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This invention relates to a system for communicating 15
or signaling information from a relatively inaccessible
location in an earth borshole to a location outside the
borehole at the earth’s surface, More particularly, the
invention relates to such a system adapted for operation
during drilling of the borehole as well as during periods 20
of suspension of the drilling. Still more specifically, the -
present invention relates to such a system wherein there
are no electrical connections between the inaccessible
location in the borehole and the location exterior of the
borehole, all of the electrical apparatus being located at
either of said locations.

Previously proposed systems of earth borehole investiga-
tion or logging and capable of operation during drilling
of the borehole have utilized a pressurized downwardly
flowing stream of drilling finid within the drill string as
a communication medium for the transmission of intel-
ligence from an inaccessible location within the borehole
to the surface of the earth; see, for example, applications
Serial Nos. 346,457 and 295,982, filed April 2, 1953, and
June 27, 1952, respectively. In such previously known
Systems signals were created in the drilling finid stream
in the vicinity of the lower end of the drill string by valve
means which when operated electromagnetically or other-
wise, produced an increase in pressure in the fluid of the
stream which signal was quickly transmitted to the exte-
rior of the borehole and translated and recorded by trans-
ducer and recording means of suitable design. Further,
such systems utilized various arrangements of time-spaced
pressure changes to represent information concerning
items of interest investigated in the vicinity of the bottom 4
of the borehole. With such systems of time-spaced pres-
sure increases confusion of intelligence is apt to occur
unless the system is restricted to but ome type of intel-
ligence, or unless excessively long periods of time are
allocated to each type of information or intelligence. The
present invention provides a system wherein such disad-
vantages and defects of the previously known systems are -
obviated, and has as a principal object the provision of
a system of the type mentioned in which two types of
intelligence or information may be concurrently trans-
mitted or signaled on the common single communication
medium of the drilling fluid, without any likelihood of
the two types of intelligence becoming confused or mixed,

It is another object of the invention to provide a simple
and efficacious system for rapidly and surely transmitting
two different types of intelligence or information from a
relatively inaccessible point within an earth borehole to
a location outside the borehole.

Other objects and advantages of the present invention
will hereinafter be made apparent in connection with g
description of a preferred embodiment of apparatus ac-
cording to the system of the invention.

While a wide variety of types of intelligence or infor-
mation concerning items of interest to be investigated in
the vicinity of the bottom of the borehole may be handled
with equal facility by the system of the present invention, 0
for purposes of illustration two items of interest common-

o

0

65

, ,

2

ly forming the subject of investigation of ordinary elec-
trical logging systems; namely, earth current path resist-
ance and natural potential of the earth, are arbitrarily
selected to illustrate operation of the invention,
Generally, the system of the present invention utilizes
as a signal transmission medium the downwardly flowing
pressurized stream of drilling fluid within the hoilow inte-
rior of the drill string, but differs from the previously pro-
pesed systems in utilizing two different types of pressure
changes within the drilling fluid stream to form signals
representing two different channels of information. The
pressure changes comprised in the signals according to
the system of the present invention are, as stated, of two
types, the first type being in the nature of a pressure
increase, and hereinafter referred to as “positive,” and
the second type being in the nature of a pressure decrease
and hereinafter referred to as “negative,” both such
changes in pressure being measured from an average or
normal prevailing pressure in the drilling fluid stream.
The pressure change producing device may assume a wide
variety of forms within the spirit of the invention, but
as hereinafter illustrated and described by way of exam-
ple, comprises an electromagnetically operated drilling
fluid valve arranged to assume three different operating
positions. In the normal position of this valve, which
is assumed when neither of its two operating electromag-
nets is energized, the valve offers a certain amount of
resistance to flow of the drilling fluid therethrough or
therepast, thereby producing a detectable pressure differen-
tial between a point in the drilling fluid stream above the
valve, and a point in the drilling fiuid stream below the
valve. A positive or pressure rise producing position is
assumed as a result of energization of g first of the valve
electromagnets, and results in an increased resistance to
flow of drilling fluid therethrough or therepast; and a
negative or extreme open position is assumed as a result
of energization of a second of the actuating electromag-
nets, in which latter position the valve offers substantially
no, or very little, resistance to flow of drilling fluid there-
through or therepast. The means for investigating various
items of interest within the borehole and for formulating
signals indicative of such information may, within - the
spirit of the invention, assume a wide variety of forms.
It is only necessary that such means be capable of reduc-
ing each type of information or intelligence to respective
time-spaced electrical current pulses in individual circuits,
the time intervals between the pulses being indicative of,
Or representing, the information or intelligence. In the
preferred embodiments of g system according to the inven-
tion as hereinafter illustrated and described, a time clock
controlled structure including a periodically acting set of
cam actuated contacts and power supply means is arranged
to energize one of the valve actuating electromagnets in
such a manner that the valve preduces a series of regu-
larly time-spaced reference pressure-change signal ele-
ments in the drilling fluid stream. Also included are two
information registering or measuring devices cyclically
operated by the time-clock means of said structure and

