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Abstract Keywords:

The paper presents a general overview of deep drilling in unstable formations at the ~ Borehole stability;
Semyrenky gas condensate field of the Dnipro-Donetsk Trough, including well design,  Statistical models;
bottom hole assemblies (BHA), drilling conditions, and drilling muds. Problems  Hole gauging;
encountered during drilling for production casing of Wells 72- and 75-Semyrenky  Hole geometry;
using high-speed drilling methods are analyzed. The relationships between the rate  Drilling mud;

of penetration and disturbed rock stability, volume excess and depth, as well as BHA.

consistent empirical patterns in changes in mud properties and depth are established.
With these technical and economic performance indicators for well drilling are given,
elements of a borehole stability management strategy were defined, the principles of
mud selection for drilling through problem zones are validated. The paper discusses
the requirements to a mud hydraulics program to reduce the erosion of borehole
walls, specific borehole preparation techniques, such as reaming and gauging, for

drilling in problem zones, and alternative options to ensure borehole stability.

© 2021 «OilGasScientificResearchProject» Institute. All rights reserved.

1. Introduction

The geological conditions for drilling deep gas
and gas condensate wells at the fields of the Dnipro-
Donetsk Trough (DDT) are quite complicated, with
rocks tending to lose stability. This affects well
quality (borehole profile and caverns) and technical/
economic performance indicators for well design.
Frequent cavings-in and collapses limit drilling
speeds and increase the cost of wells and therefore
the cost of natural gas production.

In this connection, it is necessary to note the
dependence of the drilling conditions and associated
problems caused by the loss of stability of the
wellbore walls in various oil and gas provinces of
the world [1-6].

The purpose of this paper is to analyze and
summarize the operating experience of contractors
drilling deep Wells 72 and 75 at the Semyrenky
gas condensate field under borehole instability
conditions and their cooperation with scientific
institutions to address some engineering issues
related to rock stability prediction and drilling the
existing wells to completion.

According to the approved tectonic zoning plan,
the Semyrenky field is located within the near-axial
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zone in the central part of DDT. Administratively,
the field is located on the territory of Shyshatsky
and Myrgorod Districts in Poltava Region, 25 km
northeast of the city of Myrgorod (fig.1).

The field was discovered by the state-owned
Poltavanaftogazgeologiya company in 1990. The
field has been under exploration since 1974. At
present, exploration wells are being drilled by PJSC
Naftogazvydobuvannya, a private joint stock company.

The field’s geology includes Carboniferous,
Permian, Triassic, Jurassic, Cretaceous, and Cenozoic
deposits. The most recent wells have penetrated
Lower Carboniferous deposits; lithologically, these
deposits are alternating sandstone, mudstone,
and siltstone, with rare limestone interlayers. In
Lower Carboniferous deposits (marker horizons
vy, ,Vp, sy, ), the same-name structure is interpreted
as a brachyanticline, which is extended to the
northwest and gradually flattens upsection; in
Mesozoic deposits, it is represented as a terrace.

In terms of geological oil and gas zonation, the
Semyrenky field belongs to the Glinsko-Solokhovsky
oil and gas region with 13 commercial gas condensate
reservoirs in Upper Visean deposits (Horizons B-16,
B-17, B-18, and B-19). Some of these reservoirs are
under commercial production and others are not;
hydrocarbon reserves for the latter are classified as
prospected reserves.
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Fig.1. Overview map of the area of the Semyrenky gas condensate field

2. Drilling techniques

Table 1 shows target and actual designs of Wells
72- and 75- Semyrenky. Casing depths are slightly
different, due to the requirement to achieve drilling
goals, namely: to confirm reservoir characteristics
and recovery mechanisms, identify and update
the boundaries of productive pools, and estimate
hydrocarbon reserves in specific reservoir areas of
Horizons B-17-18-19 within the pool outline. Well
72 is a vertical well and Well 75 is a directional well
with a 352 m outstep (195° azimuth, 5330 m depth in
Horizon B-17 top).

During drilling for surface casing in Well
72-Semyrenky, a 444.5 mm three-cone drill bit was
used rotated by the top drive, along with fresh water
clay mud with a weight of 1130 kg/m?. For intermediate
casing drilling, 311.1 mm PDC bits were used rotated
by the top drive, along with polymer low-solids content
mud with a weight of 1160-1180 kg/m?.

For host casing drilling, 219.1 mm PDC bits were

used, along with non-dispersing polymer drilling mud
[7] with a weight of 1120-1340 kg/m?® by a combined
(top drive and PDM) method. During drilling for liner
casing, 152.4 mm PDC bits were used for the combined
method, along with WITER II invert emulsion mud [7]
with a weight of 1240-1260 kg/m?.

For surface casing drilling in Well 75-Semyrenky,
a 444.5 mm PDC bit was used rotated by the top
drive, along with fresh water clay mud with a
weight of 1100 kg/m?®. For intermediate casing
drilling, 311.1 mm PDC bits were used rotated by
the top drive, along with polymer low-solids content
mud with a weight of 1140-1210 kg/m?®.

For host casing drilling, 219.1 mm PDC bits were
used for the combined method, along with non-
dispersing polymer drilling mud with a weight of
1220-1360 kg/m?.

Table 2 shows the information about the drilling
practices on Wells 72- and 75-Semyrenky.

