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Abstract: In article it is shown the functional connection between the drillability model and the required consumption of 

drilling mud for cleaning the bottom of a well from destruction products. In particular, it has been shown that when drilling oil-

gas wells in uncomplicated conditions, the required consumption of drilling mud is directly proportional to the current drilling 

speed and increases in quadratic dependence on the diameter of the well. It was found that the increase in the density of drilling 

mud due to contamination with drill cuttings at the revelation of "weak" formations has the greatest influence, which in certain 

conditions can cause hydraulic fracturing of the formation. At the revelation of formations with abnormally high pressure, an 

increase in the density of the contaminated drilling mud has practically not influence on the prevention of kicks. 
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1. Introduction 

The model drillability represents mathematical dependence 

of interaction a bit with bottom well in time during end of the 

run. Usually, this formula includes the initial speed of the 

drilling �	0 the new unworn rock cutting tool, the coefficient 

to characterizing the speed of wear of a bit and time of 

drilling t. 

It is possible to give widely known model of drilling for 

roller bit as an example [1]: 

(�	) = �	0 exp (- kt )                       (1) 

Researchers Bourgoyne and Young developed model of 

drillability [2] in which the speed of drilling is presented by 

also exponential, but more difficult dependence. In the 

exponent index there are included 8 parameters which 

influence on a drilling speed. This model found application at 

percussion-rotary drilling with use of roller bits. 

The model drillability offered Maurer [3] is also intended 

in case use of roller bits. Authors of works [4-7] offer model 

of drillability which is described by the following equation: 

(�	)=�	0 −∆�	�	m                               (2) 

where �	0 – the initial speed of drilling by the rock cutting 

tool with the new unworn bit at the rational technological 

mode; 

∆�	 – the rate of reduction of speed drilling caused by 

abrasive wear of arms of the tool; 

t – the considered drilling time; 

m – an exponent in which time is built, and characterizing 

reduction of speed �	 (�	) (with accrued or decreasing 

reduction in the rate of drilling). 

In figure 1. this dependence is presented. 

In our opinion, the offered model of drillability displays 

rather sufficient universality and contains three constants of 

identification (�	0, ∆�	, m). The last one indirectly consider 
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influence of parameters mode of drilling and design features 

of bit on drillability of rocks. 

 
Figure 1. Change of drilling speed ϑ (t) in the homogeneous rock: 1- 

increasing decrease of speed ϑ (t); 2 - reducing decrease of speed ϑ (t). 

In formulas (1, 2) the initial speed of drilling �	0 is defined 

experimentally or analytically, and, as a rule, for its definition 

the following parameters of the technological mode are used: 

axial load on a bit G and frequency rotation of bit n. 

Often mathematical dependence �	0 = f (G, n) recognized 

as a drillability model that is incorrect because in this case it 

is not considered an wear of bit in the process of run. 

Never the less, scientists of the different countries offered 

several tens of formulas for definition �	0 in which features 

drilling method, constructions of the rock cutting tool, 

physic-mechanical properties of rocks and other indicators 

are considered [8]. 

Let's give the formula for the initial speed of drilling 

received by us for PDC bits taking into account their rotation 

by the screw engine [9]: 

��	 =	 ���	�
�		
	��


                               (3) 

where k0 = 
� ��� ��	��� �
�	�.��	��	�  (f – friction coefficient on contact a 

cutter – rock of bottom, 

�	 - angle between the plane of a cutter of PDC and 

vertical); 

k1 – the coefficient considering installation of diamond 

hard-alloy plates on matrix of bit having gaps between 

cutters; 

n – frequency rotation of bit, 1/s; 

G – axial load on a bit, N; 

Ph – the hardness of rock, Pa; 

Pd – bit radius, m. 

Thus, the analysis of the existing models of drillability 

shows that they do not consider one main technological 

parameter of drilling process – flashing of the well in the 

process of deepening bottom and together with it such 

important technological properties of drilling mud as density 

and consumption. 

 

2. Methods 

In article the following methods of researches are used: 

(a) the literary review of the existing models of drillability 

and their fields of using; 

(b) mathematical analysis of dependences of drilling 

parameters and establishment of functional 

dependences of speed drilling and consumption of 

drilling mud; 

(c) experimental researches of influence of technological 

parameters of the mode of drilling on well-drilling 

productivity RDS bits on the Uzen deposit of 

Kazakhstan. 

3. Discussion 

The consumption and density of the drilling mud for 

flushing the well depends on the intended purpose of well 

and mainly on the degree of stability of the rocks penetrated 

by the well, the presence of high pressure formations in the 

section or weak formations that are prone to hydraulic 

fracturing. Such drilling muds indexes as viscosity, water 

loss, static shear stress and others influence on a trouble-free 

drilling in difficult conditions. The value of consumption 

drilling mud should ensure the purity of the formed bottom 

and the complete removal of the products of the destroyed 

rock (drill cuttings) to the surface. 

It follows that the value of consumption drilling mud is 

connect to the drilling speed, i.e. with the speed of formation 

of cuttings at the bottom of the well. 