electromagnets of the valve to produce a bressure change
signal element in the drilling fluid stream. The polarities,
or “conditions” of the two pressure change signal elements
produced by the action of the two devices will be oppo-
site, that is, one positive and the other negative, The two
bressure-change signal elements produced by action of the
mentioned devices are each spaced in time following the
reference pressure change signal element, the individual
time-spacing being a measure of, or otherwise representa-
tive of, the particular information or intelligence being
conveyed by the respective positive or negative element of
the signal. The time-spacing of the reference signal ele-
ments of a series of signals is automatically effected by
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the cam actuated contacts as hereinabove noted, and the -

time' spacing of: the ‘information representing positive and

‘negative signal elements i$ dlso automatically adjusted, by: .

means hereinafter more specifically. disclosed, so that the

time' interval: between: a reference signal element: and a |

next following positive :signal ‘element : represents. one
'measurement -or registration of one type of information
and so that the time interval between the reference signal

‘element ‘and the next following megative signal element . =

similarly represents the other information.

A preferred embodiment of apparatus operable to per- .

' form the method 'of the invention and otherwise conform-
. ing to the system of the! invention fis illustrated in the
accompanying drawings, in which: 71/ : :

" Figure 1 is a diagrammatic illustration, partly in ver-

.- ticdl section, of ‘a typical earth borehole and earth bore- -
. hole drilling tig with a system according to the present

; invention applied thereto; . : s S
! Figure 2 is a view, partly in longitudinal section and

to an exaggerated scale, of a portion: of ithe structure

shown ‘at the ower end of Figure 1;

|Figure 3 is a 'diagrammatic view, partly in longitudinal
| ‘gection, similar to a portion af Figure 2 but showing parts
of .the walve mechanism in a pressure increase producing

; position;- :

" Figure 4 is a view similar to Figure 3 but showing por-
- tioms -of the valve mechanism in a pressure decrease pro-

ducing position; . .. - S R
. ‘Figure S is a schematic and ¢lectrical circuit diagram

of apparatus contained in a drill collar of the drill string.

. adjacent the lower part of Figure 1; and’

s Figure 6 is a graphical representation of a recbrd‘pro-f '
-vided by signal receiving and translating apparatus located’ !

- exteriorly of the borehole at the surface of the earth.
Referring now to the drawings and to Figure 1 in par-

. ticular, there is depicted in section and in somewhat sim-

 plified -form a ‘typical:earth borehole 18 which may pene-

. trate the earthin any desired direction, but which is shown.
extending - generally  downwardly, and being drilled by

+ drilling: means which ‘comprises a sectional string of drill

pipe 11 connected at its lower end to a sectional drill collar
12 to the lower end of which is in turn secured a rotary
drill bit 13 which upon rotation produces an extension of
t]:}e borehole 18. The upper end of the string of drill
pipe 11 is suspended from a Kelly bar 14 which is in
turn suspended from a rotary swivel 15. The rotary swivel
is supported for vertical movement by conventional means
including a traveling block and a crown block and wire
rope operated by a drawworks as is usual and well known
in ithe art. As the drill string comprising Kelly bar 14,
drill pipe 11, drill collar 2 and drili bit 13 is slowly
lowered as -drilling proceeds, the earth borings or chips
removed by bit 13 are carried to the surface in a stream
af drilling fluid or mud which flows in the free space
wighin ‘the ‘borehole surrounding the outside of the driil
string; the drilling fluid and chips being discharged from
an mpper cased portion of the borehole through a side
dlspharge pip; 16 into a settling pit or other conventienal
fluid recovering ‘means 17. From a suitable portion of
!:hﬁ means 17 the relatively free or cleaned drilling fluid
is withdrawn through an intake pipe 18 into a drilling fluid
pump 19 from which it is discharged under considerable
pressure ‘past a surge tank 29 into a conduit 2i. The
stream of drilling fluid supplied to conduit 21 is delivered
thr_ough a rotary hose 22 to the aforementioned rotary
s?mval 45 through which it is delivered in turn to the inte-
rior of hollow XKelly bar 14 from which it flows down-
§vam!dly through the interior of the drill string to orifices
in the drill bit 13. The purpose of surge tank 29, which
may be conventional, is to dampen or remove to the great-
est possible extent pressure fluctuations in the drilling fluid
§tream caused by action of pump 19 and ofher actiens
incident to ‘the drilling. The thus far enumerated struc-
ture, with the -exception of drill collar 12, is or may be
such as is used in -conventional drilling practice and is
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depicted and thus briefly described to portray an. environ-: .
‘ment-of the present invention. :