Table 3 shows the information about BHA

Table 1
Well designs
Target design Actual design
String Depth, m String Depth, m
72-Semyrenky
339.7 mm surface casing 300 339.7 mm surface casing 307
244.5 mm intermediate casing 2760 244.5 mm intermediate casing 2773
177.8 mm host casing 5020 177.8 mm host casing 5180
127 mm liner casing 4820-5470 127 mm liner casing 5140-5420
75-Semyrenky
339.7 mm surface casing 300 339.7 mm surface casing 299
244.5 mm intermediate casing 2760/2810 244.5 mm intermediate casing 2773/2823
177.8 mm host casing 5020/5070 177.8 mm host casing 5179/5229
127 mm liner casing 26002/ 127 mm liner casing 2132-5420
4870-5520 5199-5470
Note. For Well 75, the numerator is true vertical depth and the denominator is measured depth.
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Table 2

Drilling practices

Options 3?191r7f;cl;n inztiérlr.li;g?;te 177.8 mm host casing 127;:;;;211&
casing casing
Well 72-Semyrenky
System Top drive Top drive Top drive+tPDM Top drive+tPDM
Bit weight, kN 60 | from 10-50 to 60-130 from 2050 from 20-50
Bit rotations per minute 40-60 from 55-75 to 105-110 40+161 60+161
Drilling pumps productivity, 1/s 50-60 from 38-45 to 48-49 32-34 12.0-12.5
Standpipe rssure, s 2e | fom3s7) | mmBens | fomissns
Well 75-Semyrenky
System Top drive Top drive Top drive+tPDM | Top drive+PDM
Bit weight, kN 10-80 from 5-100 to 20-130 | from 30-80 to 80-120 50-90
Bit rotations per minute 30-60  [from 45-120 to 118-131| from 40-50 to 141-196 39-42+121
Drilling pumps productivity, 1/s 10-59  [from 39.0-44.5 to 49-51 28-35 10.5-11.5
Standpipe pressure, MPa 0.5-6.0 frt(z) rrizlll_()l—;%6 frt(z) %21%,)_82_52 %‘1 24.5-26.2

for drilling various intervals in Wells 72- and
75-Semyrenky. Based on the analysis of BHA used
for deep drilling at the Semyrenky field [8], BHA
static performance is shown as satisfactory in terms
of deviation prevention, for the conditions when
there are no local caverns. It was pointed out [8] that
in some cases these BHA are dynamically unstable,
i.e. their use leads to higher lateral vibration of the
bottom hole assembly from the drill bit. This has a
negative impact on bit performance.

BHA selected for production casing drilling are
suited for difficult drilling conditions and include
a HYDRA-JAR 6%" hydraulic jar and ShMU-
178 junk baskets integrated at certain intervals.
Schlumberger’s PowerDrive rotary steerable system
with the TeleScope telemetry service was used for
directional drilling.

3. Analysis of problems

In most cases, problems related to borehole
instability occurred during production casing drilling.
Stratigraphically, these deposits are associated with
the Middle (C,;) and Lower (C;) Carboniferous
as follows: Well 72, Moscovian (2774-3294 m),
Bashkirian (3294-3915 m), Upper Serpukhovian
(3915-4340 m), and Lower Serpukhovian (4340-4700
m); Well 75, Moscovian (2758-3332 m), Bashkirian
(3332-3969 m), Serpukhovian (3969-4382 m), and
Lower Serpukhovian (4382-4705 m). Lithologically,
the problem section contains alternating mudstone,
shale, siltstone, sandstone, and limestone. Formation
water is classified as calcium chloride water, with
salinity of 120-180 mg-eq/l.

For production casing drilling in Wells 72 and 75,
non-dispersing polymer drilling mud was used with
the following properties: Well 72 — weight, p = 1140-
1330 kg/m?®; funnel viscosity, FV = 24-88 s; fluid loss,
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@ =4-7 cm®/30 min; gel strength, 0,,,,=1.0-6.7/2.-14.3
Pa; pH value 9.0-12.6; total solids, ¢ = 8-18%; yield
point, 7,=0.5-4.5 Pa; consistency index, k=0.047-1.159
Pa-s”; nonlinearity, n = 0.489-0.864; Well 75 — p =
1230-1360 kg/m?, FV = 32-97 s, @ = 4-11 cm?/30 min,
01010 = 1.0-9.1/4.3-16.3 Pa, pH 8.51-11.00, ¢ = 15-22%,
7,= 0.44-6.10 Pa, k = 0.059-0.862 Pa-s", n = 0.536-0.859.

For mud rheology control, an OFITE 800
rotational viscometer was used in a laboratory
environment. Data were batch processed using the
method described in [9] in a class of rheologically
steady state models (Bingham, Ostwald, Herschel
— Bulkley, and Schulman — Casson). The Herschel
— Bulkley model is the most suitable rheological
model for drilling muds.

Correlation analysis methods were used to
identify consistent empirical patterns in changes in
mud properties with depth when drilling through
problem intervals (for the results, see table 4) [10].

Statistical hypotheses H,: p,.,= 0 with confidence
probability were tested using:

rln

1-72

Xz

T =

Sy M

where 7,_,p, is the empirical estimate of the
correlation ratio and its true value; n is the size of
the sample of observations; u,, is the quantile of the
standardized normal distribution.

Statistically significant correlation ratios with
confidence probability @ = 0.05 (4., = 1.96), for which
condition (1) is violated, are shaded gray in table 4.
Changes in mud weight, fluid loss parameters, and pH
are due to the measures to prevent the occurrence of
drilling problems. Typical changes in funnel viscosity,
gel strength (in particular, for 10 minutes), total solids,
consistency index, and nonlinearity can be largely
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Table 3
Bottom hole assembly

Drilling

interval, m

Well 72-Semyrenky

444 55B115C; 254 mm sub, 0.56 m; 229 mm drill collar (DC), 9.25 m; 444.5 mm spiral blade
stabilizer (SBS), 1.97 m; 229 mm DC, 9.3 m; 444.5 mm SBS, 1.67 m; 229 mm DC, 18.75 m; 203 mm
sub, 0.4 m; 203 mm DC, 55.95 m; 203 mm sub, 0.43 m; 165 mm heavyweight drill pipe (HWDP),
28.13 m

311.1ViS516; 203 mm sub, 0.95 m; 203 mm DC, 9.3 m; 309 mm SBS, 1.48 m; 203 mm DC, 9.43 m;
307-2185 |309 mm SBS, 1.48 m; 203 mm DC, 55.95 m; 203 mm jar, 10.12 m; 203 mm DC, 18.56 m; 203 mm
sub, 1.14 m; 165 mm HWDP, 112.5 m

