Mining of Mineral Deposits
ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)
Journal homepage http://mining.in.ua
Volume 10 (2016), Issue 4, pp. 37-43

% <
‘Bppcw

UDC 622.245.12 https://doi.org/10.15407/mining10.04.037

EFFECT OF FRACTURE PRESSURES ON THE SELECTION
OF DEPTHS FOR CASING SETTING IN SLOVAKIA

Ja. Pinka', O. Vytyaz®

!Faculty of Mining, Ecology, Process Control and Geotechnology, Technical University of Koice, Koice, Slovakia
’Institute of Petroleum Engineering, Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine
*Corresponding author: e-mail o.vyvtvaz@gmail.com, tel. +380342727182, fax: +380342242139

BIIJIUB TUCKY I'lIPABJIIYHOTI'O PO3PUBY IIVIACTA
HA BUBIP I''IMBUHU CITYCKY OBCAJTHOI KOJIOHU B CJIOBAYYHHI

. 1 2*
S1. Tliaka', O. Butssp

! Dakynomem 2ipHuymea, exonozii, ynpaeninHa mexHoI02iuHUMU npoyecamu ma ceomexHixu, Texuiunuii ynisepcumem Kowuye,
Kowuye, Crnosauuuna

ZIHcmumym Hagpmoeaz080i indcenepii, Ieano-Dpankiecvkuil HAYIOHATLHULL MeXHIYHUL YHIsepcumem Hagmu i a3y, 16ano-PpaHKiscok,
VYxpaina

*BionogioanvHuil asmop: e-mail o.vvtyaz@gmail.com, men. +380342727182, ¢paxc: +380342242139

ABSTRACT
Purpose. The purpose of the article is to describe the method of casing wells for oil and gas in the Slovak Republic.

Methods. Apparently there is no general method or procedure that gives the optimal location. This article is an at-
tempt to define this optimum casing seat location. The potential benefits will improve safety and economy of the
operation. The methods of predicting fracture gradients for deeper wells already exist. In this article, a method of
predicting fracture gradients for shallow well has been derived. This method is combined with kick tolerance criteria
to obtain a casing depth selection method. Also, the variation in fracture pressures at any depth has been investigated.

Findings. The two major factors determine the depth of the casing shoe, that is, the fracture pressure and the pore
pressure. A third factor is the lithology, because it is desirable to place the casing shoe in a competent shale section.
Practical implications of this method is applicable in casing designing in deep hole drilling.

Originality. Originality of this method lies in the fact that in this process casing wells is achieved only essential as
necessary length-casing with respect to all safety and strength parameters.

Practical implications. This interpretation provides the basis for vital decisions, such as selection of depths for cas-
ing setting, the maximum permissible values of mud density, method of drilling and the tightness verification of
cement and cementation work. Incorrect estimates can result not only in a increase the cost of the wellbores, but also
can cause potentially hazardous situations, such as lost circulation of drilling fluid, problems with managing the
boreholes, borehole stability problems and also blowouts.

Keywords: casing strings, fracture pressure, pore pressure, fracture gradients, deep hole drilling

1. INTRODUCTION number of casing strings, casing depths, diameters of
drill bits and conditions of the cementation (Gil, &
Roegiers, 2002; Ovchynnikov, Ganushevych, & Sai,
2013). Thus, the selection of the borehole structure is
related to drilling conditions, the level of the equipment
and technologies used in drilling, the possibility of quick
and smooth disposal of difficulties and accidents, but
also the borehole structure must meet the desired objec-
tives and be economical. For this purpose, it is necessary
to determine the maximum of geological and other data,
at least two, namely: formation pressure (pore pressure)
and fracture pressure depending on the depth. In addi-

The processes of well drilling are carried out in rocks
formation with different lithological composition, physi-
cal and mechanical properties, the degree of saturation
and the fluid type. These rocks lie in layers with pressures
that are lower than normal pressure or in layers with
anomalous pressure (Long, 1996). Sedimentary rocks —
the common rock types in drilling for hydrocarbons — are
usually unstable, either by pressure of overburden or by
treatment with drilling fluid (Giiyagiiler, 1991).