Referring now to Figure 2, diillicollar 12 is shown as’
comprising an:upper section 23, an upper sub 24, a special
section 25 ‘whose constraction: will hereinafter 'be more
fully explained, and a lower section 26 to which drill bit
13 is secured: The downwardly flowing siream of drilling
fluid is delivered by upper section 23 of ‘the drill collar
to the specially shaped intersal bore 27 of sub 24, in
which: bore the aforementioned pressure changes in the -

- drilling fluid stream are adapted to be effected. - ‘Bore 27

~ at its upper portion is of substantially uniform diameter, -

15

" but diverges at its lower portion in 4 section'of increasing

‘diameter; reaching a maximum: diameter in:the region
where the interior bore of special section 23 joins the' bore
of ‘sub 24.  Special drill collar section 25'is, as. depicted,

- of ‘relatively large internal diameter, whereby ihere may

be positioned and supported in the drilling fluid stream a

“generally ' cylindrical  apparatus case 28 provided with |

20

‘the ‘interior wall of section 25.
;ing legs are circurnferentially spaced. apart around ;the '

upper and lower sets' of -supporting legs 38 and 31, respee-

tively, which legs ‘are suitably formed ‘to ;snugly’ engage
The respective support-

' exterior periphery of the' apparatus case and are prefer-
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ably of smooth streamlined form, whereby the stream. of*
drilling fluid may flow therepast .without. undue: interfer-: .

*sence.’ Furtler, two or more of such legs may be formed

of ‘special ‘cross-sectional ‘shape as hereinafter more fully:

‘explained,: whereby: electric conductors may be led from:

the interior of case 28 and through suitable apertures in .
special ‘drill ¢ollar sectioh 25. The drilling fluid ‘stream’

. passing downwardly around the exterior periphery of ap-
. paratus case 28 flows in the direction indicated generally.
- by the ‘streamlined: arrow ‘pointed lines, into’ the bore of -

1owier sub 26, from which it is delivered to the drill bit 13.

" ‘Apparatus case 28 is employed 1o hotse means: for inves-
| tigating items of interest adjacent the lower end of the
"+ drill string, & power supply means, valve means, and sub-
-+ sidiary: equipment whose  function. is, with other means
40

which may be conventional, tc actuate a three-position
valve means at proper times and in the proper manner to
produce the aforementioned pressure change signal ele-
ments.

The valve means utilized to produce the pressure
changes in the drilling fluid stream may assume any of
a variety of physical forms. That chosen to illustrate
the preferred embodiment of apparatus according to the
invention, comprises a lower shaped portion of the wall
of bore 27 of the sub 24 and a complementarily formed
shaped. valve head 35 fixedly mounted on the upper end
of a valve rod 36 mounted as indicated for vertical
reciprocation in the upper and cap piece 28a of apparatus
case 28.  Valve rod 36 is of three-piece construction
and comprises an upper section 36a and a lower section
36¢, both of monmagnetic material and both rigidly
secured to a central section 365 of ferromagnetic mate-
rial. ‘Upper section 36a is adapted to be guided by suit-
able bearing and packing means formed in the upper cap
piece 28a of case 28; while lower section 36c¢ is arranged
to be guided in conventional bearing means provided in
a suitable valve rod guide disc 37 secured in the interior
of case 28 as indicated. The lower end of rod section
36¢ -is surrounded by a compression spring 38 abutting
against disc 37 and pressing against a disc 39 suitably
affixed to section 36c, spring 38 serving to hold the valve
rod 36 and valve head 35 in approximately the posi-
tion illustrated in Figure 2 with a normal stream of
drilling fluid flowing, and with neither of the hereinafter
described valve electromagnets energized. Secured in
the upper interior of the casing 28 and encircling valve
rod 36 are two valve actuating electromagnets 49 and
41, each comprising a ferromagnetic outer case and a
coil or winding within the case; the two magnets sharing -
in .common the ferromagnetic section 36b of valve rod
36 as a readily slidable core piece. The otherwise un-
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occupred space,in the interior,qf case 28 is preferably filled
with a. suttable dampmg Anid such as orl -2nd provision
such as bellows means 42 com; ,u\n_rcatmg w_th the drill-
ing fluid stream and located in the interior of case 28
may be provrded to allow for recrprocatory movement
of rod 36 into and out of .the case. The aforedesqnbed
arrangement of valve structure is such that , with neither
-of electromagnets 40 .and 41 energrzed sprmg 38 .and
the drilling fluid stream act to position valve hea 3¢
0 provide a medium degree of restriction, of the drrlling
ﬂuld stream. therepast and such that when the upper elec-
tromagnet 40 is energlzed valve rod.section 360 is drawn
upwardly, forcmg valye head 35 upwardly 1o, mcre gly
Testrict flow of drilling fluid-therepast to cause a .pressure