311.17519; 203 mm sub, 0.95 m; 305 mm SBS, 1.93 m; 203 mm DC, 9.42 m; 305 mm SBS, 1.93 m;
2185-2775 | 203 mm DC, 9.35 m; 305 mm SBS, 2.41 m; 203 mm DC, 55.6 m; V-stab 308, 2.34 m; 203 mm DC, 28 m;
203 mm jar, 10.12 m; 203 mm DC, 18.3 m; 203 mm sub, 1.14 m; 165 mm HWDP, 112.5 m

219.1XS616; PDM 172 HEMIDRILL, 8.42 m; 215.9 mm SBS, 1.59 m; 165 mm DC, 9.3 m; 215.9 mm
2786-4730 |SBS, 1.51 m; 165 mm DC, 94.49 m; 165 mm sub, 0.35 m; 165 mm jar, 9.68 m; 168 mm sub, 1.13 m;
165 mm DC, 28.4 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.37 m

219.1XS716; 165 mm sub, 0.36 m; 165 mm DC, 9.46 m; 165 mm sub, 0.35 m; 214.9 mm SBS, 1.59 m;
4730-5180 {165 mm DC, 9.3 m; 215.3 mm SBS, 1.51 m; 165 mm DC, 94.49 m; 165 mm sub, 0.35 m; 165 mm jar,
9.68 m; 168 mm sub, 1.13 m; 165 mm DC, 28.4 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.37 m

0-307

152.4XZ516; 120 mm sub, 0.4 m; 121 mm DC, 9.38 m; 152.4 mm SBS, 1.67 m; 121 mm DC, 141.44 m

5180-5208 | 151 mm jar, 8.84 m; 121 mm DC, 28.04 m; 121 mm HWDP, 168.96 m

152.4XZ516; PDM 127 HEMIDRILL, 7.58 m; 152.4 mm SBS, 1.67 m; 121 mm DC, 9.23 m; 152.4 mm SBS,
1.67 m; 121 mm DC, 150.82 m; 121 mm jar, 8.84 m; 121 mm DC, 28.04 m; 121 mm HWDP, 168.96 m

152.47613; PDM 127 HEMIDRILL, 7.58 m; 152.4 mm SBS, 1.67 m; 121 mm DC, 9.23 m; 152.4 mm
5372-5420 |SBS, 1.67 m; 121 mm DC, 150.82 m; 121 mm jar, 8.84 m; 121 mm DC, 28.04 m; 121 mm HWDP,
168.96 m

5216-5372

Well 75-Semyrenky

444 55B115C; 254 mm sub, 0.55 m; 229 mm DC, 9.41 m; 444.5 mm SBS, 2.15 m; 229 mm DC, 9.37 m
0-300 4445 mm SBS, 1.98 m; 229 mm DC, 18.67 m; 229 mm sub, 0.4 m; 203 mm DC, 56.1 m; 195 mm sub,
1.14 m; 165 mm HWDP, 56.24 m

311.1XS516; 203 mm sub, 0.62 m; 308 mm SBS, 1.94 m; 203 mm DC, 9.3 m; 308 mm SBS, 1.94 m;
300-1200 |203 mm DC, 65.4 m; V-stab 308, 2.35 m; 203 mm DC, 27.72 m; 203 mm jar, 10.12 m; 203 mm DC,
18.77 m; 195 mm sub, 1.14 m; 165 mm HWDP, 112.51 m

311.1XS516; PD900 308 mm Stabilized CC (Schlumberger), 4.16 m; SRX Slick (Schlumberger) 308
1200-2825 | mm, 2.42 m; NM DC-210 (Schlumberger), 8.02 m; 203 mm DC, 74.89 m; 203 mm jar, 10.12 m; 203
mm DC, 55.64 m; 195 mm sub, 1.14 m; 165 mm HWDP, 112.51 m

219.1XS616; PDM 172 HEMIDRILL, 8.4 m; 215.9 mm SBS, 1.77 m; 165 mm DC, 9.38 m; 215.9 mm
2904-4557 |SBS, 1.51 m; 165 mm DC, 94.37 m; 165 mm sub, 0.36 m; 165 mm jar, 9.67 m; 168 mm sub, 1.03 m;
165 mm DC, 28.24 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.34 m.

219.1XS6164219.1XS716; 165 mm sub, 0.36 m; 165 mm DC, 9.35 m; 215.9 mm SBS, 1.5 m; 165 mm
4557-4621 |DC, 9.38 m; 215.9 mm SBS, 1.51 m; 165 mm DC, 94.37 m; 165 mm sub, 1.03 m; 165 mm jar, 9.67 m;
168 mm sub, 1.03 m; 165 mm DC, 28.24 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.34 m

219.1XS716; PDM 172 HEMIDRILL, 8.4 m; 215.9 mm SBS, 1.77 m; 165 mm DC, 9.38 m; 215.9 mm
4621-4915 |SBS, 1.51 m; 165 mm DC, 94.37 m; 165 mm sub, 0.36 m; 165 mm jar, 9.68 m; 168 mm sub, 1.03 m;
165 mm DC, 28.24 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.34 m

219.1XS716; 165 mm sub, 0.36 m; 165 mm DC, 9.35 m; 215.9 mm SBS, 1.5 m; 165 mm DC, 9.38 m;

49155151 15159 ' mm SBS, 1.51 m; 165 mm DC, 28.24 m: 165 mm sub, 0.35 m; 127 mm HWDP, 84.34 m

219.1XS616; 165 mm sub, 0.36 m; 165 mm DC, 9.35 m; 165 mm sub, 0.36 m; 215.9 mm SBS, 1.6 m;
5151-5229 |165 mm DC, 9.38 m; 214.3 mm SBS, 1.51 m; 165 mm DC, 94.37 m; 165 mm sub, 0.36 m; 165 mm jar,
8.58 m; 168 mm sub, 1.03 m; 165 mm DC, 28.24 m; 165 mm sub, 0.35 m; 127 mm HWDP, 84.34 m

