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H storical presentation

The United States is the country fromwhich Rotary drilling spread
t hr oughout the worl d.

In two decades man has congquered space. However, as regards the
interior of the Earth, in 2000 years Man has not been able to penetrate
more than 5 miles of the globe’ s total radius of about 4000 miles. At that
depth, technical science reached a critical limting point.

Modern technol ogy has succeeded in overconing the Earth’s
gravitational field and surpassing the speed of sound, but has not been
able to overcone the hardness of the Earth’s shell (lithosphere) and
hydrostatic pressure at great depths.

Romani a was the country where the exploitation of petroleum
deposits began back in the 17'" century.

Bucharest was the first capital in the world which was illum nated
with petroleumdistillate. This was instituted in 1857 by the
Mehedi nt eanu Company.

At that tine, 1857, Colonel Drake in Anerica began drilling the
first well in Titusville, Pennsylvania, the success of which represented
t he begi nning of the gigantic devel oprment of the oil industry in the
United States.

The science and technology or oil drilling underwent a great
devel oprment in Ronmania in the period between the First and Second Worl d
Wars. The Ronmanian oil fields becane the forum and the training grounds
of the world s petroleumdrilling technol ogists. Therefore, during this
period, | personally net in Romania many Anerican petrol eum engi neers.
For exanple | can nention M. Fair and M. Quess, under whom | began ny
engi neeri ng worKk.

During this period, throughout the world, vertical drilling was
not used because the technique for vertical drilling was not known. For
that reason, in Romania, research facilities were instituted by ne to
di scover scientific and technical reasons why vertical drilling had been
unsuccessful . | concluded that vertical drilling had fail ed because
Archi nedes’ Principle had not been considered, and secondly that this
principle had not been adapted for great depths.

At the first Wrld Petrol eum Congress in London, which took place
in 1933, | attracted nuch attention by the presentation of ny paper
entitled : « Scientific Considerations on Mdderne Drilling
Techni ques », which included the scientific inportance of Archinedean
pressure and which al so discussed the possibility of |ong distance
transm ssion of sonic energy, fromthe surface, through the drilling
string, to the bit.
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At the Wrld Petrol eum Congress in Mexico City in 1967, it becane

evident that the 5 miles Iimtation on drilling had becone obsol ete and
the future of drilling technique would depend on sinultaneous rotative
and percussive drilling, described and patented by ne in Romania in 1934

and in the U S A in 1937.

Prof essor Rene Navarre, president of that Congress in Mexico City
and al so of the French Petroleumlnstitute, enphasized both at the
begi nning and at the conclusion of the Congress that drilling technique
had been devel oped nostly enpirically and not sufficiently
scientifically, and observed that it would be necessary to work nore
scientifically, just as | had pointed out during the first Congress in
London in 1933.

NEW STATEMENT AND | NTERPRETATI ON OF ARCHI MEDES' PRI NCI PLE AND I TS
APPLI CATI ONS | N MODERN DRI LLI NG

Worl d technical progress has needed an increased petrol eum
producti on, and because of this, in order to ensure a steadily grow ng

production, better drilling techniques were devel oped.
At the beginning of the twentieth century, rotary drilling becamne
the leading drilling technique throughout the world, due to the possible

mechani cal speed, but the holes were sonetines seriously
crooked,requiring costly fishing jobs and sone of them were unsuitable
fromthe technical point of view

The behavi our of defornmabl e bodi es conposed of tubular materials
and sucker rods, used in drilling, and producing oil wells, creates
difficult and delicate problens fromthe practical, technical and
econom c point of view This is because, unlike the surface operations,
these bodies get in the bore hole in static or dynanmi c contact with
various effects and | aws of physics under conditions conpletely beyond
the conditions under which these have been studi ed and fornul at ed.

After the First World War, the nunber of rotary drilling wells
increased rapidly and in the drilling technique, the causes of the
devi ations were investigated and al so the possibility of drilling

strai ght hol es.

Al the now innovations in connection with the nmanufacture of
special tools, reaners, etc., did not overcone the difficulties in
obt ai ni ng straignt hol es.

