PROCESS AND ARRANGEMENT FOR SI NKI NG A DEEP BORE- HOLE The invention rel ates |,
to a process for sinking a deep bore-hole according to the rotary flushing
drilling process, wherein a drill string hanging on a hook and conprising a
mul tiplicity of coupled, drill pipes is supkcinto the bore- 5 hol e,
wherein the deepest drill pipe carries a rotary drilling tool at its free.;

end, which is driven by the drill string or indirectly, wherein the Iomer(ﬂ‘

part of thePROCESSSANDN@ARRANGEMENT \WOR SINKENG!A ODEEPCBORE€HONENt, by
means of which the cutting pressure of the rotary drilling tool is -
produced, and 10 The dmvientsiton melates st aa pirecess dfoy sinkhagpaodeeps
of the drilling by coupling further -drill pipes to its upper end, wherein a
drilling flbexerboied asceoFginchdchdihewekary Hlpeking drbllingr ypyereBBag
tool, where jt energes intQ_the hore- hole, wherein the drilling fluid in
the bore- hoW¥Re¥eipegqat odrdll sfring, hapging QRiddrook (3 HcCABPFLERRY, a

d wherei he.drilling fluid.in the drill_stri | cates with
the dri 111 iRHEORMEFE Yo B0 PEURRE A n 4T RFRAP ofs coielk PPy BRI | Prbe-
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chem.cals. It 25 produces a consi derabl e hydrostatic pressure in the
bore-hol e, fittéddfwith 48 Nedept bnel heavey Ellementc, cdsemdansibofitwhiéh €he
bar fromthe top to the bottomof the bore-hole. The rotary
cutting pressure of the rotary drilling tool is produced, and
- 10 the drill string is displaced according to the progress of the
drilling by coupling fﬁrther drill pipes to its upper end,
wherein a drilling fluid is fed through the hollow drill pipes
to the rotary drilling tool, where it emérges into the bore-
hole, wherein the drilling fluid in the bore-hole is fed to
15 | the surface together with the-drillings, and whertin the
drilling fluid in the drill string only communicates ﬁith the
drilling fluid in the bore-hole in the region of the rotary
drilling tool.
The invention further relates to an arrangement for
20 carrying out such a process - within the context of the
- invention a deep bore-~hole denotes bore-holes which are -
customary in oilfields or in connection with exploration work.
. The depth of these can reach 5000 m or even 10,000 m. The
drilling fluid is mainly composed of water and cﬁemicals. It
25 produces a considerable hydrostatic pressure in the bore-hole,

which for a 10 m depth of bore-hole increases by about 1 to 2

bar from the top to the bottom of the bore~hole. The rotary




-2- drilling tool is caused to rotate by a rotary drill drive unit.

The rotary drill drive unit can be di sposed on the surface and can drive
the rotary drilling tool via the drill string. However it can al so be

di sposedin the drill string in 5 the vi& Mity of the base of the
bore- hoMes wherein the part of the drill string |ocated above it is not

1y al dg . T i1 pi f whi t drill stri N .
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thé rotary drilling tool wthin the framework of a state of hydrostatic
stress, 5w th ghe a¥iéint fethebase 66PERé berébRollé) | whéteingthehpabtabs
t he upper end of the drill string nerely acts in opposition to the
atnospheric yhesdritl sthingaloeatednaboeetitoisthet normallly also driven.
decreasing hydrostatic pressure of the drilling fluid, which are

di stributed dthe tdeilkrpipesffrom which theidyillamtringais assembled. can
this way the hydrostatic pressure of the drilling fluid acts outwards from

the rotary drY&FYniptterms@fhthetsnppatial oexpeBEsure acting on the drill

string. This
g In the context of the known measures which the

"’ 10 invention takes as its starting point (Encyclopedia of Natural
- Science and Technology, published by Modern Industry, Munich,

1980, Pages 1233 and 1234), the drill string comprises one

unit with respect to the hydrostatic effects which the
drilling fluid exerts on it. The hydrostatic pressure of the

15 . drilling £luid acts on the rotary drilling tool within the
framework of a state of hy&rostatic stress, with an axial
component with respecf to the drill string, which at the upper

enﬁ of the drill string merely acts in opposition to the
atmospheric pressure. The radial components of the upwardly

20 decreasing hydrostatic pressure of the drilling fluid, which
are distributed over the length of the drill string, cancel

each other out. 1In this way the hydrostatic pressure of the
drilling fluid acts outwards from the rotary drilling tool,

with a component of pressure acting on the drill.string. This

- 25 exerts a lifting force on the drill string which opposes the
oo weight of the drill stﬁihg acting iﬁ'the axial direction. The
lifting force and weight are superimposed and lead to the

elastic deformations which result from the state of stress.



25 exerts a lifting force on the drill string which opposes the meibht’

of the drill string acting in the axial direction. The lifting force and
wei ght are superinposed and | ead to the elastic deformations which result
fromthe state of stress. -3- The=s@-talled neutral cross-section is

| ocat ed between a | ower section of the drill string with a conpressiye
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neut r al cross- section noves upwards within the drill string . g

coBr espontdessteodehak’ eHECE6ndEibAS dﬁd|thégpééﬂtibﬂsofothﬁsﬁeﬁdraa
t he increasing hydrostatlc pressure with respect to the base of the
bor e- hol erodé~section aréf altlered ifrtheg drlhldsttingtresgsseonlohhes
pl aced under a conpressive stress, its progress in a straight line is a
et ast adbasetaf cthédsbevenhatei vith acsuppaptingyforaeevhichoisemoret bw

drill string can bow or bend. Since the dianmeter of a bore-hole is, as a
rule, |keRs tgoeater: aceerding tacthe qendlbionshempes¢ﬂlonpt99s hoekat
_part of the drill string which

on whlch the drill strlng hangs. - It_ls -further understood .