152.4XZ516+152.4R613; PDM 127 HEMIDRILL, 7.53 m; 152 mm SBS, 1.68 m; 121 mm DC, 9.46 m;
5231-5470 |152 mm SBS, 1.66 m; 121 mm DC, 179.68 m; 121 mm jar, 8.81 m; 121 mm DC, 28.33 m; 121 mm
HWDP, 168.81 m
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Correlation analysis of properties of non-dispersing polymer muds

Table 4

Mud Well 72-Semyrenky Well 75-Semyrenky Criterion T.
parameters r. T r. T 1
Weight 0.847 14.374 0.956 60.452 2.209
Funnel viscosity 0.894 21.351 0.708 7.781 1.893
Fluid loss -0.745 8.018 -0.064 0.353 -
Gel,y, 0.706/0.883 | 6.752/19.294 0.848/0.901 16.567/26.265 1.254/0.299
pH -0.914 26.486 -0.811 12.999 1.428
Total solids 0.937 36.645 0.868 19.281 1.315
Yield point 0.225 1.134 0.708 7.772 -
Consistency index 0.810 11.323 0.666 6.548 1.097
Nonlinearity -0.732 7.562 -0.505 3.713 1.278

attributable to the erosion of borehole walls.

In this connection, the results of testing of a
set of statistical hypotheses H,:p =p™ for
mud properties for Wells 72- and 75-Semyrenky,
respectively, are conclusive. Table 4 contains the
estimates for tests

|é'(72) _ é’(75)
A =3) "+ (1 -3)

1L [1-r,
of hypotheses H; where é’:Eln(erzj

T =

r

is the Fisher transformation. The condition for
acceptance of hypotheses H; is determined similarly
to T,< u,, and with confidence probability a = 0.05
(shaded gray in table 4). For mud weight, the hypothesis
has been rejected.

Table 5 contains some information about the

problems related to borehole instability during
production casing drilling in Well 72-Semyrenky.
A typical relationship is observed between the
depth at which a problem occurred and the time
of its occurrence after penetration: this time is
reduced with depth. The time between the first
and subsequent occurrences of a problem is also
reduced.

The data shown in table 5 are based on the results
of borehole section gage logging by Schlumberger,
which were then used to estimate cavernosity and
caving ratios and the hole closure rate. The caving
ratio is estimated as a ratio of the actual averaged
volume of drilling returns to the rated volume in
each of the intervals at a measuring depth. Figure 2
compares cavernosity ratios based on the results of
borehole section gage logging completed on March
6, 2019 and March 25, 2019 and shows the estimated
average rates of hole closure in the interval where

Table 5

Borehole instability in Well 72-Semyrenky

First occurrence

ate / time of occurrence /
time after penetration,

total depth, m / mud d

total depth, m / mud

Subsequent occurrences

date / time of occurrence / time
from the moment the previous

weight, kg/m?’ hours — min weight, kg/m’ problem occurred, hours — min
3860 / 1180 28.02.19 / 11:00 /106- 00
2975 / 1170 23.02.19 / 06:00 / 125-00 4479 /1190 04.03.19 /21:00 /=
4730 / 1220 12.03.19 / 05:00 /-
3860 / 1180 28.02.19 / 12:00 /86 — 00
3065 / 1170 23.02.19 / 20:00 / 112 - 00 4479 /1190 04.03.19 /22:00 /=
4730 / 1220 12.03.19 / 05:00 /-
3860 / 1180 28.02.19 / 14:00 /86 — 00
4479 /1190 04.03.19 / 20:00 /4 — 00
3155 / 1180 24.02.19 / 03:00 / 107 — 00
/ /05:00/ 4479 /1190 05.03.19 / 00:00 /-
4730 / 1220 12.03.19 / 05:00 /-
3860 / 1170 27.02.19 / 22:00 /69 — 15
3515 / 117 26.02.19 / 06:00 / 40 —
515/ 1170 6.02.19/06:00 /40 - 00 4730 / 1220 11.03.19 / 18:00 /-
3860 / 1170 27.02.19 / 16:00 /-
75 /117 26.02.19 / 08:00 / 32 -
3575/ 1170 6.02.19/08:00 /32 - 00 4730 / 1220 11.03.19 / 18:00 /-
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Fig.2. Caliper logs (--- of March 6, 2019 and --- of
March 25, 2019) and the average rate of hole closure,
Well 72- Semyrenky

Fig.4. Photo of a core sample: mudstone broken into
pieces from the 4982-4990 m interval,
Well 72

the problems occurred. The results of statistical
processing of some data are shown in table 6.

Borehole stability was assessed subject to the
following cavernosity ratios [11]:

1 - Rocks are stable;

1...3 — Rocks are temporarily stable;

>3 — Rocks are unstable;

1...5 — Borehole is caving in;

> 5 — Borehole walls collapse.

Therefore, substantial cavings-in and collapses

Fig.3. Photo of cuttings fallen from a depth
of 3522 m, Well 75 (Scale: 2 cm in a cellule)

occurred in the interval of 2795-4445 m in the well in
question, which required intervention in the drilling
technology. The same data were obtained from other
wells at the field, with visual evidence of a large
number of cuttings and rock fragments carried up
during mud circulation of drilling mud (fig.3) and
unstable core recovery (fig.4).

Despite the challenge of maintaining borehole
stability through mud control, an attempt was still
made to select the weight and structural/mechanical
properties of a non-dispersing polymer drilling mud
allowing to drill one hole through problem zones
to the top of pay. For this purpose, Schlumberger
software was used for geomechanical 3D modeling
of the state of rock stress in unstable formations and
validation of mud weight [12].

4. Factors affecting borehole stability

A mud hydraulics program, which includes
hydraulics management subject to optimization criteria,
functional requirements, and process limitations, plays
an important role when drilling in problem zones.
It should be noted that some requirements to the
selection of mud pump rates are contradictory. For
example, bottomhole cleaning and cuttings transport
require higher mud pump rates, whereas washout
prevention requires lower mud pump rates.

