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Bit improvements are 
cutting drilling costs 

A study of bit records indicates that better design and 
selection of roller cone and fixed drill bits have reduced 
worldwide drilling costs as much as 35% since 1989 

Evan Turner, Director of Marketing 
Services, Hughes Christensen 
Company, Houston. 

More than 100,000 bit records, 
including those from all bit manufac­
turers, were analyzed and subsequently 
confirmed the widely held assumption 
that drill bits, while representing a small 
portion of base well costs, can have a 
dramatic bearing on the eventual over­
all well costs. As documented in the 
examination of the records, technologi­
cal advancements in both fixed cutter 
and roller cone bits and sophisticated, 
often computer-generated, application 
techniques have combined to steadily 
improve drilling economics. 

As measured by cost per foot drilled, 
drilling expenses for wells employing 
fixed cutter bits, primarily 
PDC designs, have reduced 

conclusions are eliminated. 
Bit life and rate of penetration (ROP) 

are the barometers used to ultimately 
define impact of the drill bit on overall 
drilling costs. Bit life is measured as 
footage drilled per bit, while ROP is feet 
drilled per rotating hour. Bit life affects 
the number of trips that must be made 
to change out the bit, whereas ROP 
directly influences the number of drilling 
hours needed to complete a given hole 
interval. While in some applications, bit 
life may have more of a direct bearing 
on drilling costs than ROP, and vice 
versa, both <lirectly impact the number 
ofrig hours required to driJI a well and, 
hence, its total cost. 

A trend line was established by sep­
arately analyzing roller cone and fixed 
cutter bit performance for each year in 

lated with the following commonly used 
equation: 

where: 
Cd= Drilling cost, $/ft 
Cb= Bit cost, $ 
Cr= Rig cost, $/hr 
T1 = Trip time, hr 
Td = Drilling time, hr 
D = Distance drilled, ft. 

( 1) 

Bit cost per well was estimated by 
dividing average well depth for each 
year by average bit life for each year. 
The resulting number was the units 
used per well, which was then multi­
plied by the average base price per bit 
for both roller cone and PDC bits in each 
respective year. 

Drilling hours per well were esti­
mated by dividing the average well depth 
by the average ROP achieved by each 
bit. Tripping hours per well were esti­
mated by <lividing the average well depth 
by the average bit life to determine the 
number of trips, which was then multi-

plied by the average tripping 

cost per foot an average of35%, 
while those running roller cone 
bits have seen drilling costs 
decline 8% on the average. 

Index@ 100 

hours per round trip. Average 
tripping hours per well each 
year in the study period were 
estimated by assuming a trip­
ping rate of 1,000 ft/hr for the 
meclian well depth. 
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For each year of the study, 
r ig rates were held constant 
at $800/hr; however, to isolate 
the true cost impact of bit per­
formance, bit prices were 
inflated to reflect actual oper­

Subsequent to earlier 
reviews by Kissler, et al.,1 and 
Shepherd, et al. ,2 this latest 
research into the relationship 
of bit performance to total well 
costs shows drill bits having 
an unprecedented impact on 
the bottom line of a well. 
Drilling cost reductions result­
ing from improved bit perfor­
mance for the study period are 
shown in Fig. 1. 

Fig. 1. Drill bits have had an unprecedented impact on well costs. Drilling cost 
reductions resulting from improved bit performance for the study period are shown 
as an index for both roller cone and fixed cutter bits. 

ator costs. 
Further, a sensitivity anal­

ysis was performed to deter-

BIT PERFORMANCE 
MEASUREMENT CRITERIA 

The above conclusions were derived 
by analyzing bit performance from 
1989 to mid-year 1995, as documented 
in a bit record system. The database, 
which contains worldwide bit run infor­
m a ti on , included performance data 
from every manufacturer. With the 
large sample size, concerns about sam­
pling errors in drawing industry-wide 

the study period. Roller cone bits include 
both steel tooth and tungsten carbide 
insert (TCI) designs. Conversely, poly­
crystalline diamond compact (PDC) bits 
dominate the fixed cutter, or <liamond, 
category, therefore the performance data 
largely reflects PDC performance. 

DRILLING COST EQUATIONS 
Average drilling cost improvements 

were estimated by calculating drilling 
cost per foot for each year (1989 to mid-
1995). Average cost per foot was caJcu-

mine what impact varying rig 
rates might have on the conclusions. As 
such, rig rates were varied from a low of 
$200/hr to a high of$4,000/hr. The over­
all variance from the base case conclu­
sion was slightly over one percentage 
point, thus confirming the validity of 
base case conclusions. 

