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Abstract. One of the largest trap intrusion provinces, Siberian traps, is located in the East-Siberian Platform in Russia. A
trap intrusion zone usually has abnormally low reservoir pressures and natural fractures. Consequently, trap drilling is
associated with fluid losses that can be catastrophic. The section of trap intrusion is a part of a @ 174 mm production
casing section of the Srednebotuobinskoe field. The basic well design of this section also includes the Osinsky horizon,
which features an abnormally high reservoir pressure zone. The latter creates incompatible with drilling conditions envi-
ronment due to the presence of catastrophic loss zones in traps. Time spent on drilling a trap intrusion zone accounts for
up to 30 % of the total well drilling time. The abovementioned geological issues in directional wells become the key topic
in solving it. The method to resolve this issue is an integrated approach employing all the technologies and technical
facilities aimed at finding a technological solution. First of all, in order to optimize the well construction cycles and reduce
the complications, all the wells were classified in three categories as per the type of behavior in trap intrusion. This allowed
to work out multi-level activities, that depended on severity of losses and non-operational time spent on drilling through this
section. An alternative well design was developed and trialed on several wells, which showed positive results on decreasing
non-productive timing. The main concept of this design was significantly different from the basic well design that was used
in the past on the Srednebotuobinskoe field. The main difference was isolation of traps from the high pressure Osinsky
horizon lower section with a @ 245 mm casing string, which allowed safe splitting of two incompatible drilling zones. The
economic effect of this solution allowed saving of up to 10.4 days or 15 % of the construction time in the wells of first
category. These results were reviewed at the Technical Committee of the Company and agreed to implement the alterna-
tive well design on first category wells on the Srednebotuobinskoe field. In addition, for the rest of well categories the
Drilling Team has produced and successfully implemented the preventative measures that allowed drilling through traps
with lost circulation material. It is worth to mention that this method assumed a by-passing mud-cleaning system on the rig
to allow building up a solid phase thus stemming the losses while drilling. For all the categories of the wells the Drilling
team has selected and trialed different types and designs of drilling bits that would allow drilling hard rock such as dolerite
section in traps with minimal number of runs. For the last five years the Drilling team together with the bit producing com-
panies have designed a new type of PDC cutters that would allow to enhance durability as well as improve drilling speed
both in dolerite formations and in overlying formations in the Production casing section. The Drilling team has also managed
to reduce the number of trips associated with early bit wear decreasing them from five to two runs and create an experi-
mental basis for drilling the entire section of the production casing in one run. From 2019 team continue looking for further
solutions that would allow to improve bottomhole assembly elements balancing between durability and drilling rate in dif-
ferent types of formations above and below traps. A range of proposed technological solutions significantly reduced the
impact on the well construction performance by preventing and reducing the downhole losses events in the section of trap
intrusion on the Srednebotuobinskoe field.
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PASBE[KA 1 PASPABEOTKA MECTOPOXOEHMI MONE3HbLIX MCKOMAEMBbIX

HayuHas ctatbs
YOK 622.248.3

TexHonornyeckue peleHns B OypeHUn TpannoBon MHTPY3UK
Ha CpeaHeb0TyoOMHCKOM HehTera3oKoOHAEeHCaTHOM
mecTtopoxaeHuu (BoctouHaa Cubupb)

EBreHuit BuccapuoHosuy Ty3oB?, TaTbsiHa lOpbeBHa KyTy3oBa®
ab00O0 «Taac-fOpsix Hegpmezasodobeiyay, 2. Mpkymck, Poccusi
ABTOp, OTBETCTBEHHHIN 3a nepenucky: Ty3oB EBreHuint BuccapmoHosuy, TuzovEV2@tyngd.rosneft.ru