mcrease in ‘the dr1111ng ﬂurd stream thereabove, and A3

i rther such that upon energlzatron of electromagnet 41,
lve rod sectton 36b is drawn downwardly to draw
valve ‘head 35 down agamst or closely ad]acent the
pper face of end cap 28a of casing 28, .thereby . subst,an—

trally removmg all restriction offered by the valye head ¢

o the moving drilling fluid stream. The normal or neu-
tral posmon of valve head 35 is deplcted in Fxgure 2
‘the upper. position; wherein a pressure increase js produced
is indicated in Flgure 3 and the lower posttron in which

a negatlve .bressure change is, created in ithe drrlhn,g fluid -2

stream is 1ndrcated in Flgure 4,

~From the aforedescribed operation of the valve means
mterposed in the drrlhng fluid stream it is seen that a
pressure change of either positive or negative character

maybe produced in the stream above the valve, by s€ c- 13

tive operation .of one or the other of electrom agnets
40 and 41, Means for selectrvely energlzmg the electro-
magnets will now be described.

Referrmg _again to Frgure 2, special section 25 of
drrll collar 12 ‘has secured thereto, as by vulcamzatron,
an rnsulatmg Jacket 25] upon whlch are mounted a plu-
rahty of electncally conductmg sleeves or electrodes 50
51, 52 and 53, which may be of conventronal form and
spacrng and such as are used in conventronal ‘earth bore—

hole loggrng operatrons employed in obtalmng mforn;ra- i

-tion concerning earth path resistances and the natural
potentral of earth formations ad]acent the borehole The
mature and arrangement of the msulatmg “jacket and the
electrode system are not per se of the present 1nvent10n,

may : ‘be of conventional arrangement and constructlon, Al

and are depicted solely as one form of suitable means
of obtammg information concerning items of mterest
within the -borehole for transmission from wrthm the
bore hole to the surface .of the earth: ‘by a system accord-
1ng ‘to'the present invention.

“Referring now to Figure § of the drawings, a schematic
circuit dragram is shown of apparatus comprrsed in a
capsule ‘55 .contained wrthm apparatus case 28 :in the
interior of the drill collar. -The circuit dragram also indi-
cates diagrammatically the aforementioned electrodes 50, .
61, 52 and -53. The electromagnets 40 and 41 -are indi-
-cated iin position to selectively operate the aforedescnbed
~alve, hére identified by the reference character V. ‘Elec-
tromagnet 46 is indicated as ‘having its coil connected
4in -series -with a suitable source of electric power such
-as a ‘battery -60 and -to parallel-connected crrcmt-closmg
sets .of .contacts including a set 61 regularly and periodi-
cally closed by cam .means, and a second set 62 operable
by .a relay R1, closures of these sets of contacts ‘being
-effected at -times as herernafter more fully described.
Electromagnet 41 is connected in series with .a suitable
-source of electric power such .as battery 65 -and a set
of .normally .open contacts 66 forming part of a relay R2,
whose coil when energized is -adapted to -close said -con-
Atacts :against ;the force .exerted by .a relay :spring. Con-
tagts 161 are adapted .to-be. periodically .claséd by a .regu-
Jarly -operated.cam 69 and opened by.a. sprrng 70 as 1nd1-

' 15, 2.8l t? g
rs rqtated at a slow umform rafe -of speed of the order

-JJ

60

.65 respectrve reference ,pressure change proport
wlnch pressure polarlty 1s employed for »tlle re ience
pressure change Further, it IS ev1dent that' 0
70 nformatron—represen

