the preliminary study of the vertical

fractu ring of the A4 fonna tion detemuning the

hydrodynamical communica tion of the deposit ;

- the massive oil deposits witti the aquifer ;
- gross produc tive fonna tion thickness reacties 85,0

meters;
- the presence of die carbonate rese rvoirs witti double

porous and fractured characteri s tics . The rese rvoir is

resistent to the mechanical destruc tion ;

- high-viscous oils the fi ltration of which to the sho rt
perforated interval is limited .

The construction of horizontal Wells witti one bore

under the above conditions may turn out to be of little

efficient or even unprofitable. The branched-horizontal

Wells systems can ensure the high technological and

economical effect.

The mais principles of drilling in and development

of the A-4 oil pool by horizontal-branched Well s

Three options to use the horizontal-branched Wells as
the means of oil production have to be investigated.

OPTION 1 . Drilling in of the complete oil saturated
target by horizontal-branched Wells system witti the
fonnation of the hexagon thermal drive elements using
the central vertical injection well (VIW) [Fig .l] .
This option includes the formation of elements by

three horizontal-branched Wells and one central

vertical injection welt.

Each horizontal-branched welt consists of three basic

horizontal branches witti deviation between them being

120 degrees, located near the top of the target

reservoir . Each basic branch contains vertical hole
(Erom 3 and more degending on the length of the basic

branch and oil-saturated conformity), ensuring the

penetration of the endre gross thickness .

OPTIONS 2. Differs Erom option 1 by the basic
branches being not near the top of the producing

reservoir, bus witpin the preses section of the reservoir

subdividing it into two independent objects . [Fig .2]

OPTIONS 3 . The formation of the upscale thennal
drive element, wish pas vertical injection welt at the

triangle vertices, and one horizontal welt witti three

branches (in 120 degrees each) in the triangle center,

instead of the 7 spot vertical Wells system . Each basic
branch also includes the vertically-configurated bores,

covering the entire oil-saturated thickness of the

target.[Fig.3 ]

When we compare the characteristics of die above

options of the horizontal-branched Wells witti their
analogies vertical Wells system, we can figure out the

following main advantages of the HBWC:

- reduction of the required number of producing Wells
(in options 1 and 2 - twice, in option 3-by 6 times) ;
- significant (5 omes and more) increase of the oil
withdrawal race ;
- reduction of the total period of the development ;

- essentaal reduction of capital and current costs for

drilling in and operabon of Wells ;

- increasing the efficiency of [hermal drive process by

means of improving the thermal-mass exchange in

heterogeneous multizone media and, thus, the increase

of the tinel recovery .
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Estimation of oil production using heat-transfer agent

in '& ho rizontal-branched wens systems shows the

essendal increase of the oil produc tion rate, amoun ting
to 10 .4-12.7 thousand tops per one element, under the

application of the proposed op tions, and the increase of

final oil recovery (up to 0.4) at relatively favorable
indices of the heat-transfer agent specific consump tion

(1 . 2-3 .2 tors per one ton of oil produced due to the

proces) . The maximum effect has been achieved witti

the systems of consecutive upwards oil withdrawal .

SHARKASK OIL FIELD, A4 FORMATION :
APPLICATION OF HBW S

This example pertains to the case, when the oil field
had not been drilled in and commercially deve loped .
The production focmation of the Sharkansk oi l field is

A4 reservoir of the Vends s tage of die uppe r
Proterozoic . The reservoir i s represented by fine
grained sands tone and argi l li t es . This is a crest - type
oil poo l , w i tti aquifer wi tti the abso lute OWC leve l a t

2147 meters . The pool dimensions are 5 .0 x 4.0 km.

The gross reservoir thicknesses 15.7 m. while the
average net one is 3 .7 m . witp in the isophach limits
4 meters, and where the wens are going to be spaced -

8 .6 m. Porosi ty equals to 0.17. avg, pecmeability -
0.392Da rcy, and ini tial oil satura tion - 0 .82 .
The oil is heavy (0.953 g/cm3), witti high viscosity
(972 .9 MPa •s), witti low gas content (3 .40 m3/ ton ) .

