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FACTORS OF DRILLING HAZARDS CAUSED
BY GEODYNAMIC STRESS

The paper studies factors triggering hazards while drilling processes under the influence
of time-spatial variations of geodynamic stress in areas nearby to active and buried mud
volcanoes in oil fields and perspective structures discovered on the basis of seismic sur-
vey. In case of Umid structure located in Caspian sea it has been displayed that due to
variation of lithological composition dynamic and kinematic parameters of seismic wave
also change and this is related to abnormal time-spatial variations of geodynamic stress.
In case of Neft Dashlary — Guneshli — Oghuz — D30 area of East Absheron oil-
gas bearing area we have studied geodynamic-stress properties in relation to earthquakes
occurred in drilling work sites and it was identified that most of the earthquakes hap-
pened at 10— 15 km depth interval, in the sedimentary cover. In areas reflected in seis-
mic sections by complex seismic records featured by properties characteristic for layered
media due to probability of complications and drilling hazards it was recommended to
strengthen the control over drilling process along with appropriate preventive measures.

Keywords: Geodynamic processes, geophysical fields, seismic record, seismic horizon,
dynamic depth cube, fault zone, mud volcano signs, accident risk.

Exploration for hydrocarbon accumulations by using geophysical tools
on land of Azerbaijan and Azerbaijani section of Caspian sea started
since 1940—1950-ies. At present these works cover structures perspec-
tive for oil and gas accumulations and acquired data are processed and
interpreted by latest software packages. More data are acquired on geo-
logic setting of perspective structures followed by drilling of wells.

In Azerbaijan until now 52655 km area was covered by 2D seismic
survey by Common Depth Point (CDP) technique and 710 km? area by
3D seismic survey. Across 48300 km 2 perspective area the survey densi-
ty was Kp = 1.07 km/km?2. Maps drawn in 1:50 000 scale on the basis of
acquired seismic data make it possible to infer 50—60 % knowledge on
perspectice structures.

86525 km? area of Azerbaijan section of Caspian sea was covered
by 158990 km of 2D and 1423 km? of 3D seismic survey. However,
there are structures with geological and tectonic setting required to be
studied in detail.

© H.O. VELIYEYV, R.V. VELIYEY, 2018

ISSN 1999-7566. leonoeis i kopucHi konaaunu Ceimogoeo okeany. 2018. 14, Ne 4



Factors of drilling hazards caused by geodynamic stress

Data acuired by seismic survey make the basis for drilling works in discovered oil
fields and perspective areas. In this respect, one of the pivotal problems consists in min-
imizing drilling hazards and undertaking of preventive measures.

This paper aims to research identification of factors which may lead to emergency
situations while the drilling process in areas nearby to buried mud volcanoes under
abnormal geodynamic stress.

In this paper we attempt to scientifically substantiate the role of two factors in
increased drilling hazard and the importance to study them thoroughly.

1. Accurate outlining of active and buried mud volcanoes on the basis of seis-
mic data.

2. Consideration of geodynamic-stress variations related to earthquakes in
drilling areas.

The first problem was studied in case of dome-shaped Umid structure developed on
the basis of underwater mud volcano and located at 40—45 km distance from Byandovan
ledge in Caspian sea. Based on 3D seismic data acquired across 417.99 km? area including
this structure the velocity model, seismic time and dynamic depth cubes were modeled.

Only in one well out of 12 wells drilled in Umid area, namely in well N 7 with depth
below 5000 m the seismic survey by VSP has been done in interval down to 2400 m
depths. Due to this, stratigraphic tie of time cube has been done according to VSP and
well logging data acquired in Shah Deniz, Nakhchivan, Alyat-deniz, Zafar-Mashal and
Bulla-deniz areas. Gas outburst while drilling in the study area and vicinity of Bulla-
deniz, Shah Deniz and Bahar gas, gascondensate fields makes it possible to suppose
high hydrocarbon bearing perspective of Umid structure.

