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1
This - inivention. relates to the grt: of drilling
boreholes: inte: subsurface: formations: by the: ro=
tary drilling: method: and, move: particularly, re-
lates: to: the drt. of ascertaining and: indicating

deviations: from. verticdal of a borehole: drilled by

said method:

In the drilling. of Borelioles by’ the: potary drill-
ing method; the equipinent employed ineludes: &
drill bit which: is: mounted. oni the lower end: of &
string of pipe known. as- drill: pipe, the: drill pipe
being provided: at itsi upper end: with a.kelly: rod
or grief stem by means of which: the drill pipe.

is rotated through the medium: of a-rotary table:

While the' drill: stem: is rotated in. the borehole

for the purpose of deepening the borehole; it is:

commion: practice: to-circuldte & drilling: fluid: cori=

tinuously through the drill stemi and the drill bt

This drilling fiuid: is: pumped’ downwardly inside

(CL
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the drill: stem through the eyes: of the bit and:

upwardly i the anhular space: between: the: drill
stem and thehorehole walls: Ordindrily the-drill-

ing’ mud: leaving the Borehole is: passed: over o

20

shale shaker in: order to' separate: from: the drill="

ing Auid: the coarser material suspended therein
after which- the drilling’ fluid! may be stored in &
pit-or tank for: further use.

During the: drilling of boreholes by the rotary

drilling method it has been found: difficult to:

maintain a. vertical. course: Because: deviations

from: the verticdl; if of any appreciable magni-
tude,: catse many. difficulties, it has been the:
practice to survey the:borehiole: from: time to time:

to: determine: whether or not: the: borehole. is: de~
viating: from: vertical and: to determine the ex-

tent.of the deviation, if: any. Obviously; such: a:

proeedure is time=consuming and is otherwise: ur-
satisfdactory, particularly in- that deviation.can-
not be determined: at.the time that drilling is be~
ing acecomplished. By-the:time:that deviation be-
comes- known, the borehole:may have: deviated so

far from: the vertical as: to eduse serious: diffi--

culties: in: straightening. same: It is- apparent;
therefore, that any practical method: for deter=
mining.and. indicating: deviation' should: detect

and. 1nd1<;ate any deviation at the: very inception.

thereo ‘so that- proper steps may be: taken: by
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The: present. inivenition may be- deseribed. briefly’
as a tubular member, which: may suitably be: &
drill: collar sub; adapted to-be removably secured.
to- the drill string and made: a: part thereof,: said.
tubular member: having a- longitudingl: chamber
defined: by the walls thereof, a free swinging
pendulum: carrying marking means: om: the- lower
end thereof suspended: in: said: chamber, record
means carried: in: sxid: ehiamber for receiving an:
impression: thereon: from: said marking means
and means for ejecting’ said: record-means: from:
the longitudingl: chamber and- through: the: outer
wall of said: tubular member into the upwardly:
moving stream: of drilling: fluid:  The record
means- is made: of a material having' such. a
specific gravity that'it will.be carried upwardly by
the drilling mud: and: deposited: on. the: shale
shaker, or other suitable means for intercepting
said record means, fremy which- it-may be recov=.
ered’ and: examined: by the drilling; crew for de~
termining. the deviation: of the borehole from: the
vertical:- :

The aforementioned: objects and other advan-
tages: of my invention: will be: apparent from.: the:
following; detailed description: taken in connec~
tion: with the dccompanying drawings. = In. the-
drawing, like numerals indicate- like' parts
throughoit:

Fig. 1. isi a: view of a- drill collar sub which:
houses: the  apparatus of the present invention;

Fig, 2 is o fragmentdry cross-sectional view of
the: device of my invention.taken along the-line
II—IT of Fig. 1;

Fig.. 3+ is: &’ cross-sectional: view showing in:de=
tail: a portiom of the mechamsm illustrated: in:
Pig. 1;

Fig. 4 is a top view of that portion of my de-
vice: shown: in Fige 35

Fig. 5 is & view of @ portion:of: the devies: shown.
in. Fig: 1; .