We will identify the mentioned connection initially in the 

simpler case, when there are no high-pressure formations or 

"weak" formations that are prone to hydraulic fracturing and 

drilling mud loss. Also, the situation is often observed at 

drilling for hard rocks, when drilling wells are being drilled 

in dense igneous or metamorphic rocks. 

For the solution this problem we used the dependence (2). 

In the case of drilling of rocks intermittence on hardness, 

the speed function ϑ (t) at the place of transition of some 

rocks to others (Figure 2) will have discontinuities (jumps) in 

the direction of increasing or decreasing speed of drilling. 

 
Figure 2. Change of drilling speed ϑ (t) in rocks intermittence on hardness: 

I-primary rock; II – rock of lower hardness; III –  rock of greater hardness. 
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The volume of the destroyed rock (cuttings) Vdr depends 

on the drilling speed ϑ (t) and will be equal to: 

Vdr = ���� � !
"

#                                    (4) 

Where Dc – diameter of the well. 

With the destruction of bottom the drilling mud is more or 

less contaminated with cuttings. The degree of contamination 

α of drilling mud at the drilling speed ���� will be: 

�	 = 1 − &
'���()!

"
* +&

= 1 − ,                             (5) 

where Q – consumption of drilling mud, calculated by 

rational drilling technology; 

φ – fluid content in the cuttings-fluid flow. 

In accordance with the technology of rotary drilling for the 

implementation of high-quality bottom mud flushing, the 

density of the reverse, enriched by cuttings, fluid flow 

according to the degree of contamination should not exceed 

3%, i.e. α ≤ 0.03 [10]. Substituting the last value α into 

equation (5) and resolving it relative to Q, we obtain the 

required minimum consumption of drilling mud, with the 

maximum allowable concentration of сuttings: 

- ≈ 25	����1��                                 (6) 

From the analysis of the obtained dependence (6) it 

follows that the consumption of drilling mud increases in 

direct proportion to the speed of drilling and in quadratic 

dependence on the diameter of the well. 

Usually with a rational flushing mode, the degree of 

contamination of mud is not brought to the limit, drilling is 

carried out at αp = 0.01, even at a high speed of destruction 

of the bottom. Substituting this value αp in (6), we obtained 

the necessary consumption mud: 

- = 77,7	����	1��                               (7) 

Let us verify the correctness of the above formula in 

practice when drilling oil-gas wells in the large Kazakhstan 

deposit Uzen [6]. Drilling under the operating string is 

carried out with the PDC 220 bit in the interval 200 - (1100-

1300m). The initial speed with new, unworn bit is 18.5-20 

m/h (0.051–0.055 dm/s). 

Substituting v0 = 0.051 dm/s and Dc = 2.2 dm in (5), we 

obtain the initial consumption of mud equal to: 

-н = 77,7	 ∗ 0,051 ∗ 2,2� = 19,20	8/: ≈ 1150	8/;<= 

as whole, it is confirmed by a mode - technological map. 

However, by the end of drilling in the first well under the 

operating string, the drilling speed declined to 14.5 m/h 

(0.049 m/s); as a result of abrasive wear of the PDC 220 bit. 

Therefore, in the absence of possible complications, the 

necessary consumption of mud at the end of run will be: 

Qk= 77,7 ∗ 0,04 ∗ (2,2)
2 
= 14,9 l/s ≈	895 l/min 

Statistical processing of chronometrical data [6] resulted a 

mathematical model of the process when drilling with the bit 

of first group wells, which included data on the results of 

drilling the interval under the operating string with bits of 

new, unworn matrix. This model after determining the 

constants ϑ0, ϑ (t) and m in the formula (2) looks as follows: 

���� = 18,5 − 0,143	��,A                            (8) 

Consequently, with a decrease of drilling speed, it is 

necessary to reduce the consumption of drilling mud 

accordingly, while the degree contamination of mud by 

cutting (in this example α = 0.01). 

Thus, in uncomplicated conditions, the consumption of 

drilling mud when it is associated with the drilling speed, 

should repeat the relationship shown in Figure 1, 2. 

Consider further difficult mining-geological conditions, 

which including drilling formations with abnormally high 

pressure and weak formations with risk of hydraulic 

fracturing under the pressure of drilling mud. 

The conditions for creating the necessary backpressure on 

a high-pressure reservoir are follows [11]: 

B = ;<= CРEFGH	�IJ
; LEF	+∆L
�IJ

N                        (9) 

where ρ – density of drilling fmud ; 

кr – reserve coefficient, the value of which varies from 

1.04 to 1.15 (depending on the 

depth Lk of the roof of the reservoir); 

Ppl – reservoir pressure; 

∆Рр – well pressure over reservoir pressure. 

∆РР = 1.5 ÷ 3.5 MPa (depending on the value of Lk); 

g – gravitational acceleration 

We give an estimate of the change density of drilling mud 

enriched by drilling cuttings and exerting pressure on the 

high-pressure formation. 

