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THE VALUE OF STABILIZATION

Any evaluation of diamond drilling usual'ly invo'lves consideration
of some- erratic or djsappointing bit runs. Certain basic questions
can be asked regarding the vast majority of these particular runs:

I^JHY do diamond bits often exhibit uneven diamond wear and

- bulning, even in softer formations?

I,JHY won't higher weights on a diamond bit make the bit drill
- faster?

l^lHY do diamond bits sometimes have to ream when following
- rock bits of the same size?

l^lHY do di amond bi ts dri l l good wi th stabi l i zati on i n some

- instances, and Poorly in others?

These questions are so fundamental that most people in the
drilling inciustry have heard them time and again and assume that
most of the answers are s'imp1y not known or that each example is
unique and not applicable to the other.

To develop the answers to this list of h|HYnS, we should review
the fundamental mechanics involv'ing diamond drilling for clues to
the possible causes of disappoint'ing bit runs.

In very basic language, a d'iamond bit dri'lls in the fo'llowing
manner:

A. The convex, concave, contoured bit is pressed agiinst the
formation to engage the diamond surfaces against the rock.

B. Flujd is circulated through predetermi.ned routes jn the
'bit face to cool the diamonds and remove the cuttings.

' C. The bjt is rotated, and weight constantly appljed to
maintai n di amond Penetrati on.
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is that all of the above factors can
extent bffio common exi sti ng i nf l uences :

hole -- By this we mean the actual
the hole wa'll.

Important factors which influence diamond bit performaLce
excl us'i ve of rock qual i t'i es are :

I A. Assuring that the bit face is constantly sea'led against
the formation so that the pressure differential developed
by the fluid is not disrupted, and imegular fluid f'low
resul ts.

B. Maintajning concentric rotation of the bjt face with the
centerl i ne of the dri I 'l stri ng member above 'i t.

C. Maintajning constant fluid supply across each diamond so
heat and cutt'ings can be removed from the diamond area
as they are developed.

D. Initiating drilling w'ith a diamond bit that has not been
damaged whjle getting to bottom.

When these qualifications are met, diamond b'it performance is
generally satisfactory to the operator. When any of these factors
is missing, the possibility of poor performance increases considerably.
When several are eljminated, it is a virtua'l certainty that an un-
satisfactory run will result.

An often oVerl ooked fact
be influenced to a tremendous

l. The shape of the
gonf_i gulati on of

2. The nature of the drill string above the bit.

Probably 60% of unsat'isfactory oilfield diamond bit runs can
be attributed to one or both of the above being i1l sujted for the
use of a diamond bit.

l. THE SHAPE 0F THE HOLE In earlier days of diamond coring,jtwasnoffiacorethathadasp.ira1confjguration.
As these cores accumu'lated, a few characteristics of the spirals became
evident:. " ,

A.' The maiority of the cores exhibited a l.ef-t-hgj:-d spira'l , and
resembled a coarse thread in appearance.

B. The distances between the spirals reduced in harder formations.
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SPIRAL CORES

The cores"illustrated above reflect a mirror image of the hole wall

as jt was cored. The pitch (or distance between spiral ridges) represents

the djsta"nce cut in the time interval necessary for that portion of the

core barrel making wall contact to make one complete revolut'ion.

The djstance between spirals increases in softer drjlling s'ituat'ions

where penetration rates are higher (example on far left), and decreases

jn harder rock where slower penetration rates preva'i1 (examp'le in mjddle).

(3)



tdDB 69-A

C. The actual diameter of the core was not necessarily
undersize.

l

Reconstruction of, the mechan'ics necessary to produce the above
characteristics suggested that as the bamel was being rotated to the
right, and weight appl'ied, a buckle developed 'in the barrel . When
th6 buckle became great enough to make contact with the ho'le wall'
the right hand rotatjon of that tube causes the barnel to "walk" the
hole will in a left-hand direct'ion. This action results in the core
barrel being consffin'Tlft'ilted, and a left-hand spiral superimposed
on the core. The core itself will not necessarj'ly be undersjze; in
fact,'it should be full size when measured diagonally with the p'itch
of the sp'i ral s .