During the period of 1925-1934, | researched the causes of hole
devi ations, succeeding in solving the problemonly by abandoning the
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classical principles of the hydrotechnics and drilling techni ques of that
time.
Short history of the proportional drill-collar problens

The di scovery of new sciences and techniques is often inpeded and del ayed
by the inertia of old traditions.

During the |ast four decades, wells drilled into the earth’s crust
have progressed, advancing from2 niles to 5 mles in depth.

The drilling string works in a fluid nmediumand its behavi our and
conposition is analysed according to the classical Archinmedes’ Principle,
whi ch was nade two thousand years ago.

Here is the principle enunciated by Archi nedes as expressed in
« La grande Encycl opédie » - Paris :

« Any solid imrersed in a liquid receives frompart of this liquid
a vertical thrust directed upward and equal to the weignt of the fluid
whi ch it displ aces.

The point of application of this force is at the center of
gravity, not of the solid itself, but in the center of gravity of the
liquid mass of the sanme shape as the solid displacing it.

These two centers of gravity coincide when the solid is
honbgeneous.

Cenerally the center of thrust is considered to be at the center
of gravity of the supposedly honogeneous solid. At this point the liquid
force is applied. »

On the basis of this enunciation there was introduced into
hydronechani cs the principle of apparent weight.

The loss of the drilling string’ s stability and the crooked or
Spiral holes in drilling could not be renedied, owing to the use of
classical principles of hydromechanics, which did not permt us to find
the real causes of these deficiencies.

The upsetting of certain classical traditions led to the discovery

of new ways in hydrotechnics and in drilling technique and inplicitly to
the finding of the factors which cause the hole irregularity and after
that to the use of newdrilling nmethods in which | have inproved rapid
vertical drilling with proportional drill-collars.

According to the classical theories, the drilling string inmersed
inthe drilling fluid was considered as if it had a new specific weight
(equal to the difference between the specific gravity of the steel and of
the drilling fluid), named « apparent wei ght ».
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During the period 1925-1934, while drilling numerous wells of
Romania in Moreni Qura Ccnitei, Scaiosi, Ceptura and Moinesti oil field
and while trying to find the cause of well deflections, | arrived, first
practically, and afterwards theoretically, at the conviction that the
drilling string is pushed upwards by the force of buoyancy and unlike
previ ously known principles, the application point of this force is
precisely on the |lower surface of the drilling string at the bit, and not
in the gravity center of the drilling string.

This led to a new expl anation of the application and enunciation of
Archi medes’ Principle, adapted to the specific case, which revol utionized
drilling technique.

Because the point of application of the buoyancy force is at the
| ower part of the drilling string, | discovered and then cal cul ated the
exi stence of the conpressed zone and of the neutral zone, called, nowin
scientific circles the Basgan Effect.

At the first Wrld Petrol eum Congress in London, 1933, | showed
scientifically the path of transm ssion of the propelling force through

the drilling string fromthe surface to the bit, and the existence of the
vibrations in the drilling string, calling attention to the inportance of
the Archi nedean force in drilling technique and the nodifications

introduced by nme in the point of application of the hydrostatic force of
the drill-hole Iiquid.

Rotary drilling nethods with proportional drill-collars

My new scientific discoveries then led me to the solution of the
probl em of well deviation on both industrial and technical planes.

It was necessary to |ower the neutrial zone and to avoid
conpression in the drill pipe.

Thus | introduced the proportional drill-collars equal in weight
to the force which acts upwards at the lower end of the string, plus the
wei ght necessary to be put on the bit.

Field experience in this line confirnmed ny theory and | registered
t hese inventions on May 18'" 1934 in Romani a under Patent No. 22789 and
in the US. (under Patent No. 2103, 137) 1937.

To sumup, | reached the conviction, which | then proved, that the
hydrostatic pressures create a resultant force which acts upwards in an
opposite direction to gravity and | introduced in drilling technique the
proportional drill-collars equal in weight to the drilling pressure on
the bit plus the buoyancy force. By doing so, the neutral zone was
|l owered fromthe drill-pipes to the drill-collars, elinmnating the
conpression stresses fromthe drill -pipes.