Analysis of seismic data from Umid area evidencing the presence of faults with
complicated geometry in the area of mud volcano in South-East of the area, variation
of lithology of rocks, etc. display dynamic and kinematic parameters variation of seis-
mic wave field. Geodynamic stress [8] developed in focal area of mud volcano disrupts
initial burial of layers while shaly mud penetrated the layer and created an area with
complex tectonics in South-West of the area (Fig.1). This complex deep morphostruc-
ture of mud volcano is caused by time-spatial abnormal alterations of geodynamic

Fig. 1. Mud volcano interference image in vertical slice of dynamic depth
cube in Umid area
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Fig. 2. The image of mud volcano
and complex seismic record features
in horizontal slice at 7000 m of depth
cube for Umid area. Prognoses field
external (/) and internal (2) con-
tours for the horizon VII

stress. When drilling process is conducted through such area in sections with presence
of rocks consisting of mud mixed with gas and oil the abnormal formation pressure
increases leading to drilling hazards. Indicated peculiarities are characterized by chaot-
ic reflection of time cube and depth cube in seismic data. While drilling, complications
of seismic wave field observed in deep layers must be taken into consideration, in other
case hazards while drilling will be inevitable.

It can be clearly seen that at 7000 m cross-section of cube with high accuracy
approximation of geological section model in the study area the shaly mud with liquid
gas content penetrates through the faults (in general, vertical and near-vertical) into the
layer and surrounding area creating amorphous mass of geometrical shape (Fig. 2).

Under the impact of horizontal forces shaly mud with mixture of gas penetrates the
surrounding area through channels created by faults. As a result, areas of conjugation of
layers are featured by acoustic impedance and complicate the seismic image of the area.
The mass made of mud is accumulated within shale-gas-water mixture area created by
mud volcano [8]. If extra-ordinary, abnormal image of seismic section will not be taken
into account complications will be inevitable. For example, in Azerbaijan in well N 42
drilled in Dashgyl area the outburst of mud threw out 2500 meter drilling pipe [2, 4]. In
Caspian Sea in well N 90 drilled down to 5868 meters in Bulla-Deniz field the gas show
resulted by fire. Other example is absorption of shale mud, gas show and gas bubbles,
abnormal water flow (mud spring) were observed in Guneshli field on May 11, 2017 in
well N 319, platform N 7.

As seismic data were not taken into account in Indonesia while drilling of gas well
the outburst of mud covered a whole village leading to death cases [5]. If distinctive fea-
tures are not properly studied [6, 7] and geodynamic stress is not taken into considera-
tion while analysis of seismic data in such areas, this may result in drilling hazards lead-
ing to environmental issues and enourmous amount of financial losses.
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Fig. 3. Complex seismic record outlined by yellow line in time section of Neft
Dashlary — Guneshli — Oghuz — D30 area
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Fig. 4. Complex seismic image outlined by yellow in time section of Neft
Dashlary — Guneshli — Oghuz — D30 area in SW-NE direction

Since VSP has not been applied in wells across Umid area, the average velocity
model has been chosen on the basis of data acquired in Shahdeniz, Zafar-Mashal,
Nakhchivan, Bulla-deniz and Alyat-deniz areas. This approach may result in 60 m
depth variations while trasformation from time cube to depth cube. Such unconformity
increases drilling risks. Despite that for the last years the latest technologies have been
applied in newly drilled wells VSP is not applied in full or not applied at all. As the exam-
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Fig. 5. Horizontal section of 4300 m depth in Neft Dashlary — Guneshli —
Oghuz — D30 area
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Fig. 6. Map of epicenters of earthquakes occurred through 2000—2016 in Neft Dashlary —
Guneshli — Oghuz — D30 and nearby area

ple we may indicate Bulla-deniz area covered by SS-VSP in a small amount leading to
+50—80 m depth difference in seismic ties. Despite that drilling process was success-
fully completed in well N 78 drilled down to 5910 m depth from platform 6 the absence
of SS-VSP may lead to risky complications while future drilling processes.
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Fig. 7. Map of ml >3.0 earthquakes occurred through 1975—2016 in Neft Dashlary — Guneshli —
Oghuz — D30 and nearby area and histogram of tension-compression directions [8§]

Geodynamic-stress variations related to earthquakes in areas covered by drilling has
been studied in case of Neft Dashlary — Guneshli — Oghuz — D30 area of Eastern Absheron
oil-gas bearing zone. Neft Dashlary, Guneshli uplift and Oghuz D-30 (Jabbar
Garyaghdi) structures in its South-Eastern pericline are complicated by a large number
of latitudinal, longitudinal and radial faults. Stratigraphic tie of 3D seismic data was
done based on SS-VSP data acquired in wells Janub-2-6, GCA-1 and well log data
acquired from Oghuz-1, NDEX-1 wells. In these structures large oil fields as Neft
Dashlary, Guneshli, Chirag and Azeri are related to Kala suite, Pre Kirmaky, Kirmaky,
Post Kirmaky sand, Fasile and X horizon of Balakhany series of Productive Series (PS).
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Similarity of geological evolution history of Oghuz area with fields indicated above
makes it possible to suppose perspectivity of Oghuz and D-30 structures. Presence of
sandy horizons with good reservoir properties in Productive Series deposits identified in
wells drilled in Oghuz area also support the idea of high hydrocarbon perspectivity of the
area. Presence of sandy horizons in Miocene deposits underlaying PS also makes it pos-
sible to infer perspectivity of these deposits.