ROP AND BIT LIFE VERSUS 
COST PER FOOT 

It is gene rally r ecognized that 
changes in ROP have a much greater 
impact on drilling costs than do sim i-

WORLD OIL I APRIL 1996 59 
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Fig. 2. Roller cone bit penetration rates have increased by 11 %, rising from an 
average of 28 ft/hr in 1989 to 31 ft/hr in 1995. 

Fig. 3. Improvements in PDC bit hydraulics and cutter technology since 1989, 
have allowed average ROP to soar by 60%, reaching a current average of 40 ft/hr. 

lar percentage changes in bit life. This 
is especially true in high-cost rig envi­
ronments, such as offshore and deep 
onshore applications, where the total 
dollar impact can be enormous. 

The magrutude of the impacts that 
improved ROP and bit life have on 
overall drilling cost per foot was quan­
tified by expanding Eq. 1 to isolate, for 
comparison purposes, the two effects 
separately. Consequently, bit life and 
ROP became separate variables by 
defining T1 and Td in those terms: 

T1 = [(D/BL)(D/2)]/1,000 (2) 

60 \VORLD OIL I APRIL l 996 

(3) 

where: 
BL = Average bit life 
ROP =Average penetration rate. 
The average tripping rate was 

assumed to be 1,000 ftJhr. Thus drilling 
cost is calculated with the following 
expanded equation: 

Cd= {Cb+ C, [(D2/2,000 BL) 
+ (D/ROP)]IID (4) 

The impact of changes in bit life and 
ROP on drilling costs can be isolated by 

taking partial derivatives of the drilling 
cost equation with respect to each of 
these variables. This results in the fol­
lowing relationships: 

aCiaBL = - C,D/2,000 BL2 (5) 

acdloROP = - C)ROP2 (6) 

By using the 1995 average values 
calculated fo r D, BL and ROP, and 
assuming an average rig cost of 
$800/hr, relative change in the drilling 
cost per foot with a change in bit life or 
ROP can be determined. 

Should bit life and ROP both increase 
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Fig. 4. Average life of a roller cone bit increased to 1,842 ft from 1,537 ft between 
1989 and mid-1995-an aggregate 20% increase, or 3.1 % per year. 

Fig. 5. Since 1989, PDC bit life has increased 115% to an average of 3,629 ft 
by mid-1995. 

a hypothetical 10% from current values 
and everything else remains constant, 
the faster drilling rate would have a 
much greater impact on overall drilling 
costs than would the longer operating 
life of the bit. With the 10% assump­
t ion, calculat ions using Eqs. 5 a nd 6 
reveal that the assumed increase in bit 
life would decrease drilling cost per 
foot by 0.4%, whereas a 10% increase 
in ROP would decrease overall drilling 
costs by 8.9%. 

The assumed rig rate impacts mag­
nitude of the response to the extent that 
the higher the rig rate the more favor-

J ust ask any TIW customer. 
You'll hear that we've consistently 
improved our drilling and com­
ple tion product line. We've added 
products and services like our new 
Window Cutting Division that proved 
worthwhile for the industry. A couple 

of years ago, we even stream­
lined our Texas Iron Works, 
Inc., name. But we haven't 
touched the core of TIW 
We haven't poked at or 
meddled with the bed­
rock values that we've 
had from the begin­

ning and that have kept 
us on course for more 

than 75 years. 

Service . From day one, 
the customer has been our 

boss. We've always taken 
great pride in being tired at 

day's end, if we could name 

0 199< TIW CORl'ORATION. All rit<h<>-. 

able the response. However, the basic 
relationship of ROP to drilling costs, 
which is an order of magnitude greater 
than the benefits achieved with longer 
bit life, is maintained within a fairly 
narrow band of values. This would indi­
cate that efforts to lower overall drilling 
costs could best be accomplished by 
focusing future technical development 
on improving ROP. 

It is important to keep in mind that 
the a bove results are aver ages that 
apply to genera l drilling conditions. The 
exact response in a ny given well could 
differ significantly. 

another satisfied customer. Some­
one we've helped get a little more 
out of that well. Someone who could 
look us straight in the eye and say, 
"Good job." 