The volume of the destroyed rock Vdr on the bottom of 

well at drilling speed during the time dt will be: 

OPQ 	= RS�T = RS� �#1�
�                           (10) 

During the dt time on bottom entry the volume of drilling 

mud will be equal to 

OPU = -S�                                   (11) 

where Q – consumption of drilling mud 

The corresponding masses of the destroyed rock Mdr and 

Mdm drilling mud are equal to: 

	МPQ = BPQ	OPQ = BPQ 	�	S� �# 1�
�                   (12) 

	МPU = BPU 	OPU = BPU 	-	S�                    (13) 

In dependencies (12), (13) BPQ	 , BPU  – respectively the 

densities of destroyed rock and drilling mud. 

So the total amount of destroyed rock and drilling mud is 

Vtotal = Vdr + Vdm and their total mass is Mtot = Mdr + Mdm, 

then the density of mud polluted with drilling cuttings 

BWU	will be: 
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BWU 	= МXYX
ZXYX

 = 
[
H	'	

(
*	 !

"+[
\	&
'	(	* !

"	+	&                      (14) 

4. Results 

Let us estimate the degree of the influence of 

contamination of mud on its density at a high drilling speed 

with the following data: 

	BPQ = 2500	
]^
;_ ; � = 20	

;
ℎ a0,0055	

;
: b 

1� = 220;;�0,22;� 

	BPU = 1200	 G�Uc; Q=20l/s (0,02 
Uc
� ) 

Substituting these data into (10), we get: 

	BWU =
2500 ∗ 00055 ∗ 3,144 �0,22�� + 1200 ∗ 0,02,

0,0055 ∗ 3,144 �0,22�� + 0,02

= 1214 ]^;_ 

It follows that an increase of the density of the 

contaminated mud, even at a high drilling speed, is about 1% 

of the density of the uncontaminated mud. Therefore, such a 

small increase in density cannot influence the prevention of 

water-oil seep. Such and much more significant fluctuations 

in the density of mud are taken into account by the reserve 

coefficient Kr, which is included in the dependence (9). 

A greater effect is exerted by an increase of the density of 

the contaminated solution upon contact with a weak 

formation, which may cause its hydraulic fracturing and 

drilling mud loss. The corresponding density of the mud must 

be checked according to the second condition - the pressure 

of the drilling mud in the annulus against each reservoir must 

be less than the pressure necessary to fracture the reservoir. 

Since the pressure in the well is connected with density of 

mud, the above condition can be written as the following 

equation [11]: 

B�P < Рf�∑�∆РFh���i�j�[H�Ih
j�Ih

,                    (15) 

where ρcd is the critical density of the solution at which a 

hydraulic fracturing occurs; 

Рf - hydraulic fracturing pressure; 
∑�∆Рkl�- pressure loss during flow of drilling mud in the 

annulus on the way from the bottom of considered formation 

to the wellhead; 

Lb – the depth of the bottom of the reservoir in question to 

the mouth; 

ρr – the density of drilled rocks. 

Analysis of equation (15) shows that the critical density of 

the mud ρcd, at which hydraulic fracturing can occur, depends 

on the ratio of the following values: , , ml , BQ , Р�	 and 

∑�∆Рkl�. 
Let us explain this position with the data from the 

following example: Pf = 35 MPa; φ = 0.97; Lb = 2450 m; ρr = 

2400 kg/m
3
; ∑�∆Рkl�	= 5.0 MPa; the density of the applied 

drilling mud ρcd = 1300 kg/m
3
. 

Calculate the value of ρcr by the formula (15) at degree of 

contamination φ = 0.97 and φ = 0.99: 

Bi = _n∗i�o�n∗i�o��i��,pq��#��∗p,Ai∗�#n�
�,pq∗p,Ai∗�#n� = 1212 G�Uc  

(, = 0,97� 

B� = _n∗i�o�n∗i�o��i��,pp��#��∗p,Ai∗�#n�
�,pp∗p,Ai∗�#n� = 1262 G�

Uc  

(, = 0,99� 
Thus, in both cases, hydraulic fracturing will not occur, 

because the drilling mud has a value of ρcd = 1300 kg/m
3
, 

which is more than the calculated values of ρ1 and ρ2, 

however, when contaminated ρ2 = 1262 kg/m
3
, the density 

approaches the critical density at which there will be 

hydraulic fracturing. 

5. Conclusions 

1. In uncomplicated geological conditions, the required 

consumption of drilling mud for cleaning the bottom of well 

increases in quadratic dependence on the diameter of the well 

and is directly proportional to the speed of drilling. 

2. Due to the abrasive wear of the rock cutting tool, the 

drilling speed is reduced in accordance with the process model. 

It is recommended to create equipment with which it will be 

possible to regulate the rational consumption of the mud in 

accordance with the change in the speed of destruction of the 

bottom and a decrease in the amount of cuttings formed. 

3. The increasing density of the cuttings-fluid flow in the 

annulus has practically no noticeable influence on the 

prevention of kick from high-pressure formations. 

4. A more noticeable influence is the speed of drilling. The 

increasing density of the cutting-fluid flow in this connection 

increases the hydrostatic pressure on the weak formations, 

which can cause their fracturing and drilling mud loss. In 

these conditions it is necessary an appropriate calculation 

taking into account the actual drilling speed and the pressure 

of the cutting-fluid flow on the weak formation. 
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