Pe3tome. OfHa 13 caMblX KpyMHbIX TpanmnoBbiX NPoBMHLUMIA Cubupckue Tpannbl pacrnonoxeHa Ha Boctouno-Cubumpckoii
nnatcopme. 30Ha pacnpocTpaHeHust TPANMOBLIX MHTPY3UI, KaK NPaBuno, MMEET aHOMarnbHO HU3KWE MNacToBble AaBne-
HUS N eCTECTBEHHYIO TPELLMHOBATOCTb, BCNEACTBMUE YEro NPOXoAKa UHTPY3MBOB COMPOBOXAAETCA MOrMOLWEHNSAMMU NPO-
MbIBOYHOW MAKOCTM BMIIOTb 40 KaTacTPOUYECKMX. YHacTOK TpanmnoBoii MHTPY3umn Ha ckBaxuHax CpegHeb6oTyobmHckoro
MEeCTOPOXIEHUS HAXOAUTCS B CEKLMM SKCNIyaTaumnoHHoW obcagHoi konoHHbl @ 174 Mm. ba3oBasi KOHCTPYKUMS CKBaXWH
[aHHON CeKLMM TaKKe BKMHYaeT B cebs1 OCMHCKWI rOPU3OHT, B KOTOPOM MPUCYTCTBYET 30HA C aHOMAsIbHO BbICOKMM Mna-
CTOBbIM AaBfieHMEM, CO3alkoLLas YCNoBusl, HE COBMECTUMbIE C BypeHMeM n3-3a NPUCYTCTBMS 30H KaTacTpoduyeckmx no-
TMOLLEHNA B y4acTKe TPannoBOW MHTPY3uu. BpemeHHble 3aTpaTbl MO NPOXoake 30H MHTPY3um coctasnsoT Ao 30 % ot
obwero 6anaHca LMKNOB CTPOUTENbCTBA CKBaXMH. BolluensnoxeHHas npobnemartuka reonormyeckux OCMOXHEHWUNA B
HaKIIOHHO-HANPaBMEHHbLIX CKBAXWHAX SIBMSETCA NPUOPUTETHOW 3adayeit, 1 MeTogmka 60pbbbl C HAMK NpeacTaBnseT co-
B0V KOMNMEKCHBI NOAXOA BCEX TEXHOMOMMIA M TEXHUYECKUX CPEACTB, KOTOpble 0bpalLeHbl K 0gHO Lenu. Tak, Ans ontu-
MMW3aLMK LMKIOB CTPOMTENBCTBA CKBAXKMH U CHUXKEHUS KONWYECTBA OCNOXHEHMIA Oblna NpoBeeHa knaccudukaums Tpan-
MOBOW MHTPY3UW MO TPEM KaTEropusiM, KOTopasi No3Bonuna pa3paboTate MHOrOYPOBHEBLIN Psa MEPONPUSATUIA MO NpoBe-
[EeHM0 paboT B TPaNMoBbIX UHTPY3WSIX B 3aBUCKMOCTYW OT XapakTepa MorfoLLEHNIA U aBapUAHOTO BPEMEHM, MOTPAYEHHOro
Ha MPOXOXAeHWe AaHHOro yyacTtka. beina paspaboTaHa anbTepHaTMBHAS KOHCTPYKLMS CKBaXMH, @ TakKe MPOBEAEHbI
OMbITHO-MPOMBbILLUMIEHHbIE UCMBITAHWUS NO €€ NPUMEHEHUIO, KOTOPbIE NoKa3anu NonoXWUTENbHbIN pesynbTaT No CHKEHUIO
aBapuiiHoro BpemeHn. OCHOBHAs KOHLENUWS AaHHOW KOHCTPYKLMW 3HAUNTENbHO OTNNYAETCs OT NPUHATON 6a30BOW KOH-
CTpyKUMM ckBaxwuH Ha CpeaHeb6oTyobuHCKOM MecTopoxaeHun. OgHOM M3 OTNUYUTENBHBIX OCODEHHOCTEN SBUMOCH TO, YTO
y4acTOK TPanmnoBON UHTPY3UM pasaensncs OT HUXKHEro y4acTka aHOMasibHO BbICOKOrO MACTOBOrO AABMEHUS OCMHCKOTO
ropu3oHTa 0b6CcagHOM KOMOHHOW @ 245 MM, YTO NO3BONKNO Pa3obLNTL HECOBMECTUMbIE 30HbI BypeHns. DKOHOMUYECKUI