5

6

9f one zevolution .each dhree Minntes by .a suitable time
Slock or time, clock ontrolled means 72, the .arrangement
prefe:;a,bly bemg such sth; the rate of rotatron of shaft
71 s deﬁmtely known. Thus -positive - pressure change
signal , elements are created. Mounted on .shaft 71 and
«electrrcally inst ated thereﬁrom s a wrper Arm 75 of a
rhepstat 7§ whose resistance element is connected as
gne leg of a brrdge B .as mdrcated -Other. legs of b ’gg_
B are corqgnsed of resrstance _umts Xl _

values 50
.chosen that as wrper 75 rotates in the, drrectton dndi
around the resistance .¢lement -

,electrrcal resrstance presepted 1
30 and 51, 20d Ahus the | X L
balance at some point in .each revolutron of w_r per
gthe current nol;mally energizing , the coll of relay R 1Wlll
At such .point drop to zero value, permitting the ,zelay
Spring to close.contacts 62 and thus cause energization 0
electrornagnet 40',and the productron of a_second positivs
pressure change signal element in the drilling finid, .Stream.
Alsp mounted onishaft 71 and electrically i rnsulated there-
f];om isa wrper 80 of a.potentiometer 81 Whose resi
As Scom.teqted dn series across a2 battery 83 and T
X3.as rpdrcated Battery 83 has one of its, poles gro,,'nded
and y wiper 80 1s gonnected as indicated to the coil of relay
R2 .in series wrth electrodes 52 and 53,
th«mg conne ted to ground ,as ] as- wrper

80 rotates in.the . drrectlon 1ndlcated it. applres across  the
corl ,of relay R2 a gradually reasing potential awhich,
when itredches a value equal -0 and of pela y .OppOsite
1p the ‘matyral potentlal ;applied thereto from electrodes
52 and .33, results in drop of the QUETENt thrpugh corl
R2 to zero value thereby permrttmg tthe contacts 85 ,to
cl g€ under mﬂuence of the relay sprmg, thergby .ener-
£ mg electromagpet A4l to produce 2 prossure decr 15
or négative Pressure, change signal, element in the dri ng
Aluid stre ove the valve. Itis evident.that, amaovement
of erper arrns 75 and 80 Dbeyond the [positions at which
br1dge and potentrometer balances are attarned Tesults
in the reenergization respecttvely gf relays R1
the J:etur;n of the valve ‘head 35 to normal or neutral

]

I y be made negatrve by connectmg
contacts 61 m serres wrth battery 65 and elect_ magnet
¢ ates ,fo
produce fo lowmg each such reference press, e change,
,.an mform on—representmg pressure .change | of -a ;ﬁrst
D¢ arity .affer An elapsed time following the respectrve
referenc;e ‘pressure .change | 1nd1cat1ve of .or proportronal
o the resistance between eleotrodes 50, and S,
other 1nformat10n—representmg Jpressure change of differ-
ent polgrity after an elapsed time interval follow g the

t 2 PO:
o rity, cannot be . confused Polarrty of the ; refer-
ence, Ipr tnnexmarkmg pressure changes,’ »1f not ,know,n
before lapd ;may easily ibe ascertained by .examination of
the recei

ical ;record of t gnals.on which such
~1:eference pressure changQS AaLe rndtcated as ,those -pips,
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marks ‘or other indications occurring at regularly spaced
intervals. The spacing of the information-representing
pips or marks vary as the values they represent vary.

Referring again to Figure 1, the pressure change signals
in the drilling fluid stream created by valve V' and repre-
senting items of interest such as physical quantities or
measures - thereof, are quickly transmitted upwardly
through the fluid in the hollow drill string and are”im-
pressed upon a receiver-recorder means-indicated gener-
ally by reference numeral 90, which serves to receive and
‘translate the pressure change signals-into sense-percep-
tible indications of the two types of information secured
by the investigating apparatus at the bottom of the drill
string. This signal receiving ‘translating and recording
apparatus may be supplied with electrical energy from
a generator in the draw works through leads 91 and 92,
and ‘may be of conventional form comprising a conven-
tional pressure transducer whose output is preferably
amplified ‘and fed-into a’ conventional electrical recorder
mechanism. In regard to the recorder apparatus, it is
essential only that.it be operated at a uniform rate of
speed as, for example, by a time clock mechanism, to
produce a graphical or other sense perceptible indication
of the pressure variations in the drilling fiuid stream in
conduit 21.