Fig. 6:i5 & detailed view: of the'means: employed .
for suspending the stylus shown in Fig..1l; and

Fig. 7 is- a7 detailed: view of & portlon of the

- device shown in Fig.. L.

Referrinig to the- dra,wmg‘m which:like numer-

- -alg refer to like parts throushout; 10- designates-a-

the drilling. crew to-restore the vertical alignment

of ‘the: borehole:
It is an. o-bsect of: the present invention-to - pro~

vide. a_device which is an. integral part: of the
drill’ string ‘and. which. is- adapted to- determine:

50

and  indicate the degree. of .inclination. of . the
borehole from the vertical.. It-is-a further object-

of the present. invention. to prev1de such a-device:
which xndlca.tes degree. of. 1nclmat10n Whlle the:

borehole 1s bemg deepened

L]

tubular member fluidly connectible to-a.source of. -
drilling. fluid under pressure, as by means of -
threaded upper end portion I.and threaded:-lower
end: portion. 12.: Preferably- the.external and-in--

ternal: diameters: of tubulay member: 18- are the,

same as:-the externai and- internal diameter- of a

‘conventional drill collar. Tubular member I8 de~:

fines outside: cylindrical surface I3 and ,mter_r;a,i
cylindrical- surface: 14; the. internal surface -l1&

. ‘bounding internal central passage- |5 which. ex--.
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tends longitudinally through tubular member 19.

The wall of body I8 defines a vertically ex-
tending cylindrical chamber (6 and vertically
extending cylindrical chamber 17, chamber {6
being in fluid communication at its lower end
with the -upper end of chamber 17. The upper
end of cylindrical chamber 6 fluidly communi-
cates with external surface 13 of body (8

through duct (8. The lower extremity of cylin-.

drical chamber 17 fluidly communicates with

external surface 18 of body 19 through duct 19.”

Chamber 28 traverses the wall of body 108 hori-

zontally and-fluidly connects chiamber 17 with

central passage 15. Cylindrical chamber 21 hori-
zontally traverses the walls of body 10 and fluidly
connects the lower portion of chamber 17 with

10

4

its outer periphery sealing means 46 for pro-
viding a fluid-tight seal between piston 44 and
the walls of chamber 1. Sealing means 46 may
suitably be an O-ring.

Tubular member 47 having a closed lower end
is secured at its closed lower end to piston 44
coaxially therewith by a suitable lost motion

“means; for example, bolt 48 which is shown most

clearly in Fig. 3. .The outside diameter of tubu-
lar member 47 is less than the diameter of cham-
ber (1 and, accordingly, may be moved longi-
tudinally in chamber 7. The outer surface of
tubular member 47 carries outwardly extending

- shoulder 30. Disposed in recess 23 of chamber

central passage 18, chamber 21 being disposed

below chamber 20.
is positioned within chamber 17 between the
juncture of chamber 20 with chamber IT and
the juncture of chamber 21 with chamber {7.
Annular recess 23 is positioned in chamber 17
at g point in chamber {7 below the juncture of
chamber 17T and chamber 28 but above port 19.
Chamber 16 defines an inwardly projecting
shoulder 24 at its upper end and inwardly pro-
jecting shoulder 25 adjacent its juncture with
chamber 17. Chamber 20 defines inwardly pro-
jecting shoulder 26 at the juncture of chamber
20 with central passage (5. Chamber 21 defines
inwardly projecting shoulder 27 at the juncture
of chamber 21 with central passage. 15.
Mounted within chamber 20 and affixed to the
end of said chamber which connects with cham-
ber 17 is guide plate 28 which defines a central
opening passing transversely therethrough co-
axially with chamber 28 and also defines a plu-
rality of ‘openings 30 spaced from. the central
opening, - Mounted slidably within chamber 22
for longitudinal movement therein is piston 21
carrying suitable sealing means 32 for providing
a fluid-tight seal between piston 3! and the walls
of ‘chamber 20. Sealing means 32 may. suitably
be an O-ring. Piston rod 33 is mechanically
affixed to piston 31 and passes slidably through
the central opening defined by guide member
28. Helical spring 34 circumscribes rod 33, one
end of said string being biased against guide
member 28 and the other end biased against
piston 31, the said spring tending to bias piston

31 away from guide member 28. Affixed to that

end of rod 33 opposite from the end affixed to
piston 31 is a forked member 35 extending longi-
tudinally from rod. 33 and defining two prongs
36 lying in a horizontal plane.