3PeKT OT NPUMEHEHUS JaHHON KOHCTPYKLMM Ha CKBaXuHax nepsoW kaTteropun coctasun go 10,4 cytok unm 15 % ot
BCEr0 LMKIa CTPOUTENbCTBA CKBaXMHbl. Ha Hay4YHO-TEXHUYECKOM COBeLLaHun Obin pacCMOTPEH U OueHeH 3dekT oT
NPUMEHEHWS anbTepHaTUBHON KOHCTPYKLMM Ha HEKOTOPbIX U3 KYCTOBbIX NMOLLAAOK, @ TakKe NPUHATO pelleHne o Thpa-
XupoBaHun ee Ha CpenHebOTYOOMHCKOM MecTopoXaeHWW. [ns ocTanbHbIX KaTeropunm ckBaxwH Obin paspaboTaH u
yCMeLwHo BHeApPeH KOMMNIIEKC MeponpuaTAi Mo NPEeBEHTUBHOW KorbMaTaLWy NOrnoLiaoLlWwmMx UIHTePBanoB B 30He UHTep-
Bana NpOXOXAeHMs TpannoBbIX UHTPY3uiA. CnegyeT 3ameTuTb, YTO B AaHHbIA KOMMIIEKC BOLLMA MeToguka ¢ bypeHnem ¢
HapaboTkol TBepAOM (hasbl U3-3a LMPKyNsAUMM B 06X04 cuCTeMbl OYMUCTKM BypoBOro pactBopa, YTo nosgonuio 6onee
3(hpekTMBHO NPOBOAMTL KOMbMAaTaLMIO y4acTka KaTacTpoUUECKMX NOrnoLeHuWid. [Ins BCex KaTeropui CKBaxuH Gbinm
anpobupoBaHbl pasnuyHble An3aiiHbl 4ONOT, KOTOPbIE MO3BOMNMIM Obl NPOXOAWTb YYACTOK TBEPAbIX 4ONEPUTOB TPANMOBOWA
VHTPY3UK C MUHUMANbHBIM KONUYECTBOM CMyckoB. 3a NnocnefHue nstb net BypeHns TEXHONOrMYeckon KOMaHOol CoB-
MECTHO C Npou3BOAMUTENAMU J00T Bbin nogobpaH u paspaboTaH HOBLIM TMN pesuoB gonoTt PDC, Gnarogaps yemy He
TONBKO YNyYLWIUIACh N3HOCOCTOMKOCTb, HO M 3HAUMUTENIbHO MOBLICKIIACh CKOPOCTL BypeHUs Kak B Joneputax TpannoBom
WHTPY3UW, TaK 1 B BbILLENEXALMX MacTax B CEKUMUM MOA SKCMyaTauMoHHY0 06CaHy0 KONMOHHY. YAanoch CHU3UTL KO-
NMNYECTBO CNYCKO-NOABEMHBIX ONepaLii, CBA3aHHbIX C paHHUM U3HOCOM A0NO0Ta, C NATU 40 ABYX U CO34aTb KCNepUMeH-
TanbHY OCHOBY 41151 NOMCKA BO3MOXHOCTU BYpeHust BCe CEeKLMM 3KCMIyaTaLMoHHON 06CagHON KOSOHHBI B OAMH CMYCK.
C 2019 ropa Begetcst Noadop aneMeHToB paboyelt KOMMNOHOBKK, KOTOPLIA NO3BONKUN Obl cbanaHcMpoBaTb M coYeTaTb B
cebe anemeHTbl U3HOCOCTOMKOCTM M CKOPOCTU MPOXOAKM MPU OYpPeHMU pasninyHbIX FOPHbLIX Mopogd, NPUCYTCTBYIOLMX B
[aHHON cekumu. B pesynbTaTte BBeleHUs AaHHOMO KOMMNMeKca MeponpusTuii yaanocs MUHUMU3UPOBATL BO3HUKHOBEHWE
MOrMNOLLEHWA NPU NPOXOXAEHUU TPAnnoBON MHTPY3WUM HA BCEX KYCTOBbLIX NMOLWaAKaXx U CyLleCTBEHHO COKPaTUTb CPOKM
CTpOWTENBCTBA CKBaXWH Ha CpeaHeboTyoBUHCKOM MECTOPOXAEHNH.