The proportional drill-collars attain a total weight of 10 to 30
tons ; they increase proportionalelty, depending on depth and on the
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di spl acenent of the drilling string, but the drilling pressure on the bit
depends on the drill-collars only.

In the patents | showed that, in addition to the necessary
drilling pressure on the bit, a new weight nust be introduced, which wll
vary proportionally as the total weight increase of the drilling string
when immersed in the fluid, with the principal object of neutralizing the
resultant hydrostatic pressure, which acts directly on the | ower end of
the drilling string.

« This resultant buoyancy, if not counteracted, would work in the
opposite direction opposing the entry of the bit into the deposit, and
woul d have an unfavorable effect on the drill pipe s strenght and woul d
cause a series of difficulties very costly to correct.

This upward resultant of the hydrostatic pressure is inmportant in

s e
The buoyancy forces act on the bit, but are not distributed, as

sone people think, equally along the axis of the drilling-string and

t heref ore cause the Basgan Effect which is the conpressed zone and

neutral zone in the drilling-string. By rotation at a speed of 100 to 300

R P.M the centrifugal forces cause buckling in the conpressed zone and

fromthis spring the entire series of difficulties in the drilling

t echni que.

Various authors have tried to prove that buckling is possibly
caused only by the buoyancy in a static condition, but | have not
accepted this viewpoint.

For the practical application of ny invention the follow ng sinple
formula was cited:

There shoul d be taken 15% of the drilling-string weight imrersed
inadrilling fluid of a density between 1.1 and 1.3 or 20% of the
drilling-string weight inmersed in a drilling fluid of density between
1.5 and 1.7 .

The weight calculated in this way represents theweignt of the
liquid volune displaced by the drilling-string, which added to the wei ght
pl aced on the bit should equal the total weight of the proportional
drill-collars.

A special satenment of Archinedes’ Principle for the case

O bars vertically immersed in a fluid

Rel yi ng upon ny investigations and proven findings, |
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prefer the follow ng special statenment of Archinedes’ Principle :

« A solid bar or rod vertically imrersed in a liquid is pushed
upwards by a force equal to the buoyancy, the application point of the
force being the lower surface of the solid. »

In our specific application, the drilling string vertically
imrersed in the liquid which fills the hole, at a great depth of 2 to 5
mles, is pushed upwards by a force equal to the buoyancy, which force
reaches values as high as 10 to 30 tons acting on the | ower surface of
the drill string.

This force applies conpression within a certain portion of the
| ower zone of the drilling string, up to the neutral zone.

This neutral zone separates the portion under tension, which is suspended
fromthe hook, fromthe conpressed portion which is under the effect of
the hydrostatic pressures acting in vertical and horizontal planes.
Therefore we have a resultant which acts in a direction opposite to that
of gravity, that is to say, opposite to the direction of bit advance.

This manner of treating the problemwas new in 1934 and was
different fromthe classic one, in which the drilling string inmersed in
a liquid had to be considered as bei ng pushed up by the buoyancy and
having as the application point the center of gravity of the displaced
volume of liquid, or that of the drilling string. As a natter of fact in
1934, in drilling technique, the Archi mnedean pressure was conpl etely
negl ected and the drilling string entered into cal culations using the
apparent weight of steel and drilling fluid.

Fromny fornula the followi ng new hydrostatic principles have been
obt ai ned, which have been applied to drilling technique :

1) The hydrostatic pressure buoyancy is exerted on the | ower surface of
the drilling string vertically imrersed in a liquid; this force acts
vertically upwards.

2) The lower part of the drilling string suspended vertically in the
liquid is under conpression due to the buoyancy of the entire drilling
string, not only to the buoyancy of the drill-collar itself.