Piston 37 is slidably disposed within chamber
16, the outer periphery of piston 37 carrying a
sealing means 39 thereon for providing a fiuid-~

tight seal between piston 37 and the walls of .

chamber 16. Sealing means 39 may sultably be
an O-ring..

Mounted ‘within chamber 21 at the juncture
of said chamber with chamber 17 is orifice plate
40 ‘which is traversed by orifice 4i.  Piston:- 42
is slidably disposed within chamber 21 for:longi-

. tudinal movement within said chamber between

inwardly extendmg shoulder 271 and orifice plate
40. ‘Piston 42 carries on its outer periphery seal-
ing means 43 for providing a fluid-tight seal
between “piston 42 and the walls of eylindrical
chamber 2.
an O-ring.

‘Piston 44 is slidably arranged within chamber-
IT ‘adjacent the lower end thereof for longi-.
tudinal movement therein. - Piston 44 carries on-

Annular sealing means 22

Sealing means 43 may suitably be

i1 and circumseribing tubular member 47 is ring
membper -5i, ring member 51 having an in-
ternal diameter sufficiently great to permit the

- passage of tubular member 47 therethrough.
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Helical spring §2 circumscribes tubular member
47, its upper end heing biased upwardly against
outwardly projecting shoulder 58 and its lower
end being biased downwardly against ring mem-
ber 51. Sealing means 22, as for example an
O-ring, provides a fluid-tight seal between tubu-
lar member 47 and the wall of chamber i1 but
permits longitudinal movement of tubular mem-
ber 47 in chamber [T therethrough. Sealing
means 22 effectively divides. chamber {7 into a
lower portion 17’ and an upper portion {7’’.
Projecting above the upper open end 54 of
tubular member 41 are ears, or stops 57 and 58,
which project toward the longitudinal axis of
the tubular member 47. Tubular member 41
also carries near its upper end 54 outwardly ex-
tending lug 55. Mounted within tubular mem-
ber 47 on the closed lower end thereof is helical
spring 59 which exerts an upward bias against
discs 60 mounted within tubular . member 41.
The: external diameter of dises 68 is less than
the internal diameter of tubular member 47 and
consequently spring 59 moves dise 60 upwardly

‘within tubular member 47 and. biases said dise

against ears 57 and 58. Inwardly projecting stop
180 is arranged within chamber {71 to limit the
upward -movement of tubular member 47 on
abutment of projecting lug 5% of tubular member
47 against stop 100.

Slot 161 passes transversely through the wall
of body 0 fluidly connecting chamber {7 with
external surface i3 of body 10. Slot 101 carries
disposed therein rubber lips 102 and 103 which
vieldably close said slot against the passage of
fluid therethrough. Rubber lip 1062 is mechani-
cally afiixed to the upper side of slot 101 and
rubber lip 103 is likewise affixed to the lower
side of slot 101. Rubber lips 192 and 163 being
tightly pressed together form a fluid-tight seal.
The inner surfaces of rubber lips 102 and {63
are beveled so as to form an outwardly extending
V., The apex of the V being adjacent chamber -
17::is located directly opposite fork 35 carried
by piston rod 83.

A weighted ‘stylus 61 'is 'suspended from - its
The lower end’
of stylus: §! catries -a sharp metallic pomt 62,
point- 62 -extending downwardly w1th1n chamber'
T sufficiently far to engage with: the upper- -
most ‘dise 60-carried within tubular member 41,
Stylus 61 may be weighted by any suitable means
such as by filling a-hollow portion at the lower
end thereof with mercury or by affixing a weight
61 adjacent the lower end thereof. Stylus 61 is
suspended at its upper end by any means which .