10 that, for a-constant supporting force, the neutral,_crossé;'\J
section moves upwards within the drill string corresponding to
the progress of ‘the drilling and'thus.corresponding.~£o- the
increaSing-?hydrOStatic pressure with respect to the base of
the bore-hole. | |

15 - If a drill string or a drill string section is plaéed;

‘under a compressive stress,-its-progress in a stfaight.line is
a metastable state. As soon as it is acted upon by lateral
forces,='the'drill_stiing can.bow‘or bend. . Since the diameter

of a bore-hole is, as a rule, larger than the outside diameter

&

20 of lthe' drill pipes, that part of the drill string which
extends from the base of the bore-hole to the neutral cross-
section is in danger of bowing when drillinthakes place. The
direction of drilling of the rotary drilling tool can depart:

from  the vertical if bowing takes place. Undesirable

o

25 deviations'in“the-hore—hole can then occur. Moreover, due to
bowing, - there is’ an increased danger of the drill pipes v
breaking in ‘the. region- of compres31ve stress. = : . |

within the framework of the known meaéures,. drilling



ext ends fron1the base of the bore-hole to the neutral cross- sectionis in

danger of bow ng when drilling takes place. The "direction of drilling of
the rotary drilling tool can depart from the vertical if bowi ng takes
pl ace. -“Undesirable 25 deviations in the4bore-hole can then occur.

Moreovel—~ due to bowing, there is an increased danger of the dril
Ive stress, Wthin the franework of
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the region b n the rotary drilling too Ke%Reu Cross=sec

exhibits a refafﬁdgteﬂﬂeaﬁ¥ht9 ha uﬁgegrggﬁ éafiﬂegﬁehog hﬂﬁber that the

abéve-nmenti oned rostati c conpressive stre ses an cabl e, the
conpr essive SAFLPP eSseﬁﬁgm IR0thy¥ +8gisHPBetWeES. fcaéceotsﬁy ar§eePngor tool
10 hole the part of the drill string which consists of heavy rods can be
several hundrasd mathesnéﬁﬁﬂalV‘éi'Bsshse&ﬂﬂm éxhibits &oreduosdngendency to
bore-hol e, bore-hole deviations are not elimnated, but are nerely reduced.
Mor eover, t heébdsor eulidér dshéaihﬁhnenuereESEheﬁtabdﬁe-mentienednghydzpshabic
t he bore-hole. The use of an increasing nunber of heavy rods as drilling
progr esses, du@mpnesa@vencsbassagshyandsta;fc pppiicable} cathet ocampressive

I ncrease in the
stresses determined by the supporting force. For a deep bore-

s 10 hole the part of the drill string which consists of heavy rods
can be several hundred metres long. ' .

With the known measures for sinking a deep bore-hole,
bore~hole deviations are no£ eliminated, but are merely
reduced. Moreover, the bore-hole deviations increase with

15 increasing depth of the bore-hole. The use of an increasing
number of heavy rods as drilling progresses, due to the
increasing hydrostatic pressure, leads to an increase in the
load on the hook as the depth of the bore-hble increases. The
cost of manufacturing and assembly for a large number of

20 | special heavy rods is high.

A basic object of the invention is to carry out a
rotary flushing drilling process in such a way that straight
bore-holes can be drilled without expensive measures. For this

a lesser number of heavy elements is used compared with the

25 known processes, which numbsr is indspendent of the depth of

v ' the bore~hole. Furthermore, the load on the hook is reduced

compared with the known processes.

According to'a first aspect of the present invention



| oad on the hook as the depth of the bore-hole increases. The cost of
manufacturing and assenbly for a large nunber of 20 speci al heavy
rods is high. A basic object of the invention is to carry out a rotary
flushing drilling process in such a wa§ that straight bore-holes can be
drilled without expensive neasures. For this a | esser nunber of heavi/®
el enments is used conpared with the 25 known _processes, which nunber is

i ndependdTRf 1he PEPYIARE tAcPEBFESHfOr F&Wﬁéﬂnﬁ?e,'dgﬁil 99&'96?%
hook i d d with th es. A ing t i rst
nspoct  ACIIRAES D FaRcroFRY £L0ghpH AELLiihm BERERoa o, phsRetn, A
i n . th : SO
or ooees S GFE R0 BiaPgr0d Bucek,  "EnACERRrIAD Bontikignitary
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wherein 5 _ _Hrf _ 1g-carries a rotary dr ing tool at its
| gwer enche WYL i StEihnyClaby¥iédcaldrbthryt @rillohgdenbihakeits vVilowereans,

wherein the |ower part of the drill string is fitted with at |east one
heavy ele@nt ,whicheigsdeivediby the dvillngtpingsoredownt-heleodatiying
drilling tool is produced, and the 10 drill string is displaced -
accor di mpans i hewlpeoginsstheflovexr part|efigthe duipli sgringt her dititledpi pes
to its upper end, wherein a drilling fluid is fed through the drill pipes
to the nith yat dieast rone cheavyptement, chergeansnef whieh Sbeconsiting
pressure -Qf the'iotary drilling tool is produced;a_and thg' i
10 - drill string is displaced according to the progress of the ‘:;
drilling by coupling further drill pipes to its upper end,
wherein a drilling fluid is fed through the drill pipes to the
rotary drilling tool, where it emerges into the abore—hble,
wherein the drilling fluid in the bore-hole is_féd to the
15 . surface Eogether with the drillings, and wheréin the drilling
fluid in the driil-string only communicates with the drilling .
fluid in the bore-hole in the region of the rotary drilling
tool,' the .driil'_string divided by means of at  least one
hydrostatic ; separation element into drill string sections .~
20 = which are hydrostatically independent, and which are -acted 
upon at their lower ends and at their upper ends by the
hydrostatic 'pfessure-of the drilling £luid in the bore-holé,
with the heavy element(s) supported near the rotary drilling
tool, and with the drill string kept under tensile stress dowﬁ.l
25 to the immediate vicinity 6f the rotary drilling tool by using :
sliding joints,- with-a slidiﬁg travel restricted to a maxiﬁum
length of SImm, as'said hydrostatic separation elements and by