Dependability. If you always go 
out of your way to render great 
service and build a product that 
works a little better than anyone 
expects, you breed dependability. 
You can't help it. 

TIW's reputation for dependable 
people, products and services is the 

Circle 85 

IMPACT OF BIT DESIGN, 
SELECTION TO WELL COSTS 

Obviously, technological advance­
ments in designs, which will be discussed 
in greater detail, must be considered fun­
damental to the authenticated value­
added performances generated by fixed 
cutter and roller cone bits during the 
study period. Correspondingly, design 
advancements recorded since Shepherd's 
1989 study2 have been complemented 
with new methodologies and mecha­
rusms to properly match t he drill bit to 
the targeted formations 

Historically, bit programs for a pro-

result of a concentrated effor t, many 
late nights and a lot of hard work by 
dedicated individuals. But it's earned 
us something money can't buy. 

Trust. This is what all that effor t 
has been about There's nothing 
more precious to us than our cus­
tomer's trust So for three-quarters 
of a century, the people at TIW have 
put all their energy into providing 
service nobody else could match, a 
degree of dependability that bordered 
on dullness, and earning a level of 
trust that very few companies ever 
get to experience. 

TIW CORPORATION 
A PEARCE INDUSTRIES COMPANY 

Tel: 713/729-2110 • Fax: 713/7284767 

WORLD on, APRIi, 1996 6 1 
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Jars - Drilling, Fishing, Coiled Tubing • Stingers - Drilling, Fishing • 

Bumper Subs • Shock Absorbers • Downhole Drilling Motors • Directional 
Drilling • MWD Services • Coiled Tubing Completions Equipment 
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Dailey Petroleum Services Corp. (8001 456-8007 
Dailey Drilling Systems, Inc. (800) 832-2227 

Dailey Oil Tools, Inc. (800) 456-8007 
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STAR FIBERGLASS! 
FAST MAKEUP FWW--

LINES THAT LAST. 
Low pressure fiberglass reliable installation. Use 
Adhesive Bonded Con, the ABC and SSS up to 
nection (ABC) produc, 450 psi. 
tion line pipe! With a full Learn more. Call Fiber 
line of bonded fit- ""' Glass Systems. 210-
tings for applica- 434-5043 at the 
tions that require -r"-ll· home office in San 
a permanent con- • ~~l~ Antonio, Texas. Or 
nection without &"'"' .. .. .... JIii 31,5415-20401 in 
the use of a thread lubri- The Netherlands. Or 
cant or an o-ring. And, (97 14)381643 in Dubai, 
low pressure Star Super U .A.E. 
Seal (SSS) line pipe, Star ..... affordable solu .. 
with an o-ring seal, tions in high and low pres, 
re q u i ring mt n t mum sure corrosion .. proof line 
torque and assuring fast, pipe and fittings! 
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62 WORLD OI L I APRJL 1996 

posed well were developed by merely 
using offset data to select bits that bad 
proven successful in the targeted geo­
graphic or geological a r ea. Even in 
mature areas, this trial and error 
approach often prevented an optimum 
bit progra m from being attained , 
because historical records do not indi­
cate whether another bit would have 
performed better than the one selected. 
Hence, the most cost-effective bit-to-for­
mation match was not achieved. 

During the past five years, tech­
nologies have emer ged that better 
enable the bit programmer to properly 
match formations to be encountered 
with the most cost-effective drilling tool. 
These computer-generated technologies, 
which pr imarily center on methods of 
determining compressive strengths of 
the targeted intervals, have been well­
documented in the literature.3,4 Com­
plementing this knowledge is the emer­
gence of computer tools that assist in 
selecting the bi t best suited to the 
defined compressive strengths.6 

The complex refinements in bit selec­
tion go band-in-hand with steady tech­
nological advancements that have 
greatly improved both ROP and bit life. 

ROP: ROLLER CONE BITS 
As mentioned, even small increases 

in ROP can have a major impact on well 
economics, especially in high-cost 
drilling environments. Fig. 2 shows that 
roller cone bit penetration rates have 
increased by 11 %, rising from an average 
of28 ft/hr in 1989 to 31 ft/hr in 1995. 

Generally, one would think that as 
bits last longer, the time spent d1illing 
with dull teeth would increase, thereby, 
reducing overall ROP. In truth, a num­
ber of technical improvements have pro­
vided for both longer lasting bits and 
faster overall ROPs. 