The reserves of the main pa rt of the oil poo l mak e up
5850 thousand tons.

Tle oil pool drive is natural elastic, the initial
reservoir press u re b eing 1 6 .0 MPa and the tempe r ature
35 .5 °C.

Taking into consideration the geological structure and

the reservoir oil characteristics, formation dril li ng- in

option by means of the combined system of vertical

and horizontal-branched wens pas been projected
[Fig .4] . The combination of vertical and horizontal-
branched wens sys tems represen t s the grea t p ractica l
and scientific in t erest due to the promising prospec ts
of using the branched horizonta l wens for deve lopmen t
of hard-to-recover viscous oils reserves.
The leng th of the ne t gay penetratio n by verti ca l wen s
is detemune d as the amount of the ne t oi l -sa tura ted
thicknesses, corresponding to the spac ing (dril ling in )
of all the projected and exploration wens, included
into the well pattern.
The va lnes of thickness are measured using die maps
of the oil-sa tura t ed thicknesses of the maps objec t.

This parameter is especially important for horizontal-
branched we ll sys tems, since the wel l prod uction
char ac terizes depend on i ts valnes. In the proposed

op tion, the ho rizontal extension of well oores from the
ve rtical is assumed to be from 300 to 500 m : ,Such
oores exten tion meers the contemporary conditións, óf
the technical readiness of the drilling organiza tion and
of the existing construc tion technologies for the
horizontal-branched wens . However, the actual
extension of the formation d ri lling in by the HBWS
will be much less than the lengths of the horizontal
part . Under the actual condi áons, the length of the
rese rvoir dril ling-in by the horizontal-branched wens
will depend on the namoer of technical and
technolo gical factors app licable for the construction of
HBWS. Attri buted to the above may be the following
factors : profile of increasing curve of the bed entry ,
profile and design of the HBWS oores witpin the pay
zone, the geological-and-physical characteristics of the
pay (thickness, lithological and tectonic interrupt of
extension. heterogeneity etc . )
In order to estimate the actual bed drilling-in length by
HBWS and witti regard to the above factors so-called

rese rvoir dri lling-in factor (L r.d .) is introduced .
Then, the length of the rese rvoir d ri l ling-in will be
detemuned as the following :

L r . d . = L h . p . C r . d .

where the L h . p . is the l eng th of the horizontal part of

the H B W S.
The C r . d . (reservo ir d rilling-in fac t or) i s detemune d
degending on the value of the drilled-in oil-saturated

th ickness of die objec t be ing developed. In our c a se
t he total drilling-in leng th of the gay beds wi tti six
horizonta l - branched wens amount s to 1720"',m., wh ich

exceeds the length of the bed drilling-in by~ the system

of 16 th vertical wens by more than 20 omes. This

index is a lready a convincing prove of higher gay zone
drilling-in efficiency and its operabon by the HWBS

as compared to the vertical wens ander the other equal

conditions .

Du ring the analysis of such a parame ter as the "wens
dril ling densi ty", i t loses its sense for HBWS , if to
proceed jast Erom the qu antity of wens. In this case, i t

is ra sher significant to de temiine this parameter in
con fonnance wi tti the lengths of gay dri lling in by
wens. At spa t i t should be based on the d ri lling-i n
object condi tions by vertical wens . The equation for

detemunation of the drilling-in density by means of
u sing the horizo ntal-branched we ns will be as fo llow s :

D HBWS = Pa / Nv Lc / LHBWS ,

where : .
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D HBWS - is the horizontal-branched Wells system
drilling density, witti reduction to vertical Wells, in
hectares per wel l
Pa - is the oil bearing area covered by HBWS .
Nv - is the number of vertical Wells drilled-in at this
pattem-the base of compazison.
Lc - is the bed drilling in length by the comparison
base Wells .
Lxsws - is the length of drilling in by horizontal-
branched Wells .