Referring now to Figure 6, there is indicated diagram-
matically a length of a typical graphical recording pro-
duced by the means 99 operating according to the system
of the invention. The graphical recording is a record
of ‘the drilling fluid pressure, P, in conduit 21, plotted
against time, ¢ - The recording includes two reference
pressure change signal element marks or pips PCR, spaced
apart a distance representing a time period T. "Also the
recording includes positive and negative pressure change
signal element marks PC1 and PC2, spaced from the
preceding reference mark PCR by respective distances
representing time periods T1 and T2, respectively. The
latter time periods, and the corresponding distances on
the record, are directly proportional to the values meas-
ured in the borehole and represented by the pressure
change signal elements. Thus the method of evaluating
the record is obvious. The only possibility of confusion
arising from operation of the system according to the
invention resides in the impossibility of producing both
a positive and a negative pressure change sigral at the
same time. This possibility of confusion is readily avoided
by proper selection of the values of the circuit elements
of the bridge network and of the potentiometer network
so that the signal resulting from one of said networks

with  invariably precede, or invariably follow, that pro-

duced by the other of the networks, Further; it will be
evident that even if the full range of time between refer-
ence pressure changes were to be utilized for each of
‘the types-of information or information channels, only
in rare instances would any values of the information
be encountered which would result in attempted forma-
tion of concurrent positive and negative pressure changes.
1n such rare instance, fluctuation or variation of one or
both of the measured values would cause noncoincident
signals to be transmitted before and after any attempted
coincident signals, whereby by interpolation and/or extra-
polation the values represented by the coincident signals
could readily be ascertained.

Thus, it is seen that the system of the invention pro-
vides a means and method of concurrently transmitting
information of two distinct types from a location within
an earth borehole to a location outside the borehole,
without electric connections between the two locations
and without danger of mixing or confusing the types of
information; and that the other stated and obvious objects
of the invention are fully accomplished. = While a single
preferred -embodiment of apparatus according to the sys-
tem of the invention has been illustrated and described,
it is evident to those skilled in the art that the apparatus
'may assume a wide variety of forms within the spirit
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‘and ‘scope‘of the invention; and it acéordingly is ‘not

desired to-limit the invention to the specific details dis-
closed, but what is claimed is: : co

1.-Tn a system for communicating information of two
types from a relatively inaccessible location in an earth
borehole - to-a point outside the borehcle whileé concur-
rently extending the borehole by drilling with means in-
cluding a hollow drill string through which a stream of
drilling fluid flows under pressure, apparatus comprising:
a ‘section of such drill string; means in the 'section of
drill string to recurrently measure each of two physical
quantities and to produce in such stream pressure change
signals; each comprising one of a series of regularly pro-
duced ‘reference pressure. change signal elements of a
given character and two information-representing” pres-
sure change signal elements 'one above and the other
below an average pressure value and each represénting
a respective measure ‘of said physical quantities; and
means outside the borehole for receiving and ‘translating
said signals. ‘ ‘

2. In a system for communicating information of two
types from a relatively inaccessible location in an earth
borehole to a point outside, the borehole while concur-
rently " exteriding the borehole by drilling with means
including a hollow drill string through which a stream
of drilling fluid flows under préssure, apparatus compris-
ing: a drill string extending from such location to such
point, valveé means in the drill string, interposed in

the path of such stream; actuator means. to selectively

move the valve means to positions to produce pressure
changes of opposite signs, respectively above and below
normal ‘pressure in said stream; means for recurrently
securing measures of each of two physical quantities and
representing’ two types of desired information, and for

‘periodically . causing said actuator means to move the

valve means to one of said positions for producing a
series of reference pressure changes in said stream and
affer each of said reference pressure changes to causing
said actuator means to move the valve means to each
of such positions for producing a pressure change of
each of said opposite signs and each representing a re-
spective one of said two types of information; and means
at said point for receiving and translating such pressure
changes into sense-perceptible indications of said meas-
ures. . ‘ ‘

3. In-an investigation system adapted for, use in an
earth borehole being drilled by means including a hollow
drill string having a downwardly flowing stream of drill-
ing fluid flowing therethrough under pressure, apparatus
comprising: a drill string; means to supply. drilling fluid
under . pressure to said drill string; signal element pro-
ducing means in the drill string selectively actuatable
to produce in such: drilling fluid stream, pressure change
signal elements both -of positive and of negative char-
acteristics with respect to normal pressure; means in the
drill .string ' to measure each of two items of interest
and to selectively .actuate said signal element producing
means to produce a reference pressure-change signal
element of a selected one: of said characteristics and to
thereafter  produce measurement-representing pressure
change  signal elements of .each of said characteristics,
each-such measurement-representing signal element rep-
resenting by its time spacing from the reference signal
element a measurement of one of a respective said items
of interest; and means cutside the drill string in hydraulic
communication therewith for receiving said signal ele-
ments and for therewith forming sense-perceptible indi-
cations of said measurements.

