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STATISTICAL MODELLING OF DRILL BITS DULL
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ABSTRACT. Drill bits are probably the most important component of the drilling process. They are the vanguard part in the well depth progression and, thus, drill bit
choice is a major factor for successful and emergency-free operations. In this research, five major drilling parameters are observed for a period of 5+6 years and for
different types of drill bits (a total of 22 bits) drilling in different lithological and technical working conditions: nominal OD [D, m]; total drilling meters [} M]; total working
hours [ h]; average WOB [T, t] and average RPM [min-"]. Bit dull grading is affected by one unregulated parameter: drilled rock formations. This suggests for a certain
error in the statistical model since the formations cannot be chosen or changed. Using STATGRAPHICS software, experimental models are brought out showing the
connection between bit dull grading and the other drilling parameters.
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CTATUCTUYECKO MOOENUPAHE HA OTPABOTBAHETO HA CKAJIOPA3PYLUABALLIN UHCTPYMEHTU
Jo6pomup Heyoe
MurHo-eeonoxku yHusepcumem ,Ce.WeaH Puncku®, Cogpusi 1700

PE3IOME. Ckano-pa3pyLuaBaluute NHCTPYMEHTU Ca MOXe B1 Hall-BaXHUAT KOMMOHEHT Ha COHAaXHMS npoLiec. Te ca CPeACTBOTO, OCHLLECTBSABALLO pPa3pyLLaBaHETO
Ha ckanaTa Ha 3a60s 1, B T031 CMUCBI1, U3BOPBT UM e 0CHOBEH (hakTop 3a ycneluHa u Ge3aBapuitia paboTa. B HacTosiweTo uscneaBaHe, 3a NepuoA oT 5+6 roguHm,
€ [JoKyMeHTMpaHa paboTaTa Ha NeT OCHOBHW NapameTbpa Ha pasnuyHu TunoBe AneTa (06Lwo 22 6p.) NpW pasnU4HU reONoKKM 1 TEXHUYECKN YCnoBUs Ha paboTa:
HOMWHaMEH BBbHLUEH AnameTsbp [D,m]; cymapHu npocorampann MeTpm [> M]; Hatpynanm yacose pabota [ h]; ycpeaHen oces ToBap [T, ] v ycpenHeHa YectoTa Ha
BbpTeHe RPM [min"]. OtpaboTkaTa Ha anetata ce Bnusie OT NapameTbp, HEMOANEXaLl Ha perynupaqe — NpOCOHAMPaHNTE ckanHu dopmauuu. ToBa npegnonara
13BECTHA HETOYHOCT B CTATUCTUYECKWS MOLEN, Thit KaTo MocneaHUTE He MoraT fa ce u3bupat unu npomersT. Ypes cratuctudecku copryep STATGRAPHICS ca
13BEAEHU EKCNEpUMEHTAMHN MOLENV 3a Bpb3kaTa MeXay U3HOCBaHETO [nieTaTa 1 ApyruTe COHAaXHWN napameTpu.

Kntoyosu gymm: aneta, CTaTUCTUYECKM JaHHM, CTaTUCTUYECKO MOAENMpaHe, oTpaboTka.

going to a bigger number, the cutting structure condition (steel

Introduction teeth, inserts or fixed-cutter) gets worse. The third criterion — dull
characteristics (D) — consists of a body damage (if observed):
Drill bits are the most important part of the drilling process. broken or missing teeth, metal tracks, damaged roller cones,
They are the vanguard part in the well depth progression. etc. 3
Choosing a suitable bit based on the conditions downhole is a The fourth column marks the roller cones condition (roller
major factor for successful and non-emergency operations. cone bits) or the active elements (PDC bits). The fifth column is
This study represents drill, bit wear and its specific about the bearing unit condition and its isolation (roller cone
characteristics. Based on a collected data, an experimental bits), or simply a mark for a non-existing bearing unit (in PDC
statistical model is calculated. Its goal is to clarify factors; ~ bits). The sixth parameter is important as it is based on the total
affecting drill bits working process, any suggestions on working hours for any drill bit and is evaluated with specific tools.
improvement measures, and last but not least and if possible, The seventh column is similar to the third one and marks any
well price reduction. other dull characteristics. The final one is the reason for pulling
The drill bit dull grading criteria were unified and imported in the bit out of hole and replacing it. This may be a planned or an
practice by the International Association of Drilling Contractors ~ emergency type of operation (Rabia, 2002).

(IADC) in the 1980s. They are valid for both roller cone and
fixed-cutter bits (PDC - poly diamond crystalline), providing all
the information on the active elements, bearing parts, outer Nature of the conducted research
gauge diameter, any damage, and reasons for pulling the bit out

of hole (Rabia, 2002). During the research, five drilling parameters were observed
Table 1 represents a short version of the dull grading chart for a period of 5-6 years and for 22 different types of drill bits
because of its wide popularity in literature. drilling in different lithological and technical environments:
nominal OD [D, m], total driling meters [ M], total working
Table1. IADC drill bit dull grading hours [ h], average WOB [T, t], and average RPM [min-'] (Table
2).
Cutting structure Bearing/ | & Reason In order to receive as authoritative results as possible, only
= | Other ; ; ; ; ;

N L ouT |oul |Loc | Seals |8 pulled new bits were included in the research and calculations with
current dull characteristics were performed during the pulling out