The received drilling density value of 0.8 hectare per

well shows that the HBWS ensures a ve ry high dril ling

density and, thus, a significant reducing of the oil

filtration length in porous medium having high . flow

resistance's, i .e. significantly increasing the efficiency

of application of natotal and artificially created ( by

injec tion of agent into the bed) reservoir energy. There
is no doubt that such factor will ensure the

enhancement of oil production and the increase of the

final oil recovery , , at the same time reducing the
required econon-tic expenses for the oil-pool

development procesces :

Another specific parameter to be detemuned is the oil
in place per 1 running meter of the d ri lled in pay

thickness . Its compara tively low value for HBWS (1 .9

thousand tors per meter) jus tities to favorable (not

stressed) condi tions of oil in flux to the HBWS boren,

and to the potential feasibly to essen tially reduce the
dura tion of oil - pool development and achieve beuer

oil recove ry indices.

Proceeding from the specific GEOLOGICAL
characte ri stics of the Vends stage (high viscosity of

oil, low net pay sec tions, rela tively small oil reserves

etc .), the most efficient, economically feasible and
ra tional may be the cyclic bed heat treatment

technology (CBHT) . The oil-pool being considered

does not contradict to the main cri teria of application

of CBHT .

Moreover, according to the results of die b rief
analysis, the CBHT process is one of the most efficient

thermal methods in the existing geological condi tions .

The CBHT process is provided for the endre system of

ve rtical producing Wells, and the system of lio rizontal-
branched Wells is operaled without die stimula tion -

only in the withdrawal mode . After efficient realiza tion

of the CBHT proces, the systems of oil displacement

by water witti the temperaturen, not lower than the

current reservoir average temperature, are formed .
The calcula tions show that the development of noch

oil-pools onder the natotal rese rvoir condi tions is

absolutely impossible doe to the Jack of suf ficient

energy provision for the HBWS and a rasher low final

oil recovery factor. From the range of existing EOR

methods, the only applicable for such type of oil-pools

are the themial EOR methods . However even in this

case, if the pay is deposited at big depths and if its oil-
saturated thickness is not efficient enough, [tien the

choice of thetmal drive methods is rasher limited . In
our opinion, the most rational of [hem is the CBHT

technology.

The application of horizontal-branched Wells systems

essentially increases the race of oil recovery (the
annual withdrawal race being 65.8 thousand tons, or

11% of the recoverable oil reserves), and thus

increases the final oil recovery by more than 2,5 omes
compared to the use of vertical Wells system. Such
results will be necessarily achieved, provided the flow

characteristics improvement due to the decrease of

reservoir oil viscosity and the maintenance of reservoi r

pressure.

CONCLUSION

The high-effic i ent a pplication of complex We ll s

systems for the development of oil fields requires a

necess ary s imultaneous so lu tion of foor m ajo r
problems :

detail study of geological and physical characteristics
of the object to be developed ;
- technical peculiarities of running and construction of
horizontal and branched-horizontal Wells systems;
- subs tantiation of dra inage and oil bed trea tment
technologies w itti regeneration of the reservoir energy

sufficient for the realization of potential possibilities of
horizo ntal -b ranc h ed We l ls systems in certain geologi ca l
condi tions ;

- the whole complex of the HBWS cons tru ction and
ope rabon works sha ll ensure the pro tection of reserves .

I t goes w ithout saying th at the use of complex We ll s

systems is a very promising direction of oil fields

development, whic h is especially tree for the hard-to-

recover oi l reserves .
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Table 1

RÊCOMMENDED PARAMETERS OF WELLS SPACING FOR THE VENDS STAG E

PARAMETERS Vertical wens Horizontal- branched Tota l
wens

Oil bearing area covered by the well pattern ,
thousand sq. meters 3533 2275 5808

Initial oil reserves covered by the wel l
pattem, thousands tors 1997.0 2950.3 4947. 3

The number of wens (well heads) 16 6 22

Length of horizontal part of the HBWS, m - 300-500 300-500

Net pay penetradon, m 78 1720 1798

The well spacing (recalculated for vertica l
wens), has/well 22.1 0.74 13.7

OOIP per 1 well, thousands tons per well 124.8 491.7 235.6

OOIP per 1 meter of penetrated thickness ,
thousands tons/m 25.6 1.7 2.75
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