4. In a system adapted for concurrent investigation of
two items of interest at a relatively inaccessible location
in'an earth borehole, and continued drilling of an exten-
sion of .the borehole by means including a drill string
having-a drilling fluid stream flowing therethrough under
préssure, apparatus comprising: a section of drill string;
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A first means in the drill string selectively actuatable to
produce :pressure changes «of opposite sign with respect
to nermal pressure in the drilling fluid stream; regularly
operating means in the borehole for measuring the value
of -each -of said two items and for selectively actuating
said first means to successively produce a reference pres-
sure change of a selected sign in the drilling fluid stream
and thereafter at respective time intervals proportional
to the measured walues of said items, produce measure-
'ment-representing pressure changes of opposite signs in
the drilling fluid stream each representing 2 measurement
.of & respeetive one -of said-items of interest; and means
outside the borehole and in hydraulic communication
with the drilling fluid stream for receiving :and translat-

ing the several pressure changes into sense-perceptible -

indications of said measurements.

5. In a system adapted for concurrent investigation
of two items .of interest at a relatively inaccessible loca-
tion in an earth borehole, and continued drilling of an
extension .of the borehole by means including a .drill
string having a drilling fluid stream flowing therethrough
under pressure, :apparatus comprising: a first means in
the drill string including -a valve interposed in the drill-
ing fluid stream and selectively actuatable to produce
pressure change signal elements therein of opposite sign
with respect to normal pressure therein; regularly .oper-
ating -actuating and :measuring means in the borehole for
measuring the value of each .of said two -items and for
selectively actuating said valve to successively produce
a reference pressure change signal element of 4 -selected
sign in the Jdrilling fluid stream and to thereafter at re-
spective time intervals proportional to respective -of the
measured values, produce measurement-representing
pressure .change signal elements of such opposite signs
in the drilling fluid stream, each representing a measure-
ment of a respective one of said items of interest; and
means outside the ‘borehole and in hydraulic communica-
tion with the drilling fiuid stream for receiving -and re-
cording the several pressure change signal elements in
the form of a graphical record indicative -of said meas-
urements. '

6. In an investigation system adapted for wuse in an
earth ‘borehole being drilled by means including 4 hollow
drill string having a downwardly flowing -stream of
drilling fluid flowing therethrough under ‘pressure, appa-
ratus comprising: a drill string and means to supply a
stream of drilling fluid under pressure to the ‘upper end
of the drill string; a first ‘means in the drill string selec-
tively -actuatable to produce pressure changes of either
positive or megative character with respect to normal
pressure in said stream of drilling fluid; a second means
in the drill string including regularly operated means for
measuring values of two items of interest at a location
within the borehole and for selectively actuating said
first means to cause the latter to produce a reference pres-
sure change signal element of positive character and
two succeeding pressure change signal elements, one posi-
tive and one negative, at intervals following said refer-
ence pressure change indicative of and mathematically
related to measured vatues of respective items of interest;
and means including pressure transducer means in hy-
draulic communication with the upper end of said dritl
string for detecting and translating said pressure change
signal elements fo sense-perceptible indications of said
measured values.

7. In a system for communicating information .of two
types from a relatively inaccessible location in an earth
borehole to a point outside the borehole while concur-
rently extending the borehole by drilling with means in-
cluding a hollow drill string through which a stream of
drilling fluid flows under pressure, apparatus compris-
ing: a drill string and means for supplying 2 stream of
drilling fluid under pressure to the drill string; means
including a valve means interposed in said stream in said
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drill string .and selectively actuatable -to first -and second
positions to create in said stream respective -distingtive
pressure change signal elements of first and -segond
characteristics different from normal pressure -character-
istics; regularly operating means in said drill string to
cause actuation of said valve means to -one .of said Pposi-
tions at periodic intervals; means contrelled by said
regularly -operating ‘means to procure information of
one of said types and to cause actuation of said valve
means fo one -of said positions in response to -and jn a
manner representative of said information of 6ne type;
other :means in said drill string .controlled by -said regu-
larly operating means to procure information .of ithe
other of said two types and to cause actuation of .said
valve means to the second of said positions in .a manner
representative of said other type -of information; and
means at said point in hydraulic communication in said
stream for detecting and translating the pressure changes
produced in said stream by said valve means, intoa sense-
perceptible indication representing said types -of -infor-
mation.