operation of the hydrostatic separation elements under tensile

o



wherein the drilling fluid in the bore-hole is fed to the 15

surface together with the drillings, and wherein the drilling fluid in the
drill string only communicates with the drilling fluid in the bore-hole
in the region of the rotary drilling tool, he drill string divided by

means ofw~at |east one hydrostatic separation elenent into dril
string sections 20 @ which are hydrostatically independent, and which
are acted upborcetconfitionsower ends and at their upper ends by the

hydrostatic pressure of the drilling fluid in the bore-hole, wth the heavy
el enent (s) supported n&trfohdowst Sromdthe| defindsionsa§ whehhydsostatically
string kept upder tensile stress down 25 to the inmmediate viginity of

the rotary dripfependest pgridingstringngSpeEarR, 1ny thea §PAGRARD: r 9Fcl the
tricted to,a. i t h, of id.h tati .ati
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tensil e force—canditions 1t faollous fraomthe definitiaon of the
hydrostatically i ndependent drill string section. in the teaching of the
invention that the hydrostatically determ ned axial stress merely :
results fromthe difference in hydrostatic pressure between the upfper
and lower ends of the hydrostatically independent drill string

section. Thus this stress is




proportional to the length of the drill string section. The 5 latter®
Is selected so that a hydrostatically induced risk of bow ng does not

arise for the drill string section, even under the possible effect of the
supporting force. A hydrostatically indzpendent drill string sectign,
which is hung in the drilling flui and which is acted upon at\JJS

upper end and 10 at its lower end by the hydrostatic pressure of the

drillingmerely resulfs pdremihe differencenpmesivdrostatdes prefsure;

B! ensi PEEWERRoc SheonHbDeT o AB6s| LOURE SRAR EF LR o HVATGEEARICAIRY (o
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section 1Is P COI’T'p etel Yy un a ‘tensile streSs, since the second

section B¥Rihg Aok8Nabteardbec folt thecdgeads stirengoEREEIdNYC ev@nC @ndert he
first section“resulting fromthe hydrostatic pressure difference (a

prer equi gheepbssiblies efffetkabft hhes supportinhgy€orke.s mYdrﬁsltaJtdm)llyThe
same 25 applies if further sections are hung on. A drill string . of
this typindependenphydiridlll ystringa ekationhi cwhichhuig i hungl | 4mi dtha zone
of conpressive stress only exists in the |ower region of the |owest
section.drilling £luid, and which is acted upon at its upper end and

10 at its lower end by the hydrostatlc pressure of the drilling '::
fluld ln “‘the bore-hole, “has a compre881ve stress zone, a
neutral cross-section without compressive stress or tensile
stress, an& a' tensile stress zone. The poSition of this
neutral cross-section is thus substantially independent of the

15 depth to which thé drill string section is suhmerged, siﬁce it
is only the differénce in hydrostatic pressure between the’
upper and  lower ends which determines the length"of  the
compressive stress zone. If a second drill string section is
hung from such a submerged driil string section, the £first .

20 drill _string séction is placed completely under a temnsile
stress, sihce the second section exerts a tensiie force which
exceeds the compressive force on the first section resulting

from the hydrostatic pressure difference (a prerequisite for

this is that the sections have the same dimehéions). The same

I3

25 applies if further éections are hung on. A drill string of

this type;behaves physically like a chain which is hung in a

ay

liquid. A zone of compressive stress only exists in the lower

region of the lowest section.



| f a drill string .  conprising hydrostatical |y i ndependent sections
is fitted at its lower end with a rotating drilling tool, and is | owered
far enough so that the rotary drilling tool is |ocated on the base of the
bore-holes 5 ~ a conpressive load is exegégd according to the invention
on the ¥dtary drilling tool by a heavy | ement of constant weight,
which is supported near the rotary drilling tool. On drillin

conpressive |oad acts && the r o8&y ldr StrilRg t oSoMPFHEIRG S gb@%@@ﬁ!&ﬁ?ﬂﬁiY
t he hydrostati,c gressure at the base 10 _,of the bore-hole. The ]
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total -wei ght ghe tPetAP§VYari2iingn tBE81KNBYNaPhEGFFSCE1enbHE! NBEMEBnstRAR
| oad on 20 the hook 1S reduced. "I n the process actording to the

invention, andefight}o whéchURBOEUpPbrted hearytheegblaryndritlifigedoalle oOn
vicinity of the rotary drilling tool, the entire drill string |ocated above

the support idriblitnga acoempressivesloaddaths dni the2botasyrdedlldagnedol,

bow. As a consequence of this, Dbore-hole deviations are

subst anti al | ywhigheviat dudependent dfi thenbygdrogtaticspressyre atr thght base

vt 3 T heek the bore-hole. The complessive losd on bhe rotary drilling
.tool is determined by the weight of the heavy element minus
the hydréstatic pféssure differeﬁée at the.lowest drill string
section. In contrast to this, the hydrostatic pressure
difference for known processeé is determined by the complete

15 drill string. Ih'order to produce a definite éompressive load
on the rotary drilling tool, only one heavy element is
required for the process according to the invention, the
weight of which element is less fhan the total -weight of the
heavy rods in the known processes. Furthermore, the load on

20 the hook is reduced.

In the process according to the invention, and due to
the support of the heavy element in the immediate vicinity of
the rotary drilling tool, the entire drill string located
above the support is.under a tensile stress, and the drili

25 string cannot bow. As a consequence of this, bore-hole
~deviations are substantially prevented, and drilling

progresses along a straight line in the vertical direction.