- will ‘permit the said stylus to return to a sub-

stantially vertical position after the forces tend-
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ilie to- eatise sald: stylis-to-deviate from & -verti--
cal pesition: have: ceased: to- operate thereon: and.
may suitably be- suspended’ from- the  upper end-

of chamber 1T by means- of -ball bearing - T0
affixed to the upper end: thereof, the said ball
bearing being motnted- within case 11 defining
opening 12:through-which: the stylus extends, ball

bearing 10 being: bigsed downwardly: by: means-

of spring' 13. ‘With-suich-an-arrangement, stylus

61 is- pivotally- suspended- from: its upper -end-
but:is able. to: move longitudinally: within- cham-

ber 1T a limited amount. - The suspension of
stylusi 61 may be’ more-clearly seen- by referring
to:Fig. 6. The purpoese for -preferably providing

for such- longitudinal movement will become ap-
parent hereinafter when the operatlon of my

device-is described.-

Having hereinbefore - described the various

parts:constituting the parts:of: my: invention and
the® relationship  of' these parts to eaeh other,
the operation of my: device will- now be described:

It will' be understood, of course; that the: vari-
ous: parts of. the' device: of my invention must
be-assemblediat the surface and when: assembled,

the completed assembly must be: incorporated’
with: the drill: stem and: is: preferably located: as:

close to the bit as is: practicable.
THe device of my- invention is made a part of

the- drill stem as by connecting threaded ends:
i I and- 12 of said device with the: drill stem. As 3

the drill stem is-run into the:borehole in normal
drilling’ operations, the mud hydrostatic head,
of course, increases.. This-inereasing: mud hydro-
static-head gets on piston 37 through opening 18
and- on- piston 44 through' opening’ {9 to main-

tdin' the pressure in chamber (1 the same as

the pressure on the outside-of the device. This
equalization of pressures- permits the inclination
of the borehole from the vertieal to- be deter-
mined at any selected point in the- borehole by
properly altering the pressure of the drilling

fluid- in the: drill- stem in the: conventional man-

ner, as by means-of the' mud pumps:

With: the drilling: fluid in' chamber {5 under’

pump pressure, pistons 31 and 42 are forced into
their full forward position, that is;, outwardly

from- ¢hamber 15. When: piston 31 is in its fulk
forward position, spring 34-is in compression. It

should be noted:that orifice-4{ in: orifice plate 40
is: of such size gs to retard-the movement of pis-

ton: 42 to- its full forward: position inasmuch as:

the fluid present. in. the: space: between orifice
plate 40: and piston. 42. must be forced. through

orifice &i into-the lower portion: (1”7 of chamber.

{1.. While piston 42 is moving. to its: full forward

position, piston 44 is:moving toward.its-full down.
position and: reaches the full down. position when

piston: 42 reaches.its: full forward. position. In-
asmuch. as: spring 52 is confined. between  out-
wardly projecting shoulder 50 carried by car-
tridege 4T and annular ring 51,

upwardly. against. inwardly: projecting ears 51
and 58 by means. of spring 59.. So:long as pres-

sure is maintained, piston 44 and consequently
cartridge 4T remain: in the down position.. With

cartridge: 41 in: the down position weighted: stylus
61 is free to move about.in:chamber 1. Conse~

quently, as the drill stem is being rotated, as: it.

ordinarily will be: during .normal. drilling opera-
tion; stylus. 61 is whn‘led about agalnst the walls’
of chamber IT. o

‘When it: is: desired: to secure an mdlcatxon of.
the deviation: ftom.vertical of the borehole; rota-.

spring 52 ig in.
compression. as: piston. 44 moves: to. its. full down.
position. - Of course, discs 60 are always biased .
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sowith piston 44,

“within chamber 11.

