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Kuiouesnie crosa:

OypOBbIE PacTBOPHI HA
YIIIEBOJIOPO/IHOM OCHOBE,
CKBQXHUHBI C OOJIBIIMM OTXO0M
OT BEPTUKAIIM, KPUTEPHUH KaueCTBa
OypOBBIX PaCTBOPOB,
K0d(QGHUITMEHT pa3yNpOYHEHHU,
K03 HHIMEHT TeMIIepaTypHOTO
PadKMKEHUS, TEMIIepaTypa
BCIIBIIIKH.

Nowdays, the area of possible application of hydrocarbon-based muds (HCBM) is significantly expanding in the foreign
and domestic practice of well construction. There is a lot of examples of successful use of HCBM when drilling complex
wells in various geological conditions. There is a negative experience that indicates that the selected composition and
technological properties of the HCBM did not fully meet geological conditions of drilling. In particular, there are cases
when wellbore was not stable, as well as the failure to achieve the planned production rate due to the low quality of
reservoir drilling. In order to increase the effectiveness of HCBM use, it is important to develop criteria for assessing their
quality depending on geological conditions of use, which allow for the operational control of the quality of a mud in field
conditions. Based on many years of experience of HCBM application, an algorithm is proposed for selecting the quality
criteria for this type of solution, depending on the geological conditions of use. Requirements for a HCBM during the
drilling of high deviation wells, including intervals of unstable terrigenous deposits under high formation temperatures are
considered. Criteria for assessing the quality of the initial opening of productive layers are proposed.

Criteria presented in the paper for assessing the quality of the HCBM will be useful for specialists in the field of drilling
and production who are involved in the design and development of drilling fluids, including shale oil and gas deposits.

B Hacrosimiee Bpemsi B 3apyOeXKHOW M OTCUECTBEHHOW MPAKTHKE CTPOMUTENBCTBA CKBAKHMH O00IACTh BO3MOXKHOTO
MpUMEHeHHs1 OypPOBBIX PacTBOPOB Ha yIrIeBOopoaHO# ocHoBe (PYO) 3HaunTenbpHO pacimpsiercs. M3BecTHO JOCTaTOYHO
MHOTO TIPUMEPOB ycremHoro npumeHeHus PYO mpu OypeHHM CKBaKHH CJIOXKHOTO HNPOQMIS B PA3INYHBIX I'€0JIOr0-
TEeXHUUYECKHX YcIoBUsX. CyIlecTBYeT TaKKe U OTPULIATEIbHBIN OINBIT, CBUACTEIbCTBYIONIMIT O TOM, UYTO BHIOPAaHHBIIT cCOCTaB
1 TeXHoJIorm4yeckue cBoiicta PYO He B IOJIHOH Mepe oTBeyany ropHO-Ie0J0THYeCKUM yCIoBHsAIM OypeHus. B wactHocTh,
M3BECTHBI ClIy4ad MOTEPH YCTOHYMBOCTH CTBOJNA CKBAKHMHBI, a TAKKEe HEJOCTHIKCHHUs ILUIAHOBOTO JeOUTa BCIIEICTBHE
HHU3KOTO Ka4yecTBa MEPBUYHOTO BCKPBITUS NMPOAYKTHBHOTO ruiacta. C Hebio MOBBIICHHS ()(EKTHBHOCTH NPHMEHEHHUS
PYO akryanbHOii sBIseTCs pa3padoTKa KPUTEPUEB OLIEHKU UX KauecTBa B 3aBUCHMOCTH OT FOPHO-T€OJIOTHYECKHUX YCIOBHIt
MIPUMEHEHHS, TO3BOJISIOMINX TPOBOAUTE OIIEPATHBHBIA KOHTPOJIb KayecTBa OypOBOTO PacTBOpa B IIPOMBICIIOBBIX yCIIOBHUSIX.
Ha ocHOBaHME MHOTOJIETHETO OIbITa iprMeHeHns: PYO npeiokeH aaroput™ BeIOOpa KpUTEPUEB KauecTBa JAHHOTO THIIA
PacTBOPOB B 3aBUCUMOCTH OT TOPHO-T€OJIOTHYECKUX YCIOBHIT IpuMeHeHus. PaccMoTpeHbl TpeOoBaHMs, IPEabIBISIEMbIE K
PYO npu GypeHn# CKBaKHH ¢ GOJIBIINM OTXOJOM OT BEPTUKAIHN, B TOM YHCJIC B HHTEPBAJIAaX HEYCTONUMBBIX TEPPUICHHBIX
OTJIOKCHUI, B YCIIOBUSIX TOBBIIICHHBIX IUIACTOBBIX TeMmreparyp. [IpeioskeHbl KpUTEPUU OLCHKH Ka4ecTBa HEepBUYHOTO
BCKPBITHS TPOAYKTHBHBIX IITACTOB.