The analysis of field data obtained while drilling
at the Semyrenky field suggests that not enough
attention is paid to rock erosion when a mud hydraulics
program is developed for problem intervals. Table 7
shows the estimated transport and erosive capacities
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Statistical characteristics

Cavernosity ratio

Results of statistical processing of borehole section gage logging data

Table 6

Caving ratio

Hole closure rate, mm/day

Expected value 1.317 2.019 4.409
Dispersion 0.278 3.021 5.097
Interval estimate
of the expected value 1.317+0.193 2.019+0.638 4.409+0.828
Correlation ratio 0.495 0.263 0.124
T criterion for testing
statistical hypothesis Hy:p =0 3.655 1.572 0.702

of a drilling mud for the drill collar annulus and the
drill pipe annulus in Well 72. The estimates are based
on the following mud rates Q: 36, 30, 25 and 20 1/s.
Flow properties of a non-dispersing polymer drilling
mud were determined using an OFITE 1100 rotational
viscometer, subject to temperature conditions for
the most suitable rheological model, the Herschel-
Bulkley model: 7,=2.40 Pa, k= 0.0116 Pa-s", n=0.9085.

The cuttings transport capacity of the annular
flow was estimated using the indicator [13]:

_S(2)

L350 @)
where 5(z) is the annular flow area at a depth z; Sy(z)
is the cross sectional area of a fluid flow for which
v(z) > vy(z); v,(z) is the sedimentation rate for mud
particles in a fluid flow (taken equal to 0.45 m/s).

The erosive capacity of muds can be estimated
from wall shear stresses 7,(z). Greater values of

Table 7
Estimated cuttings transport and erosive
capacities of a non-dispersing polymer
drilling mud
di :‘n:g:g’u; m Qls wv,mls k, T, Pa
220/165 36 2.726 0.947 6.386
220/165 30 2.243 0.938 5.892
220/165 25 1.846 0.928 5.467
220/165 20 1.455 0.913 5.027
220/127 36 1.683 0.933 4.382
220/127 30 1.387 0.922 4.159
220/127 25 1.144 0.909 3.965
220/127 20 0.903 0.890 3.760

7,(z) correspond to a higher erosive capacity of a
specific mud under specific conditions.

In table 7, the estimates of transport capacity k,(z)
and erosive capacity 7,(z) of muds are made using
laminar flow equations for non-Newtonian fluids
in a concentric annulus. The estimates are made for
the conditions existing in Well 72-Semyrenky (depth
z = 2975 m). Specifically, the mud pump rate Q has
a different impact on the rate at which the transport
and erosive capacities are changing. It should be
noted that wall shear stresses 7,(z) are higher
for the drill collar annulus. Reamers, centralizers,
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stabilizers, etc. increase the erosive capacity of
muds. It should be emphasized that even for mud
particles with v, = 0.45 m/s the transport capacity
of the flow is quite high in the 127 mm drill pipe
annulus at Q = 20-25 I/s. Table 7 also contains data
on the velocity v,, of the flow core.

As a separate matter, a drilling mud should
be selected on the basis of mud tests for erosion,
capillary suction time, X-ray diffraction, particle
size distribution, etc. In this case, image logging
seems to be the most suitable product of the drilling
practice in field application [14]. Image logging
is based on predicting borehole stability with the
help of geomechanical pressure models and offers
an opportunity to analyze the downhole situation
in real time using controlled parameters during
various process operations, including when mud
properties change. Key control parameters for mud
selection include mud weight, HP/HT fluid loss, pH,
salinity, and water phase composition.

The main requirement to mud weight p, is to
ensure rock stability at borehole walls, which is
formalized as [15]:

[4p]

1
P = —(grad P, +—] (3)
g zZ

where grad p, is the pressure gradient for rock
stability at borehole walls at depth z; [Ap] is a certain
pressure reserve, e.g. to ensure rock stability when
pulling out of hole.

The value of grad p, is estimated either with
the help of geomechanical models, including 3D
models, or from field data. Below, the formula of
Ishchenko and Selvashchuk is used for a 1D model
[16]. It should be noted that in this case there is a
problem of uncertainty or risk due to the reliability
of data on physical and mechanical properties of
rocks and conditions under which problems occur.

Mud weights were estimated for drilling through
problem intervals, using field data and subject to
data uncertainty. The yield point was estimated
from laboratory tests carried out by UkrNllgaz
[16], subject to formation temperatures. Two typical
groups of relationships between yield point o, and
depth z were identified from the findings: for 2300-
2600 and 3000-5400 m depths (fig. 5).

The statistical analysis points to a correlation
relationship between these two groups (r,,= 0.458,
T =2.529 > u, ;= 1.96) and no such relationship for
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3000-5400 m depths (r,,=-0.381, T=1.41 <u ;= 1.96).
The results of statistical evaluation are as follows:
regression equation is o,,= 9.444 + 2.335-107z (for
2300-5400 m depths); o, = 20.4+2.924 MPa, S’ =
16.711 MPa? (for 3000-5400 m depths).

Given initial data uncertainty, mud weights
were estimated with the help of (3) as a fuzzy
set p,= {p,u, (p)}, where up) is the membership
function that defines how each value of peR" is
mapped to a number of i ,(p) from the segment [0,1],
which describes the degree of problem prevention
at a given value of p. The membership function is
estimated using the statistical simulation method
for uncertain variables of rock density with the
average value of p,=1955 kg/m? root-mean-square
deviation of 20 kg/m? and pressure reserve of [Ap]
= 1.2-1.5 MPa for depth z = 2795 m and with the
average density of p,= 2010 kg/m?, deviation of 25
kg/m? and pressure reserve [Ap]=1.5-1.9 MPa for
depth z = 3575 m. The yield point was simulated as
a normal variable for 2795 and 3575 m depths (Well
72). The number of statistical experiments was 1000.
The results of the simulation are shown in figure 6.

So, based on the estimated membership function
up) and field data, a drilling mud with a weight
of 1150-1200 kg/m?® can be recommended for well
drilling from a depth of 2795 m (in this case, the risk
of problems is assessed as 28-50%) and a drilling
mud with a weight of 1350-1400 kg/m® can be
recommended for well drilling from a depth of 3575
m (the risk of problems is 45-70%) (fig.5).