The primary stage of well design is determination of
the borehole structure, that is to say determination of the
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tion to the basis of program for casing, both parameters
are important for cementation and subsequently for
stimulation during the extraction (Xia, Wang, Wang, &
Zhao, 2013).

The condition for the successful drilling is that the
density of drilling fluid and also the hydrostatic pressure
are slightly higher than the formation pressure. This
condition can be very clearly documented via the de-
pendence of the equivalent density or the density of drill-
ing fluid on the wellbore depth, expressed graphically in
Figure 1.
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Figure 1. The relationship between the wellbore depth H (m)
and the equivalent density of drilling fluid Qr (kg/m3 )

We can move in the workspace which is to the right of
the indicated curve that limits the possibility of blowout.
The working surface is also bounded on the other side by
the fracture pressure equivalent density curve with the
wellbore depth that may cause loss of drilling fluid.

2. FRACTURE PRESSURE

The fracture pressure limits the upper bound of the
pressures in the borehole. Rocks resistance to leakage of
fluid in the open borehole is a function of the rock
strength, its lithology, the geological age, the borehole
depth and the overall state of in-situ stresses within the
rock mass. Our aim in this article is to determine the
natural state of stresses by artificially increasing the local
stresses and subsequently to observe the changes that
will occur. This method is used in determining fracture
pressures below the casing shoe. The overall state of
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stresses in rocks is characterized by three principal
stresses, which are unequal in value.

The fracture pressure must be approximately equal to
the smallest value of these three stresses. The leak-off
test pressures are shown in Figure 2.

PRESSURE

LEAK-OFF PRESSURE

INJECTION PRESSURE (FRACTURE PROPAGATION PRESSURE)

FORMATION PRESSURE

TIME PUMPED (VYOLUME PUMPED)

Figure 2. Schematic representation of pressure during leak-
off test depending on the pumping volume (pump-
ing time)

Detection of fracture pressures is an important tech-
nological operation and the procedure to determine frac-
ture pressures is prescribed in the operating rules
(Zeman, Pinka, Klempa, & Struna, 2014; Zeman, Pinka,
Klempa, & Struna, 2014; Zist'ovanie Stiepnych..., 2010).

The design process does not require specific borehole
data, because for approximate determination of fracture
pressure values one of the recommended methods, e.g.
Hubbert and Willis method, Matthews and Kelly method
or Eaton’s method is used (Svréek, 2014; Samudra,
2011; Strnite & Smolik, 1992).

3. THE PRINCIPLE OF DESIGN SETTING
DEPTH OF CASING STRINGS

The method for determining the casing depth of cas-
ing strings is explained in graphic record of the formation
and fracture pressure trends with wellbore depth (Fig. 3).
For simplification, it is assumed that the hydrostatic
pressure of drilling fluid is equal to the formation pres-
sure. The planned borehole should be cased to the depth
H,, using the production casing string. It is possible to
allow drilling at the indicated depth, provided that the
drilling fluid has a minimum density p, », to eliminate the
formation pressure effect at that depth. This drilling fluid
density allows drilling at depths greater that /, 3, because
at depths less than H,;, without casing the intermediate
casing string there is a possibility of fracturing the rocks.
As drilling progresses from top to bottom, the drilling
fluid density at depths H, ; can be equal to the max value
p3a. As before ps 4 density is determined by the depth of
further intermediate casing string H,s. From this proce-
dure it also follows a principle method for determining
the borehole structure — casing program, as shown in
Figure 3. The correct choice of designing the casing
setting, depending on the borehole depth with equivalent
drilling fluid density should thus be placed on the area
between the formation pressure (pore pressure) curve and
the fracture pressures curve (Fig. 3).
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Figure 3. Method for determining the casing depth of casing
strings

Therefore, it is more correct and precise to say — be-
tween the safety margins of fracture pressure and pore
pressure (Fig. 4).
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Figure 4. The selection of depth for casing setting should
proceed from bottom to top (gradually through the
points: a — production casing; b — intermediate cas-
ing; ¢ — surface casing; d — conductor casing); thus,
between the pore pressure curve (formation pressure
+ margin of formation pressure) and the fracture
pressures curve (+ margin of fracture pressure)

On the right of the figure, after exceeding the fracture
pressure values there is the risk of losing circulation of
the drilling fluid. Also, in case of lower well pressure
(e.g. low density of drilling fluid) than the pore pressure
(on the left), there is the risk of blowouts/kicks (Fig. 5).