6
tion: of’ thé: drill stem:is' discontinued. and: the:
pressure: on drilling mud' within: chamber 15 -is:
reduced: as, for example, by: stopping: the: mud: -
pumps. With- the mud pressure: so redueed,. coil-
spring. 34 returns piston. 31 to- its full back. posi-:
tion, that is, spring 34 forces- piston 31 toward:
central passage 15 until piston 3 abuts: against:
stop 25: Of course, as-piston. 3{ returns to its:
full back’ position, disc. ejector’ 39 also moves: in:
cooperation therewith and is: thiereby placed in-
position- of ejection: of a disc 60- when drilling
fluid: pressure- is- again inereased in. chamber 5.
At the same time that piston 31 begins: to-move
to its full' back position, coil' spring 52- causes:
disc-cartridge 4T to move upwardly within cham-
ber 5. The upward movement. of cartridge 4T
is'retarded by virtue of the fact that fluid within:
the:lower portion {1’ of chamber (1 must: pass:
through orifice 41 into. chamber 21, the orifice’
being of such a size: 4as to provide the- desired
amount of retardation. Upward movement of’
cartridge: 4T and, accordingly, piston 44. forces:
hydraulic fluid through orifice 41 into chamber
2+ until piston 42 is: forced into:its full back posi-
tion, that is, until piston 42 is forced toward pas~
sage. 15 until it abuts  agdinst: stop 2T. By the
time piston 42 has reached its full back pesition,
the Iug 55 of disc- cartridge 4T abuts against in-:
wardly projecting shoulder 100, the interval of
time between the reduction of pressure within:
chamber (5 and the time that the lug 55 of car--
tridge 47 abubts against inwardly: projecting
shoulder 100 being sufficiently great to- permit
stylus: 61 to come to rest. Accordingly, as lug
55 abuts against inwardly projecting® shoulder
100; the uppermost of the dises 60 in' cartridge
47 comes: in' contact with marker 62 carried by
stylus:61. When marker 62 is of the mechanical
type shown- in Fig. 1, an indentation-is made by
the marker in: the topmost disc 60.

When drilling fluid pressure is again: increased:
within chamber 15, as by means of resumption:
of operation of the mud pumps, piston 31 is again:
moved toward its full forward pesition, thus:
causing the forks 36 of disc engaging member 35
to engage with the previcusly marked: topmost:
disc 60: and to force the engaged disc laterally’
with respect. to cartridge 41 and: between: rubber
lips 102 and: 103 and ouftwardly into the mud.
stream. This disc is, of course, carriediupwardly:-
by the upflowing mud: stream: to the surface of:
the: earth and may be recovered therefrom:as by
means of passing the:mud through a shale shaker:
or other screening device.

While piston 3f is being moved to: its full for-
ward. position by the increased mud pressure,
piston 42 is also being moved. to: its full forward .
position. Accordingly, fluid is forced:by piston 42..
from chamber 21 through. orifice: 41 into the:
lower portion 11" of chamber: T foreing piston: 44
downwardly. After piston. 44 has moved down
sufficiently far to cause surface 49" of bolt 49 to:.
abut. against shoulder 44’ of piston 44, disc cgr-
tridge 47 also moves downwardly in cooperation:
The: lost motion: between disc.
cartridge 471 and piston .44 is provided. so as: to
allow sufficient- time for: the uppermost disc: 60
to be ejected from the.cartridge by forked mem-:
ber 35 before the cartridge is started downwardly
Of course, after disc car-
tridge 41 has reached its: lowermost position: of
travel, the: cycle is completed. and: the device is:
ready to make the next recording in the man=
ner hereinbefore described.

I will be- seen thatthe: number of readings
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which may be taken is limited only by the num-

ber of discs 60 which can be carried in cartridge
41. Inasmuch as these discs can be made rela~
tively thin and since cartridge 47 may be of any
desired length; it will be apparent that a very
large number of discs may be carried in the de-
vice of my invention. Preferably, I prefer to em-
ploy a disc of approximately 1% inch thickness
when the disc is made of -plastic. These discs,
however, may be made of any material which
will ‘be sufficiently soft to receive an impression
when contacted by marker 62 and yet sufficiently
rugged to withstand the conditions to ‘which it
will be subjected while in the mud stream.
When all of dises 68 have been used, it is of
course, necessary to remove. cartridge 47, refill
it with dises 60, and reinsert cartridge 47 in the
device-of my invention. * Removal and replace-
ment of cartridge 47 is accomplished by unserew~