- According to a second aspect of the invention there



is provided an arrangenent for carrying out the process. The
characteristics of the arrangenent are given independent protectlon
An arrangement according to the invention starts from the known
arrangenment conprising a drilling ri with 5 hook, draw mor&s _
mani pul ati ng device for the drill strig, and flushing wunit, - W a
drill string conprising amultiplicity of drill pipes coupled so- t.at
they rotis priogidédran ierengehent | foercasrying ot thel | process.i s The
eqU|pped w th heavy elenents, "with a rotary drilling tool at 10 t he

| oner ~chandctexiskics sof| nghendawangeuentot are gdiven dindependent i t h-
one- or nore hydrostatic separation elenents enclosed wthin the drill ¢
string:ﬁ?Qhﬁﬁtiﬂnnlr%ﬂaI%IFﬁ?ﬁﬁm¢Btwﬁ@?@ﬁ?ipﬁetﬁyﬂhssﬁ&?#@tééﬂaﬁéﬁFGE

elenents are sI|d| oints wwth a sI|d|n ravel icted to a X mum-
| engt h ARranggneRt, COBPELERRG; & seﬁiiiéea nEde wheh
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g?frnngE#% g%gree &? g%ggyengé%%%%¥ %? éﬁkiﬁloggr?egtrfoP gqunggth aX|eI
directi qiy¢: niéilif”;g evﬁf’ulﬁﬁfﬁio ﬁfﬁésoééﬁ?lé& th tHEE ' eha ?a rotakeer. .-

and the free e ch can be coupl e o dril plpes so that they
rotate tegitier Vi tWhdbein attiwe. Ibwei WpareCOECeRst raeilaon strihg chgnent
and 25 Its ability to nove axially lead to a hydrostatic separation

equipped with heavy elements, with a rotary drilling tool at
10 the lower iend'ofvthe drill string and with a rotary ,drill.:\“
drive unit, with one or more hydrostatic separation .elements
enclosed 'withie the drill string so that they rotate with it
Whefeby'the hydrostatic separation'eleménts are sliding joints
with é sliding'trevel'restricted-to a maximum length of 5 mm
15 - and wherebf the heavy element is supperted near the_'rota:y
drilling tool. | |
A E'lrxydrc:is.ta{::l.c .separationgelément aecording -to the

invention consists of two sealed hollow parts which slide

against each‘otherVand'which can move axially in relation to C;
20 the drill string, the degree of axial movement of which is
restricted in both axial directions, which-are coupied to each
other s0-tha£ ﬁheerotate together, and the free ends of which
can be coupled to drill pipes so that they rotate together

with the latter;-Thé two-piece construction of the element and

&>

25  its abiliti to move axially lead to a hydrostatic -separation

LN

of the ¢two parts; since the drilling fluid can _penetrate
between the two parts, and both parts are acted upon at their

- respective ends by the hydrostatic pressure. The restriction



of the tw parts, since the drilling f1uid can_ penetrate between the
two parts, and both parts are acted upon at their respective ends -by the

hydrostatic pressure. The restriction 10 of axi al novenment neans
that temsile stresses can be transmtte in order to pull the
drill s&ring out of the bore-hole, for ex |l e. The two parts are coupl ed

to each other so that they rotate together, in order to transmt 5
rotati onal nobfon faxdalt hmovement t aidanst tthet s kénsile 0 stimssesargan be

drilling tool at the base of the bore-hole. The sealing of the two parts
agai nst each btrapsmitdedss timt andexnirita ipul) thel drilhesstiring eut | nef onthe
communi cates with the drilling fluid in the bore-hole in the region of the

rotary drillihgregholeyooiforn gxamplexd Then o Parks ATNIFU r aé@ oreach

ehivch can_ movBtRREy B2un titor EhaX FGREYR PASHIT meck (IR o) Loh EXRRPRLE
rf , th (i | oo ' '
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engage wi thi %8@9%&1%&161% ‘mxiocl @Qﬂp‘ﬁs@('ﬁl%@ fé-H5Te! M€ sealing

i Ggh
rotational force, at one tubular piece has a readed stemat its free

70 "otk SR e Bt sl e bafh ol e aliing
preferred forgaidhidr ehenidrd 19e il ol Bvlimaticates with the drilling
fluid in the bore-hole in the region of the rdtary drilling

K%'10 - tool.

A preferred form of a hydrostatic separation element
is characterised in that it comprises two coaxial tubular
pieces which can move into each other, sliding with their axes
parallel on  sliding 'surfaces, that at least one seal is

15 disposed between the tubular pieces, and that both sliding
surfaces have toothed wheel rims which engage within each
other and which can move axially and transmit the rotational
force, that one tubular piece has a threaded stem at its free
end and that the other tubular piece has a threaded socket at

20 = its free end. The threaded stem and the threaded socket ensure
that this preferred form of hydrostatic sepafation element can
be enclosed between two drill pipes so that it rotates with

the latter without further measures.

-Arranging that the capacity for axial movement is as

©

25. small as possible within the context of the structural
‘) possibilities obviously ~falls within the scope of the
invention.

A further preferred form of hydrostatic separation



be encl osed between two drill pipes so that it rotates with the latter

wi t hout further neasures. Arranging that the capacity. for axial novenent.
as 25 small as possible wthin the context of the structural
possibilities obviously falls within the scope of t he invention.
further preferred formof hydrostatic ddparation element is S
characterised in that it is equipped with one or nore spring-elenEthﬁ-
bet veen Lhgmei® C9EXI dharldbtiediscd 4n°thathiit) i¥Pdqud ppledWilth RHIneSS e
two tubul ar pieces apart under spring pressure up to e maxi mum axi al
ext ensi ofjoreThgpgRngneélements bEteen thehitkd 0MxIRACIkUbWlaEh Pleceesur
and which act 1n the axial direction. An exanple of an enbodi ment of
the heawltichl spefiigaelemdnts phiresshehentent itubularcpieseseapart underat
the heavy el enent conprises a tube arranged coaxially with respect to
t he dri | Bpringnpressirei npi tte thammazimuin axial exibensiohnar gFhet ispringhe

i-S

A

10

o

outside diameter of. the drill string, at least in.the |ower region of the
drPl | stelegentshacushioncany shpeksnwhichsmayopcsurnand whicho@et edd near
the rotary drilling tool, and that the heavy elenent .is otherw se-free