4. THE DETERMINATION OF FRACTURE
PRESSURES OF THE VIENNA BASIN

The Slovak Republic’s natural gas is located and also
extracted in two regions, i.e. in the Vienna Basin area
and in the East Slovakian Neogene Basin, where the
geological exploration is currently taking place. In both
areas, the fracture pressure values of some wells have
been calculated and observed, as well as, the casing
depth depending on equivalent mud density. The values
of the Vienna Basin wells are listed in Table 1 and the
graphical representations of cased boreholes are shown in
Figures 6 — 9.
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Table 1. The calculated values (observed values) of fracture pressures in the Vienna Basin wells

Depth of casing Density of Fracture pressure Injection pres- Fracture Equivalent
The name of shoe (H) drilling fluid ~ below the casing  sure at top of the pressure mud density
the borehole (Prvap) shoe (Py) borehole (P;) gradient (Apmax. &)
m kg/m’ MPa MPa kPa/m kg/m’
Malacky Z 102 155.98 1120 3.108 1.440 19.926 2031
Suchohrad 64 197.52 1150 3.771 1.650 19.092 1946
Jakubov 70 298.88 1130 6.287 3.141 21.035 2144
Jakubov 73 300.07 1125 6.410 3.167 21.362 2178
Jakubov 71 302.02 1120 6.802 3.610 22.522 2296
Jakubov 72 305.11 1110 7.181 4.000 23.536 2399
Jakubov 67 350.42 1130 7.504 3.700 21.414 2183
Jakubov 66 351.33 1130 7.524 3.500 21.416 2183
Jakubov 69 354.41 1130 8.287 4.550 23.383 2384
Gajary 148 354.52 1145 7.022 3.130 19.807 2019
Suchohrad 66 354.70 1120 7.287 3.543 20.544 2094
Gajary 134 375.02 1120 8.711 4.665 23.228 2368
Gajary 133 375.06 1130 7.587 3.500 20.229 2062
Gajary 132 384.98 1150 9.338 4.800 24.256 2473
Gajary 136 388.00 1140 8.884 4.600 22.897 2334
Gajary 139 388.48 1120 8.075 3.896 20.786 2119
Zahorska Ves 5 391.98 1100 8.452 4.380 21.562 2198
Vysoka 37 398.51 1080 8.439 4.387 21.176 2159
Dubrava 52 399.44 1125 8.549 4.327 21.402 2182
Dubrava 50 399.87 1140 10.689 6.330 26.731 2725
Zahorska Ves 3 400.00 1140 7.667 3.310 19.168 1954
Vysoka 36 400.05 1100 8.829 4.600 22.070 2250
Jakubov 65 430.00 1165 9.194 4.300 21.381 2180
Lab 134 450.07 1120 7.825 3.100 17.386 1772
Gajary 147 458.50 1120 11.940 6.500 26.041 2655
Jakubov 68 461.19 1120 10.650 5.860 23.092 2354
Zavod 95 498.44 1120 10.398 4.510 20.861 2127
Gajary 148 647.43 1085 12.724 5.840 18.866 1923
Jakubov 73 689.83 1115 12.171 4.938 17.643 1799
Malacky Z 102 699.86 1080 12.825 5.714 18.325 1868
Suchohrad 64 746.50 1115 14.337 6.633 19.206 1958
Gajary 136 791.72 1110 16.535 8.200 20.885 2129
Gajary 131 791.98 1115 13.154 4.850 16.609 1693
Gajary 133 793.44 1080 15.230 7.200 19.195 1957
Gajary 134 816.98 1090 13.795 5.683 16.885 1721
Gajary 139 818.02 1065 16.272 8.000 19.892 2028
The formation pressures trend is slightly over- ¢ \
hydrostatic (Fig. 8). The formation pressure gradient of 0 Formation pressure f,':;;:‘;:_":;‘i‘\'_ﬁm
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Figure 10. The graph of fracture pressure gradient of the
East Slovakian Neogene Basin

6. CONCLUSIONS

Geological exploration for oil and gas is increasingly
transferred to more challenging geological areas and
environments. Therefore, the knowledge of pressure
conditions during drilling operation is becoming a more
and more important factor. Also, the knowledge and
understanding of the principal stresses in wellbore are
essential to wellbore stability problems. It is possible to
obtain information about principal stresses during drill-
ing by carrying out tightness tests of rock mass.
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These pressure testing systems — mainly Leak-Off
Test (LOT) and Extended Leak-Off Test (ELOT) — have
been carried out in the oil and gas industry for several
decades. The obtained data are used to evaluate the pres-
sure or strengths of rock mass to verify the quality of
cementation and also to estimate the magnitudes of prin-
ciple stresses.