IpencraBiieHHbIE B CTaThe KPUTEPUH OLICHKH KauecTBa PYO OyayT mosesHsl crenuanictaM B o0iacti OypeHust 1 100bI4H,
3aHUMAIOIIMMCS IPOCKTUPOBAHHEM U Pa3pabOTKO# GypoOBBIX PaCTBOPOB, B TOM YHCIE AJIS CIAHLEBBIX MECTOPOXKICHHIT
HedTH U raza.
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Introduction

In the current foreign and domestic practice of
wells construction, the potential scope of application
of hydrocarbon-based drilling mud (HCBM) is
significantly expanding. To a large extent this is the
result of introduction of the technology for
productive reservoir penetration with horizontal and
horizontally branched wells that enables effective
development of fields in the continental shelf, in
natural reserves and hard-to-reach areas [1, 2]. Based
on a scientific data review, it was established that
HCBM was used to drill most of the extended reach
horizontal wells [3-5].

Based on the field experience of using HCBM
in combination with advanced drilling technology
[6, 7], it would be reasonable to split this type of
drilling muds into the following groups based on
their purpose:

1) for drilling of low-angle and horizontal
extended reach wells;

2) for penetration of intervals with unstable
terrigenous deposits;

3) for penetration of productive reservoirs with
low porosity and permeability, in conditions where
real well outputs with the use of water systems are
much lower than potentially possible;

4) as process fluids for elimination of sticking
and for improvement of hydrophobic properties of
unstable intervals;

5) for core sampling in order to preserve its
native properties;

6) as a fluid for secondary penetration and well
killing.

Most of the presently used HCBM recipes are an
emulsion of polar fluid in a nonpolar fluid, i.e. invert
“water in oil” emulsion. “Oil” here means water-
insoluble oleophilic organic substances soluble in
nonpolar mediums (traditional petroleum products,
synthetic and agricultural oils) [8, 9]. The basis for
emergence of HCBM technological properties are the
characteristics of the emulsion process between the
two nearly mutually insoluble liquids: dispersion
medium — the organic liquid and disperse phase —
water or water solutions of salt, in most cases
calcium chloride.

Algorithm for selection
of HCBM quality criteria

The technical research literature contains quite
a lot of examples of successful HCBM application

for drilling of directional wells in various
geological and technical conditions [3, 10-13].
However, there are also negative instances where
the selected HCBM composition and process
properties were not sufficiently suitable to the
geological factors of drilling. Specifically, there
are instances of loss of borehole stability and non-
achievement of target output due to low quality of
primary reservoir penetration [14, 15]. In order to
improve HCBM application efficiency, it is
essential to develop the criteria for assessment of
their quality depending on the geological factors of
application. Such criteria would provide a
possibility of on-the-spot quality control of the
drilling mud in the field conditions. Based on
multiple years of experience with using HCBM
in various petroleum and gas provinces of Russia,
we have proposed the following algorithm
for quality criteria selection in regard to this type
of muds (Fig.).

Figure legend: Vi, — volume of dispersion
medium that separated from emulsion mud after 1
day of settling out, cm’; Ven — total volume of
emulsion mud, cm’; T, — maximum expected
mud temperature at the well head, °C; 1) — dynamic
shear stress, dPa; n, — plastic viscosity, mPa-s;

oy and o, — rock sample uniaxial compression

strength before and after exposure to the mud,
respectively, MPa; tgp and tge’ — internal friction

angle tangent in the rock sample before and after

exposure to the mud, respectively; nzeﬁf'T— mud

effective viscosity at shear rate 5 s at reservoir
temperature and surface temperature, respectively,
mPa-s.