of the thejpkial dizectdgn. Supporting the heavy el enent at the | ower end

of the drill string (in.association wth. the hydrgstatic separation) -
ensures that theBBnt emaiﬁ||°§tFPn5m$§ng§B dofnd e’tbﬁ?l e §&P@? <A

conpressgxgo§aggas QBLXhSXEE§2n£EoLhish8ﬁ¥¥asksgﬁasa in that the heavy
element comprises a tube arranged'coaxially-With respect to
10 the drill string, fhe-inside diameter of which tube is larger
than the outside diameter of the drill striﬁg, at least i#

the lower re@ion-df the drill string; that the heavy element

is supported with its lower end=néar:£he'rotary“drilling tool,

‘and that ‘the 'heavY eiemenf'isxétherwise.free of the drill

15 striﬁg; Supﬁofting'the heavy elehent at the lower end of the
dri1l string (in association with the hydrostatié separation)
ensures 'thﬁt"fhe entire Qrill string is placed under ‘tensile
stress. A compressive stress only exis#s'in the?heavy~elemeﬁt.

A further example of an embodiment ' of the heavy

20 element according tb'thé“inventibn7is'charaéteriséd in that
| the heavy element comprises a tube which is arranged coaxially
with 'reséect'wﬁo the drill string,  the outside diameter of_
which tube is smaller than the inside diameter-of' the-fdrill'
string;'at léast;inztﬁe lower regiéﬁ of the drill string, that

25 the heavy element is supported with its'loWer end near the
rotary drilling tool, -and that the heavy element is otherwise

free of the drill string.

The'heaﬁy element according to ‘the invention can also

i



A further -exanple of an enbodinment of the heavy 20 el enent

according to the invention is characterised in that the heavy el enent
conprises a tube which is arranged coaxially with respect to the dril
string, . the outside dianmeter of which tvéﬁ is smaller than the inside
di-aneter_of the drill string, at least in"fhe [ower region of the drill
string, that 25 the heavy elenent is supported with its |lower end near
the rotary dribhbhpiiséogbvesad thBhlhbepheary ebffiBBtelsto! BAEW &enbkce Of
the drill string. The heavy el enent according to the invention can al so
conpri se several tubulan pi aeeangemsfiet edatGogdihgot dor. the iaveasjenent is
according to the invention 1s explained belowin nore detail by neans
of the schenaéxplainadingbelowhi th nmoeéydetaitsbyt meanspl ef othe schematic
enbodi nents., and 5 where: Figure 1 shows a rotary flushing drilling
devi ce with hdoeeings;c wbpchamevelyl cepnesentdezsanples ofcembhodimegtse apd
Is a detailed view of a hydrostati c separation el enent, 10

Figure 53 is ¥hefeailed view of a heavy elenent with an inside dianeter
which is larger than the outside dianeter of the drill stripg, at least in
the | ower region of th@lﬂFF?l15???“5,aaﬁﬂtﬁ¥§ufﬁuﬂhiggaaﬂéigngdaﬁVgﬁPovlﬁh
heavy el enent wéth éS . _an__outside dianetgr_mhich IS _smaller %han t he

i nsi de dianet%y rostatic separation elements and a heavy element,

Figure 2 is a detailed view of a hydrostatic

separation element,

10 ' Figure 3 is a detailed view of a heavy element with
an inside diameter whiéh is iarger than the outside diameﬁer
of the drill string, at least in the lower region of the drill
string, and |

Figure 4 is a detailed view of a heavy element with

15 an outside diameter which,ié smaller than the inside'diameter
of the drill string, at leaét in the lower region of the drill
string.

In the example of an embodiment shown in Figure 1,
J - the arrangement for carrying out the process according to the

20 invention comprises a.drilling rig 1 with a hook, draw works,
device for manipulating the drill string, rotary drill drive
‘unit and £flushing unit, a drill string 2. comprising a
multiplicity of drill pipes 3 which are coupled so that they

rotate together and in which hydrostatic separation elements 4

L3

25 are enclosed so that they rotate with the drill pipes, a
rotary drilling tool 5, and a .heavy -element 6. It is
understood that a number of hydrostatic separation elements 4

which departs from that shown in Figure 1 can also be used for



of the drill string, at least in the |ower region of the drill string, In

the exanple of an enbodi ment shown in Figure 1, the arrangenent for ‘-
carrying out the process according to the 20 i nvention conprises a
drilling rig 1 with a hook, draw work devi ce for meni pul ating the drill

string, rotary drill drive unit and flighbng unit, a drill string 2 | »
conprising a multiplicity of drill pipes 3 which are coupled so thathrﬁey
rotate t@ggtgff Qméﬁtwhlch hydrostatic separation elenments 4 25 are
encl osed so they rotate with the drill pipes, a rotary drilling

tool 5, and a rﬂgaré 2! ¢824l scflematic répregentheddn! BE! aadataigedof
hydrostatic separation el enments 4 which departs fromthat shown in Figure 1.

can al sovbewusefl farprefébredr embodiment 6£garechydrostaticheseparation
representation of a detailed view of a preferred enbodi nent of a
hydrostaelementparparbhyeSeatmonedaandypaEtﬁyoasdaandxpernai wiewa Fheernal .
view. The 5 hydrostatic separation elenent 4 preferably  conprises
twd coaxhydrespatie pﬁeEGEaHDQnanelﬂmﬁntmﬁlcErGferﬁhlﬁedCPHP§1§§§h SWher .
and which also slide against each qther The, outer surfacge of thg

|nneL pl%RQX%?% EFPPtﬁroﬂl?ﬁﬁslﬁﬂéraEGerEe wﬁijphﬁreoﬁpﬁpﬁd Bte ?Bg

Furt 405 t t

sur f aceotBER A WBEh; ping sPifa seninak SaRB° PERRrL  The caHESE
escape '%%Pfaég of PPRE 1fIRLE p1BLY LY &i‘fd@&”gﬁrtﬂé £RALE"guskgHE! Sff all's

