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USING SPE TECHNIQUE FOR STUDYING BIT
PERFORMANCE FOR A SELECTED WELL IN
SOUTH OF IRAQ
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Ingineering, College of Sciences, A -Qadsiyia university

Abstract

The present study deals with drilling specific enerpy technique used to study the
performance of bits drilled an ot well in southern Iraq and exactly in oil vl (west
Qurna no. [ 5 in Basrah).

SEq had been caleulated for different depth and bit types.

Using the relationship between specific energy vs. depih, best bit pecformance
can be indicated where, lowest

value of calculated SEy refers to the optinum bit usad (o drill the determined
section and consequently reduces highly drilling costs.

Introduction

In order Lo breoak by mechanically or by thermally induced stresses, a sulticient
force of encrgy must be applied to the rock, such that the induced stresses will evceed
the rock's strenath. Stmilarly, when fusing rock sofficient heat must be appliod
produce Tocal temperaiures that exceed the mebing temperature at the rock. Onee
these threshold values of foree or energy are exceeded, the amount of eneroy recuined
to break or remove a unit volume of rock remains nearly copsiapt e CoeToy
parameter, which is a measure of the efficiency of the rock destruction

technique, is defined as specific energy

Cutting experintents weee carried out to quantity the dependence ol i 5ot
energy - on the bottom hole pressure and on the pore pressure inosholes o ke
experiments were conducted with an instrument cuttarg device speciallv dond ot
aperate inside triaxial cell This preliminary experionosil mvestization s
theareticul findings that the specitic energy depends only on bottor hole prossurs and
not on the differential pressure in shales under conditions when the rock 1w shear
dilatant In such cases. specific energy can indeed be expressed as S, = S, - MNP,
where 8L, denotes the specific energy under atmosplieric conditions, Py denstes to
bottom hole pressure, and m is a coelficient which is x futiction of the drilled angle
and the interna! friction anule of the shale @

1he drilling specific energy Sl is a very significant peasure ofF dritiimg
perfarmance. 1t is directly compatible with cost/meter, beeause it relates the apiom
of enerpy required to penetrate rock .SEy can also be used to quantily the efiteiens
rock working processes and rock hardness during drilling .This relationships b cen
drilling specific enerpy, dnlling rate and the main mechanical rock churagier 7
Drilting data is
summarized in a common format to provide a direct comparison of driiljng ¥ ;
jet pressure and hydravlic power “It is not easy to make any logical interprotiion of
raw data i.e., [bit load, rate of penetration, flushing pressure, rotary spead and rviation
pressure] and they represent a rather confusing picture. If however, these five
parameters are combined in a formula, describing the energy from the drill hit acting
on the soil . This formula represents specific energy needed to penetrate ene cubic
meter of the soil and the different layers of soft and hard soil are clearly visible &)
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Theoretical background

Specific energy parameter has defined as follows @ -
W "
SE,=— 0
o,
where , SLy is the specific encrgy (J/mm™), W is the hydraulic or roechanical
power (J) and Q, is the volumetric rate of rock removal (mm’)

In another words, the specific energy is defined mathematically as follows -

YT ot 4
o Energy Input !

Wi, =
o

e (2)

Volume removed d'/d,
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where ;- P = power Input (Watts), d¥V/d, = Volume time derivative
(cm3/sec)
Specific energy may use any consistent set of units It has been shown et tor rotary
drilling may calculated from the following equation!™ -
K

St - oo 3)
where - E = mechanical power Ib-in & V::aunit volume of rock in’
mechanical power can be caleulated from the following cquation :-

E=2a NIV o (4)
where N - rotary speed ( reyv/min ), W= weight on bit (1b)
and volume of rock removed can be caleulated from the following equation -
VxR ROP e (5)
where - ROP = rate of penctration (thr), R+ bit radius (in)
and now substituting equ.(4) and (5) Into equation (3) produces the followian -

2a N
THROP
and replacing Rowith D fes (hole diameter ), andaccording to that the Jufi ore not ]
Foiogeneous to be used into equ.(6), so conversion fuctors wsed to vet the inl'owing

SE, =

modiied ¢quation -
H-N

ko= o2n- 0 2D (7)