3) The lower part of the drilling string vertically imersed in liquid

and partially exerting force upon the bottomis under conpression, and
the weignt of this lower part in conpression is equal to the buoyancy of
the entire drilling string plus the bottomreaction

4) The total length of the bar up to the neutral zone (of uniform
cross-sectional area) which is under conpression du to the buoyancy and
bottomreaction, is equal to the sumof the |engths represented by the
conpr essi on due to buoyancy and the bottomreaction.
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5) There exists a neutral zone at a specific cross-section of the bar
which is vertically imersed in liquid, which zone separates the
conpressed part fromthe part under tension. The location of this neutra
zone in the bar varies as a fonction of the depth at which it is inmersed
and of the weight placed on bottom

6) The hydrostatic pressure due to the displaced volume of a drilling
string inmrersed vertically in the liquid plus the bottomreaction,
devel op conpression stresses at the lower end of the bar. These stresses
are superinposing and additive.

Before ny researches and inventions in 1934, it was considered that a

colum imrersed in a liquid | ess dense than the drill-pipe material does
not have a portion under conpression and consequently that there is no
neutral zone, as long as the drilling string does not touch the bottom

Also, it was not believed that the hydrostatic pressure would have
an application point at the |ower end of the bar imersed in the |iquid.

The ability to calculate the various weights involved is
i ndi sput ably advantageous in drilling technique.

In 1934 specialists in drilling technique considered mny
recomendati ons as revol utionary.

My principle should be followed from spudding-in, starting with
one drill-collar and gradually adding drill-collars as both the well
depth and the drilling-string weight are increased, maintaining the radio
establi shed by ny formul a.

The internediate drill-collar weights, even those which are
calculated only as a function of the drill-collar displacenent, are al so
t aki ng advantage of ny contribution.

Dependi ng on the depth and drilling pressure, one can reach a
total proportional drill-collar length of 300 to 900 feet.
The Application of Proportional Drill-collars

In Drilling Techni que Throughout the Wrld

During the years 1933 and 1934, in drilling technique, both inside
and outside ny country, drilling was performed with drill-collars having a
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length of 18 ft. And a weight of 1.4 t. and for experinental purpose there
were used 3 such drill-collars anmounting to up to 5 t. in weight.

After the appearance of nmy patents in 1934 in Romania, and in the
U S. A during the year 1937, and after presenting the theory to the Wrlg
Pet rol eum Congresses (in London in 1933 and in Paris 1937), the tota
wei ght of drill-collars used in the industry increased appredi ably.

My work dealing with this subject was i medi ately transl ated and
published in the US. SR, US A, England, Austria, Cermany, France,
etc.

In all these countries, the use of increasing drill-collar weights
and its application to problens regarding the technique of vertical, rapid
and econonical drilling, began i mediately.

My invention was succesfully tested in the oil fields of the
Petrolifera Rom na and Redeventa Conpani es and others, and the results
were published in « Analele Mnelor » of Romania, No. 7/1938.

US SR
In the U S. SR ny researches have attraced the attention of
specialists. In 1935 there appeared under mnmy name — in Baku And Mdscow —
the work « The Scientific Basis of Modern Drilling nmethods », with a

foreword by C. Siscenco. The fanous Profs. Evseenco and Vozdjjj ensky
recogni zed the inportance of the effect of hydrostatic pressure on the

conpressed drilling string, the neutral zone, and the role of drill-
col |l ars.

Prof. Evseenco confirmed this in chap. % of his book « Drilling
Techni que Devel opnment During the Third Five-Year Plan (1938-1942) — The
introduction of drill-collars at the lower part of the drilling string ».

Prof. Ghevinian of the U S.S.R, who attented the neeting of
specialiste in Ploesti on Novenmber 1, 1939, spoke about the application
in Baku of Basgan's drilling methods, about drilling with proportiona
drill-collars and al so about rotary-percussion drilling. V.N Kasianov
published in « Nefteanoe Hzei stvo Review » No. 38 (1960) No. 3 (March)
page 51-54, a very interesting article entitled « Wth regard to the
cal cul ation of sucker rod strings for punping units », translated into
Roumani an — « | DT — Petrol eum Techni que, No. 3/1960 », which took into
account the influence of the Archinmedean force, which is the resultant of
the pressure of hydrostatic force on the sucjer rods inmmersed in |iquid,
exactly according to Basgan’s recomment ati ons.