Knioueenle croea: KOHCTPYKLIMS CKBaXWH, KOTNbMaTaLMOHHas nayka, LEMEHTMpOBaHUe, TpanmnoBasi UHTPY3Usi, AONepUTI,
BypeHue, NopoaopaspyLLaoLLMiA UHCTPYMEHT

Ans yumupoeaHus: Ty3os E. B., Kytysosa T. l0. TexHonorndeckue pelueHus B 6ypeHnmn Tpannosoi UHTpy3um Ha Cpea-
Heb60TYyOBMHCKOM HedTerasokoHaeHcaTHOM MectopoxaeHun (BoctoyHas Cubups) // Haykn o 3emne u Hegpononb3osa-
Hue. 2021. T. 44. Ne 3. C. 261-270. https://doi.org/10.21285/2686-9993-2021-44-3-261-270.
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Introduction

Trap magmatism is a distinct type of continen-
tal magmatism, which is characterized by huge
volumes of basalt eruption during a geologically
short period (first few million years) over large ter-
ritories [1]. Several studies are devoted to the ge-
ological structure of trap intrusions of the Siberian
Platform by M. M. Odintsov, I. I. Krasnova, V. S.
Obruchev, V. S. Masaitis, et al. These studies of-
fer several hypotheses regarding trap intrusion
characteristics, such as:

— Eruption of traps potentially occurring in up-
lift conditions with predominantly a central erup-
tion type;

— Ingress of dolerite sills through the monocli-
nal dip from Kansk-Taseevo depression, which is
a localized trap magmatism zone;

— Crystalline basement fault zone;

— Deep magma-conductive faults, which de-
fine maximum trap thickness zones, yet do not
delineate separate magmatic bodies or elements
of their morphology [2].

In East Siberia, within the boundaries of the
Srednebotuobinskoe Oil Gas Condensate Field,
traps are represented as intrusions in sedimen-
tary deposits. The field is located along the edge
of a trap body and has mostly evenly distributed
interval thickness yet differing interval depths
(Fig. 1). In the Srednebotuobinskoe Oil Gas Con-
densate Field, trap intrusion thickness varies

Absolute depth mark, m

I 2021;44(3):261-270

significantly from one well pad to another ranging
between 140 and 450 m along the borehole [3, 4].

Trap intrusion intervals are composed of hard
rock, dolerite, which is found in various rock for-
mations. Given the physical-mechanical strength
of a trap intrusion: p = 2930 kg/m?3, hardness cat-
egory 100-150, 600-700, abrasiveness category
1-3, medium-to-hard, drilling in the interval has
some complicating factors [5, 6]:

— Total losses (Fig. 2);

— A reduced rate of penetration to 0 m/h;

— Critical wear of drilling bits;

— Extra trip to replace polycrystalline diamond
compact (PDC) bits with tri-cone bits;

— More extended well construction period as
trap intrusions are drilled by tri-cone bits;

— Destroyed and left in hole bit’s parts.

A combination of the above factors resulted in
significant time lost in drilling such intervals [7, 8].
To optimize drilling in trap intrusion intervals,
three categories of traps behavior were identified:

— Wells where losses occurred immediately
after penetrating the top of traps, were referred to
as Category 1 of trap behavior (10-20 % of the
well stock)?!;

— Wells drilled with lost circulation material pill
(LCM) without any losses were referred to as Cat-
egory 2 of trap behavior. Once the hole was
cleaned of LCM, however, losses occurred again
(70-80 % of well stock);
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Figure 2. Losses in trap intrusion: a geological concept
Puc. 2. Meonozu4eckass KOHUenuus no2sI0WjeHus1 8 mpanmnosou UHmMpy3uu

— Wells drilled without any problems were re-
ferred to as Category 3 of trap behavior (10-20 %
of the well stock).

The above-described geological challenges
constitute a priority issue to be addressed, and
the methodology for resolving the problem re-
quires an integrated approach with a range of
technologies and operational ways to achieve a
single goal. This goal, is to optimize the well con-
struction cycle and to reduce the number of com-
plications, in order to achieve this, a multi-tier ac-
tion plan was developed to improve drilling oper-
ations in trap intrusions.