withint
the outer piece 404. Further, sealing elements ;405 are .
10 fitted between the two sliding surfaces, so that the drilling_ g
: fluld ‘inside - the drill strlng cannot escape 1nto the - bore-
hole. Varylng the-numher of seallng elements_falls_w;thln the
scope of the invention. The sliding travel 406 is -restricted
- to a maximum length of 5 mm, for example, by means of ring
15 surfaces 407. Adjusting'the sliding travel 406, by flttlng
washers on ' the rlng surface 407 or by another means of
adjustlng the distance of axial movement, falls within the
scope of the invention.-'For'the transmission of rotational-
forces, the outer surfaces of the inner piece 403 and the '¥J.
20 inner surfacesr“af-the;outer'piece 404 have_teothed:fsegments
408.uhich engage_with each other and which are not restricted
by the sliding travel. The inner tuhular~pieee 401 and- the
outer tubular piece 402 can be screwed to the drill pipes 3
above and heiow=the-hydrostatic:separatidn-element by means of
25  threads 409 and.éld. . The inner tubular piece_is provided with
a threaded socket 409, and the outer tubular piece is provided - |
with a threaded stem 410 (the threads are not shown). It is :

understood that -interchanging threaded stem 410 and threaded

ot

t‘£



scope of ;the invention. The sliding travel 406 is restricted to a maxi num

| ength of 5 mm for exanple, .by neans of ring 15 surfaces 407.
Adjusting the sliding travel 406, by fittlng washers on the ring
surface 407 or by another neans of adjust |ng the distance of axial
anenengL¥ falls wwthin the scope of the Svention. For the transmission
of rotational- forces, the outer surfaces of the inner piece 403 and the

\?vgi chi ggg;gesﬁgélﬁ&eac‘h ot%%ﬁ%l{%l%ﬂéh&gre n£gvg% hfﬁbae%‘?ﬁﬁgt ::Fn Fer

t . Th
Screved o tHE GRS ShPCpARIBIE el ey | Bﬁ*ﬁ%&‘aﬁl b L af%%#f
el ement by Nepfyedficp éﬁwea&ks ASPré Nep Aty eﬂémeﬁw%ﬁ%%epl&f@pééed

provided with a threaded socket 409, and the outer tubular piece is

provi ded wi t lhetwddi eagns wimgn sihPEddde 4dv.eachsm1tsﬁtoﬁ hosie . hydrostatic

under st ood that interchanging threaded stem 410 and readed socket 409
falls v thingdparstnin ofeldmentnveis i possibleriertieo mamiemskown pasti btlse
shocks which occur in the axial direction, one or nore spring elenents 411
can be di spos¥iteset iathukdie rpimre uréQl eonEiat\sxbitiy othelks hywhisth ataxe
5 separation element is possible in the manner shown if the outer
t ubul ar pi ecSKEVasndiogethar + wfamh el 9Zanpien AaserhlanQf + yethidrostatic

exanpl e. Assenbly of, a hydrostatic separation el enment acc dlng to Fﬁgure

can be al so S9RAKANIN LANRL ARFCATFEBING I Fi e e FAR cte

by employing other mechanical means, however.

N .
10 Figure 3 shows by way of example an embodiment of a

heavy element 6. The insidg diameter of the heavy element 6,
which is arranged coaxially to the drili string 2, is larger
than the outside diaﬁeter of the drill pipes 3. The heavy
element 6 is supported with its lower end 601 near the rotary
15 drilling tool 5. The lower end 601 of the heavy element 6 can
'be supported by various known mechanlcal means, such as a
threaded joint. _ ’ '
Figure 4 shows by way of example a further embodiment
W/ of a heavy element 6. The outside diameter of the heavy
20 element 6, which is arranged coaxially to the drill string 2,
is smaller than tﬁe inside diameter of the drill pipes 3. The
heavy element 6 is éuppo;ted with its lower end 601 near the
rotary drilling tool 5.'fﬁe lower end 601 of the heavy element
& 6 can be supported by various known mechanical means, such as
25 a threaded joint.
In the examples shown in Figures 3 and 4, the heavy
element 6 consists of several tubular pieces 602. The heavy

element 6 can obviously also be constructed as a structural



10 Figure 3 shows by way of exanpl e an enbodi ment of .a heavy
el emrent 6. The inside dianeter of the heavy elenent 6, which is arranbed

coaxially to the drill string 2, is larger than the outside dianeter of -
the drill pipes 3. The heavy el enent f? is supported with its | ower_end
601 near the rotary 15. drilling tool S. The 1 ower end 601 of the he y-

el enent 6 can be supported by various known nechani cal neans, such as'
t hreaded it . Figure 4 shows by way of exanple a further enbodlnent of a
heavy elenent 6. The outside dianmeter of the heavy 20 elenent 6,

which is arranged S hday éPeﬁ&?tdé %_é}cé%%iéﬂg 1.2? tie f%\]reﬂ.um a.l%h% Wi th

I nsi de di anet er of the dri pl pes 3. enment I'S. suppor

its | owerdewsi nB@aFthdie. ﬁ;@tﬁﬂ&lﬁéll&n&&x tbhdni A heuis. ofs $Odupé the

heavy el enent can be supported by various known nechani cal neans,~ such as
25 a ti8eadiur jetamMple) tdesccalled stubiliseri 605 cbs Incttdd M\etmeavy 3

el ement 6 consists-of several ‘tubular pieces 602. The heavy el enent 6 can
obv? ous| yextiesmale parriphary af dshe heavgtekenent Gni tthikhesuppoyts ctisat. 6

according to the invention can be devel oped further by various known.
nmechani clleaws element 6§ gaterally gin @@ﬁaﬂ@n to the swlledEithe [haxe- 603