U S A
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In the U S. A, after | obtained the patent and after the docunent
which | presented before the Wrld Petrol eum Congresses in London and
Paris in 1937, the drill-collars used in oil fields increased i nmediately
in length and wei ght, reaching 300-900 ft. and 10-30 tons, while this
technical and scientific problemwas w dely debated in the neetings of
specialists only after 1945.

In order to settle for good and all the controversies connected with this

problem | prefer to refer to the opinions of the | eading technical and
scientific authorities, expressed during the discussions at the A P.I
meeting in 1949 and published in the technical literature.

I will quote fromthe interesting paper of Mirray f. Hawki ns and
Nor man Lanont of Louisiana University, Baton Rouge, La, presented at the
APl rneeting in Gal veston Texas in March 1949 and published in « Drilling
and Production Practice », April 1949, vol. 10, No. 6

This paper states : « Equations for the axial strains and stresses

indrill stens are presented. These indicate a neutral plane above which
the drill stemis in tension, and bel ow which conpressi on exists because
of the buoyant action of the drilling fluid. Experinents are described

whi ch establish the validity of the stress and strain equations. The work
of G H Hendleman is presented to show the effect of buoyancy on the
drill stem ».

The concul sions of Murray and Lanont’s paper are quoted bel ow

« CONCULSI ON

Fromthe theoretical and experinental work which has been done and
in the Iight of Handleman’s work, it is concluded that, in a string of
drill-pipe suspended in drilling fluid, unless weighted properly with
drill-collars, there will exist a neutral plane above which the pipe is
in tension and bel ow which the pipe is in conpression. This conpression
is effective and WIIl contribute to failure (nore frequently fatigue
failure nowadays) in the sane way as excessive weight carried on the bit.
It should be corrected by using sufficient drill collars to take care of
the conpressive stress which results fromthe hydrostatic buoyant force
and fromthe weight carried on the bit. This is in agreenent with G ant
and Texter, who report that fatigue breaks are the nbst common type of

drill-pipe trouble today; that fatigue failures occur predomnantly in
the | ower part of the drill stemand that fatigue breaks may be reduced
significantly by the use of adequate drill-collar weighr » - So concl uded

t he paper of Murray and Lanont.
In addition to the above, 15 years after ny publications, ny

patent, and ny public presentations, many other very well known
prof essi onal s, researchers and Anerican scientists have decl ared
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thensel ves in support of what was actually ny thesis, during discussions
at the Gal vestion neeting.

The fanous technician H G Texter said at that neeting

« W agree with author’ss conculsion that within a drilling
string, suspended into a liquid, there is a neutral zone, under which
conpression takes place due to the hydrostatic forces exerted by the
drilling fluid ».

« The author is right when he ascertains that the deeper is the

well, the nore drill-collars are needed to be added to the drill-string
in order to maintain the neutral zone the nearest possible fromthe
superior part of the drill-collars ».

On the sane occasion, the well known and fanbus researcher John L.
Hol ngui st sai d

« Inthis article the author is dealing with two concl usi ons at
whi ch he arrived with regard to the effect of different forces to which
the drill-pipes are submitted during working; one refers to the existence
and establishing of the neutral zone position the second refers to the
axi al conpression produced and whether it has any defl ecting or bending
effect inthis drilling string portion. »

I will nention the interesting work of Arthur Lubinski « Buckling
of Rotary Drilling Strings », published in « World Gl » 1951 (4-7) in
whi ch the inportance of hydrostatic pressure is confirmed and al so the
article witten by DDM Best (of @l f Tool Conmpany — Houston) in « Wrld
Gl » - March 1957 (XXVI).

D.M Best takes into account the floating effect and wei ght of the
liquid desplaced by the drilling string, for the conputation of drill-
collar length, thus confirmng exactly, by the calculation and field
practice presented both scientifically and practically, the Basgan
i nventi on.

Best said that buoyancy al one woul d buckle a pipe and | said that
the buckle is caused by centrifugal forces by rotation, and especially by
t he conpressed zone.