Materials and methods of research

Alternative Well Design. The underlying ob-
jective for improving drilling technologies is to re-
duce the well economics and cost per meter
drilled in certain intervals while maintaining the
overall quality of the drilling operations. The cur-
rent well design was optimized by adjusting the
245 mm casing shoe depth to provide additional
isolation mechanical for the trap interval [9, 10].

Alternative well design, therefore, entails sig-
nificant potential for resolving geological issues
that are not technology-induced. The critical ar-
eas for further studies include:

— Selection of an optimal cementing solution
for an extended 245 mm casing, without using a

stage cementing collar and applying light cement
slurry and LCM [11];

— Selection of 293/219 mm bit design allowing
drilling with higher Rate of penetration (ROP) in
the surface casing and production casing inter-
vals, as well as the selection of bottomhole as-
sembly (BHA) components with an alternative
logging while drilling signal channel that will allow
pumping viscous LCM pills.

Based on the situation in 2020, a decision
was made to conduct a set of pilot tests: drill five
wells according to the alternative 3-casing design
[12, 13]. Figure 3 shows a comparison of the two
well techniques. The alternative design isolates
two of three incompatible drilling zones (both
traps and Olekminsky formation) from the Osin-
sky Horizon [14].

The Osinsky Horizon contains hydrocarbons
and requires a blowout preventer as an additional
barrier before penetrating it. To ensure the relia-
bility of cementing 245 mm casing, two-stage ce-
menting is planned using a stage cementing col-
lar>. The main advantages of this solution in-
clude:

— Separation of two incompatible drilling inter-
vals: trap intrusions and Osinsky [15, 16];

— Reduction of the non-productive time due to
losses in trap intrusion interval (up to seven days
on specific well pads);

2 CemeHoB H. 5. PaspaboTka MeToaoB BbiGopa W ynpaBneHust TeXHOMNOMMYECKUM NPOLIECCOM U30MALMU MOrMOLLALLINX

nnacToB: AuCC. ... kaHa. TexH. Hayk: 05.15.10. M., 1984. 290 c.
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Fig. 3. Comparison of two well designs:
a — current three-string design; b — alternative three-string design
Puc. 3. CpaeHeHue d8yx KOHCMPYKY UL CK8aXUH:
a — mekyuwasl mpexKoIoHHasi KOHCMPYKYUs; b — anbmepHamueHasi MpPexKoIOHHas KOHCMPYKUUS

— Reduction of well costs through lower con-
sumption of cement and drilling mud;

— Reduced cementing length of 178 mm cas-
ing and avoidance of inter-casing pressures [17].

Key disadvantage: increased cost due to a
longer 245 mm casing and use of a stage ce-
menting collar.

Based on the results of drilling two alternative
design wells on a pilot well pad in 2021, in com-
parison with three wells drilled in 2020, the follow-
ing dynamics (Fig. 4) can be observed:

— Surface casing interval drilling time reduced
by eight days;

— Production casing interval drilling time was

0 10 20 30
0 . . .

40

reduced by 2.6 days, while the depth of the pro-
duction casing interval increased by 230 m.

A comparison of the drilling results of five
wells with the current design and alternative de-
sign indicates a reduction in drilling time by 8.6
days per well; due to a reduced time spent on loss
elimination in trap intrusion intervals.

Development of Losses Fighting Concept.
Losses encountered while drilling in trap intrusion
intervals are often catastrophic (Fig. 5), i. e. a to-
tal loss of mud circulation is observed. Given the
physical-mechanical strength of trap intrusions
(circa 52,000 psi), the interval is drilled at a low
penetration rate (0.3 to 3 m/h).
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Fig. 4. Reduction dynamics of well construction time at a pilot multi-well pad
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Fig. 5. Average mud loss per well on drilling pads in 2021 (6 months), m?
Puc. 5. CpedHuli 06em noanoujeHus, PUXo0sILULcCs Ha OOHY CK8aXUHY
no kycmoesim nnowadkam e 2021 2. (6 mecsiyes), m°