When the mechanics producing a spiral core were finally 'isolated,
two fundamental approaches resulted in jts virtual elimination:

Stab'ilization of the Core Barrel.

Deve'loping core baruels with extremely stiff outer walls
which resisted bending.

These basib approaches were so successful that spiral cores are
very rare today, but the spiral core evjdence'itself has remained tojlllstrate a part'icu1ar1y significant fact -- it is the miqfor image
of the outer portion of the hole wall when dri"lled with unstabilized i-
atr€T;er was defined by Treichler in a pubf ished article in a 1959 issue
of lrlorld 0il when he defined the formula for deriving the effectjve
hole diameter when drilling with an unstabilized assembly. His.T6rmuTil-

EFFECTIVE HOLE DIAMETER Bit 0.D. + Drill collar 0.D.
2

defines the max'imum diameter of cont'inuous length that could be
lowered into a hole dri'l1ed by an unstabilized assemb.ly. This formula
is effective in'calculating casing diameters to be run ir; a hole
drilled wjthout stabilizatjon, but it is particu'lar1y effective
i l l usti'ati ng the prob'lem j n runni ng sti f-f , packed hol e di amond
assemblies behind unstabilized assemblies.

A.

B.

(4)



POINT C

POINT B

(5)

AS THE DRILL COLLAR IS

IN A RIGHT HAND DIRECTION,

(Pojnt A) R0TATES IN A LEFT

POINT A

ROTATED THROUGH A BEND

ITS POINT OF CONTACT

HAND DIRECTION.

DUE TO THE BEND IN THE COLLAR, THE BIT IS TILTED

FROM ITS CENTERLINE I,JHICH CAUSES "ROUNDING OF GUAGE

SURFACES AT POINT B, AND LOSS OF HYDRAULIC FLOhJ AT

POINT C.
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Us'ing current
specific bit size
d'iameters :

BIT O.D.

6 3/4"

6 3/4"

6 3/4',

6 3/4"

DRILL COLLAR O.D.

4 1/8"

4 1/2"

4 3/4"

6 3/4', -

69-A

EFFECTIVE HOLE DIAMETER

5 .437 "

5.625"

5.750"

6.734"

oilfield pract'ices as example, t^le could use a
and vary the collar 0.D. to achjeve effect'ive hole

1/32" Square
Col I ar

Following a 6 3/4" Roller Bit dril'ling any-of the-four hol.es w'ith
a bit of the iame length would not produce problems. A djamond bit of
a ionger walt contact length (as most diamond bits are) would probably
frave Jifficulty with the top three and,only.size reduction would
jttow it to go to bottom easily. Stab'i'lized assemblies would only
be able to fol]ow hole dri'lled with a square collar without serious
bit size reduction.

A recent example of the above table occurred in the Rocky Mountains
where a 8 I /2" 6it'with 6" drill collars was be'ing drilled with only
i ntermi ttent use of stabi I i zers .

To prepare the hole for d'iamond drilling, a roller bit was run
with a rbttbr reamer at near bit to assure that the spirals jn the
hole were reamed out --- however,.the assemb'ly was pulled out of guage
and the ho1e was obvious'ly not reamed out.

A diamond bit with a diamond near bit stabilizer was run after
the roller bit and requ'ired to ream for over l2 hours before reach'ing
bottom, and was pulled imrnediately when i! yor]d not perform sat'isfactorily.
iiaminition of the djamond assembly showed both the bit and stabilizer
io be worn under guage, and the djamond bit having a well defined groove
of 7 5/8" diametei on the bit face. The groove gave no evidence of
being caused by rotation on iunk; in fact, it appegreg.to have been
made-in the abience of normal circulation across the bit.

hJith the knowledge of the ho]e condjtions, jt appeay's certain that
the bit was grooved b! progressjve reaming of the outermost portions
oi-tf.r. r.*iiiing spiriti in tfre hole. The groove diameter of 7 5/8" is
io close to the-7 i/4" diameter suggested by Treichler's formula that
ii is si.g'nificant as a c'lassic example of app'lied theory correlated
wi th f i e'l d e-vi-dence .
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These facts, p'lus extensive accumulated field data have
established that cbrtain basic procedures should be respected when
running diamond bits:

When downhole programs jnclude dri'lling with a stabjlized
djamond assembiy,-the roller bi,t=as?9m 

,

shoul d be_stgpil.iz@same anti cj pated
manner.