5. Technical and economic performance
indicators for drilling
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Fig.6. Membership functions for mud weight
for problem prevention at depths:
a) 2795 and b) 3575 m
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Fig.5. Yield point vs. depth (shales):
—2300-5400 m; —3000-5400 m

Technical and economic performance indicators
are based on the industry-approved timing
classification for core, auxiliary, and service
operations. Production operations such as mechanical
drilling, round-trip, trip support operations, casing,
and some other auxiliary and service operations are
considered to be productive rig time and are included
in calendar time distribution for well drilling. Actual
time also includes non-productive time due to
mitigation/accident response while drilling, rig crew
downtime, or production operations performed
beyond standard time.

Specific actual indicators in calendar time
distribution (fig.7) make it possible to estimate the
rates of penetration for relevant wells and compare
them to identify process operations which can be
fast-tracked through the application of appropriate
process and/or organizational solutions or which,
alternatively, can be planned if these production
operations lead to successful mitigation response.
Such operations as hole gauging, reaming, and
cleaning, as well as recovery of tools stuck downhole
due to caving-in, are of direct relevance to the
problem under discussion and are shown in figure
7 separately from other operations. With regard
to the above, drilling time vs. mitigation response
time were 68 vs. 32% for Well 72-Semyrenky and 88
vs. 12% for Well 75-Semyrenky. In absolute terms,
production casing drilling time was 888 h 00 min
for Well 72-Semyrenky, including 281 h 45 min for
mitigation response to cavings-in and collapses, and
1162 h 30 min for Well 75-Semyrenky, including 139
h 45 min for mitigation response.

Target and actual overall drilling and casing rates
compare as follows: for Well 72, the target rate is
931 m/rig-month and the actual rate was 1499 m/
rig-month; for Well 75, the target rate is 935 m/rig-
month and the actual rate was 1148 m/rig-month.

Therefore, on the one part, drilling contractors
have sped up well construction substantially; on the
other part, considerable time and money are still spent
for mitigation response to cavings-in and collapses
and if a problem is eliminated entirely or at least
mitigated, this will save relevant material resources.

There should be an interrelationship between
target and actual drilling rates, i.e. both indicators
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should determine each other. It means that in fact,
not only should one strive to achieve the target
drilling rate, but also the actual conditions of
drilling operations should be taken into account
when selecting the target drilling rate. Last but not
least, it has to do with the geological conditions and
the possibility to adjust the standard drilling time by
planning mitigation response operations in case of
borehole instability, such as hole gauging, etc. In this
case, planning of process operations for high-quality
hole cleaning should improve hole conditions, which
translates into less time actually spent for mitigation
response. It should be noted that in this regard, Well
72-Semyrenky and Well 75-Semyrenky are the best
in terms of technical and economic performance
for drilling deeper than 5000 m (see table 8) and
could provide a basis for standardization of process
operation times in accordance with the use of
calendar time distribution for well drilling.

6. Process recommendations

A Dborehole stability management strategy

generally includes the following [1-8,10-17]:

¢ identify potentially dangerous hole intervals

with respect to a particular problem;

* evaluate the causes of the problem;

* develop a geomechanical model and analyze
the stress-strain state in potential problem
zones;
validate well profile parameters;
forecast pressure gradients for rock stability at
borehole walls;
select and manage well design;
select mud type and properties;

* manage hydrodynamic conditions in the well

during various process operations;

* use other prevention measures, methods and

techniques.

Prevention measures should be selected
according to causes of problems which may differ
in similar geological conditions. Obviously, under
such conditions, it is advisable to implement a
package of measures that are effective for possible

Table 8

Actual drilling performance

72-Semyrenky

75-Semyrenky
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oy Z 5 : oy Z 5 :
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Surface casing drilling 0-307 18.00 17.06 | 13.06 0-300 15.00 20.00 14.63
Intermediate casing drilling | 307-2775 196.23 12.58 | 11.02 | 300-2825 | 113.22 22.30 12.60
Host casing drilling 2775-5180 | 293.00 8.21 6.69 | 2825-5229 | 487.64 4.93 3.16
Liner casing drilling 5180-5420 159.88 1.50 0.77 | 5229-5470 | 235.65 1.02 0.70
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causes of problems.

The wells design at the Semyrenky field seems
to indicate that in addition to drilling technology
optimization, mud type selection, and mud control,
the focus should be on well design validation and
hole gauging/reaming techniques.

Assuming that hole gauging is essentially high-
quality cleaning of the hole where cavings-in and
collapses have occurred, then BHA design may be
the same as the BHA design for the most recent
drilling operation. With very few exceptions, there
is no need to adjust BHA parameters to ensure high-
quality hole cleaning. Sometimes, hole gauging may
be performed during a trip, which does not only
save drilling time but also is more convenient for
the rig crew.

Prior to gauging, the hole is cleaned (circulated)
at an increasing rotation speed. The international
drilling practice [16] has proven that there are
certain ranges of drill string rotation speeds at which
the cuttings transport is considerably improved.
These ranges correspond to rotation speeds of 100-
120 and 150-180 min™.

Then drags and their respective depths are
recorded when pulling out of hole. If a tight spot
is encountered when pulling out of hole, the tool is
lowered a little, the pump is switched to maximum
rate, and the problem section is drilled up with
rotation. These gauging cycles are repeated until the
tool passes freely, without drill string rotation.

If a tight spot requires back reaming, reverse
drilling is performed at regular rotation and cleaning
conditions. If the hole conditions do not allow for
back reaming in appropriate modes, back reaming
is performed in stages, i.e. with intermediate stops
for hole cleaning at maximum mud rates and at
a recommended rotation speed. It was necessary
because more cuttings or rock fragments from the
walls got into the hole during reaming.

In some cases, stage-by-stage reaming was also
performed when running in hole. It meant that mud
circulation had to be restored at some intermediate
well depths, not only at the bottom hole.