HCBM stability indicators

Regardless of geological factors of drilling,
HCBM should possess high aggregative and
kinetic stability characterized by the following
indicators: electrical stability, daily settling-out,
and sedimentation stability. The daily settling-out
value (SO, %) reflects HCBM ability to retain
its hydrocarbon phase when in steady state for a
prolonged period of time, and should not exceed
5 % (only insignificant settling out of oil is
acceptable).

HCBM  sedimentation stability indicator
(So, g/em®) according to [16] should be maximum
0.02 g/em® for unweighted muds and maximum
0.06 g/cm® — for muds with density 1.50 g/cm® and
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Less than 60 degrees More than 60 degrees

Inclination angle in the drilling
interval using HCBDM

Y

1) Criteria specified for wells with inclination angles less
than 60 degrees

2) Dynamic shear stress 1, = 80-220 dPa

3) Viscosity at low shear rates

Y

1) Electrical stability ES = 200 V
2) Daily settling-out SO = (¥, ./V,)100 <5 %

.m' " em.

3) Fluid loss indicator (FLI) at AP = 0.7 MPa,

< ¥ i -
FLL, p, < 3 cm/30 min (at shear rate 0.5 5 ') > 15,000 mPa-s
4) Sedimentation stability indicator 4) Static shear stress

S, £ 0.02 g/sm’ (for HCBM p < 1.5 g/em’); 9SS > 20/25 dPa
S, £ 0.06 g/sm’ (for HCBM p < 1.5 g/em’) 5) Coagulation structuring coefficient
5) Flash point T, > (T,,, + 50), °C Kes = (1,/m,)100> 200 s

10 /10 min

] Y
No Presence of unstable low strength Yes
clay rock

Y

1) Rock strength degradation coefficient in HCBM medium K = c//c, > 0.8
2) Degree of adhesion reduction in the rock in HCBM medium

C,=[100 — (tgo'/tge)100] <20 %
3) HCBM density p is more than shear sfress gradient SFG
4) Equivalent density of HCBM circulation is less than fracture gradient FG
5) Fluid loss indicator at 77=49 °C and AP =3.5 MPa FLI,,,;; £ 3 em’

6) Electrical stability ES > 350 V
I More than 60 degrees

Less than
60 degrees y L]

1) Fluid loss indicator at temperature corresponding to the maximum reservoir
temperature and pressure drop AP =3.5 MPa, FLI,;;,,,; < 4 em’

Maximum reservoir temperature

2) Thermal dilution coefficient at shear rate 5 s

res. T, surf. T
ky=n, M, =0.75-15
3) Static shear stress at temperature corresponding to maximum reservoir
temperature, SSS,; 10 min > 20/25 dPa
4) Electrical stability after thermal conditioning at temperature corresponding

to maximum reservoir temperature during 16 hours ES 2 350 V
Yes

A I
i\i{ Use of HCBM for primary penetration of productive reservoir

No additional requirements Permeability recovery coefficient
to HCBM quality are made for reservoir fluid &, > 0.7

Fig. HCBM quality criteria

the mud can cause problems due to generation of
sludge and barite “pads” in the well bore [17].

more. In foreign drilling practice, the most widely
used method for measuring the ability of mud

(including HCBM) to retain weighting material is
the so-called Sag Factor, SF, which is defined
using the formula:

SF — MW;)OZ[OWL s
MW, +MW,

bottom top

where MWpouom and MW, are mud densities on
the bottom and at the top of the cylinder.

At SF < 0.50 it is considered that the mud is
capable of retaining the weighting material,
whereas higher SF' values mean that in operation