A stiff "packed" assembly should never be run following qn
unstabi l i ied assemb'ly, unl es.q the l ast bi t run i n the hol e
had been run wjth a ijmiTAFTy spaced assembly and had gone
to bottom successfullY.

I,rlhen following an unstabil jzed rock bit in medjum to hard
dr1 l l i ng si tuiti ons , di amond bi t d'iameter shoul d be re-
duced aicording to area standards to e'limjnate ream'ing to
bottom.

These procedures are not new' nor do they represent radical
departure from certain accepted dri11ing pract'ices. They simply
are rem'inders of precautjons to consider before runn'ing any type
of djamond bit assemblY.

It js also conceded that certain areas w'ill have spjrals of such
magn'iiude in p'itch that they present. no problem.in effectjve hole
sjie, and thal these areas may also have ho'le diameters"increase
due io fluid washjng the hole; however, the v.ast m.\iority of wells
drilled wil! qualify for these procedures.

A fjnal point on reaming with a djamond bjt ---- the diamond
b.it.is designbd to operate sealed against bottom develop'ing a pressure
djfferentiai across the face. When reaming, only the outer portions
of t6. bjt are in contact with the formatjon and no pressuF gifferential
is Aeveloped across the b'it. Djamond surfaces are generally burned
quii. .apidly under these circumstances' and loss of guage surfaces
occurs very qu'tck1y. The bit when finally_reach'ing,bottom is requ'ired
io operate-witf, a modifjed flu'id distribut'ion. (the 0.0. flujd area
will'be drastjca]1y changed due to guage wear), and the outer diameter
*i.f j f if<.fV be ecclntric-in shape due lo uneven gu.age.ryqafr Il add'it"ion'
diamond failure at that port'ion'of the bit surface'injtigling into the-;;;g; ;..i tr 1ike1y due to the reaming-, and.this.generally results in
[iolressive failure-from the outer surfaces 'inward'

2.

3.
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2. THE NATURE OF THE DRILL STRING ABOVE THE BIT
differenc o --
supposed to make hole!"

How many times has a diamond bit gone'into the hole with that
blessing -- one that assumes the bjt w'ill do the digging, and the
drill string is simply there to do the rotating. The fact that most
diamond bits do a sat'isfactory job tends to obscure the fact that
addi t'ional performance coul d be real'ized by 'improvi ng nothi ng e'lse
ffiring immed'iate'ly above the bit.

As an example, examination of the outer surfaces of nearly any
diamond bit after being run wjll reveal a rounding effect on the
uppermost guage portions. Closer examination will reveal multiple
circular striations in the rounded matrix metal. To achieve this
effect, the bit must be experiencing tiltjng in the hole while rotating,
and reflecting the degree of tilting in that worn portjon of the guage
not containing diamonds. The rounded guage surface is the vj.sible
evidence. The obscure ev'idence is in d'iamond surfaces broken and
burned even though the formatjon not extremely hard. When the d'iamond
bit js tjlted enough to round the guage surfacesr a corresponding
tilting of the jnner cone area occurs and a loss of fluid control
followi. Since the f"lu'id is requ'ired not only to remove cuttings, but
to also cool the diamonds -- then it is logical that burning of these
di amondsEF-os j te the rel i ef si de of ti I t'i ng wi 1 1 take p1 ace as the
tilting providei a large escape area for fluid. To reduce the ti'lting
effect on the diamond bit, two basic approaches have been found to pro-
vide constant improvement:

l. Increasing the stiffness of the drill collar section.
2. Stabi I i zati on

Recognizing that stiffness is directly proportional to the drill
col l ar moment of i nerti a, a compari son of tt^to dri l l col l ars commonly
run in one specific bit sjze illustrates the vast djfference in stiffness.