Comparison of cube derived by 3D seismic data acquired in Neft Dashlary-
Guneshli-Oghuz-D30 area with cube calculated on the basis of well log data and layer
velocity model displays that if average value of random errors for kinematic approxima-
tion models and inaccuracy of iteration in near-borehole areas does not exceed £10 m,
the value reaches £150 m when distancing from well location. These errors may lead to
unconformities while evaluation of drilling parameters for wells to be spud. This is also
due to the reason of not considering characteristic time-spatial variations of geodynam-
ic stress [3].

A large number of earthquakes occurred through evolution stages of Neft Dashlary —
Guneshli — Oghuz — D30 area and development of tension-compression stress influ-
enced formation properties leading to generation of small fractions and faults (Fig. 3
and Fig. 4). Deformation zone is clearly observed at 4300 hypsography section of Neft
Dashlary — Guneshli — Oghuz — D30 area (Fig. 5).

Map of epicenters of earthquakes occurrred through 2000—2016 (ml > 4.0) (Fig. 6)
reflects that the area constantly underwent stress deformation in various directions
(Fig. 7). Most of these earthquakes were related to 10—15 km depth interval, in sedi-
mentary cover. As a result, the area observed in seismic sections can be seen as the area
of complex recording (Fig. 3 and 4) with features for layered environment. Drilling haz-
ards and complications are possible in these areas.

Conclusions

1. Analysis of geophysical data acquired for the last years displays com-
plicated deep morphology of mud volcanoes and increasing drilling risks if seismic data
are not considered.

2. Well drilling project must include 3D data, deep section, etc. acquired across the
well location and should be taken into account by drilling operator. The control over
drilling process must be higher in areas featured by complex seismic records.

3. In intervals with presence of active or buried mud volcanoes planned for direc-
tional drilling the drilling risks are present.

4. Drilling process in areas of abnormal geodynamic-stress must be performed tak-
ing into account direction of stress arrows and stress condition in the area.

5. It is recommended to perfom SS-VSP survey in drilling wells and more accurate-
ly define seismic borders.
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OAKTOPU HEBE3ITEKHW TP BYPIHHI,
11O BUKJIIMKAHI TEOJUHAMIYHMM CTPECOM

B po6ori BuB4YatoThCcsl (HhakToOpH, 110 BUKIUKAIOTh HEOE3MeKy Mpu OypoBUX Mpoliecax il BIJIMBOM
TPOCTOPOBO-YaCOBMX 3MiH T€OIMHAMIUYHOI HAMPYr¥ B pailoHaX MOOAM3Yy aKTUBHUX i MMOXOBaHUX
TPSI3bOBUX BYJIKAHIB Ha HA()TOBUX POIOBUINAX Ta IEPCTIEKTUBHUX CTPYKTYPAaX, BUSBISHUX HA OCHOBI
CeiCMOPO3BIIKH.

Ha npuknani crpykrypu Ymin, posramoBaHoi B KacniiicbkoMy Mopi, Oy/10 Ioka3aHo, 1110 Yepe3
3MiHU JITOJIOTIYHOIO CKJIaly TaKOX 3MiHIOIOTbCS AMHAMiYHi i KiHEeMaTU4YHi apaMeTpu ceicMiuHoi
XBWJIi, 1110 TIOB'SI3aHO 3 aHOMAJIbHUMHU 4aCOBO-TIPOCTOPOBUMU 3MiHAMU T€OIMHAMIUYHOT HATIPYTHU.