The field data suggest that reduced mitigation
response time for Well 75-Semyrenky as compared
to Well 72-Semyrenky could be in fact related
to a somewhat lower average drilling rate (1499
vs. 1148 m/rig-month). It is known [16] that in
similar conditions two strategies for well drilling
in unstable formations have been developed: either
to stay at the bottom hole at an optimized rate of
penetration or to drill at a high rate of penetration,
but with short time intervals, and then perform
preventive hole cleaning and restore hole drillability
by gauging and reaming.

Despite the fact that a high average rate of
penetration is more important than a high
instantaneous rate, there may be cases when well
reconditioning operations become urgent even at
lower rates of penetration. This may be due to
changes in downhole conditions, the need to perform
other operations, a sudden deterioration in mud

quality, etc. [16]. For the best drilling technology,
long intervals may be drilled over a long period
of time without having to take any prevention
measures.

For this reason, prevention measures such
as hole gauging, reaming, and cleaning should
be taken only after all drilling optimization
options have already been used. It gives grounds
to recommend prevention techniques which
are based on optimization of performance of
their operations, including parametrization of
operations, formation of local optimality criteria
and a system of restrictions for operation
parameters, and selection of an optimality
criterion and operation parameters.

BHA was generally selected subject to
polyfunctional requirements that reflect its efficiency
depending on a number of technical, process, and
natural factors [17]. Since quite a few of these factors
affecting borehole stabilization are random, BHA
selection is based on a statistical decision making
model.

Requirements are developed and implemented in
a certain BHA class 9 to drill relevant hole intervals,
depending on hole path geometry and drilling
conditions. Given data uncertainty, BHA selection
corresponds to a system of restrictions which reflect
the requirements to well construction conditions
and are implemented as a statistical decision making
model [9]:

R(p”, av)—>min, ved, p'eD;
o(p")<0,

where R(p',a") is the risk of the v-th BHA from
alternatives class 3; p*= (p,",p,",-...p,")" is the vector of
variables for the v-th BHA with a range of definition
Dy, a'= (aay,...a,")" is the vector of known
parameters; ¢@(p*) is the system of restrictions for
BHA parameters.

The system defines restrictions for the drilling
parameters, BHA geometry and integrity, as well
as static and dynamic characteristics of BHA
components. The model (4) takes into account data
uncertainty for some parameters, including position
of points where reamers, centralizers, stabilizers,
etc. come into contact with borehole walls, zenith
angle, drilling parameters, and local caverns.
Class 9 of BHA alternatives is defined by special
design features, dimensions, and location of BHA
components.

The risk function R(p’, a*) reflects the probability
that the conditions of the solution to problem (4)
for static and dynamic BHA characteristics will be
violated under data uncertainty. Risks are assessed
using statistical simulation methods and the analysis of
findings. Using model (4), a suggestion is made for BHA
for drilling through problem intervals with minimum
risks resulting from disturbed dynamic stability while
drilling and reaming in problem intervals.

Based on the analysis of field data for Wells
72 and 75, a feasibility study was performed to

(4)
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evaluate the possibility of using the WITER II
inverted emulsion drilling mud [7] for production
casing drilling. For the same rates of penetration
in case of drilling with a non-dispersing polymer
mud and an inverted emulsion mud, operating
expenses for mitigation response and hole quality
improvement are estimated to be reduced by almost
USD 180 thousand.

A UWD (underreaming-while-drilling)
technology was also considered [3] together with the
method by Voytenko [1], which are both based on
the removal of rock from an unstable zone in order
to reduce the hole closure rate. However, the need
for several BHA designs with a different number
of reamers due to varying rock hardness at the
bottomhole and in the underreamed formation has

eventually led to abandonment of this technology in
favor of well design modifications.

An alternative design for Well 79-Semyrenky
to be drilled: 473.1 mm surface casing is run to a
depth of 300 m; 339.7 mm first intermediate casing,
to a depth of 850 m; 244.5 mm second intermediate
casing, to a depth of 3800 m; 177.8 mm host casing,
to a depth of 5180 m; 114.3 mm slotted liner is set
in the interval of 5080-5450 m. So, the focus is on
high-speed drilling with fast penetration through
unstable zones in two stages followed by their
sealing by the second intermediate casing and then
by the production casing.

Conclusions
1. The analysis of the drilling technology and well construction parameters for Wells 72
and 75 at the Semyrenky field suggests that the drilling contractors have acted competently,
which resulted in high drilling rates and accident-free well drilling in challenging geological
conditions. At the same time, there is potential for improved efficiency of deep drilling at the
Semyrenky field. A significant amount of time was spent for mitigation response to borehole
instability during drilling for production casing in Wells 72 and 75 (32 and 12% of calendar

time distribution, respectively).

2. Borehole instability at the DDT fields is the result of a number of factors affecting the
borehole in different ways, even under similar geological conditions. The analysis of field
data for the existing wells, especially relationships between the rate of penetration and rock
instability, cavernosity and caving ratios, and the patterns in changes in mud properties
with depth suggests that mechanical and chemical erosion has a considerable impact on the

occurrence of this particular problem.

3. A borehole stability management strategy is validated, which includes a package of
measures ranging from problem prediction through selection of well profile and design,
mud type and properties to the use of alternative techniques. An integrated approach
is recommended which includes prevention of problems caused by various factors. The
requirements to mud selection for drilling through problem zones are developed. Attention
is drawn to the fact that it is advisable to optimize a mud hydraulics program to reduce wall

erosion.