S nDunt?P on the 5 external periphery of the heavy elenment 6; this

suppor t s Bfe hSHRPAITIRG the haashh element & At dts Bpper wnd @5 t Hen
bor e- relation to the drill pipe 2 also falls w1th1n the scope of

the 1nventlon. In - the example shown in Figure 3 a tuhular
10 sleeve 604 is mounted on the drill pipe 2 in the region ef'the
upper end 605 of the heavy elemept,;athe-outside diametef of
which tubular sleeve is adaptet_i to the inside diameter of the
heavy element at its upper end 605. 'Furthermore,,construéting
‘the. support at. the uppef end 505 so.that the uﬁper region"of
15 the heavy element 6 cannot rotate against ‘the drill string 2.
in the  upper- region' aleo fails within the scope of the
_inventibn.. This can be achieved, for example, by a hexagonal
guide to take the axial dlsplacement. |
Independently of which mechanical means may be used C}
20  to provide lateral stablllsatlon of the heavy element 6, it
mnst' be ensured that a capacity for axial movement persists
between-heavy-element.s_and drill string 2, apart from at the

lower end 601 of the heavy element.

s o



exanpl e shown in Figure 3 a tubular 1.0 sl eeve 604 is no

drill pipe 2 in the region of the upper endq¢805 of the heavy elenent, the
out si de, difaneter of which tubul ar sleeve is adapted to the inside dianeter
of the ﬁ%avy el enment at its upper end 605. Furthernore, constructing the
support at tHELAEM®r end 605 so that the upper region of 15 the heavy

el enent 6 cannot rotate against the drill string 2 in _the _upper region
also falls within thel-schperogess: fier; giakipgna dgep boxepboden agserding

exanpl e, by he onal gui de take the,axial displacenenf{. |ndependent,l
of "whi ch nvc ik cHe mozpbaryy blushisy 9518iify Grobeds.| apbeneln"d (EFiLt
stabilisationof.the heavy elenment. 6, it S nsured cit
for axial’ Iﬂﬁ&ﬁ&ﬂﬁ E@ﬁ%¥2 soﬁe?mﬂgﬂkhea9932FéﬂB%?sgn§n8 d |ﬁ?3§?}%ﬁ§$é,6f
apart from at Wer 3£ 6, e v e t - M5 :
process for g?% ﬁ%?h d%ggf%ogégﬁél%Ea%§§?d¥ﬁg§tgﬁghgofgtgbébflus Fﬁ&‘“ the
drilliBg procaserl w?_eﬂﬁk;acgfﬂéssytaaarpaaﬂimmiaa_ #0820kt itddlower end,
conprising a multiplicity of coupled, drill pipes’is sunk into the
bore-hol e, Whiiseh (1€ Sdrivefl’ i by thérapgllastrefigd bet a@wwi-hbllenydirdsling

at i'ts lower end, which is driven by the drill string or down-hol e driving
means, wher eimedrs, | ovlsereimt bthet bowdri partt ofnthesdrilledtring is fitted

. ‘\---X
hole. Sypporting the heavy elenent 6 at its upper end 605 i ' to
the drill pipe 2 also falls within the scope of the i nventN"(" 'ﬂn ﬁl ””"’ ,

Ut e "

with at least one heavy element, by means of which the cutting

W/ - pressure of the rotary drilling tool'is produced, and the
10 drill strin§ is displaced according to the progress of the
driiling by coupling further drill pipes to its upper end,
wherein a drilling f£luid is fed through the drill pipes to the
rotary drilling tool, where it emerges into the bore-hole,
wherein the drilling £luid in the bore-hole_is fed to the

15 sﬁrface together with the drillings, and wherein the drilling
fluid in the drill string only communicates with the drilling

fluid in the bore-hole in the region of.fhe rotary drilling

- tool, the drill string divided by means of at least one
hydrostatic separation -element into drill string sections

20 which are hydrostatically independent, and which are acted
upon at their lower ends and at their wupper ends by the
hydrostatic pressure of the drilling fluid in the bore-hole,

‘with the heavy element(s) supported near the rotary drilling.

tool, and with the drill string kept under tensile stress down

25 . to the immediate vicinity of the rotary drilling tool by using
sliding joints, with a sliding travel restricted to a maximum

‘length of 5 mm, as said hydrostatic separation elements and by



‘ m e heavy el ement, by neans of which the cutting pressue of
“!w \m“ I ng tool is produced and the 10 drill string is”

aced accordlng to the progress of the drilling by coupling further
dr|II pipes to its upper end, wherein ﬁ.?rllling fluid is fed through-the
drill pipes to the rotary dr|II|ng tool!, fwhere it emerges into the '
bore-hol e, wherein the drilling fluid in the bore-hole is fed to the 15 o
surf ace opepeatibon vof hthéchgdrbstayic sepdratdon elements hindey ftersilen the |
drill string only conmmunicates wth the dr|II|ng fluid in the bore-hole '
in the réofes condbbionsary -drilling tool, the drill string divided by
means of at |east one hydrostatic separatlon element into drill string ¢
sections 20 ~ wheeh ARrcarrgngementi cEPry FﬁHEﬁéﬁSénPut aﬁ@ﬂMﬂR§¢QQﬂ§

acted upon at_their |l ower ends and at ,their nds dros atic
pressurgareﬁmlﬁen@r.w. ‘Slais; I, | FOPRELEDPE. Hoﬁg&a-v?ﬁf‘ﬁ RG {(s) *

Haer © el o workes i iagiaﬁ?ﬁ SR¥LeanERroEbd, | R4l it ?5%

drill

2 ot ek PR L6, b Eh™ LTSt kLh € SESQPES‘ AR
oper at i Qi Ofdfiﬁ hﬂ%@ﬂé&hﬁléBpé?aﬁhaﬂ €h§%9&€aﬁ@d€bﬁbﬁﬂw We‘i‘éin

conditions. 2. ar rangenent carrying out process accordi ng

to O aithd, rmfl At 2oflf thei AgillOsttinhg 1boobqu5pped dwdth “WhidaSry
mani pul ating device tor the. drill string, and '

elements, with a rotary drilling tool at the lower end of the
10 drill string and with a rotary drill drive unit,’ with one or'\‘)
more hydrostetic separation'eleﬁents enclosed within the-drili'
string so that they rotate with it whereby the T'h}rd_z"'c_:'stat:ic:'
-separatione=e1ements are sliding joints with a sliding travel
restricted to a maximum length of 5 mm and whereby the heavy'
15 element is supported near the rotary drilling tool.
3. 'An arrangement-according-to Claim 2, yherein the
"hydrostaiic.wseparation elements comprise two sealed  hollow
parts which slide against each other, which can move axially.
- in relation‘tOthe'drill string, the exial movement of which -:;
20 sealed hollow parts is restricted in both axial direetidns,
which are coupled so that they rdtate'together, and which cani-
be coupled at their free ends with drill pipes so that: they.
rotate togethe:'with the latter. | |