This interpretation provides the basis for vital deci-
sions such as selection of depths for casing setting the
maximum permissible values of mud density method
of drilling and the tightness verification of cement and
cementation work. Incorrect estimates can result not
only in an increasing cost of wellbores but also can
cause potentially hazardous situations such as lost
circulation of drilling fluid, problems with managing
the boreholes, borehole stability problems and also
blowouts.

Therefore, the proper identification of principal
stresses of wellbore will lead to reduction of non-
productive time as well as the cost-reduction in drilling
operations and consequently to greater operational safety.
Acquisition of fracture pressures in wellbores appears to
be economically savvy (the fracture pressures tests below
the casing shoe are not required) particularly in the case
when geological exploration is already carried out in the
known geological area where the drilling activities were
previously conducted. LOT (Leak-Off Test — The meth-
od for obtaining fracture pressures in wellbores) was also
carried out in this area in the past.
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Table 2. Fracture pressures calculated values of the East Slovakian Neogene Basin wells

Depth of casing Density of Fracture pressure Injection pres- Fracture Equivalent
The name of shoe (H) drilling fluid  below the casing  sure at top of the pressure mud density
the borehole (Prvap) shoe (Py) borehole (P;) gradient (Apmax. @)

m kg/m’ MPa kPa/m kg/m’
Stretava 56 101.10 1210 2.035 0.810 20.129 2052
Zemplinska 124.83 1180 2.970 1.500 23.792 2426
Siroka 3
Bénovce 37 299.54 1110 6.077 2.960 20.288 2068
Pozdiovee 15 301.00 1180 6.653 3.200 22.103 2253
Michalovce 2 305.75 1150 6.666 3.380 21.802 2223
Moravany 1 309.61 1140 8.473 5.180 27.367 2790
Vrbnica 1 354.00 1180 7.094 3.110 20.040 2043
Vrbnica 2 361.00 1130 7.460 3.650 20.665 2107
Zemplinska 393.36 1180 6.934 2.500 17.628 1797
Siroka 1
Palin 1 398.50 1180 7.649 3.200 19.194 1957
Zemplinska 437.74 1100 8.206 3.500 18.746 1911
Siroka 6
Zemplinska 448.15 1180 8.099 3.100 18.072 1842
Siroka 2
Zemplinska 44933 1180 8.642 3.600 19.233 1961
Siroka 4
Pavlovce 4 502.50 1180 7.458 3.600 14.842 1513
Sliepkovce 3 552.82 1190 10.216 4.000 18.480 1884
Stretava 56 800.00 1200 14.582 5.380 18.228 1858
Pozdisovee 15 1001.82 1150 22.194 11.300 22.154 2259
Zemplinska 1006.59 1180 20.823 9.600 20.687 2109
Siroka 3
Pavlovce 4 1712.00 1200 28.356 unknown 16.563 1688
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Meta. MeToto 1aHOT CTaTTi € OnKC MeToy 00caKeHHsT HATOBUX 1 ra3oBuX cBepasioBuH y CroBarpkiid Pecrry0uii.