A review of current drilling data revealed a
connection between loss occurrence and the po-
sition of traps within the cross-section. Deeper
trap intervals result in higher losses. Losses are
also pad-specific and depend on pad location
within the field. The probability of intensive losses
is high on well pads located in the North of the
Srednebotuobinskoe Field. Attempts at analyzing
and determining loss dependence on azimuth or
deviation did not yield any results. High deviation
angle in drilling resulted in a longer trap interval
in the well, which created a more significant com-
plication with more losses and more cement
plugs installed. It should be noted that cement
quite frequently provided only temporary isola-
tion, and losses recurred later. This can be ex-
plained by the fact that subsequent drilling under
the trap interval exposed cement to significant vi-
bration resulting from the rotating drill string,
which consequently caused the glue to fall off
from cracks [18].

The first step was developing preventive
Measures for Drilling Trap Intrusions. To develop
a concept for fighting losses in trap intrusion in-
tervals, a complex strategy was developed and
tested: preventive LCM for mitigation of risks of
mud losses [19]. The strategy includes prelimi-
nary treatment of drilling mud 50 m before pene-
trating into trap intrusion top and in the process
of drilling in the trap intrusion in line with the fol-
lowing scheme:

— Remove screens from shale shaker and
treat active mud system with BAROFIBRE

COARSE: 8 kg/m3, CF-1: 20 kg/m?, BARACARB
150: 50 kg/m3, BARACARB 600: 50 kg/m?;

— Prepare LCM pill (10 m®) as follows:
BAROFIBRE COARSE: 20 kg/m3, CF-1. 30
kg/m3, NUT SHELL MEDIUM; 50 kg/m3, STOP-
PIT: 15 kg/m3;

— Ensure rheological parameters of mud,
which prevent LCM particles from dropping out
and forming seal plugs;

— For the period of drilling with LCM-contain-
ing mud, avoid using screens <5 mm in the cir-
culation system of the BHA.

—Once the bottom of trap intrusion is
reached, install shale shakers screens to take
LCM out and clean drilling mud for further drilling.

The preventive LCM strategy showed a posi-
tive result in category three wells with trap intru-
sions. When attempting to drill trap sections,
which refer to category 2, using preventive activ-
ities, there was no success as mud losses oc-
curred straight after washing out LCM.

The second step was developing preventative
Measures in case of total losses in Trap Intrusion
Intervals. In the event of a complete loss of circu-
lation, it is required to stop circulation and align
the circulation system to the mud pit (to drill with
a “floating water column”) for utilizing the liquid
phase. “Floating water column” principle envis-
ages drilling with technical water taken from the
mud pit simultaneously adding brine (CL-180000
mg/l) into the annulus from the fill-up tank at a
rate of 1 m3 every 30 minutes.
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If the circulation is partially restored, circulate
the well via the deep clean circulation system
tank and add the remaining brine into circulation
to maintain its concentration at CL-180000 mg/I.

If the tripping is required, the well should be
filled up with salt-saturated mud (double the well
volume).

These measures yield a positive effect in sav-
ing in water consumption (given the unavailability
of technical water), in chemical consumption, and
in time required for mud conditioning.

The third step was conducting the Pilot Tests
with Litefill and with two-phase solutions. During
pilot tests, various litefill and two-phase solution
(HALKER) were trialed. Based on the results of
the tests, we noted that the effect of decreasing
the number of cement plugs per well, but due to
the time required for mixing and the risk of prem-
ature setting in a drill string, a decision was made
not to use these chemicals. Attempts to select the
isolating material guarantee 100 % isolation did
not bring any sound results.

Development of Drilling Bits approaches to
drill in Trap Intrusions. Starting from commercial
production drilling in the Srednebotuobinskoe Oll
Gas Condensate Field, drilling in trap intrusions
was performed according to the following ap-
proach: drilling above the trap intrusion, drilling in
the trap intrusion, and drilling below the trap in-
trusion.

Trap bodies were drilled with tri-cone bits as
PDS bits with classic cylinder bit inserts but did
not allow us to achieve desired ROP results, and
there was also fatal fatigue after drilling 10-15
meters into the trap body [20]. The drilling tech-
nology is based on the following: once a trap in-
trusion interval was penetrated, the BHA was
pulled out to change bit type from PDC to tri-
cone. Tri-cone bits (code LADS 637) were used
to drill through the trap intrusions. Due to high
trap body strength, the ROP was in the range of
0.7-3.2 m/h. On average, drilling in a trap body
(thickness: 150-200 m) was taking from 3 to 12
days.