ing bolts 1i0 and removing outer wall member -

fil. With outer wall member i{i so removed,
cartridge 41 together with piston 44, spring 52

and ring 51 may be lifted from its normal posi-

tion. Discs 60 are inserted info the upper end
of cartridge 47 until the said cartridge has again
been refilled. Of course, as discs are inserted in
cartridge 41, spring 59 is again compressed. The
refilled cartridge 41 may then be returned to its
operative position within the device of my inven-
tion and secured thereon by affixing member (i1
to body {0 by means of bolts §{0.

What I wish to claim is:

1. A device for indicating the deviation from
vertical of a drill stem employed in penetrating
subsurface formations by the rotary drilling
method while drilling fiuid is maintained in said
drill stem comprising, in combination, a tubular
member defining -a central longitudinal passage
extending therethrough, said tubular member
being adapted to be fluidly connected with and
made a part of said drill stem, the walls of said
member defining a chamber having a normally
closed opening connecting said chamber and an

outer surface of said tubular member, a piv--

otally suspended marker disposed in said cham-
ber and arranged to assume a vertical position
when - acted upon by gravity only, ejectable
record means disposed in said chamber and ar-
ranged to be marked by said marker when said
marker is acted upon by gravity only, and means
for ejecting said record means from said cham-
ber through said normally closed opening after
said - record means has been marked by said
marker.

2. A device for indicating the deviation from
vertical of a drill stem employed in- penetrating

subsurface formations by the rotary. drilling.

method while driling fluid is maintained in said
drill stem comprising, in combination, a. tubular
member having a central longitudinal passage
extending therethrough and adapted to be fluid-

ly connected with and made. & part of said drill-

stem, said tubular.member having an cuter and
an-inner surface forming ‘a wall portion with
said “inner surface defining said central longi-

tudinal passage, said wall portion defining a lon=.
gitudinal chamber and. a -normally .closed open--

ing..connecting said longitudinal chamber and
the: outer surface. of ‘said tubular member, a
stylus carrying a marking means, pivotally sus-
pended in: said: longitudinal ‘chamber and ar-

ranged. to assume ga vertical position when acted -

upon by .gravity only, a dise cartridge carrying
at least one disc disposed :in- said longitudinal
chamber and arranged. to:move said disc info
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operative -relation' with -the: marking means of
said stylus to mark said disc in response to a de-

.crease in fluid;pressure in said central longitu-

dinal passage, and means-arranged to eject said
disc from said -cartridge. and said longitudinal
chamber through said: normally closed opening
in response to an increase in fluid pressure in
said central longitudinal passage.

- 3. A device for-indicating the deviation from
vertical of a drill stem employed in penetrating
subsurface - formations by the rotary. drilling
method while drilling fluid is maintained in said
drill-stem comprising, in combination, a tubular
member defining a central longitudinal passage
extending therethrough and adapted to ke fluidly-
connected ‘with and made a part of said drill-
stem, the wall of said tubular member defining
& longitudinal chamber and a port fluidly con-
necting sald longitudinal chamber with-the outer -
surface of said tubular member, a deformable
sealing means normally closing said port and
arranged to seal said port against the passage of
fluid therethrough, a stylus pivotally suspended
in said longitudinal chamber and arranged to
assume a vertical position when acted upon by
gravity only, marking means carried by said sty-
lus, a disc eartridge carrying at least one disc
disposed in said longitudinal chamber, biasing
means cooperating with said cartridge to move
said disc into operative relation with said mark-
ing means to mark said disc in response to the
decrease 'in fluid pressure in the borehole, and
means arranged to eject said disc from said car-.
tridge  and from said longitudinal chamber
through the deformable sealing means arranged
in said port in response to an increase in fluid
pressure in the borehole. :

