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INVESTIGATION OF THE INFLUENCE OF THE MODE PARAMETERS OF THE DRILLING
WELLS ON THE BIT SPEED INDICATORS

Abstract. As is known, the prediction of the drilling speed indicators and the determination of the
corresponding optimal parameters can be conducted on the basis of rock properties’ indicators, and the
classification of the geological section. In these cases, homogeneous groups are selected in turn, in each of
which intervals are recorded in which bits of the same type are worked out.

According to the aforementioned sequence, in this study, the analysis was conducted, and the corresponding
program was developed and implemented using specific examples. As an example of the initial data, previously
drilled data in Kazakhstan, Azerbaijan, as well as at one of the fields of the Volga-Ural oil and gas region of
wells, which were grouped for a homogeneous group of rocks were used. The provided materials represent
the results of joint work of Kazakh and Azerbaijani scientists, implemented within the framework of scientific
international cooperation programs.

According to the initially proposed algorithm, through the implementation of the “LOGGING” program,
the characteristics of the geological section were calculated: lithology, porosity, permeability, hardness,
continuity, abrasiveness, Poisson’s ratio, pore pressure and fracture pressure gradients, optimal drilling mud
density, and others. In order to compare the results of calculations, the results of Well Survey interpretation
were also involved.

Due to the analysis of the change in the mechanical speed of the bit over time, a statistical model of the
influence of mode parameters on the values of the initial speed and its rate of decline in time was built. A
method is proposed for predicting the run speed, the cost of 1 m of penetration, as well as variant calculations
and decision-making on the choice of optimal parameters.

Key words: mode parameters of drilling, rock properties, classification of the geological section,
mechanical drilling speed, bit penetration.

Introduction. Currently, considerable experience has been accumulated in the application of actual
material regarding the development of various types of drill bits in the construction of models of the drilling
process. This is due to the fact that the performance indicators of the bit obtained during bench studies,
as a rule, are not performed in real conditions of well drilling. Quite often, comparison of bench and field
empirical dependencies illustrates their complete inconsistency with each other. This is due to the appearance
of torsional vibrations, hovering of the drill string and other. Therefore, as the initial data for statistical
analysis, the results of working bits in real conditions have recently begun to be selected, as has been done in
numerous works of recent years [1-8].

The theoretical developments published in recent years have laid the scientific foundations for modeling
the dynamic processes occurring in the drill string-bit-rock system. [9-14]. Much attention has been paid to
the methods of artificial intelligence in optimizing drilling parameters [15, 16].

The main difficulty in constructing such models is associated with uncertainties in assessing the rock
properties, the influence of mood parameters.

An analysis of existing work on optimization of drilling parameters illustrated that when controlling the
mechanical process of drilling wells, criteria such as “maximum mechanical speed”, “maximum run speed”,
“maximum penetration per bit” are often used, as well as the global criterion, which in the literature is called
also integral, - “the minimum cost of 1 meter penetration” [11, 12, 13, 14].
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Optimization is conducted according to the mechanical penetration rate criterion, using the objective
function V= k-G*n“N ™ — max. The second criterion is the “maximum run speed” criterion, for which the
maximum possible speeds and acceleration of the drilling-tool trip for the layers are calculated. The criterion
- “the minimum cost of 1 meter of penetration” is calculated as one of the indicators of the drilling process as
a whole. In our opinion, in this case, it was possible to take the run speed calculated through the mechanical
speed as one of the criteria, and the cost per meter of penetration as the second.

Materials and methods. Summarizing the above, the goal of this study was to make an attempt to plot the
dependence of the run speed by analyzing the change in mechanical speed over time, analyzing the influence of
various factors on the initial rate of penetration and the rate of decay of the mechanical speed, and when making
decisions, the main provisions of the theory of fuzzy sets were applied.

For the analysis and forecasting of indicators, data was collected on the work of bits machined while
drilling wells in the marked fields.

The following indicators were analyzed: penetration, mechanical speed, drilling time.

The penetration for other sizes of PDC type bits is in the range of 120+2250 m, depending on the
equipment and the drilling region [5-7].

Summarizing the data of all three samples, in accordance with the work [5], we note that the main

reasons for the failure of PDC bits in the fields under consideration are:

- galling of teeth - 17%;

- breakage of teeth - 30%;

- spading of teeth -31%;

- tripping of teeth -3%,

- no galling - in 19% cases.