Prof. Carl Garrlin of Texas University introduced in his course
published in 1960 in U S. A the effects of the Archi nedian force; and

U I. Ckon presented in 1964 at the Petrol eum Secti on of Ckl ahoma
Uni versity a paper under the title: « Effects of the floating force on
the drilling string », under the sponsorship of Prog. More had published

a simlar article.

Fondation lon Basgan ® - Copyright



12

In Ckon’s bibliography is shown a series of articles by Anerican
aut hors, which recogni ze the inportance of the hydrostatic pressure in
drilling technique and confirmthe utilisation of proportional drill-
collars for the realization of vertical holes and the effect of increase
of the drilling speed on efficiency.

In 1959 in England, George Constantinescu held a conference about
Basgan inventions, published in the Transactions of the Society of
Engi neers, London.

In France in 1946, there appeared the well docunentated technica
scientific work of the engineer J.P. Bernhard commrenti ng upon ny paper
presented to the Wirld Petrol eum Congress in Paris 1937.

| ought not to close this exposition w thout nentioning that ny
original technical scientific researches were presented at the tinme of ny
work for a doctor’s defree. The paper was entitled « Die Arbeitweise und
From des Rotary Maissels » at the Superior Mnigg Institute in Leoben
Austria, and published by the Hans Urban pulishing house in Vienna
(1934).

Prof. Renato Cal apso of Messina University, Italy, President of
the first Archi mnedean World Congress, which took place in 1961, said in
his preface to nmy book on this subject, that | have added an increased
nmodern prestige to the great scientist of ancient Syracuse.
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SONI C DRI LLI NG

By nmaki ng nunerous experinments, | checked and reached the belief
that the bit, under certain conditions, can work by percussion
simul taneously with the rotation, increasing the efficiency of the rotary
drilling.

The tests performed in many oil fields, with rocks of various
har dnesses and especially in the very hard rocks from Mi nesti, Romani a,
have allowed ne to establish the conditions under which there can be
created a permanent field of vibrations by means of mud punps. Al so |
established for the operating process of drilling, the weight that can be
put on the bit at the bottomof the borehole, in order to obtain a new
rotary drilling and sinultaneous percussive nethod, which features
i nportant advantages regarding the drilling speed and the verticality and
quality of the drilled hole.

By nmeans of the sinultaneous rotary-percussive drilling nethod,
succeeded, before 1934, for the first time in the world, in transnitting
the sonic energy created at the surface, through the drilling string, to
the bit, which causes the bit to vibrate up and down, with a definite
frequency, following the direction of the gravity and thereby drilling
vertical holes.

In this way there was created the Basgan sinultaneous rotary-
percussive drilling method, or « sonic drilling ».

In the patent covering ny invention and in the subsequently
publi shed work as well, there is shown the installation and the process,
by neans of which there can be obtained a frequency within the
infrasoni cs range, with percussions down to a few centineters.

My drill-collars are playing an essential role in sonic drilling.
It resulted frommny cal cul ati ons that when the kinetic and the
potential energies of the sonic current fromdrilling string mass are

equal , the maxi mum rmachani cal work is attained.
Thi s takes place when the current pressure anplitude and the current
anplitude are in phase.

The essential condition for transmitting this sonic current is for

the drilling string to be continuously in tension. This neans that the
neutral zone which separates the conpressed zone fromthe tensioned zone
must be positioned within the drill-collars mass, and the wei ght on the

bit nust be adjusted in relation to the sonic energy, so as to allow the
bit to vibrate up and down, in order to produce a percussive stroke.

Thus there will be insured the tension required for the propagation of the

sonic current and for avoiding the so-called « tension-breaking » phenonenon in
the drilling string, called cavitation

Fondation lon Basgan ® - Copyright



14

Using these conditions there was devel oped the second drilling
met hod using proportionate drill-collars, which are increases the
efficiency of rotary drilling and of sonic drilling too, prducing, at the
sane tinme, vertical boreholes. | have obtained invention patents in
Romania (Nr. 22789 of 1934) and U.S. A invention patent (No 2103. 137 of
1937).