4. A device for mdlcatlng the deviation from
vertical of a drill stem employed in penetrating
subsurface formations by the rotary drilling
method while drilling fluid is maintained in said
drill stem comprising, in combination, a tubular
member defining a central longitudinal- passage
extending therethrough adapted to be fluidly
connected with and made a part of said drill -
stem, the wall portion of said tubular member
having an inner surface defining said central
longitudinal passage and having an outer cylin-
drical surface, said wall portion defining a longi-
tudinal chamber: between saig surfaces and an-
opening fluidly ‘connecting said longitudinal
chamber with said outer surface, a deformable
sealing means normally closing said port and -
arranged to seal said port against the passage of
fluids therethrough, a stylus pivotally suspended

in said longitudinal chamber and arranged to -

assume a. vertical position when acted upon by
gravity omnly, & marking point carried on the
free-end of said stylus, a disec cartridge carrying
at least one disc disposed in said longitudinal
chamber, biasing means. cooperating with said
cartridge to move said disc. into operative rela- .
tion with said marking meéans to mark said disc
in response to & decrease.in fluid pressure in the:
borehole, and a disc engaging member adapted:
to engage said disc and to eject said disc from
said cartridge and:said longitudinal chamber
through said deformable sealing” means in" re-.

" sponse to.an 1ncrease in flu1d pressure in the

70

76

.borehole.

5. A device for 1nd1cat1ng the deviation from
vertical of a drill stem employed in penetrating
subsurface formations by the rotary drilling -
method while drilling fluid is. mamtamed in said
drill stem comprising, in' combination, a tubular -
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member the wall of which has an inner surface
defining a central longitudinal passage extend-
ing through said member and a cylindrical outer
wall surface, said wall defining a longitudinal
chamber between said surfaces with a side port
fluidly connecting said longitudinal chamber with
the outer wall surface, said wall defining a first
piston chamber fluidly connecting said longitu-
dinal chamber with said central longitudinal
passage and a second piston chamber fluidly con-
necting said longitudinal chamber with said cen-
tral passage, said tubular member being adapted
to be fluidly connected with and made a part of
said drill stem; a pair of deformable, separable
lips disposed in saig port and arranged to seal
said port against the passage of fluid there-
through, a stylus pivotally suspended in said lon-
gitudinal chamber and arranged to assume a ver-
tical position when acted upon by gravity only;
a marking point carried on the free end of said
stylus vertically beneath the point of suspension
of said stylus; a disc cartridge carrying at least
one disc gisposed in said longitudinal chamber
for longitudinal movement in said chamber; a
_sealing ring circumscribing said cartridge, said
sealing ring being positioned within said longi-
tudinal chamber between the juncture of said
first piston chamber with said longitudinal cham-
ber and a juncture of said second piston cham-~
ber with said longitudinal chamber; a first
piston mechanically connected with said disc
cartridge for longitudinal movement within said
longitudinal chamber in fluid-tight relation with
the walls thereof; a second piston slidably  dis-
posed within said first piston chamber for longi-
tudinal movement therein in fluid-tight relation
with the walls thereof; a third piston slidably
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disposed within said second piston chamber for
longitudinal movement therein in fluid-tight re-
lation with the walls thereof; a fourth piston
slidably disposed within said longitudinal cham-
ber above said stylus for longitudinal movement
therein in fluid-tight relation with the walls
thereof; a plate pierced by an orifice disposed in
said second piston chamber adjacent said lon-
gitudinal chamber for regulating the rate of
flow of fluig between said second piston cham-

er and the portion of the longitudinal chamber
between said sealing ring and said first piston;
a spring arranged to bias said cartridge upwardly
in said longitudinal chamber to move said disc
into engagement with the marking point of said
stylus to mark said disc in response to a decrease
in fluid pressure in the borehole; and a disc
engaging member mechanically affixed to said
second piston for movement therewith into said
longitudinal chamber for engagement with said
disc after said disc has been marked by said
marking point to eject said disc from said car-
tridge and said longitudinal chamber through
the deformable, separable lips in said side port
in response to an increase in fluid pressure in the
borehole,

WALTER J. BIELSTEIN.
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