4. An arrangement according to one of Claims 2 or 3,

[y

25 wherein the  hydrostatic separation elements comprise two |
coaxial tubular pieces which can move into each other on :
sliding surfaces, that at least one seal is disposed ‘between

the tubular pieces, that the two sliding surfaces have toothed



T,

flushing, unit, with a drill string corrpr|5| ng a nultiplicity of drill
pi pe§ coupled so that they rotate together, wherein the
drill string is equipped wth heavy el errents "With a rot\gﬁm“rm‘"m m ﬂ", |

tool at.the lower end of the 10 drill s&ing and with a tot@ry dmil
drive upig, with one or nore hydrostatlc separatlon el ements encl osed
W thin Fﬁe drill string so that they rotate with it whereby the

hydrost ati ¢ segment®whitknengagarwithi dach pthers whikhacahi dove Gocadly
restricted to a maxinmum | ength of 5 nm and whereby the heavy 15

el enent is sunpbrtwhiicktranemibt sobationainforces, thataaner t&lbgém'nt piece
acgor di ng to CI aim2, wherein the hydrostatic separation elenen

conpri se two bagalad tlhﬁ?@@ﬁﬂpaﬂ-gmmﬂtcﬁtm freeag8dnst apdchthaker u\ﬁm gfher

enich 20 " s [t ee, Barn cERcshnes, 8Pkt athTeR EReel Sl oct | ons,
whi ch | ed h h
A thebr froe ends w U dri | EApRREergshStR pBboRashn P, Bl; e Br &ﬁ%ﬁ“ﬁg

latter. 4. An_arrangenent according to one of dains 2 or 3. 25

the hydrostatic -separation elenents conprise two coaxial tubular

pi eces which can nove into each other on sliding surfaces, that at | east
one seal is disposed between the tubular pieces, that the two sliding
surfaces have toot hed 111111211212112121211211211111 segnents which
engage with each other, which can nove axially

/

<




—and whi ch trg&‘ rotational forces, that one tubul ar piece has a

AL

its free end. 5 5. An arrangenent

acdbrdtng to any one of Clainms 2 toy&g wherein the hydrostatic ,
separation elenents are equi pped ‘with ‘one or nore spring elenents hetween
the two .coaxial tubular pieces which spring elenents press the tw

t ubul ar. Poedpswhapain bheshydngspaticuseparathonarilemedtscareoequipped 5

its free end,’ and that the other tubul ar pi ece has a -

. the maxi mum axi al extent. -6. An arrangenent according to any one of C ains
2 to 5, Wwhthejonether hmeve springnelemenpsi betweeant ubhe atwangecazdali ally

wWith respect to the drill * string the inside dianmeter of which tube
is |ar geFuP“hﬂrt heieges; d\sh&t:anEPéi-nef elegmentg preps| thet r £WE,

tybulagst

in

t he | f th d t t hat h t ted
wi'th it SPHBGER oRBeRE PY| RBTIBUSPToRRErR 4y Ehe| AXbAl GAEPCEIGRIERV TS

el ement

accordin

otherMAse fre mpihe drill string. 7. ~ An arrangenent
? aF i caxial, gifgnt

2 15 to 5, wherein the heavy el enent

t b | ! ,
fhe out si de E.Ene?ér ”?fﬁﬁﬁﬁﬁﬁtﬁ%eX?S&% 9.ESPREY oh8 bBCcrdlnkz o7 00
the drilg, Stﬁh&ﬂeinatthéasﬁeégy&P§%EEﬂﬁt ' SGmpPifbst hg Otibd Shitafigeghat

t he heavy el enent 1's supporte

Its | ower  end 20 near the- rotary

drillingcé@pialPypd wiEh (Péspésty €6€TERé |ardlierdteng| eethéonrinbeddri| |

string.

10

- near the rotary drilling tool, and that the heavy element is -

15

20

25

diameter of which tube is larger than the outside diameter of

the drill string, at least in the lower region of the drill

string, that the heavy ‘element is supported with its lower end

otherwise free: from the drill string.

7. An arrangement according to any one of Clalms 2

- to 5, wherein the heavy element comprises a tube arranged

coaxially with ~respect. to the drill string, the outs;de
diameter of which tube is smaller than the inside diameter of
the drill string, at least in the lower region of the drill

string, that the heavy element is supported with its lower end

‘near the- rotary drllllng tool, -and that the heavy element is

otherwise free from the drill string. -

8. An arrangement according to any one of Claims 2.

to 7, wherein the heavy element comprises several tubular

pieces which are attached to each other.

9. A process for &inking a deep bore-hole,
substantially as hereinbefore described with reference to the
accompanying drawings. ‘ |

10. - An arrangement for sinking a deep bore-hole,

W



8. An .arrangement according to any one of Claing 2 to 7, wherein the

heavy el ement conprises several. tubul ar pieces which are attacﬂmmﬂmmlmnm
ot her. 25 9. A process for sinking a deep b

subst ant+~al |y as herei nbefore described wt eference to the acconpanylng

dr awi ng&,-10. An arrangenent for sinki a deep bore-hole,

L M S ~* 20. substantially as herei-nbefore described wth reference
to the acconibstaptiallyi@s hereinbefore described with reference to the

accompanying drawings.
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