As a result of the continuous use of tri-cone
bits, problems with bit parts breaking off and fall-
ing to the bottomhole occurred quite often. The
problem was significant when additional time was
required to retrieve lost details from the well (1.5
to 3 days on average). To solve the problem and
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to optimize the drilling process in trap intrusions,
a range of suitable PDC bits were developed (se-
ries FT716 and SKH1616D-A1D) and (MDS1616
and MDS1617).

As a result of the adaptation of new bit de-
signs, improvements were made in the efficiency
of drilling intervals before traps and in traps using
PDC bits. Were achieved the following indicators:
an average gap of trap intrusion drilled by PDC
bits is from 30 to 70 m, ROP is from 3 to 4 m/h.

In addition, new bit designs were developed
with the following results: Tektonic 219.1mm se-
ries: in trap intrusions with a thickness of up to
140 m, ROP was 4 m/h; StingBlade series: in trap
intrusions with a thickness of up to 130m, ROP
was 4.5 m/h, and in 152 m thickness, ROP was
4.5 m/h. Due to high-quality drilling performance,
the bits were used for drilling in trap intrusions. A
chart was developed with a complete description
of the required parameters for more effective drill-
ing.

Thanks to the high resistance of Stinger in-
serts to mechanic impact and wear, StingBlade
bits ensure 100 % trap intrusion drilling in one
trip. New records were set in drilling trap intrusion
thickness of up to 400 m in one trip:

— Average ROP in the interval before the trap
intrusion is 16.4 m/h;

— Average ROP in the trap intrusion interval is
5.08 m/h;

— Average ROP in the interval before trap in-
trusion and trap intrusion is 9.52 m/h.

A specific feature of the bits is cone-shaped
diamond inserts (Stinger), an innovative, up-
graded solution for blades that is significantly
more effective than any other PDC bit. The insert,
located in the center, ensures even load on a
bit and more effective rock destruction, which in-
creases bit life and penetration rates. Bits of this
series have demonstrated that they can drill the
trap intrusion intervals in a single trip (Fig. 6).

Research results and discussion

Implementation of the above measures al-
lowed us to minimize mud losses when drilling in
trap intrusions on all well pads and to reduce well
construction period and costs.

1. The “alternative design” application on five
pilot wells indicated that the average time re-
quired for well construction is 8.6 days less than
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Stringer insert
Cone shape

Thicker diamond
layer

Higher wear
properties and shock
strength

Fig. 6. Design of a StingBlade series bit
Puc. 6. Ju3atiH donoma cepuu StingBlade

the time needed for the construction of conven-
tional design wells on the same well pad. The de-
sign yields a positive effect only for Category 1
wells (10-20 % of the stock).

2. Time spent drilling above and in traps is
108.8 hrs (4.5 days), allowing to drill them in a
single stage rather than two in the past.
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3. The application of StingBlade bits reduced
drilling time to 64.6 hrs (2.7 days). Non-produc-
tive time (NPT): -1.8 days and saving time for trip-
ping to replace the bit.

4. The application of LCM pills shows a posi-
tive economic effect in Category 2 and Category
3 wells (in time reduction by up to 2 days and in
the cost of drilling mud chemicals).

5. The search for reliable mud motor systems
which allow the usage of high concentration LCM
and drill solids would allow to drill all three sec-
tions of Production casing interval in a single
stage and achieve further improvement in drilling
time and economics.

Summary

The pursuit of technological solutions to the
current problem in trap intrusion allowed Drilling
Engineering Team to look at the problem from dif-
ferent prospective. Namely, alternative casing
design implementation revealed several weak
points in the old casing design and their potential
to lead to issues like Well Control, etc. The trial of
Alternative casing design allowed to expand of
this solution to other neighbor fields once eco-
nomic upside was weighed against the cost of the
casing design. The introduction and implementa-
tion of preventative measures like drilling with
LCM solids allowed us also revisit traditional drill-
ing in fractured formations.
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