' [ ROP
whore - N RPM orrev /min » W=th, D-:in, ROP="[:/hrand

SEy-ib—in/in’.
Collection of data
Driflirg data had been collected from Baroid o]l company for a selected oil well

sample in South of Iraq (west Qurna no. 15 in Basrah).
Table (1) showed the data which includes depth, rate of penetration, rotery speed,
hole diameter, weight on bit, bit type and lithology .
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Table (1)
Drilling data collected from Baroid company

|Dl,pth Bit type[TROPH’ tary z| =Hol e L WOB T 2 Format:on.
[ . pERc et b
129 33 _Ipd [ 2, Ndhr Unnr eded shals
. *_\}f}j‘ | T4 . 2325 19 Shuaiba | Dolomite with nu_n_nr [JmLs one |
13102 JDI 3.624 1 69 12.25 18 _ Zubair leestonc with minor st hales |
}_:m 33 14233 | 80 [ 1225 [ 48" | Zubmir __{___Shales with minor sandstone |
(5302|7355 |'3085 | 60 1225 |18 | Zubair | interbeded o mudstones and shales
13338 | IDT | 266 65 | 1235 (__ I8 | Zubair | Shales & rn[c(_bc(f:g_g__wnutme“
}_3_-:0{ IDE 273 | w0 225 T o T Ratawd i_ Shales with Iimestane
[ 3417 *T, 2813 [ 65| 225 | T 20 | Ratawi T Shales with lmestone “{
| EER _ J__?S__ _‘1,9_2[ 60 _1225 20 _ Ratawi _ _ Shales ‘-\r-llh Im_lumr‘ I
B 3. | 1225 |20 | Raawi | SImluwnh lime: ___\!'}_c_ ]
121875 | 2025 | Katawi _
12 I_S?.*S_ o 1 X;_mt;n_nr__ ._IITE\[ODL with : m:“
2 T v~ i
8437 _ 95 | Yomama _ ) ] :mu nm i
12.?5 ) G ___- [ ‘r';u'na{n'; _' T L nm stone R '_J
8375 | 20 '_Suﬁiv“_ _L!mmrom, with thin in Lubun_. of
N J__ o '*nh‘.'t rihe
8.373 ! \uLm  Lime stane \wth thin Linter hods dsof
T I A B
8.375 1! [ \uhn Th‘lL\I(K \Nh thin R |b Js ol |
I _’ _ _ anbydrie o
37T J 17 "aulan Llrnumm with thin interieds of
o anhydrite
?s;.n’ﬁ__' 17 " Sul: m [ imestone \\1[]1 thin incerb: ‘s of
' _ ‘ ) _ N _{ L . . (mh\dntg . J
! .I{"J ij'_‘;_ |i|h7__ _“U . _.‘__3_?5__ | T [ ‘\ul m ] I ]mLS\OE]L mm anly i_.—it-._*__ _'
| G0y In Lagas R 8.373 [ 1 Sl ¥ | Lime stane with thin m: s beds of
‘ ) ~ o ‘ S R _ _. i]]]rdl’ll_
‘ 4100 ‘ _“‘ IRSYE O 8374 I 13 | Crotni _ An } edrite with thin in et ireds u._|]
S R . |_ __L_ I i___ o limestone & salt N
|_:_:__'|o_l 5 [20607 , ' _Gema_ T T e s
AREEE [ _ Gutaia F I‘m'm Jl‘_ e
kS I ) _Qﬁ_tn[u__ AN Nt
1 ' - Gotnia
N . Cn_-:_nmE_ N
Gotnia -
(J‘:'J.Il'l.iil_: S w0
) G_ot_nj_:_l Anhmrm wi th I[muﬁum Mo
B 3 . Gotnia C\Clc of's: 1|l .
’-m? | v 318 75 5625 7 Gotnia__ | 37 cycld of s
SR | R a8y | a2 5.625 5.5 Gotia | ~Anfwverite with I
M2 T4 5403 | 4o 5.623 6.5 Najmah |  Limestore ]
4443 F4 [ 1.405 55 5593 | 57 {  Najmah | Limestor.e s
45T 1T | 148 [ s 5875 | 43 Najmah Limesion
| 133 R
41‘ 53| 133 1 1640 64 5.873 6 Najmah Limesion:
HI93 LM 9 | 2,072 65 3.875 6 Najmah Limestone with sundstone :
_43 12 ] 133 246 64 5.873 6 Najmah Limestone with salt & anhydrite
1363 | OVDB | 1.613 | 120 5.843 6 _|_Najmah Limestone with salr & wh‘ drite
46151 OVB | 6.057 | 110 | 35.843. 6 | Namah |- Limestone




Results & discussion
SE, ecalculations:
The data collected used to caleuiate Sy using equation (7).
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The obtained values of SE: shown below in table (2)
Table (2)
SEy calculatcd vs. Depth

Fig.(1) Relation of SE; vs. depth
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Now alter SEy caleniations, we sketch Sliy vs. Gopin The resulied groph <honn i
HEAGRN
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We notice that each point on the graph represent bit performance regardiess the
trip timie, rig cost, and other parameters that offects the cost per foot (CPF). We will
show later how the best hit performance carried lowest values of Iy values .