Results. To build the dependences of the rate of penetration on the mode parameters and rock properties,
the data on the noted deposits of Kazakhstan and Azerbaijan were analyzed. For the Aktum and Kokmay
deposits of Kazakhstan, the processing was conducted according to the usual data of working bits.

As a result of statistical analysis, by means of appropriate transformations, linear models were built,
for which the variables are presented in logarithms and transformed into a multiplicative form. At the
same time, the following dependencies were obtained, the parameters of which were refined during the
processing by the random search method:

- for three-cone bits of Russian production, machined at the Kokmay field (Kazakhstan):

G 7 2
(_)[I,IH‘HQ N Ql. W40 A.ti.I].CMlJ

Vi=2,0592 -4

0526293 0,434253

Pu ()
and the Karamandybas deposit (Kazakhstan):
(g) 0,2522
- ; @)
542’21 1 0,3391 A1,1319

- for PDC bits (Aktum field, Kazakhstan):

G omn  omn ~os6r
S SRl LR b

Vi=43,08 d 07889 4 06547
Pl aues 3)
- for 12 “MXL-1 bits (South Koktau field, Kazakhstan):
(%)D,ESSO'J ! PJ!JH_IIIEG _nu_'.“}'.'l ] QD,%E\']HR
i"fm= 0,06? ]4 11368
iy 4

G/d - specific axial load; G - axial load on the bit, TP (Tones Power); D - bit diameter, cm; n - bit rotation
frequency, min.'; Q - drilling mud flow rate, I/s; p_- rock hardness according to L.A. Schreiner, MPa; A4 -
abrasiveness category; V- mechanical speed, m/hour.

In the above equations, the influence of factors, in particular, indicators of the rock properties, is ambiguous,
which is due to the fact that in some cases, in general, there are no significant changes in the values of these
indicators of properties in depth.

For the fields of Karabagly and the Volga-Ural oil and gas region, we had disposal geological and
technological research data, which more accurately reflects the results of drilling.

The results of these studies are provided below, and the implementation of the decision-making method
for previously drilled wells is illustrated on the basis of these results.
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At different times, various specialists conducted observations of the change in mechanical speed over time
[2, 4, 15, 17, 18]. These dependencies are important for analyzing the impact of drilling conditions on the
performance of this process, forecasting for new similar penetration conditions on the bit, run speed, cost of 1
m of penetration and selection, on this basis, of mode parameters that will provide the best drilling efficiency.
In addition, such dependencies make it possible to track the process of bit galling over time, to analyze the
effect on the rate of damping of rock properties, first of all, abrasiveness, as well as mode parameters.

Taking into account the need for such an analysis, we conducted research to study the influence of rock
properties and mode parameters on the initial mechanical speed and its decay rate over time.

Data from geological and technological studies of the drilling wells’ process in the Karabagly area
(Azerbaijan) and a well drilled in the Volga-Ural oil and gas region were used for the analysis. The calculations
were carried out according to the sequence (algorithm) illustrated as a diagram in Figure 1.

BL.1
Calculation of indicators of lithology, porosity, hardness and abrasiveness
BIL.2
Selection of homogeneous groups of rocks

BL3

Analysis of mechanical speed values for different types of bits
Bl.4

Calculation of the parameters of ¥, and 1 of the dependence V' = V, e

BLS5

Plotting the dependencies Vy =f(G/D,n,Q) and 1 =f(G/D,n,Q)

Variant calculations of Vy(flight speed) and C

BL6

Selection of optimal drilling modes (G, n and Q), that provide the highest run speed and
the lowest cost per meter of penetration

Fig. I - Block diagram of the algorithm for calculating drilling indicators and selecting mode
parameters according to geological and technical studies of a drilled well.

As illustrated in figure, first, the characteristics of rocks are estimated according to the well drilling data.
This is done using the appropriate program.

The analysis of bit development was conducted within the intervals (packs) of homogeneous rock
properties, for the selection of which the fuzzy cluster analysis program was used. The noted dependencies
were built for the same types of bits.

The intervals of bit development identified according to the well drilling data, as noted, of the same
standard size within the considered homogeneous group of rocks, the types of bits and the values of the initial
mechanical speed, as well as the rate of its decay are given in Table 1.