For steel tooth bits, technical improve­
ments that have resulted in higher ROPs 
include better h a rd facing and tooth 
geometry to maintain an aggressive cut­
ting structure. 'fungsten carbide insert 
(TCI) bits now employ carbide inserts with 
more wear resistant carbide grades and 
improved geometric shapes that resist 
dulling or premature breakage, thereby 
allowing for longer and more aggressive 
inserts. Further, better hydraulic schemes 
have enhanced cuttings removal to pre­
vent the re-drilling of cuttings. In 1995, 
introduction of gauge trimmers and more 
efficient strategies for cutting the corner 
of the borehole have combined to create 
cutting structures that are more aggres­
sive and cost-effective. Contimwd 
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ROP: PDC BITS 
Major improvements in PDC bit 

hydrauJics and cutter technology have 
paved the way for a step change in rates 
of penetration achievable with PDC bits. 
Since 1989, average ROP has soare d 
60% to reach a current average of 40 
ft/hr, Fig. 3. 

Initi a lly, PDC bits were applied 
exclusively in softer environments, but 
even then, poor hydraulic des igns char­
acteristic of those earlier versions inhib­
ited the realization of their full ROP 
potential. 

The latest generation of PDC bit s 
employs thinner, yet stronger, blades, 
which permit large junk s lot areas a nd 
increased face volume to more efficiently 
handle the large cuttings typical of these 
bits. Rear impact hydraulic schemes and 
the incorporation of chip breakers into 
the designs have made for more efficient 
chip creation and PDC bits that are 
more resistant to bit balling than their 
earlier counterparts. 

With the advent of chamfered edges, 
buttress s uppor t , improved carbide 
interface geometri.es a nd polished sur­
faces, today's PDC cutters remain intact 
and sh arper much longer than prior 
designs. Durability aside, the polished 
cutter (a feature where the diamond sur­
face receives a mirror fmish designed to 
reduce frictional forces between cutter 
face and cuttings) also serves to reduce 
drilling torque. Less torque increases 
cutting efficiency by preventing the cre­
ation of a built up edge during the cut­
ting of ductile acting formation. 

BIT LIFE: ROLLER CONE BITS 
As shown in Fig. 4, the average life 

of a roller cone bit increased to 1,842 ft 
from 1,537 ft between 1989 and mid-
1995. This represents an aggregate 20% 
increase over that period or an increase 
of 3.1 % per year, when compared to the 
2.75o/o/year rate of increase recorded in 
the prior decade. 

A number of technical improvements 
are responsible for the improved dura­
bility of roller cone bits, many of which 
center on the bearing and seal package-­
the heart of a roller cone drill bit. Today's 
bearing technology has advanced well 
beyond that of just a few years ago. Most 
manufacturers have improved bearing 
perfonnance and seal reliability through 
better sealing mechanisms such as metal 
face seals,6• 7 improved elastomers, bet­
ter greases and grease compensator sys­
tems, and improvements to the bearing 
surface itself. Silver coatings on the bear­
ing surface work as a solid lubricant and 

help dissipate heat. All these factors 
have improved seal reliability and bear­
ing life, while at the same time expand­
ing the operational range of these bits 
into more demanding applications and/or 
operating para meters. 

For both TCI a nd steel tooth bits , 
longer bearing life has been comple­
mented with proportionate increases in 
the effective life of the cutting structure 
itself. During the past five years, slow 
demise of the steel tooth bit has been 
r eversed dramatically with major 
improvements in cutting structures. New 
hard facing materials and improved base 
metal tooth geometry for mill tooth bits 
have extended cutting structure life 
threefold in some cases. Coupled with 
better gauge protection through the use 
of carbide gauge inserts , including 
actively cutting diamond gauge inserts,8 

the Life of steel tooth bits is often much 
longer than previously thought possible. 

For TCI bits, new carbide grades and 
geometric shapes have made them more 
durable and have allowed teeth to be 
lengthened to facilitate soft formation 
drilling at acceptable penetration rates 
without compromising durability. 

BIT LIFE: PDC BITS 
Improvements in the life of PDC bits 

have been even more impressive than 
those achieved by roller cones. Since 
1989, PDC bit life has increased 115% 
to an average of 3,629 ft by mid-1995, 
Fig. 5. The 13.7% annual increase in the 
average operational life of a PDC bit 
clearly explains the growing popuJarity 
of these tools. 