Relation of ROP with SE;:
First of the distinguished part of the graph is that we notice verv low valy: of 8Ty
Le. 6938 Ib-in/ in3 at depth 4210 m .

[fwe return to penetration rate at that depth, it was 24.607 £t/ hr
The same thing, it has been realized at depth 4247 m, the caleulated STy was
76.873 corresponding to rate of penetration equals to 26.25 i /hr .

I we get benefit of the lithology at depth between (4120-4400 m ), it relers to
Ciotnia formation, and particularly at depth between (4204-4232 m ) the 1% evele of
Gotnia salt encountered . The presence of salt at that formation increases the rate of
penctration & consequently decreases the value of SEa caleulated according to
equ(7).

Also we realize the same thing at depth between (4300-4358 m} & particularly
atdepths 4315 &4320 m where, the sceond eycle of Gotnia salt, but S here are so
low like the first Gotnia salt i.e. 345.761 & 236.9%4 (Ib-in) / in’ respectively .

Final effect of Gotnia salt encountered at depth 4387 m1 where the third serics Gotnia
salt and the value of Sy at that depth was 85.625 (Ib-in) / in', so we realize that at
very high ROP SEy will be low,

Bit performance:

Using various bits to drill each formation as shown in table] {1 rroduces
various graphs of SEy vs. depth as following -
Nahr Unir and Shuaiba formations:

For botll above formations, we have only one point of readmes tor bit record
and consequently one point of SEy for cach formation. o it is insufficient 1 apply
Sy technigue for these formations |
Zubair formation:

Fer ths formintion, and according of iUs Litholozy . which most o7 it i i
with Tittle bit o shalz, so we see that optimunt (best) bit used to deill this sevCon is
ID4 becanse it carries lowest value of SEyThis conclusion is identica] to which used
by bit comparison chart ' where D4 bits classified under insert mediam hits where,
medium refers to medium formations Le. between sofl 1o hard Tormations & here
imestone represent this formation Fie2) ilustrates vatues of 81y v dopih fior
Zubarr formation.

e
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Yamama formation :

For this formation we notice that €20 bit carricd minimum Sty wihich tha
meants it is the best, but unfortunately the bit comparison chart that
we used does not include €20 bits into it in order to conliom our choice (o e these
bits.Tig.(3) illustrates Sliy vs. depth for Yamama formation

Fig.(3) SE, vs. depth for Yamama

formation
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Sulaiy formation :

From the litholozy for this formation, we realize that most of it is limestone
plus Anhydrite, and from fig.{4) we notice that minimum value for SEy corresponded
to F55 KJ bits, which it is classified according to bit comparison chart under insert
hazd bits where, hard refers to hard formations such as limestone and arhydrite and
this 15 identical to our formation i.e. (Sulaiy formation) .

i( Fig.(4) SE, vs. depth for Sulaiy formation
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Cotnin formation :

FFor this formation the best bit is 13 because it carried lowest value of S, and
accordimg to bit comparison chart these bits classified under milled tooth soft bits
wliel 1t 15 used for soft formation, and this is true because most of Gotmie formatiorn
15 salt and soft anhydrite which considered soft formation Fig (3) illustrates his reality

Fig.(d) SE, vs. depth for Gotnia
formation
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SE4 [(Ib-in}/ in3]

Najmah formation :
For this case the best bit used is F4 because it carried lowest value of SEq i.e.
179.658 {{lb-in) / in’] and according to bit comparison chart these kinds of bits
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classifiecd under insert medium bits, and from the lithology of Najmah foimation
which most of it is limestone .

And as known that Limestone considered as medium formation, so it confiims the
reality of bit comparison chasrt. This ro ality shown in fig.(6)

bClO‘»V.

! Fig.(6) SE, vs. depth for Najmah

i formation
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Conclusions

1- 8V, technique 1s 5o uselul and ceconomical method to evaluate the drifling bis and!
bit performance by optimum bit selection .

2« Lowest Sy occurred ot hichest rate of penetration .

3- “The drilling parameters such as welphit on bl rodeny spesd and bt sive s

shightly efteet on S¥ rathee than rate of penetritivn .

- Optimaum bils can be selected at cach fomasos noplettins NPy v dopinn vl
bits which carried Towest SEy are the best o opllmum Dits ard comceguontiy
reduces drilling costs |
- Optimam bit drilled Zubuair formation was J[0 brt, while C20 B o Sutaiv

tormation, J3 bit for Gotnia formation and I 4+ for Najmah formation

6- W can apply this technique for the ac Hucent wells to get optimug bits e G drill
simmilar formations and consequently reducing drilling operation costs.
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