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DESIGN OF AN ULTRA-SPEED LAB-SCALE DRILLING RIG FOR SIMULATION OF HIGH
SPEED DRILLING OPERATIONSIN HARD ROCKS

ABSTRACT

Drilling is a common process in mining and petrotegngineering applications which have
different objectives. For example, drilling deeprdiwles in tight gas formations and gas shales is
becoming more popular in the oil and gas indufgycontrast, drilling deep small sized holes foneral
exploration in hard rocks is performed to obtaimpkes for grade analysis purposes. In both apjbicat
optimising the drilling process includes using thest effective operating parameters such as rotatio
speed and weight-on-bit in order to maximise thie @& penetration. Obtaining the optimum drilling
parameters requires sensitivity analysis over gaasf data, which would be costly and time consgmin
during real field operations. Therefore, conductsayeral experimental simulations in the lab wdodd
very beneficial before field operations begin.

A drilling rig was designed and developed to sirteilarious drilling scenarios. The rig works in
conjunction with an existing true triaxial stressl¢TTSC) which is in use for different petroleuslated
applications. The rig allows drilling into a cuhiock sample of up to 300 mm size. Three independent
stresses can be applied to the sample to simdatérrsitu field stress conditions while the saenplay be
saturated with fluid. A significant feature of thg is its ultra-high speed rotation which can tetap to
8000 rpm: this is to simulate hard rock drilling faineral exploration applications where large viagign-
bit could damage the bit cutters. With the propodesign, a drilling fluid of any type can be ciraidd in
the simulated borehole similar to the real situgtim study its effect on drilling performance. ThESC
drilling lid is equipped with torque and drag measuoent systems which are two important drilling
parameters to be recorded during drilling operation

It is believed that this new drilling rig will opespportunities for performing major new applied
research in the area of more efficient drilling ioth oil and gas bearing formations and mineral
exploration applications.
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INTRODUCTION

Exploration for hydrocarbons and unconventionabueses such as gas shales at deep and ultra-
deep levels (i.e. greater than 4km) requires telcigies suitable for drilling deep wells in a coffeetive
manner. Similarly, in the mining industry, extractiof deep minerals (i.e. greater than 3km) is dpein
targeted because near surface resources are dimmighe rate of penetration (ROP) has been cersitl
the key parameter to determine the efficiency dfinly deep wells. Larger ROPs would result in alvwe
be completed earlier; hence the rig daily costs atiter associated expenses would be reduced
significantly. The ROP is a function of many otlparameters including the weight on bit (WOB), riatat
speed (RPM), the type of drilling fluids used amniation properties. While several theoretical and
empirical models have been developed to determiiree dptimum values for these parameters, the
complexity of the problem especially when movingatmew well, has made these models approximate
only. Performing physical simulations in the labréproduce specific field conditions as close assjibe



to reality is a useful approach which will providegood understanding of how different parameterg ma
interact during drilling operations.

Investigation of technical challenges associateith wfrilling deep wells in the lab has been the
topic of research in the past. The results of ssdiarried out by Lyons et al., (2007) indicateat tine
costs of drilling increases significantly as depttreases and drilling the last 10% section of deefis
are more costly than any shallower intervals. Tisispartly due to the fact that the ROP reduces
exponentially as borehole pressure increases atagrdepths.

One of the large scale lab testing experiments lvivas performed to simulate deep well drilling
conditions belong to the efforts of Terra Tek (Blaand Judzis, 2006). In their study, the effectsewe
studied of different bits including 6 inch impre¢ed, 4-blade and 7-blade PDC and roller cone bits a
the drilling fluids used during drilling operationst ROP. Figure 1 shows a large drilled sampledifbut
of a pressure vessel and also the bits used irsthiy. The borehole pressure during the test wdsghn
as 10,000 psi and the results indicated how adiiegveight to the drilling fluid can significantheduce
the ROP. Also, it was observed that using diffetstst with various geometries, the ROP will be &liént.

Figure 1 — View of drilled sample lifted out of eegsure vessel (left) and the bits used for dgl(iBlack
& Judzis, 2006).

With the objective to increase the ROP in deep @D5fl) to ultra-deep (25,000 ft) oil and gas
wells, the US Department of Energy (DOE) develoged ultra-deep single cutter research drilling
simulator (UDS). Cost reduction was the incentioethat project. During the operation the rotatiogk
sample was cut using a stationary cutter whose gggmorientation and radial placement was flexible
The position of the fluid injection nozzle with pext to the rock sample could be changed and the
experiments could be done with different flow ratesl jet velocity. The angular speed of the rocteco
can be controlled up to 60 RPM, which is equivalent linear displacement rate of 6.8 m/s. The test
facility was basically under ambient conditionswewer, limited ability of controlling pore pressutre
simulate the spurt loss was added to the systerplyfyy X-ray observation techniques, it would be
possible to physically observe the solid-phasersaad flow of rock over extremely small time incrents
(Lyons et al., 2007). Figure 2 shows a computeregeed version of the UDS proposed in that work.



Figure 2 — A view of computer-generated renderifithe UDS ((Lyons et al., 2007).