Table 1 — Values of VO and 1

. Interval .
Field Bit V. m/h /

from to o
0 351 CR1 77,239 0,1521
351 1003 MAX-GTI1 92,843 0,0715
Karabagly 1003 1984 MAX-CGT1 60,965 0,0534
1984 2328 MX-C1 23,374 0,0331
2328 3303 FS-2643 68,554 0,038
396 521 295,3 MC3 GNU 4,1532 0,0244
. . 536 651 295,3 MC3 GNU 3,6251 0,006
Volga-Ural oil and gas region 711 776 295,3 MC3 GNU 44557 0,0632
806 856 295,3 MC3 GNU 4,8789 0,0338

39



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

861 886 2159 M3 GV 3,037 0,0186
911 976 215,9 M3 GV 4,295 0,03

981 1281 215,9 M3 GAU 4,3757 0,0136
1286 1326 215,9 M3 GAU 3,443 0,0288
1376 1591 215,9 M3 GAU 4,2069 0,0055

For analytical approximation, a simple exponential function, previously proposed by various researchers,
was chosen in the form:

Vm: VO Xe_Xt (5)

where V| — initial mechanical speed, m/h; Z-rate of decrease in mechanical speed over time, /™.

As a result of statistical processing of the mechanical speed dependences on time, the values ¥ and 4
were obtained (Table 1).

Each pair of parameter values given in the table, that is, the initial mechanical rate of drilling and the rate
of its decay in time, is a function of the mode parameters, therefore, for the most correct description of the
process, it is necessary to conduct a statistical analysis with the construction of models that most fully reflect
the influence of the mode parameters.

Using the obtained values of'u, and 4, as well as drilling data in the rock under consideration, we conducted
a statistical analysis in order to establish dependencies of the form

Vo=f(§,n, 0) and ﬂ:f(%n, 0. (6)

where g — specific axial load (G — axial load, d — bit diameter), n — rotation frequency, Q — drilling fluid
consumption.

The analysis was conducted by the random search method [19] by estimating the parameters of the models
in the form:

Vo= al G Q! expe( S fxngr0) o

According to this method, to estimate the parameters of the model (5), another model of the form (7) was
adopted; based on the preliminary analysis, as well as generalization of the data of previously performed
studies, [2, 3], the following boundaries of their change were set with the corresponding steps:

- for data on wells of the Karabagly field:

O<=a<=1 O<=a<=]
0=<=b<==1 0.01<=b==3
O<=c<=] 0.0l<=c<=2

v, >40<=d <=1 A—4100l<=d<=2
0.0001<=e<=0.01 0.0001<=e<=0.01
0.00001==f <= 0.01 0.00001==f <= 0.01
0.00001<=g<=0.01 0.00001<=g<=10.01 ®)

- for wells in the Volga-Ural oil and gas region:
 [0<=a<=15

0.0l==b==3
00l<=c<=2

v, >4001<=d<=2
0.0001<=e<=0.01
0.00001<=f <= 0.01
0.00001<=g<=0.01 )
The unknown parameters of the models for u, and 4 were found using the implementation of a random
search program based on the conditions:

X( Vo - Vop)* —> min
E{}L = ;'u.p]z — min (10)
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The parameter values are given in Table 2.
Table 2 — Model parameter values by expression (7)

rameters
Field Model a | b d © f £
V 0,629 (0,367 10,892 0,054 | 0,01 |0,0001 | 0,0079
Karabagaly t
[ 0,042 (0,437 10,206| 0,677 | 0,0092 | 0,0005 | 0,0232
Volga-Ural oil and gas region v, 1,42 | 0,13 | 0,31 | 0,12 |0,0047 | 0,0034 | 0,0091

The dependence of 1 on the mood parameters for the Volga-Ural oil and gas region is best described using
a linear expression:

i=a0+a1§+a2n+a3Q, (11)

where a,=0,114; a,=-0,009; a,=-0,00167; a,=0,00023.