The practical results obtained in oil fields were subsequently
confirnmed by mat hemati cal cal cul ations, and for this purpose, | nade use
of the mathematical formulas fromthe « Theory of Sonics » by George
Const ant i nescu.

By neans of this theory | cal culated the propagation velocity of
the waves started in the liquid circuit and in the steel nass of the
drill pipes, which velocity was confirmed al so by means of Allievi’'s
formul as. The propagation velocity of the sonic waves through the mass of
the drilling string is 5000nm's, and the drilling nud flowis of 1330m s.

Also by using the fornmulas formthe « Theory of Sonics » | have
cal cul ated the nechani cal work perforned by the sonic current transmtted
through the drilling string fromthe surface to the bit, when the latter
is working on the bottomof the hole, vibrating up and down.

The sonic cal culations confirmed the practical results obtained in
oil fields and the significance of the nechanical work obtained with the
new sonic drilling nethod.

These researches and achi evenents were published in 1934 in
Vienna, with a foreword witten by Eng. G Constantinescu

The Sinul taneous Rotary-percussive Drilling Method Sonic Drilling
This drilling method conbined in a new single systemthe
advant ages of rotary drilling methode, (characterized by its rapid
advancenent), with those of the percussive nmethod, (characterized by the
verticality of the drilled hole), thus acconplishing increased drilling

speed, and good quality and perfectly vertical bore hole.
The percussion breaks the rock and the rotation cleans the hole.
The drilling conditions which deternine the efficiency of drilling

are: the weight on the bit, the rotary speed, the volunme and speed of the
mud flow in the annul er space, and the nunber of punp strokes per mnute,

to which | have added new factors of particular inportance, |ike :
reduction of the I enght of the conpressed | ower zone of the drilling
string, which has the effect of the elinination of the conpression of the
drill pipe and the creation of the percussive action of the bit,

simul taneously with its rotation.
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The sonic drilling technique can be obtai ned by creating the
vibrations in various ways : (1) at the surface by hydraulic or
mechani cal and sonic neans, allow ng the transm ssion of the waves al ong
the drilling string down to the bottom (2) underground, creating the
vi brati ons as nmuch as possible directly only to the bit, using the
principle of the pneumatic or hydraulic hamer w th percussive notion,
based on resonance, (3) magnetostriction, (4) piezoelectricity, (5) other
nmet hods.

The oscillatory novenent of both ends of the drilling string, (at
the surface as well as down at the bit), is acconplished by nmeans of one
or nore sonic generators with pistons, which supplies liquid to the
drilling fluid system and causes a pressure varation inside the drilling
string, creating a periodic force with the required frequency, which is
adj ust abl e.

These pressure variations cause vari able tension stresses in the mass of

drill pipe, creating and nmaintaining a continuous sonic current in the drilling
string. This is affected as well by (1) the rythmof periodic force caused by
pressure varations, (2) the inner dianeter of the drill-string, and (3) the mann

in which the drill pipe is working.

The total mechanical work perfornmed by the power transmtted
through a sonic flow at the bit helps nore than the rotation in breaking
and chi pping the rock, since the bit falls continuously perpendicularly,
and the rotation and the nmud fl ow, scrape and clean the bore hole.

By neans of sinmultaneous rotary-percussive drilling there was
achi eved, sonically, the transnission of a supplenentary wave of energy,
with a velociy of 5000 msec., which allows the bit to execute percussive
bl ows which break the rock ; Under these conditions, the rotation drills
a perfect vertical hole, under econom cally superior conditions.

In this way there was acconplished drilling with variabl e wei ght
on the bit ; the working tinme of the bit on the bottom was exended and
nore vertical and nore econom cal bore holes were drilled, which in the
future will attain the great depths required by nodern engi neering.

At the seventh Worl d Petrol eum Congress held in Mexico between
April 2 and 8'", 1967, in my paper entitled : « The limtation of the
Archi medean pressure effect and sonic energy, as essential conditions for
the future of deep will drilling »,

| have called attention to the possibilities for nodern engineering to
drill beyond actual depths of 21, 000-24,000 feet, indicating sinmultaneous
rotary-percussive drilling (sonic drilling) as the future way of

achi eving such results.