As we mentioned above, the main requirement to
HCBM recipe is high stability of emulsion system.
Stability of invert emulsion muds depends on the
characteristics of emulsion process and degree of
water phase dispersion. The emulsion process which
occurs at the stage of HCBM preparation can be
viewed as two-phase. During phase 1 the mechanical
impact results in occurrence of both “oil in water”
and “water in oil” emulsions. During phase 2, one of
the emulsion types is stabilized by the emulsifier
which is present in the system [8, 18]. The main
parameter that characterizes aggregative stability of
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HCBM to coalescence of disperse phase globules is
the electrical stability (ES) indicator. The essence of
its measurement is as follows. The external medium
for HCBM is nonpolar fluid (oil) which does not
conduct electricity. When the device probe with two
parallel plate electrodes is immersed in the mud and
electrical voltage is applied, emulsion breakdown
(inversion) occurs. Current conducting water
medium becomes external medium in the emulsion
volume confined between the device electrodes, and
starts conducting electrical current. The more is the
voltage required for emulsion inversion, the higher is
the HCBM aggregative stability. The electrical
stability indicator correlates with strength of
interphase adsorption layers around the water phase
globules and with the distance between them. Based
on the results of laboratory studies, apart from the
aggregate stability (ability of the water phase to
coalesce), HCBM electrical stability indicator value
depends on a number of additional factors unrelated
to the emulsion stability. Specifically, the electrical
stability indicator value decreases:

— with increase of water phase concentration
(due to reduced distances between the water
globules);

—with increase of water phase mineralization
value (due to increase of its specific electrical
conductivity);

—with increase of the value of hydrophilic-
lyophilic balance of the emulsifiers used in the
system (due to increase of their polar properties);

—with increase of weighting materials solid
phase concentration in the system (due to the
presence of residual water particles on their
surface).

Based on the analysis of the above-mentioned
factors, we believe that it is fair to use this

parameter, in the first place, for estimation in
regard to each specific HCBM recipe. ISO 10414-
2:2011 [19] also mentions that evaluation of
hydrophobic condition of the drilling mud solely
on the basis of electrical stability is unreasonable.
When the decision concerning drilling mud
conditioning has to be based on ES values, only
dynamics of this indicator over time should be
taken into account.

Specialists of foreign service companies
recommend to assume 350 V as the minimum ES
value (according to OFITE, FANN testers). Based on
many years of practical HCBM handling experience
during the USSR times, V.I. Tokunov and
B.I. Heifets established that at electrical stability
levels exceeding 150 V (according to IGER-1 meter),
the mud is stable, does not manifest proneness to
phase inversion or require additional conditioning
with stabilizers [18]. Below this wvalue, phase
inversion is possible if production conditions change
(HCBM contamination with reservoir water, cement,
drilling sludge etc).

Based on the laboratory research results and
experience of HCBM application, it can be
established that in order to prevent phase inversion
of the emulsion, HCBM electrical stability value
should be at least 200 V accounting for possible
negative impacts of contaminants (drilling sludge
and reservoir water) on the system, since even at
electrical stability values within 100-200 V, the
mud remains stable and as a filtrate contains
hydrocarbon fluid without signs of water phase
(Table 1). When penetrating hydrophilic
terrigenous collectors, in our opinion, it is
reasonable to maintain electrical stability at the
level of at least 350 V to minimize osmotic
processes in the “drilling mud — rock™ system.

Table 1
Dependence between HCBM fluid loss properties and emulsifiers concentration
_ . , . Filtrate content, %
Emulsifier concentration and type ES,V FLIgpyt, cm’/30 min oil emulsion water
1% Emultal 120 6.4 25 75 0
2% Emultal 350 6.0 17 83 0
3% Emultal 610 6.4 16 84 0
5% Emultal 1000 4.8 20 80 0
1% Devon 4V grade A 80 4.6 48 52 0
2% Devon 4V grade A 120 4.8 17 83 0
3% Devon 4V grade A 304 3.8 20 80 0
5% Devon 4V grade A 430 3.9 10 90 0

Note: fluid loss research has been performed using HCBM based on mineral oil with 50/50 hydrocarbons to water ratio at 7= 149 °C
and AP = 500 psi. Emultal is an emulsifier based on fatty acids ethers; Devon 4V grade A is an emulsifier based on fatty acids amides.

ISSN 2224-9923. Bectaux ITHUITY. I'eonorus. Hedrerazosoe u roproe geno. 2018. T.18, Ne2. C.118-128



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2018. Vol.18, no.2. P.129-139

133

One of the well-known defects of this type of
muds is their high cost [20]. Based on the previous
conclusion concerning the recommended ES value,
we believe that use of HCBM in uncomplicated
conditions, and in the role of process fluids for
elimination of sticking and improvement of
hydrophobic properties of unstable intervals, use of
recipes with high concentration of expensive
components (primary and secondary emulsifiers
and gelling agents) is unjustified, as it results in
unreasonable significant increase in chemicals

cost.