To calculate the run speed and the cost of 1 m of penetration, according to the results of regression analysis,
equations were obtained for the corresponding types of bits in a given rock, expressing the dependence of the

drilling time on the mood parameters in the following form [2]:
- for bits 295,3 MC3-GNU:

e 23
E [INE:
D (12)
- for bits 215,9 M3-GV, 215,9 M3-GAU, 215,9 C3-GV:
10
D (13)

The above expressions make it possible to predict the bit operation time depending on the mode parameters
for the conditions under consideration.

To predict the run speed based on the values of the initial mechanical speed of penetration (v ) and the rate
of decay of mechanical speed over time (A), first, according to a well — known expression, the penetration is
calculated:

H=2o(1 ™).

A (14)

Further, the run speed is calculated according to the well-known expression, taking into account the time
spent on the drilling-tool trip operations.

In order to conduct variant calculations, the boundaries of the change in the value of the mode parameters
and their steps were set. For all these options, the calculations of the run speed and the cost of 1 m of
penetration were conducted, the results of which were summarized in a table, which, due to its large volume,
is given here. The best predicted mode parameters were determined with the help of two noted criteria using
the theory of fuzzy sets [20, 21].

According to this, the set of solutions is the intersection of the sets of goals (to achieve the highest run
speed) and restrictions (at the lowest cost of 1 meter of penetration). The form of the membership function of
the goal sets and the constraints in the form were chosen for this purpose

p=ae™, (15)

where x — in one case is the cost of 1 m of penetration and in the other — the run speed.

Taking into account the parameters for evaluating the value of the membership function of the run speed,
expression (15) takes the form:

=0,104¢"""
H, 2 € L] ( 1 6)
and to assess the membership function of the cost of 1 m of penetration, this expression will look like as following:
ol -0,0015C
He = 0,973 (17)

Discussion. For all the design options (with different combinations of mode parameters), the values of the
run speeds and the corresponding values of the cost per meter of penetration were calculated; functions of
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membership of the target and restrictions were calculated using expressions (16) and (17). The membership
function of the set of decisions according to [20, 21] was estimated as min (m).

The largest value of the membership function of the set of solutions in the set of calculated data corresponds
to the best solution.

As a result of calculations based on the models, the surface of distribution of the values of the run speed
and the cost per meter of penetration was also constructed depending on the mode parameters at constant
values of the flow rate of the drilling fluid. These surfaces are illustrated as an example in Figures 2 and 3.
With the help of the figures, one can track the change in drilling performance in three-dimensional space, and
also establish their optimal values. The surfaces were built using the SURFER program.
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Fig. 2 — The surface of the distribution of the run speed (a) and the cost of 1 m of penetration (b),
depending on the mode parameters (The vertical coordinate on the left shows the values of the
drilling fluid flow Q in the range of 10-20 //s)
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Fig. 3 — Generalized mechanical speed distribution model (The vertical coordinate on the left shows
the values of the drilling fluid flow Q in the range of 1020 //s)
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Conclusion. Based on the above results, we can conclude the following:

1. The analysis of the change in mechanical speed in time is conducted, estimates are given to the parameters
of this dependence — the initial mechanical speed and the rate of decay of the mechanical speed in time by
considering them as functions of mode parameters. The dependences of the initial mechanical speed and the
rate of decay of the mechanical speed in time on the mode parameters — axial load on the bit, the frequency
of rotation of the tool and the flow rate of the drilling fluid are built.

2. Based on the results of statistical analysis, models have been built that allow predicting the mechanical
speed, run speed and the cost per meter of penetration when drilling with this type of bit in the rock under
consideration.

3. An algorithm has been developed and implemented for evaluating the optimal mode parameters based
on two criteria — run speed and cost per meter of penetration based on information about drilled wells.

4. Surfaces have been obtained that enable to trace the change in drilling performance in three-dimensional
space.
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YHI'BIMAJIAPIBI BYPTBIJIAYIbIH PEKIMIK ITAPAMETPJIEPIHIH KAINAY/IbIH
KBIVIJAM/IbIK KOPCETKIIUTEPIHE TUTT3ETIH OCEPIH 3EPTTEY

AHHOTauusi. ByprbutayablH KbUIIAMIBIK KOPCETKILITEpiH OoipKay »KOHE ojlapFa COHKeC OHTaMIbI
napameTpiep/l aHbIKTay Tay >KbIHBICTAPBIHBIH KAaCHETTEPi MEH I'€OJOTMsUIBIK KMMaHBIH KIKTeyl Heri3iHue
KY3€re achlpbuTybl MYMKiH. MyHzai sxaraaiiiapaa *KbIHbICTApABIH KE3EKTECiI OIpTEKT] TONTaphl TaHJaa b,
OJIap/IbIH MIETiH e Oip THITI Kallay eHIeIreH apaablKTap OeriieHe .