MeToanka. MabyTh HeMae 3arajbHOr0 METOLy ab0 MPOLEIYPH, 32 IOIIOMOTOI0 SIKUX MOKHA BU3HA4YaTH ONTUMAJb-
HE MICIIe pO3TalllyBaHHs CBEpAJIOBUH. JlaHa cTaTTs € cripo0O0 BU3HAUUTH ONTHMAJIbHE pO3TalllyBaHHs Oamimaka obca-
THOI KoytoHH. [ToTeHIiiHI BUTOIU JO3BOJIATH IIIBUIIUTH OE3MEKYy Ta CKOHOMIYHICTh eKcInTyaTamii. MeToau mporHo3y-
BaHHS TPAJi€HTIB PyHHYBaHHs U1 OUTBII MIMOOKMX CBEPJIOBUH BXKE iICHYIOTh. Y CTaTTi ONMCAHUH METOJ IPOTHO3Y-
BaHHS I'Pali€HTIB pyHHYBaHHS Ul HETJIMOOKMX CBEpIOBHH. J[aHWI METOM MOEMHYETHCS 3 KPUTEPIEM OIOPY MOPOIH
py#WHYBaHHIO, OO0 OTPUMATH METOJ| BHOOPY ITMOMHH BCTaHOBIIEHHsS 00camHOi KonoHH. KpiM Toro, OyIiro JoCTiHKeHo
3MiHY THCKIB pyHHYBaHHS Ha PiI3HUX TTHOWHAX.
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Pe3yabTaTn. [IBa OCHOBHI YHHHUKM BH3HAYAIOTHh TNIMOWHY BCTAHOBJICHHS OamiMaka 00CagHOI KOJMOHH, TOOTO THCK
pyiiHyBaHHSI 1 HOpOBHIA TUCK. TpeTiM (akTOPOM € JIITONOTIs, OCKUIbKH 0a)aHO PO3MICTHTH OarmMak 00ca{HOT KOJIOHHU Y
BIAMOBIAHOMY iHTepBai ciaHmio. [IpakTHYHE 3HAYEHHS IOJATAE y 3aCTOCYBAaHHI IIbOTO METOIY IpU NPOEKTYBaHHI
00cagHOT KOJIOHU B TIMOOKHUX CBEPAJIOBUHAX.

HaykoBa HOBH3HA. YHIKaJIBHICTh JAHOTO METOJLY IOJISATAE B TOMY, IIIO B ITpOLIEC 00CaIKEHHsI CBEPIOBUH BaXKJIMBE
3HAYCHHs Ma€ BU3HAUYEHHS HEOOXIHOT IOBXKUHM 00caJHOT TPYOU 3 ypaxyBaHHSIM BCIX apaMeTpiB Oe3MeKH i MILHOCTI.

IpakTuyna 3HauMMicTh. /laHa iHTEpIIPETALliSl € OCHOBOIO JUISL IPUHHATTS BAXIIUBHUX PillleHb, TAKUX SIK BUOIp TJIH-
OMHM BCT@HOBJIEHHS 00CaaHOI KOJIOHH, TPAaHUYHO JOIYCTUMHX 3HaUeHb T'YCTHHU OYpOBOIO pPO34nHY, CIIOCO0IB OypiH-
H$l, KOHTPOJIIO TEPMETUYHOCT] [IEMEHTYBaHHS Ta TaMIIOHAXHUX poOiT. HenpasuibHa oniHKa MOXKE IPU3BECTH HE TiJIb-
KM 110 301IbLICHHS BaPTOCTI CIIOPYPKEHHS CBEPUIOBHHHU, ajle i 10 NOTEeHIIHHO HeOe3NeyHnX CUTYyalii, TaKuX SIK BTpa-
Ta OUPKYIALii OypoBOro po3umnHy, Ipo0IeMH 3 YIpaBIiHHAM HOTIHOJICHHS CBEPAJIOBUH, IPo0OIeMHr CTIKOCTI cTOBOY-
pa CBEpUIOBHHH, a TAKOK BUKHIH.

Kntouosi cnosa: o6caona KoNOHA, MUCK DYUHYBAHHSA, NOPOBULl MUCK, 2PAOIEHM DVUHYBAHHSA, OVDIHHA 2IUOOKUX
C6epOn0BUH

ABSTRACT (IN RUSSIAN)

Henn. Llenpo maHHOW CTaThU SIBJISIETCS OMMCAHKE METOAa 00Caaku HE(TSIHBIX W T'a30BBIX CKBaXKWH B CJIOBAIIKOM
PecnyGuuke.