HCBM quality criteria in case
of drilling extended reach wells

In case of drilling convoluted well paths (with

inclination  angles

exceeding 60 degrees),

additional requirements exist in regard to HCBM

rheological and

structural-cum-mechanical

properties that characterize its carry-up ability (in
regard to drilling sludge) and retaining ability (in
regard to weighting materials). According to the
experience of HCBM application in Volga-Ural
and Timan-Pechora petroleum and gas provinces,
HCBM dynamic shear stress indicator should be
within 80-220 dPa, viscosity indicator at low shear
rates measured with Brookfield viscometer — at
least 15,000 mPa-s (at shear rate ~ 0.5 s™), static
shear stress indicator — at least 20/25 dPa.

In case of penetration of unstable terrigenous
deposits, especially clay rock belonging to “weak”
category in terms of contact strength (contact
strength less than 300 kgf/cm?, compression
strength less than 30 MPa [21]), with inclination

probability of complications related to wellbore
instability, the priority criteria of HCBM quality
are their inhibiting properties.

Most researchers a priori believe that all non-
water-based process liquids, including HCBM,
containing water phases of various compositions,
are similar in terms of their inhibiting properties in
regard to unstable rocks and clay minerals of the
collector [22]. At the same time, osmotic processes
are not taken into account. We believe that by
purposely changing the composition of HCBM
water phase and its fluid loss indicator value, it is
possible to slow down the process of interaction
between clay and mud and thus increase the
“stable state” time of the wellbore walls in the clay
rock interval. However, only scientifically justified
approach to HCBM recipe selection using drill
samples of problematic intervals will help prevent
hydration and preserve (conserve) the initial
structural and mechanical strength of clays at the

wellbore wall.

We propose to evaluate HCBM inhibiting
properties in regard to highly lithified clay rock
(argillites, clay slate) based on the following

indicators:

—rock strength degradation coefficient (water

resistance coefficient) K =o;/c

where o and

st?

o — rock sample uniaxial compression strength
before and after exposure to mud, respectively;

— Degree of adhesion reduction in the rock matrix
characterized by the value of internal friction angle
tangent tgp: Cg = [100 — (tgo' / tgp) 100], %, where
tge and tge' — internal friction angle tangent in the
rock sample before and after exposure to mud,

angles exceeding 60 degrees, in order to reduce the ~ respectively.
Table 2
Dynamics of rock strength properties in HCBM medium
st Dad ,%
Drilling mud type after 7 days of contact after 14 days of | after 7 days of contact after 14 days of

with HCBM contact with HCBM with HCBM contact with HCBM
HCBM based on service water
(HC/W — 50/50) 0.45 0.40 34.0 40.0
HCBM based on saturated potassium
chloride solution (HC/W — 50/50) 0.49 0.45 320 38.9
HCBM based on saturated calcium 1.0 10 0 0
chloride solution (HC/W — 50/50) ) )
HCBM based on saturated calcium 1.0 1.0 0 0
chloride solution (HC/W —90/10) ) )
Anhydrous HCBM (thickened oil) 1.0 1.0 0 0

Note: HC/W — percentage ratio between hydrocarbon and water in HCBM recipe.
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As an example, Table 2 shows the results of
research concerning dynamics of strength
properties in the rock of Timanian terrigenous
horizon at one of the Perm Krai fields (average
over several parallel determinations) after exposure
to HCBM medium with different water phase
compositions.

According to [23], rock is considered to be
high-strength if its softening coefficient equal to
the ratio between its compression strength after
contact with water medium and its initial strength,
amounts to at least 0.8. Similarly to the above-
mentioned indicator, we believe that the strength
degradation coefficient in HCBM medium for clay
rock in problematic drilling intervals should not be
less than 0.8. Based on the results of previous
research it has been established that K4 = 0.8
correlates with Cg = 20 %.

In a number of petroleum and gat regions, there
is certain terrigenous rock that, in contact with the
water phase, adsorbs water almost instantly and
cracks along the stratification planes. Such rock
can be classified as “geomechanically weak” and is
characterized by low strength [24]. The example of
such rock is Timanian-Sargayev (Kynovian)
horizon deposits belonging to the Devonian
system, Vanden suite rock [25].