Major technological enhancements 
that have driven the improved PDC bit 
life are tougher, more abrasion and frac­
ture resistant cutters,9 new dynamicaJly 
stable bit designs, LO tougher matrix 
materials and better hard facing for steel 
bodied bits. 

A number of factors have spurred the 
improvements in PDC cutter durabil­
ity. Manufacturing improvements in the 
s intering of polycrystalline d iamond 
have led to better diamond crystal bond­
ing, thus improving the ability ofa cut­
ter to resist abrasion. Higher fracture 
toughness has been achieved by improv­
ing interface geometries between the 
diamond table and the carbide backing 
to reduce res idual s tresses. Further 
improvement in the overall toughness of 
the diamond has been attained by pro­
viding better support for the diamond 
table by buttressing the cutter, or pro­
viding a carbide supported edge. 

With the arrival of cutters with dif-

~ 
THERE IS ONLY 

ONE FILTmt-' 
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EY 

FILTER 
TO: 

65 



Ulterra Ex. 1034 
Page 9 of 9

fering characteristics has come the abil­
ity to engineer the placement of cutters 
on a bit so as to optimize overa ll perfor­
mance. In concert with the development 
of cutters with different load carrying 
abilities, has come a better under­
standing of the stress state of the bore­
hole. Combining this knowledge in the 
design of the bit profile and the place­
ment of different types of cutters has 
greatly enhanced both durability and 
performance of fixed cutter bits. 

bi t pe r fo rmance is in stability a nd 
drilling dynamics. One of the key pieces 
of information discovered recently is the 
tremendously detrimental impact that 
vibration and off-center running have 
on a diamond drill bit. Anti-whirl and 
low fi.iction bit gauge designs that pro­
mote bit stability and resist whirl have 
led to bits that last longer and drill more 
consistently. 

THE FUTURE 
Another area where technology has 

been effectively applied to enhance PDC 
Roller cone bit performance will likely 

continue to benefit from advances in 

With the small-hole, horizontal 
drilling segment of the indus­
try in mind, Quality Drilling 
Technology has developed 
a small-<liameter, retrievable 
Measw-ement While Drilling 
(MWD) System.The pulser, a 
new, simple design, produces 
positive pulses and offers 
low resistance to flow.ll1e 
downhole assembly is batte ry­
operated for simplicity, and 
may be operated using a sec­
ond automatically switched 
battery pack fo r reliability and 
extended operating time. 

Quailty Vri[l111g 'Tecfuwfo9!J 
P. 0 . Box 15403, AusLin,Texas 7876 1 
Phone (5 12) 25 1-8465 
FAX (512) 251-5798 

Houston 
Phone O 13) 784-2345 
FAX (713) 784-4568 
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FEATURES 

• Wireline retrievable except collar(s). 
• Suitable for slim hole use, 3 'I, inch to 

8 inch collar sizes, designed to flex in 
tight radius and highly deviated ho les. 

• Positive pulse design with few 
moving parts; longer downhole life, 
easy maintainability. flow rates from 
75 to 900 gpm. 

• High accuracy direc tional data from 
reliable, field prove n Tensor direc tional 
sensors. 

• Flexibility of data transmitted and items 
displayed. Up to four field selec table 
operating modes, without retrieving 
the downhole assembly. 

• Capable of operation in the downhole 
environment to + l 50°C temperature 
and 20,000 psi pressw-e. 

• Uses proven qMWD and qBUS system 
for flexibility in operation and in 
module choices and arrange ment. 

qMlVD tm d qBUS (Ire lrt1demarks of 
Q ,w11/11111 Solutions, Inc. 
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material technology. Super-hard mate­
rials, such as diamond, are already mak­
ing t heir way into roller cone products. 
This trend will continue to the benefit 
of bearing and cutting structure life, as 
well as rates ,of penetration. Further 
roller cone enhancements are expected 
in the areas of improved hydraulics and 
more dynamically stable products. 

In the futw·e, PDC bits will no doubt 
benefit from improved cutter technol.­
ogy aimed at further expanding their 
application range into harder forma­
tions. Research is just now beginning to 
unlock the key to PDC cutting mechan­
ics. Down the road, the truly optimal 
PDC bit will be one that combines the 
right hydraulic design, with the right 
cutter layout and cutter selection to 
match the cutting forces required to opti­
mally drill a formation. It is also likely 
that more compa tible downhole motor 
and bit combinations will emerge. 
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