MeToanka. [Toxanyii, HeT 00IIEero METoJa WK MPOIEIAYPhI, C MOMOIIBI0 KOTOPHIX MOXKHO ONPEACIIATh ONTHMAIb-
HOC MCCTOPACIIOJIOKECHUE CKBAXKWH. DTa cTaThs SIBIISIETCSI MOIIBITKOH OIPCAC/IUTE ONTUMAJIBHOC PACIIOJIOKECHUE 6au1—
Maka 00CaJHOH KOJOHHEL [loTeHnnaNbHbIE BHITOJIBI TO3BOJIAT MTOBBICUTH 0€30MaCHOCTh M SKOHOMHUYHOCTH 3KCILTyaTa-
uu. MeTo sl TPOrHO3UPOBAHMS I'PaIMEHTOB pa3pyIIEHHs [Uisi OoJiee TTyOOKHX CKBaXXHMH YXe CyLIeCTBYIOT. B nanHON
CTaThe OMKMCAH METO]] IPOTHO3UPOBAHKS IPAAUEHTOB Pa3PyILICHUS ISl HErTyOOKUX CKBXKHH. JTOT METOJl COYETACTCS
C KpUTEPUEM COIPOTUBIICHHS MOPOJIbI PA3PYILIEHUIO, YTOOBI MOIYYUTh METO]] BEIOOpA TIyOUHBI YCTAHOBKU 00CAJIHON
KoJIOHHBI. Kpome Toro, ObLI10 UCCIIEI0BAaHO N3MEHEHHE IABJICHHS PAa3pYILICHUs HA Pa3HBIX TITyOUHAX.

PesyabTaThl. /I[Ba OCHOBHBIX (PaKTOpa ONPEENIOT TIyOMHY YCTaHOBKHM OariMaka oOCaJHOW KOJIOHHBI, TO €CTh
JIaBJICHUE Pa3pyLICHUs U IOPOBOE JaBlieHHe. TpeTbUM (aKTOPOM SIBISICTCS JIUTOJIOTHS, IIOCKOJIBKY JKEJIATEIbHO pa3Me-
CTUTh OalIMak 00CaJHON KOJIOHHBI B COOTBETCTBYIOIEM MHTEpBalie cliaHia. [IpakTuieckoe 3Ha4eHHE COCTOUT B MPH-
MEHEHHH 3TOT0 METOA MPU IMPOCKTUPOBAHHH 00CAHOM KOJIOHHBI B INTyOOKHX CKBa)KHHAX.

Hayunasi HoBH3HA. YHUKAIBHOCTh IAaHHOTO METOIa 3aKJII0YAETCs B TOM, YTO B Ipolecce 00Calku CKBaKUH BaX-
HOE 3Ha4YeHUE UMEET OIpeielieHre He00X0IUMOH JUTMHBI 00caIHOI TpyOBI C Y4€TOM BCceX MapameTpoB 0€30I1acCHOCTH U
MIPOYHOCTH.

IMpakTHyeckasi 3HAYAMOCTb. [[aHHAS HHTEPIIPETAIHS SIBIICTCS OCHOBOM JIJIsl IPUHATHS BOXKHBIX PEIICHUH, TAKUX
KaK BbIOOp ITyOMHBI YCTAaHOBKM 00CaHOW KOJIOHHBI, NIPEEIbHO JIOITyCTUMBIX 3HAYEHHUH INIOTHOCTH OYpPOBOTO pacTBO-
pa, crnocoboB OypeHHsl, KOHTPOJISI TEPMETHYHOCTH [[EMEHTUPOBAHUS M TaMIIOHAXHBIX paboT. HempaBuibHas OleHKa
MOJET MMPUBECTU HE TOJIbKO K YBEJIMYCHUIO CTOMMOCTH CTPOHMTENILCTBA CKBXKUHBI, HO U K MOTEHIUAIBHO OMACHBIM
CUTYaIMsIM, TAKMM KaK MOTEPs] HUPKYJSIIUK OypOBOTO pacTBopa, MpOoOJIeMbl C YIPABICHUEM YIrIIyOJICHHs CKBaXHH,
po0JIeMbl YCTOHYMBOCTH CTBOJIA CKBKHHBI, & TAK)KE BHIOPOCHIL.

Kntrouegwie cnosa: o6caonas KonoHna, oasiienue paspyuienus, noposoe 0asieHue, epaduenm paspyuieHus, oypenue
2NYOOKUX CKBANCUH
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