DRILL COLLAR O.D. DRILL COLLAR I.D. MOMENT OF INERTIA

4 1/8." 2" .l3.3 in.4

4 3/4' 21/4', 23.2 in.4

"What
i t's
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The 4 3/4" collar js near'ly twjce as stiff as the 4 l/8" collar
whjch expraihs ilre tendency to_haVdTaster d'iamond bit runs w'ith b'its
,rirg thb lurg.si possible- drill collar. It also explains the success
oi';;il..uV-hJ;ii; .0i". bamels in maintaining 1ow. cost while 'increasing
p..trr*ii..l Wh;; an assembly above a d'iamond bit can be made more
;ibi; inO stiff --- performanie increases wi'll nearly always follow.

STABILIZATION

The intent of this paper is to relate the sigfificant contribution
that prip.r-iiuuiiiiatioh tan make to diamond drilling. we have attempted
io-orifihe the *uny-iyrptoms of need for stabilization as well as the
iimiiations 'imposei oir itaUil'izaTTon- by the hole cond'itions'

lnl.ith these conditions in mind, the function of the stabil'izer on

a diamond bit should be:

A. To resist bendjng forces while transferring wejght to the
bi t face

B. To assure that adequate wall contact area js maintained
duri ng rotat'ion.

C. To assure that the bit is sealed aEainst bottom at all times'
'ina-iflut rotation of the bit face is concentric w'ith the
threaded connect'ion .

When these condjtions are met, the max'imum use of flu'id-hydrauf ics
is possible, as well as assurance ihat diamond loss will be limited to
;;fi;i-i.rrr'rpiion au. to formatjon characterjstjcs. The results of
o"oo., stabitizaiion in terms of better hole conditions are d'ifficult
to measur..,n.*i.i t..*r and values. The results of proper stabiliza-
fi.;'i;"tlttl ofjn.reased d'iamond bit performance can be shown in
cases where many aiimond b'its have been-Ili--ln- a-Specif ic area'

As an example of this ' we can refer to the state of Mjssiss'ipp'i
where;.;p ail;[over drjlling has recently involved the use of con-
siJeraure'numberi of diamond bits. Bit rbcords involving_ 10'500 feet
ot-iormation diuronO aritted were surveyed compaping performance of
nit. run both wjin anO without stabilization. - Diamond bits run w'ith
stabit jzatjon iflo*.J a SAZ increiie-j,n- p-er:Sliatign late, while aTso
trrcreasfng=ola1 footage per bit by 8%!

Another example in comparative performances 'is a deep-hole drilled
in soui[-l.i,i;i;il nv u maibr operator where the 5 3/4" hole lvas drilled

(e)



DIAMOND BIT RUN bJITHOUT STABILIZATiON

THI SIGNIFICANT ROUNDING OF THE GUAGE SURFACE

TI1E DEGREE OF TILTING THE BIT HAS EXPERIENCTD.

STA3]LiZAT]ON

t,.
I

DIAMt]ND BIT RUI,I i^JITH

(t o1

ON THT UI{STABILIZTD BIT ]LLUSTRATIS
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with roller and diamond b'its to below 18,200 feet. The last of three
tw1stoffs resulted in the bit and collar section being cemented in the
hol e.

A total of 806 feet of hole was diamond drjlled by thre.e Williams
b'its. The d'iamond bi ts exhi bi ted rounded guage surfaces and uneven
diamond wear even though min'imum weights were run on them. After setting
a whipstock, the same sect'ion was diamond drilled by anotheridentical
liilliams bit wjth a packed hole d'iamond stabjlizer assembly. The
section of 924 feet was drilled with one bit; no ho'le problems occuredjn the same section where a severe dogleg exjsted in the original
hole --- the bit was pu1'led with no vis'ible rounding of the guage
surfaces. The savings of two trips p'lus two bjts are minor compared to
three prior fjshing jobs caused by the doglegs jn the hole, and yet
represent the only real demonstrable savjngs by stabilization. Twist-
ofis, or other hazards due to hole conditjons cannot be accurately pre-
dicted or spec'ifically evaluated jn terms of dollars. But' they do
represent a common hazard usually e]'iminated in a smooth bore hole
drilled by a well stabilized assembly.

These examples jllustrate the effect and 'influence that proper
hydraulics and consistant djamond wear can have on djamond b'it per-
fLrmance. The stabil'izers do no more than assure that the diamond b'it
'is not tilted whjle drjlling, and that the bit face rotates concentric
to the threaded connect'ion -- when thjs is accomplished, performance
is improv'ed and footage 'increases.