ATanFaH JKYMBICTA, Talay KYPTi3iLIil, KOMITBIOTEpNIK ecenTeylepre apHajfaH THICTI OarmapiaMa
93ipIIeHin, onap HaKThI MbICAJIIAPMEH iCKe achIpbULAbL. bacTanke! nepexrepain Mbicaisl petinae Kazakcranaa,
O3ipOaiikanaa, COHAaN-aK Tay >KbIHBICTAPbIHBIH OipTeKTi TOOBI YIIiH TonTacThIpblIFran Enin-Opan myHaii-
ra3 ayIaHbIHBIH K€H OPbIHAapBIHBIH OipiHAe OypbIH OypFbUIaHFaH YHFbIMAIApAbIH JepeKTepi MaiJanaHblUIIbL.
¥YChIHBUIFAaH MaTepUasIap XaJbIKapasiblK FBHUIBIMH BIHTBIMAKTACTHIK OaraapiaManapbl HIeHOepiHae icke
achIPBUIFaH Ka3aKCTaHbIK XKoHE 931pOaiKaH/IbIK FaIbIMIApIbIH O1pIECCKEH KYMBICHIHBIH HOTHXKeJIEP1 00BN
TaOBLUIAEL.

¥Ycompuiran anroputMre coiikec angsiMeH “KAPOTAJK” OarmapnmamacblH Ky3ere acblpy apKbLIbl
TEONIOTHSIIBIK  OOJIMHIH CHIIATTaMallapbl, SFHU: JUTOJOTHSCH], KEYeKTUIri, OTKI3TIMITIri, KaTTHUIBIFBL,
abpasuBriniri, I[lyaccon ko3dduImenTi, Keyek KbICBIMBI MEH THAPABIUKAIBIK CHIHY KBICBIMBIHBIH
TpaJiueHTTEpi, OYpFbUTAY epITIHIICIHIH OHTAMIBI THIFBI3IBIFEI KOHE T.0. KOKETTI MapameTpiiep €CemTeil
kepcerinmi. Ecenrey HOTXKeNepiH calbICThIpy MakcaTbIHIA KOHE TYKbIpbIMIap Kentipy kesinge [AXK
HMHTEPIIPETALNSICHIHBIH KOPTHIHABUIAPBI KOJIIaHBUIIBL.

KamrayapiH MexaHUKaJbIK SKbUIIAMIBIFBIHBIH YaKbIT apalibIFbIHIa ©3repyiHe >KYPri3iIreH TajaayiblH
apKachblHIa PEKIMIIK MapameTpiepliH OacTankpl >KbUIIAMIBIK MOHICPIHE OHE OHBIH YaKbIT OOWBIHILA
TOMEHJIEY KapKbIHBIHA OCEp €TYiHIH CTAaTUCTHUKAJIBIK MOAETI Kacayuibl. PelcTiK XpUIgaMabIK meH 1 M
YHFBIMaHBIH KYHBIH OOJDKay 9icTeMeci, COHBIMEH KaTap OHTaWiIbl mapamMeTpiaepli TaHAaydblH HYCKayJbIK
ecenTeyiepi MeH oJap >KeHIHJET1 IenriMep KaObulaay YChIHBLUTIEL.

Tyiiinai ce3aep: OyprbutayabIH PeXIMIIK MapaMeTpiIepi, Tay KbIHBICTAPBIHBIH KACHETTEP1, T€0IOTUSIIBIK
KMMaHbIH KIKTeyi, OYpFbIIayIblH MEXaHUKANbIK >KbIJIIAM/IBIFbl, KalllayIblH YHFbUIAYBI.
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NCCIEJOBAHUE BIMAHUSA PEXKUMHBIX ITAPAMETPOB BYPEHUS CKBAYKUH HA
CKOPOCTHBIE ITOKA3ATEJIN JOJIOTA