The DOE, in a more recent study, used a new dyillig for simulation of deep drilling. The rock
sample had a dimension of 3x5x1.5 in. The rotasioeed of the bit was 10,000 RPM, which produced an
equivalent torque of 45 ft.Ibf. At reduced speedb00 RPM the equivalent torque would increaseaup t
350 ft.Ibf. The drilling fluid could be circulateth transfer the cuttings which were collected itiie
drilling tank. The experiment was conducted at ajpheric conditions which were not representative of
downhole drilling. Figure 3 (left) shows the compats of the system with Figure 3(b) being a vievaof
sample in place. Figure 4 shows a full view of thigling rig (DOE, 2010).
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Figure 3 — Components of the drilling rig used by DOE for deep drilling (left) and a view of sampl
ready for drilling (DOE, 2010).
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Figure 4 — A view of the drilling rig used by theéDE for deep drilling simulations in the lab (DOB1D)

While several other lab scale drilling facilitieave been developed and proposed for simulation
of deep drilling, it can be seen that most of themere operational under atmospheric conditions. In
addition, in the majority of cases the drilling sgevas not that high (i.e. over 5000 RPM) to sireukdgh
speed drilling which represents the hard rockidglscenario.

In this paper, a new rock drilling laboratory, wiibas been recently designed and developed, is
introduced. The drilling lid consists of a high sgeotary drilling system which allows drilling s& cube
of rock while the drilling fluid is circulated ardtilling parameters are measured. The set-up isegl@n
top of an existing stress cell in which the rocknpte can be subjected to three independent stressks
pore pressure. This unique laboratory allows irigaibn of the effect of different parameters on RO
including the in-situ stresses and allows diffemeak morphology and (faulted) geometry to be edll

NEW DESIGNED ROCK DRILLING LABORATORY

Figure 5 shows a view of an existing true triaxdaless cell, TTSC (Rasouli & Evans, 2010)
which was used as a base for setting-up the ndlingnmachine. Using the TTSC as is seen in Fiduie
is possible to apply three independent stress htwizontal and one vertical through the top lid,aorock
sample as big as 300 mm. The innovation of the aesign was to modify the top lid of the TTSC twwll
drilling into any rock specimen as schematicallysirated in Figure 6. As is seen from this figtire idea
is to drill through a rock sample, either dry otusated, with any size up to 300 mm cubed which is
subjected to three independent stresses. Thendrittiud should be circulated during drilling opeyas
and for hard rock drilling the set-up should alleery high speed drilling, in the order of 10,000NRP



Figure 5 — A view of the true triaxial stress ¢@IT'SC) developed at Curtin Petroleum Engineeriog)(t
and a view of a 100mm sample placed in the cel wihole drilled at its centre (Rasouli & Evans1 @0
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Figure 6 — Schematic of drilling through a cubick@ample subjected to three independent stresses



With the above concept in mind the top lid of thESTC was modified to be a drilling lid. Figure 7
shows the components of the new set-up. The maift passes through the top hydraulic ram and can
handle bit sizes ranging from 1-2 inches. Thediddaled using a set of extremely heavy-duty rcteays
that allow application of pore pressures up to @,@8i during the operation. The sealing system also
enables circulation of drilling fluid at pressungs to 3,000 psi by adjusting a special wide-operiagk
pressure valve. Employing a 7.5 KW 3-phase eleatator which is equipped with a Variable Frequency
Drive (VFD) along with a system of pulleys and beliifferent rotational speeds can be achievedimgng
from 10-8000 RPM. The Weight on Bit (WOB) is apdliey a hydraulic cylinder located at the very top
end of the main shaft: this can exert axial loapgai3,000 Ibf. The resulting torque on bit is meas
using a torque and rotary speed sensor whichtedfin the main shaft. The maximum torque that the
main shaft can tolerate is 120 N-m. A thrust begaimfitted between the rotating shaft and the aytic
cylinder to separate the rotating part from thécstzart.
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Figure 7 — The new lid designed for drilling sintigas in the lab



Different types of drilling scenarios can be sinteth using this innovative drilling lid. The
drilling can be done by applying constant pressumethe top hydraulic cylinder and monitoring the
resulting load on the shaft to represent a consfd®B. The depth of drill is measured using linear
variable differential transformer (LVDT) sensorsitftan precisely detect the movement of the maafi sh
relative to the rock sample. The data acquisitigstesn can be used to monitor the rate of drilling ay
changing hydraulic pressure in the top cylindee thte of penetration can be kept constant. Under-
balanced drilling can also be simulated by satugathe rock sample and applying pore pressure but
keeping the circulation pressure lower than theeppressure. When drilling a hard rock sample,
impregnated diamond bits can be used at higherdspéaster than 1,200 RPM) to enhance drilling
performance. The high speed rotation of the sHhdtva simulating ultra-high speed drilling for dirig
hard rocks in mineral exploration.

CONCLUSIONS

In this paper a newly designed drilling rig wasraofuced for simulations of deep drilling
conditions. The set-up is a lid which is used injoaction with an existing stress cell and can beduto
drill a cubic rock specimen up to 300mm. The systallows drilling at ultra-high speed of up to
8000RPM, which is useful to simulate drilling haotks in mineral exploration applications. The ldrg
mud can be circulated during operation and allddia can be monitored. Application of pore pressimet
real field stresses are unique elements of thigdes
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