1o D L B 6] O R of the hole.
The percentage column (Dull grade, %) in Table 2 is the
The main criteria for examination are eight and they are outcome of an important transformation operation. This
reviewed one by one after replacing the bit. transformation is made based on the bit condition and is viewed
A 0+8 scale is used for the first two characteristics, so when as uniting all the eight parameters from the bit dull grading chart.
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Table 2. Drill bits collected data

Table 3. Model parameters including a constant

Drill bits data Drilling parameters Dull
o] e | T | FA 08 B
4445 | 5251384 | 350 89.00| 9 40 20
4445 | 226375| 159| 5550| 8 65 15
4445 | 5215330 161| 114.67| 18 50 18
4445 | 5231059| 155| 88.33| 16 | 65 15
4445 | 226376 | 303| 133.00| 21 75 33
4445 | 226832 | 114| 79.92| 20 85 20
4445 | 5199057 129| 121.03| 21 | 100 25
4445 | 7022334| 326| 117.80| 7 100 35
4445 | 5257123| 291| 371.25| 6 85 32
4445 | 218786 39| 76.75| 6 75 8
311.2 | 5231642| 380| 137.80| 18 | 60 35
311.2 | 5231641| 463| 147.50( 18 55 38
311.2 | 5231636 52| 42.25| 18 55 30
311.2 | E203421| 472| 239.75| 3 95 20
215.9 2274041 20| 6533 9 90 8
2159 | 5231977| 129| 99.75| 18 55 20
215.9 N/A| 269| 136.51| 12 75 25
2159 | HP5011| 148| 188.00| 12 85 15
215.9 86858 8| 7275| 4 65 8
215.9 123326| 174| 3750| 6 85 25
152.4 | 5248491| 238| 185.75| 8 90 20
149.2 | 5212575 59| 8218| 8 100 6

Last but not least, it is important to emphasise that bit dull
grading is affected by one unregulated parameter - the rock
formations the bit is drilling in. This suggests for an insignificant
error in the statistical model, since the formations cannot be
chosen, changed, or regulated.

Dull grading models and analyses

Using the STATGRAPHICS software and in accordance
with other researchers’ work (Durchev & Minin, 2023),
experimental models are brought out showing the connection
between dull grading [i, %] and the other drilling parameters
(Nedyalkov, 2019).

For research purposes, two regression models are viewed
(Tables 3 and 4, respectively).

The first regression model (including a constant) is as
follows:

i=-0.67 + 0.004’D + 0.006*h + 0.05"M + 0.04*RPM+ 0.65*T (1

According to Table 3, the multiple correlation coefficient R
is 64.0845 %, and the adjusted one R2 is 52.8609 %, which is
relatively low and inappropriate. The P-criteria is the so-called
trusted probability and its critical value is 0.05. Thus, it is below
minimum for all parameters except > M and T, but is higher for
the constant itself, therefore the model is inadequate.

Parameters| Value Standard| T-statistics .P .
error Student criteria
Constant | -0.67 | 9.37 -0.07 0.94
D,m 0.004 | 0.013 0.30 0.77
Sh, hours | 0.005 | 0.025 0.22 0.83
>M 0.046 | 0.0129 3.54 0.003
T, t 0.65 | 0.2603 2.51 0.023
RPM, min-*| 0.039 | 0.0907 0.44 0.67
Sr#;]jglf l;reedom Ar\rllirggle .F , impo':t-ance
squares egrees squares criteria
Model | 1233.8 5 246.8 | 5.7 0.003
Residue | 691.5 16 43.2
Total 19253 21
Multiple correlation coefficient 64.08 %
Adjusted multiple correlation coefficient 52.86 %
Standard error 6.57
Average absolute error 4.32
Durban-Watson statistics 1.81
Residual auto-correlation

Table 4 views the non-constant version of the model.

Table 4. Model parameters excluding a constant

Parameters | Value Standard| T-statistics 'P .
error Student criteria
D,m 0.004 | 0.0117 0.31 0.76
Sh, hours | 0.0056 | 0.0239 0.23 0.82
M 0.046 | 0.0123 3.72 0.002
T,t 065 | 0.228 2.83 0.01
RPM, min-*| 0.034 | 0.0503 0.68 0.51
Srrlljc?:jglf Freedom Ar\;%r:egle .F . impo}:t-ance
squares degrees squares criteria
Model |11317.3 5 2263.5 | 55.6 0.000
Residue | 691.7 17 40.7
Total 12 009 22
Multiple correlation coefficient 94.24 %
Adjusted multiple correlation coefficient 92.89 %
Standard error 6.38
Average absolute error 4.32
Durban-Watson statistics 1.79
Residual auto-correlation

The result model is as follows:

i=0.0036"D + 0.0056h + 0.046"M + 0.034*RPM + 0.65*T (2)
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Similar to the previous case, only YM and T are with a
trusted probability below 0.05. However, R? is higher: 94.2401.
Standard and absolute error are close in values. This model can
be considered adequate as the adjusted R? is a little more than
92%.

Conclusions

The following conclusions are made based on the executed
research work:

> Drill bits dull grading is a complexed process, whose
numerical value is dependent on several parameters;

» The most important drilling parameters that affect dull
grading are total working meters M and average
weight-on-bit T;

» The drilled rock formations have significant influence on
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dull grading, but from both statistical and technological
points of view, cannot be controlled or replaced.
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