AnHoTranus. Kak u3BecTHO, MPOTHO3MPOBAHME CKOPOCTHBIX ITOKa3areied OypeHus M OmpenesicHHe
COOTBETCTBYIOIUX UM ONTHUMAJIbHBIE TAPAaMETPBI MO>KHO OCYILECTBIISITh HA OCHOBAaHUH IT0KA3aTeNIel CBOWCTB
TOPHBIX MOPOA M KiacCU(pHUKALUU I'€OJIOTHUECKOro paspesa. B 3THX ciaydasx BBIOMpAIOTCS MOOYEpPEIHO
OZHOPOHBIE TPYIIIBI MOPOJ, B Ipenenax KOTOPhIX (YUKCHUPYIOTCSI HHTEPBAJbl, B KOTOPBIX OTPa0aThIBAINChH
JI0J10Ta OTHOTO THUIA.

B nannoit pabore mpoBenéH COOTBETCTBYIOUIMI aHan3, pa3paboTaHa M peajn30BaHa Ha KOHKPETHBIX
mpuMepax IMporpaMma Uil pacueTa M KOMIIBIOTEPHBIX BBIUMCIEHHH. B KadecTBe mpumepa HCXOJHBIX
JaHHBIX MCIIOJIb30BaHbl JaHHbIE paHee npoOypeHHbIX B Kaszaxcrane, AsepOaiimxane, a Takke Ha OZHOM
U3 CKBOXUH MECTOPOXIeHUH Boiro-Ypansckoro HedTera3oBoro paioHa, KOTOpble ObUIH CIPYIITUPOBAHBI
JUI OIHOPOJHOM Ipymmbl nopoA. IlpencraBieHHble MaTepualibl MPEACTABISIIOT PE3yIbTaThl COBMECTHOM
palboThl Ka3axCTaHCKUX M a3epOaiPKaHCKUX YUCHBIX, PEaM30BAaHHBIX B PaMKax HPOrpaMM HAay4dHOTO
MEXIyHapOJHOTO COTPYAHUYECTBA.

ComracHO TPEIJIOKEHHOMY aJITOPUTMYy BHauaje myTeM peanuzanuu nporpaMmbl  «KAPOTAX»
OBUTM paccYMTaHbl XapaKTEPUCTUKU TEOJOTUYECKOTO pa3pesa: JHUTOJOTHUs, MOPUCTOCTh, TPOHUIIAEMOCTS,
TBEPAOCTh, CIUIOUIHOCTb, a0pa3uBHOCTb, Kod(pduuueHt IlyaccoHa, rpaiumeHThl IOPOBOTO IABICHUS U
JaBJICHUS] TUAPOPA3PBIBA, ONTUMAJIbHAS IUNIOTHOCTh OypPOBOTO PacTBOpa, a TAaKXKe Apyrue napamerpsl. s
CpaBHEHHS PE3YJbTATOB PACUETOB, a TAKXKE [UIs 000CHOBAHUS BBIBOJOB OBbLIM ITPUBJICUECHBI TAKKE PE3YIIBTATHI
nntepnperauuu ['MC.

bnaronaps npoBeieHHOMY aHAJIN3y U3MEHEHHSI MEXaHUYECKOM CKOPOCTH JI0JI0Ta BO BPEMEHU ITOCTPOCHA
CTaTUCTUYCCKass MOJCJIb BIIUAHHA PCIKUMHBIX IMapaMETPOB Ha 3HAYCHUA HavaJIbHOM CKOPOCTH U €€ TEMII
CHIDKEHHUsI BO BpemeHH. [IpejuioxkeHa MeToIMKa IMPOTHO3UPOBAHUS PEHMCOBOM CKOPOCTH, CTOUMOCTH 1 M
MIPOXOJIKH, a TAK)KE BAPHAHTHBIE PACUETHI M IPUHATHE PELICHUH 110 BEIOOPY ONTHMAJIBHBIX TAPAaMETPOB.

KitroueBble cjioBa: peXMMHBIE MapaMeTpbl OypeHHMs, CBOMCTBA TOPHOW TOPOIBI, KJIACCH(UKALMU
Te0JIOTHYECKOTO Pa3pe3a, MeXaHH4YeCcKast CKOPOCTh OypeHHsI, MPOXOAKA A0JIOTa.
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