In order to reach such great depths it is essential to limt the
effect of the Archinedean pressure. On the other hand, the transm ssion
of sonic energy of power at the bit, thus offering a technol ogi ca
process having great superiority over the rotary system
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Note that a drilling colum of aluminiumand titaniumalloy is
al nost twice as light as a correspondi ng one of steel of the produce is
exactly the same. Hence the fact that the neutral zone is situated nuch
higher in the drilling colum than in the case of a steel columm ; this
conpels us to use stell drill-collars proportional to the depth, even for
alum numdrill pipes.

As in the case of steel drill pipes, these drill-collars nust have
the sanme weight as that of the displaced liquid plus the drilling-
pressure on the bit. It will then succeed in |owering the neutral zone
and obtaining a « plumb-bob » condition, avoiding there by deviation of
the hole and bottom m shaps with all their annoyi ng consequence as shown
in detail in the quoted references.

As previously nmentioned, the rotary-percussive system executed in
accordance with the above shown procedure, assures a supplenentary
energy, which permts us to produce, sinultantaneously with the rotation
percussi on strokes, which in the rock breaking process is superior to
sinple rotary drilling. This was proved experinmentally both in the
US SR and in the U S A and enphasi zed by engi neer George
Constantinescu (originator of the sonic science), at the conference held
in London in 1959 on the subject « Sonics ».

Thus a sonic load of on kgf/m®2, which would be the maxi mum
amplitude of pressure of the sonic current, represents an insignificant
stress, fromthe point of view of ultimte strenght of a material like
steel of 126 kgf/m®2 elastic limt, whereas the effect on the bit
represents a suppl enentary mechani cal work of some thousands of
kg/ cm second, which contributes directly to the dislocation of the rock
at the bottom of the hole.

By this drilling method the life of a drilling bit in the hole is
consi derably increased, thus realizing a very inportant economny in
interruptions for changing bits which is an enornous factor in drilling

yield, especially when it conerns depths of the order of 6 % mles.

These net hods can be applied without the use of any tool or
conplicated apparatus at the bottom such as turbines or other devices,
none of which prooved successful beyond certain depths. The sonic power
is generated at the surface and is sinply transnitted to the bit by the
drilling columm at the speed which we have already nentioned, which is
5,000nT s

In conclusion, we can state that the rotary-percussive method
conmbined with drill-collars proportionate to the variable but |imted
pressure, constitutes the technique of the future for attaining great
depth drilling.
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It does so, because of the sinplicity of its equipnent, its
flexibility, and the applicability of this technol ogical process to hard
rock sites, inclined formations, etc.

The perpendicularity of drilling, initially and during the
drilling work is one of the essential conditions in deep drilling, a
condition which is anply fulfilled by these nethods.

Vertical drilling is characterized by evenness, |ack of doglegs,
|l ack of key holes and the elimnation of shape changes when the hol e
tends to deviate.

By using, fromthe very start of drilling, the proportionate
oversized drill-collar drilling nethod, conmbined with sonic drilling,
adj usted to the conditions of the ground, we can ensure a perfectly
vertical bore hole.

The linmtation of the Archinedean pressure effect and the
transm ssion of the power generated, at the surface, by sonic neans
through the drilling string, w thout conplicated under-ground outfits, as
previously shown, constitutes the technique of the future for deep well
drilling ».

According to my extensive experience in oil drilling and the above
presented principles and procedures, | have obtained a new U S. Patent
No. 3,507,341 for « Process and Systemfor Rotary Drilling with Drilling
Fl ui d- | nmposed Sonic Vibrations ». Patent were al so issued in Ronania,
France, Portugal and other countries.

My presence in the United States, the country which is the
spear head of technol ogical progress in the world and which has put the
first man on the nmoon, has as its goal to point out the Romani an
contributions and prior discoveries and innovations in science and
drilling technology, as well as to put into use nmy patent, so as to set
at the United States’ and the world’ s disposal the wealth and the energy
|l ocked in the Earth’s crust, to denths up to 15 km (45, 000 feet).
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