¥ paitoni Hadra Janurapu — lorenur — Ory3 — D30 CxigHoaO1IepoHCHKOT0 HahTOTa30HOC-
HOTO pailoHy BUBYAIMCH BIACTUBOCTI TeOAMHAMIYHUX HATIPYT BiTHOCHO 3eMJIETPYCiB, 110 CTAIMCS Ha
MicIIsIX OypiHHS, i Oy/I0 BCTAHOBJIEHO, 1110 OiJIBIIICTh 3eMJIETPYCIiB CTaI0Cs B iHTepBasi rauouH 10—
15 kM, B ocagoBoMmy 4oxiyi. B obGnactsx, BimoOpaxkeHMX B CEHCMiIYHMX pO3pi3ax CKJIaTHUMU
CeMCMIUHMMM 3aMucaMi, 10 XapaKTEePU3YEThCS BIACTUBOCTIMU, XapaKTEPHUMMU JJIS LIapyBaTUX Ce-
penoBull, Yepe3 IMOBIpHICTb YCKJIaAHEHb i HeOe3neK OypiHHS OyJ0 PeKOMEHIOBAHO MOCWIUTU
KOHTPOJIb HAJl TIPOLIECOM OYPiHHS Pa3oM 3 BiITIOBITHUMHU MTPEBEHTUBHUMMU 3aXOIaMU.

Karouosi caosa: ceodunamiuni npoyecu, eeoizuuni noas, ceilcmopo3eioka, celicMivHuil 20pu30Hm, eau-
OuHHULL OuHamiMHULL KY0, 30HA PO3NOMIE, 03HAKU 2PA3bOBUX BYAKAHIG, DUUK A6apii.

I'.O. Beaues, P.B. Beaues

[MPUYNHBI OTTACHOCTH I1PU BYPEHHWMU,
CBASAHHBIE C TEOIMHAMUWYECKHMMMUW CTPECCAMMU

B pa6ote usyuatorcst pakTophl, BEI3BIBAIONINE OMTACHOCTY TIPYU OyPOBBIX Mpolieccax MO BIUSHUEM
TPOCTPAHCTBEHHO-BPEMEHHBIX M3MEHEHMI TeONMHAMIYECKOTO HATIPSIKEHUS B paiiloHaxX BOIM3M aK-
TUBHBIX M MOTPEOEHHBIX I'PSI3EBBIX BYJKAHOB Ha HE(MTSIHBIX MECTOPOXIECHUSIX U MEPCIEKTUBHBIX
CTPYKTYpax, 0OHapyXEHHBIX HAa OCHOBE CeicCMOpa3BeIKU.

Ha npumepe ctpykTypbl YMuja, pacrnojoxeHHoi B Kacnuiickom Mope, ObUIO MTOKa3aHO, YTO
U3-32 UBMEHEHMUSI JINTOJIOTMYECKOrO COCTaBa TaKXKE MEHSIOTCS TMHAMUYECKUE U KUHEMaTU4YecKue
TmapamMeTpbl CECMUYECKON BOJHBI, YTO CBSI3aHO C aHOMATBHBIMUA BPEMEHHO-TIPOCTPAHCTBEHHBIMU
U3MEHEHUSIMU TEOAMHAMUYECKOTO HATIPSIKEHUSI.

B paiione Hed b danuiaper — ltoHenun — Ory3 — D30 BocrouHoaO1iepoHcKkoro HedTerazo-
HOCHOTO paiioHa Mbl U3y4aiu CBOMCTBA TeOJUHAMUYECKUX HAMIPSDKEHUI B OTHOLLEHUU 3€MJIETpSICE-
HUIA, TPOU3OILLEAIINX Ha MecTax OypeHUsl, U ObLIO YCTAHOBJIEHO, YTO OOJIBIIIMHCTBO 3€MJIETPSICEHUIA
TIPOU30IILIO B MHTepBayie riyonH 10-15 kM, B ocamouyHoM uexiie. B 06macTsx, oTpaskeHHBIX B ceiic-
MHWYECKUX Pa3pe3ax CIOXKHBIMU CeMCMUUECKUMU 3aIUCSIMU, XapaKTepru3yeMbIMU CBOMCTBAMU, Xa-
paKTEepHBIMU TSI CIOUCTBIX CPell, U3-3a BEPOSITHOCTU OCJIOXKHEHUI U OMacHOCTel OypeHus, ObUIO
PEKOMEHA0BAHO YCUJIUTh KOHTPOJIb HaJ MPOLIECCOM OypeHUsl Hapsiay ¢ COOTBETCTBYIOLIMMU Tpe-
BEHTUBHBIMU MEPaMU.

Karoueesvle caoea: ceodunamuueckue npoyeccol, eeopusuieckue noas, ceucmopazeeoka, celiucMuveckuil
20pU30HM, 2NYOUHHBLI OUHAMUYECKULl KYO, 30HA PA3A0MO8, NPUSHAKU 2PA3EBbIX 8YAKAHO8, DUCK ABAPULL.
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