The rock wunder consideration is mostly
represented by argillites and clay slates, and as a
rule has a well-developed system of micro-cracks
with subparallel orientation. The problem of loss
of stability in such rock is caused by cumulative
action of the two factors. The first factor is related
to the loss of rock stability due to release of the
current tectonic stress in the course of the rock
mass penetration by the well, and is physical in its
nature. The second factor (the effect of micro-
cracks propping in the rock under the pressure of
drilling mud filtrate) is physicochemical [26-29].
Only through elimination of these two factors it is
possible to ensure fault-free drilling conditions in
wells with horizontal tailing-in at the sites where
caprock consists of unstable low strength clay rock
[25,30-32].

When drilling through low strength rock, in
order to compensate for the variation of tangential
and radial stress in the well bore, HCBM density
should exceed the shear stress gradient calculated
through construction of a geomechanical wellbore
stability model. Equivalent density of HCBM
circulation calculated on the basis of mud

rheological indicators in order to exclude cracking
resulting from excessive hydrodynamic pressures
should be below fracture gradient.

HCBM quality criteria in complicated
thermobaric drilling conditions

In the conditions of the wells with high
reservoir temperatures, HCBM should possess,
apart from the above-mentioned properties,
sufficient thermal stability and stability of the
required (operating) indicators of fluid loss,
rheological and structural-cum-mechanical
properties in a wide range of temperatures — from
T = 20 °C (average mud temperature in surface
process reservoirs) to the maximum reservoir
temperature (as per the design data). More than 2-
fold change of HCBM viscosity at low shear rates
in downhole conditions vs. mud viscosity on the
surface results in significant deterioration in
quality of horizontal wellbore cleaning, sludge and
weighting material deposition, friction factor
growth, tool obstruction and dragging, sticking
(including differential) [33, 34]. And vice versa,
significant increase in HCBM viscosity due to mud
temperature reduction (which is common for
surface volume of mud after lengthy circulation
interruptions) results in thickening to the extent of
no-flow condition, which makes the mud difficult
to pump.

We assume reservoir temperature of 7 = 60 °C
as critical, since in the instance of construction of
wells with lower reservoir temperatures, the
drilling experience suggests that mud circulation
temperature does not exceed 49 °C (temperature
for measurement of the basic HCBM rheological
indicators according to GOST 33697-2015 [35]).

We suggest using thermal dilution coefficient at
shear rate 5 s (kg) as HCBM thermal stability
criterion for wells with reservoir temperatures
exceeding 60 °C, based on the following formula:

res. T surf. T'

ki=Mg Mear >

where N7 — HCBM effective viscosity at shear
rate 5 s at reservoir temperature; 1 ng " _ HCBM
effective viscosity at shear rate 5 s~ at mud surface
temperature.

Effective viscosity value at low shear rates (at
shear rate 5 s or less) characterizes HCBM
suspension capacity in the wall-adjacent area,
including downhole conditions [36]. The specified
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Table 3
HCBM thermal dilution coefficients depending on
the gelling agent type used in the system
Basic system eelling agent k4 at measurement temperature, °C S, at
ystem geTing ag 25 30 40 50 60 70 80 90 | T=90°C

Polyisobutylene (Mr = 4,000—6,000) 1 0.86 0.8 0.76 0.74 0.73 0.72 0.72 0.08
Polyisobutylene (Mr = 15,000-25,000) 1 0.93 0.87 0.84 0.82 0.8 0.78 0.76 0.04
Modified butadiene-styrene latex 1 1.1 1.18 1.25 1.31 1.36 1.36 1.36 0
Organobentonite 1 0.85 0.8 0.74 0.73 0.71 0.7 0.7 0.1

Notes:Sy— Sedimentation stability indicator, g/cm3 ; HCBM content, vol. %: diesel fuel — 53.5; calcium chloride solution — 33.5;
emulsifier — 3 %; gelling agent (concentration selected empirically to receive static shear stress values at the level of 30 dPa);

barite — 10.