In the same area, d'iamond bjts are run on 15 foot free flotnr
stabil'izers, some on square drill collars out to bit 0.D., and st'ill
others on diamond stab'il'izers. bJhat type is best, and why do people
use such a variety?

The answer is simple -- there is no demonstrable "best" stabjljzer
for d'iamond bjts, but there are severaT-types that have clear cut
supepiority over others and th'is superiorjty is based on certain features:

l. Hard outer surfaces that are concentric w'ith the threaded
th

EungsTen carbide particles fused into the surface. The outer
suriaces are often warped by heat during weld'ing, as well as
bei ng 'irregul ar i n thi ckness due to the tungsten carb'ide

.be"ing applied unevenly. To assure that the outer surfaces
are concentric, the mbst dependable metho'd yet deve'loped' invol ves gri ndj ng the stabi I i zer! bgtwegn cente.r9. Thj s
procedure aCcurate, concentri c
stabilizer surfaces capable of susta'ining long rotat'ing hours
jn medjum to soft drjl'ling applicatjons.
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2. Accurate outer dimensions ---- API specificat'ions for diamond
they a11ow on'ly a small minus

, tolerance. As an example, a 6 5/8" diamond b'it has tolerances' of 6.625" *0.000", -0.0.l5". 0n the other hand, stab'il'izer
tolerances vary from manufacturer to manufacturer since there
are no API spe-ci f i cati ols r.egat:d.i ng thei r tol erances -- wh j I e
this-Ti assurance enoug ize
tolerance, it'is complicated by the fact that there are not
even manufacturers' gui del i nes governi ng the most cri ti cal
aspects of a stabilizer -- its s.j.z*e and concentricity!
To illustrate the problems this can create, consider the
appf ication of a diamond bit w'ith a near bit stab'il'izer
which is oversize by 1/8", and out of true 3/16". The
resultant eccentrjc motion applied to the bit face from the
crooked stabilizer would cause the bit to rotate eccentric
rather than concentric. The oversize nature of the stabil'izer
would create excess'ive torque, and result in the operator
runni ng "less wei ght (i t tre di dn ' t twi st of f ) and therefore
realize still another reductjon in performance. When the bjt
was pulled and examined, the djamond bit representative would
jmrned'iately be called to explain the premature wear and slow
penetrat'ion rate when he had a well stabilized assembly!
This situation is not unjque, and occurs tjme and again, and
yet it has a simple solution --- ring guages! Any stabi-l'ize_r
as_s-emb_1y_to be run w'ith a diamond b'it sllgu.ld- be held to !he.
same d'imens'ional demands as the bit, and should be rjng

The process of grinding between centers establishes both
demands on bladed stabil'izers. At the same tinre it is
being ground to the correct diameter, 'it is bejng ground
concentri c.

The majority of oilfield stabilizers considered for use wjth diamond
bits are discussed below with specific comments regarding their uses.

ldelded blade "Tantem" and "Free Fl ow" l5 foot Stab'il i zers ----
ese sta zers nave ad considerable success in super packed

hole assemblies and have
di amond bi t runs. They
betwgen centers.

been assocjated with some outstanding
should be API ring guaged, and ground

Cdnventional l,lelded Blade, and Integral Blade Stabil'izers ----
ing

and proper number of stabil'izers varies with operators, although
most' nou,r run short dri l l col l ars between the near bi t stabi l i zer
and the-.next stabi I i zer.
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Souare Dri I I Col I ars ---- l,lhen dimensi onal tol erances are accurate ,ffirue to the connectjons, these tools prov'ide
very good stab'i I j zati on for di amond bi ts . Square_ - 

col I ars that
are worn, or that have been stra'ightened in the field should never
be run in the bottom 30 feet of a drill string r^rith a diamond bjt.
Roller Reamers and "Knobby" Stabiljzers ---- These stabjljzers

irable condition. In
addition, they have the smallest wall contact area of any stabilizer
since it is a point contact area' In hard, well consolidated rock'
a roller type stabilizer is sometjmes used, but the vast maiority
of drilling applicatjons wjth these assembljes have not been
satisfactoiy. It js believed that under stress conditions the
rollers tend to "bite"'into the hole wall and cause eccentric
rotation. By and 'large, we discourage the use of these type
assembl 'ies as stabi I i zers wi th di amond bi ts .