4. Specific borehole preparation techniques such as reaming and gauging are discussed
and the principles for selecting process parameters for drilling in problem zones are
proposed. Using a statistical decision making model, a model for efficient BHA selection is
validated to meet polyfunctional requirements under data uncertainty. To reduce mitigation
response expenses, a feasibility study is performed to evaluate the possibilities of using an
inverted emulsion drilling mud for production casing drilling and an alternative well design

with an additional intermediate casing.
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Anaan3 TexHOAOTUM OypeHNs rAyO0OKMX CKBaXXKIH
B HEyCTOMYMBBIX OTA0XeHnAX Ha CeMMpeHKOBCKOM
ra3oKOHAeHCAaTHOM MeCTOPOXJeHUN

A.K. Panmanose’, B.B. Pyxencxuii’, 6.W. Kocmus',
M.A.Mvicarox?, B.M.Yapxoeckuir®
"JAO ATOK «Hedrerazagobsrua», Kues, Ykpanna; *JIsano-®paHKoBcKuit
HaIMOHAABHBIN TEXHUYECKUII YHIUBEPCUTET HePTI U Ta3a,
VBano-®paHKOBCK, YKpauHa

Pepepar

M3ao>xensl oOmue ceedeHNs O OypeHUN rA1yOOKIX CKBasKMH B HEYCTOMYMBLIX OTA0XKEHUAX Ha
CeMMpPEHKOBCKOM Ta30KOHAEHCAaTHOM MecTOpoXAeHun JHenposcko-/oHe1Kol BriaJHbI: KOH-
CTPYKLIMM CKBa>XIH, KOMITIOHOBKM H13a OypuabpHoii koaoHs (KHBK), pesxumMsl Oypenns, Oypossie
pactsopsl. IlpoaHaansnpoBaHbl OCAOKHEHN IpY OypeHnu CKBaKUH 72- 1 75-CeMMpeHKOBCKast
110/, 9KCIIAyaTalllOHHble KOAOHHBI C IpPMMeHEeHMeM CHAOBBIX PeKMMOB. YCTaHOBAEHBI 3aBU-
CUMOCTI MEXAY CKOPOCTBIO OypeHMs U HapyIIeHMeM YCTOMYMBOCTU IOPOoA, Kod(pPUIIEeHTOB
KaBepHO3HOCTU M 00Ba1000pa3oBaHUsl C TAYOMHOI, a TakXKe SMIMpPUYEcKre 3aKOHOMEPHOCTU
M3MeHeHNsI TeXHOAOTMYECKMX CBOVICTB OypoBOro pacrsopa C rayomHoir. IlpuseseHsl TexHu-
KO-DKOHOMMYECKIe IT0Kasarean OypeHms ckpakuH. CPopMyanpoBaHBl DAeMEHTHl CTpaTeTrnu
yIIpaBA€HU: YCTOMYMBOCTBIO CTEHOK CKBaKMH. OOOCHOBaHBI HpPMHINMIIEI BEIOOpa OypoOBOTO
pacTBopa A44s HPOXOXAEHUS 30H OCAOXKHeHMit. PaccMoTpeHnl TpeOOBaHUSA K IMApaBANYIeCKONI
IIporpaMMe IIPOMBIBKI A4S CHUKEHIS DPO3UN CTEHOK CKBa>KIMH, OCOOEHHOCTH T€XHOAOTUM TIOA-
TOTOBKM CTBOAa (IpopadoTKa, mabA0HMPOBKa) IpU OYpeHNN B OCA0KHEHHBIX YCAOBIIX, a TAKXKe
albTepHaTUBHBIE BAPUAHTH A5 0OeCIIeueHNs yCTOMUMBOCTI CTEHOK CKBa>KIMH.

Katoueevie cro6a: ycTOMIMBOCTL CTEHOK CKBa>KMHBI; CTaTUCTUYECKNE MOJeAN; a0 A0HUPOB-
Ka CKBa’KIHBI; TeOMeTpHUYecKIe ITapaMeTpsl CTBOAa CKBa>kKMHBI; Oyposoit pactsop; KHBK.

Semirenkov qaz-kondensat yataginda qeyri-sabit ¢okiintiilarda
darin quyularin qazilmasi texnologiyasinin tahlili

A.K. Raptanov’, V.V.Rujenskiy', B.I.Kostiv', M.A.Mislyuk?, V.M.Carkovskiy>
'CAO DTEK «Neft-qaz hasilati», Kiyev, Ukrayna;
?[vano-Frankovsk Milli Neftin vo Qazin Texniki Universiteti,
Ivano-Frankovsk, Ukrayna

Xiilaso

Dneprovsk-Donetsk ¢Okokliyinin Semirenkov qaz-kondensat yataginin qeyri-sabit
¢okiintiilorinds derin quyularin qazilmas: haqqinda {imumi malumatlar verilmisdir: quyularin
konstruksiyalari, qazma kemaorinin asagi hissesinin komponovkas: (QKAHK), qazma rejimlori,
gazma mohlullar. Giic rejimlarinin tatbigi ilo 72 - ve 75-ci Semirenkovskaya quyularmin
istismar komorlari ii¢lin qazilmasi zaman bas veran miirokkablosmoalar tohlil edilmisdir. Qazma
sturati il stixurlarin dayaniqliliginin pozulmasi, derin ug¢qunemslagelma ve kavernaliliq
amsallari, hamginin qazma mahlulunun texnoloji xassalorinin darinliklo deyismoesinin empirik
ganunauygunluqlar1 arasinda asililiglar miisyyen edilmisdir. Quyularin qazilmasmin texniki-
iqtisadi gostericileri verilmisdir. Quyu divarlarinin dayaniqliliginin idarsolunma strategiyasinin
elementlari formalasdirilmisdir. Miirekkeblosme zonalariin kegilmasi {i¢iin qazma mahlulunun
secilmosi prinsipleri asaslandirilmisdir. Quyu divarlarinin eroziyasinin azaldilmas: {igiin
hidravlik yuyulma proqramina qoyulan tslsbler, miirokkeblosmo soraitlorinde qazma zamani
lillonin hazirlanmas: (islonmo, sablonlasdirma) texnologiyasiin xiisusiyystlori, homginin quyu
divarlarinin dayaniqliliginin tomin edilmosi iigiin alternativ variantlar nazarden kegirilmisdir.

Acar sézlar: quyu divarlarinin dayaniqliligy; statistik modellar; quyunun modellosdirilmasi;
quyunun sablonlandirilmasi; quyu liilesinin geometrik parametrlari; gazma mahlulu; QKAHK.
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