shear rate value is also selected because 5 s'
(3 rpm) is the lowest rate at which it is possible to
measure effective viscosity by rotary viscometers
(OFITE, FANN) that are most widely applied in
the field mud analysis practice. The fact that
HCBM effective viscosity increases with the
growth of temperature in the specified shear rate
range signifies improvement of mud suspension
capacity with increase of temperature, which is
especially important when drilling convoluted well
paths. Use of the thermal dilution coefficient
calculated with the suggested formula helps
eliminate the need for complicated equipment and
enables real-time HCBM quality control based on
thermal stability indicator in field conditions using
standard equipment. As an example, Table 3 shows
the calculated values of HCBM thermal dilution
coefficient depending on the type of the gelling
agent used in the system. The table shows that
reduction of the system viscosity at 7= 90 °C by
more than 1.5 times is related to the loss of the
system’s sedimentation stability.

Based on the laboratory research results, it has
been established that the impact of excessive
pressure on HCBM rheological properties is
insignificant; specifically, pressure increase from
atmospheric to 1.4 MPa increases the values of the
basic HCBM rheological properties by 10-20 %.
Therefore, we believe that introduction of an
indicator that would describe HCBM quality
preservation depending on system baric conditions
change is impractical.

Another HCBM quality criterion related to
ensuring drilling operations safety, with increasing
importance in conditions of wells with high
reservoir temperatures, is mud flash point
temperature (7q,). Specifically, p. 220 of the
“Safety rules in oil and gas industry” [37]

stipulates the requirement to HCBM flash point
temperature, which should exceed the maximum
expected mud temperature at the well mouth (7, 1)
by 50 °C. Ty is calculated using standard
formulas [38].

Quality criteria for reservoir
drilling

Presently HCBM have proven efficiency for
primary penetration of productive reservoirs in
the conditions where real well output with the
use of drilling mud water systems for reservoir
penetration is much lower than potentially
possible [6, 39]. This is especially relevant for
hydrophobic collectors as well as collectors
where cementing substance is represented by
hydrophilic clay materials. So, application of
HCBM at Van Yogan field helped resume
drilling of horizontal wells by reducing the
number of complications and start development
of other areas in previously unprofitable reserves
(productivity index for wells drilled using water-
based mud amounted to an average of
0.4 m*/day/atm, HCBM — 1.45 m’/day/atm) [40].
However, there are instances of target output
underachievement due to unsuitability
of HCBM recipes to geological factors of
drilling and geological settings of the productive
reservoir [41]. When using HCBM for primary
penetration of the productive reservoir, the
priority quality criterion should be the
permeability recovery coefficient. It is also
recommended to evaluate permeability variation
in the composite formation model (CFM) by
reservoir fluid (oil) at the specific field. Thus it
is possible to take into account the
physicochemical processes that occur in the
“reservoir oil — drilling mud filtrate — core”
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system. Based on the experience of core samples
testing in regard to different types of drilling
muds, the permeability recovery coefficient by
reservoir fluid (Krecov.crm) for high quality
penetration of the productive reservoir is
calculated by the formula:

K
_ perm.2 CFM
K - s

recov. CFM K
perm.1 CFM

where Kyerm. 2 cem — CFM permeability by reservoir
oil after filtration of the drilling mud under
research; Kperm 1 crm — initial CFM permeability by
reservoir oil.

For HCBM this
exceed 0.7.

Notably, the research aiming at evaluation of
Kiecov.crm  should be performed at reservoir
temperature and static and dynamic repression
values calculated based on reservoir pressures and
drilling mud static and equivalent circulation
density.

coefficient should not

Conclusion

The range of possible applications of
hydrocarbon-based drilling muds in the state-of-
the-art well construction technology is defined by
a number of additional specific requirements to
indicators of their process properties. The study
proposes HCBM quality assessment criteria
that help improve application efficiency of this
type of drilling muds, especially for construction
of wells in complicated geological conditions.
On-the-spot control of most of the indicators used
as HCBM quality criteria can be performed
during operation in field conditions. Some of the
indicators, specifically rock strength degradation
coefficient and permeability recovery coefficient,
cannot be controlled in field conditions. Only
prior research in laboratory conditions can
substantiate approval (rejection) of technology
suitable for application at a given well. This is
especially relevant for mud recipes intended for
well trial operation.
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