Diamond Stabiljzers ---- D'iamond impregnated stabilizers cannot
@nters. Their accuracy must be established at
the time of manufacture. Due to the nature of the blades, they
wjll not warp during welding, and therefore ring guaging'is an
adequate chebk of dimensi onal accuracy. - To mainta'in concentri c
rotatjon, the threaded connect'ions should be cut only after the
blades have been trued with a dial 'indicator in the lathe.

|rthafl Sjze? To provide the most effective stabilizatjon, the
sTA5illzers should be the same size as the diamond bit. Runn'ing
a stabilizer 1/16" under the bit size will not provide functjonal
stabjl'izat'ion near the bjt -- it could be tolerated up the hole.
Thjs js one of the qualitjes of diamond stabilizers that should
not be overlooked -- they majntain djmensjonal accuracy for
extremely long Periods of time.

How Many? The number and spacing of stabilizers varies wt'th
erds-ffid operators. A mjnjmum of two stabilizers is suggested
with one at near-bjt and a stping stab'i"l'izer spaced close by.
In many cases, as many as four to sjx strjng stabiljzers are
run at :0 toot interfals above the first two stabilizers.

SUIqMARY -- There are no doubto exceptions-to the broad guidelines
inpluEecFIn-this reference to the value of stabiljzation. llowever, jn
the vast majority of diamond b'it app'ljcations thes'e procedures have.time and agiin resulted in ovgra.].l- r-ed-uctign qt afj.l'tt-ng 99$!, and
this'is the jntent of our eifort! to accumulate and present this
i nformati on .
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l,,le ori gi na1 'ly 
.1 i sted four cornmon l,llHY 'S regardi ng di amond dri 1 1 i ng .

14'ith the information developed in th'is presentation, we feel that the
answers can now be provided:

WHY do djamond bits often exhibit uneven djamond wear and burning
even in sof ter" format'ions?

ANSWER -- beca'use they are tilted on bottom due to bends in the
collar section, and lose the'important hydraulic control
across the b'i t f ace.

U-lY won't higher weights on a diamond bit make the bit drill faster?

ANSWER -- As long as a diamond bit is he'ld firm'ly against the
formation and rotated concentric to its centerline,
addjtional weight will make the b'it drjll faster. lnlhen
addi,tional weight causes buckling of the drill string
and tilting of the bit, performance w'ill fall off.

WHY do diamond bjts sometimes have to ream when following rock
6JTs of the same size?

ANSWER -- The longer guage section of a diamond b'it interfers
with. the spira'l hole configuration left by the shorter
guage section of a roller bit.

l,,lHY do diamond bits drill good with stabilizat'ion in some 'in-
stances and poorly in others?

ANSWER -- When a properly designed stabilized assembly reaches
bottom jntact, it nearly always results jn good
performance. If the assembly is oversized, not con-
centric to connections, or otherwise faulty due to
design, jt will not perform satjsfactorily. In
add'ition, if the assembly suffers loss of guage or
grooving of the bit whjle reaming sp'irals, it will
result'in poor performance and high costs.

I

Djamond bjts have a continually 'increasing appf ication in the
oil fjeld. Their use can be made even more profitable by the use of
proper p'lanning of drilling assemblies associated with these bits. The
savings.that can be real'ized far outweigh the very nominal costs of
proper equipment to go w'ith the bjt.
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Similar bulletins regarding stab'il'ization have been used within

111i'l l i ams Di amond Bi ts to further advance the tl'i 'l l i ams personnel i n

the basic principles of stabi'lization. At the request of several

interested individuals outsjde of this company, we have expanded the

basic bulletin to include more specjfic information for those who

m'ight desire it.
1,'1e wish to acknowledge the considerable contribution and inf,luence

on this bulletin by Mr. L. hl. Short of our company. Without hjs

significant contribution, the bulletin would have been without a great

deal of proven fundamentals that he has shared in deve'loping over the

years
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