8. In a system for cocmmunicating information conp-
cerning physical quantities of two types from a relatively
inaccessible location in an earth borehole te & point
outside the borehole, -while concurrently extending -the
borehole by drilling with means including a hollow .drili
string through which a stream of drilling fluid flows
under pressure, apparatus comprising: a drill string and

means to supply a stream of .drilling fluid under pressure

to the drill string; means in the drill string including a
valve .means interposed in said stream .and actuatable in
first and second directions from a normal position ‘to
create in said stream pressure -changes of respective first
and second «characteristics different from mormal pres-
sure characteristics, each .of which pressure changes con-
stitutes a signal element; first actuator means for actuat-
ing said valve means in said first direction; second
actuator means for actuating said valve means in sajd
second direction; means including regularly -operating
means in the drill string to regularly energize said first
actuator means, first and second mensuration means con-
trolled by said regularly operating means for measuring
each of said two physical quantities and for each ener-
gizing a respective .one of said actuator means at .a time
interval following energization thereof by said regularly
operable means proportional to its respective .measure-
ment; means outside the borehole in hydraulic communi«
cation with said stream for detecting and translating the
pressure changes in said stream; and recorder means for
forming a graphical record .of the characteristic and re-
ception time .of each .of the pressure changes detected
and translated.

9. In a method of communicating two types of men-
suration information from a relatively inaccessible loca-
tion in an earth borehole to a point outside the borehole,
while concurrently extending the berehole by continued
drilling, the concurrent steps comprising: providing a
downwardly flowing stream of drilling fluid under pres-
sure as a signal transmission medium; creating in said
stream .at said location at regular time intervals, pressure
changes of a uniform characteristic and selected from
the clags of pressure changes including pressure increase
and pressure decrease from a normal pressure, to provide
a series of signal intervals and references signal elements;
creating in said stream a series .of pressure-increase signal
elements, substantially one for -each reference signal ele-
ment.and each spaced from its respective neforence signal

“element in time by an interval representing a measure-

ment comprised in a first of said types of information;
creating in said stream a series of pressure-decrease sig-
nal elements, substantially one for each reference signal
element and each spaced from its respective reference
signal element in time by an interval representing a
measurement comprised in a second of said types of
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information; detecting and trapslating at said point the
pressure changes created in said stream; and forming a
graphical record of the time spacing and characteristics
of said pressure changes.

10. In an earth borehole investigation-signaling system
adapted to provide at a point cutside an earth borehole,
measurements of first and second physical quantities at
a relatively inaccessible location within the borehole, dur-
ing extension of the borehole by drilling by means in-
cluding a hollow drill string through which a stream of
drilling fluid flows under pressure, apparatus comprising:
a drill string and means to supply a stream of drilling
fluid under pressure to the drill string; an eleciromag-
netically actuated vaive interposed in said stream in the
drill string and operable in first and second directions
from a normal position to produce pressure change signal
elements of respectively opposite pressure change charac-
teristics in said stream and comprising first and second
electromagnets to operate the valve in respective of said
directions; means including electric power means acting
to recurrently energize said first electromagnet at regu-
lar intervals to produce in said stream a series of refer-
ence pressure change signal elements of a given one of
said characteristics, and first and second measuring
means to measure respective of said first and second physi-
cal quantities and energize respective of said first and
second electromagnets at respective time intervals fcl-
lowing each said reference signal element proportional
to the respective measurement, to produce in said stream
information-representing signal elements of opposite
pressure change characteristics; means at said point in
hydraulic communication with said stream for detecting
and translating the pressure change signal elements
created in said stream and producing a graphical record
indicating the relative time spacing and characteristic
of each of said detected signal elements.

11. Tn a system adapted for investigation of physical
quantities associated with formations of the earth adja-
cent the interior of an earth borehole and in which the
borehole is drilled by means including a tubular drill
string through which drilling fluid flows downwardly
under pressure, apparatus comprising: a lower end por-
tion of such drill string; actuatable means located in
said lower end portion of said drill string and capable,
upon selective energization under first and second differ-
ent conditions, of producing respective pressure changes
of positive and negative sign respectively above and below
normal pressure in said drilling fluid thereabove; means
in said portion of such drill string for measuring values
of said first and second of said physical quantities and
for first energizing said actuatable means under the first
of said different conditions to produce a pressure change
of one such sign as a reference pressure change signal
element, and to thereafter at respective time intervals fol-
lowing production of such reference signal element rep-
resenting the measured values, energizing said actuatable
means under each of said first and second different condi-
tions to produce respective positive and negative pressure
change signal elements to complete creation in said
drilling fluid of a signal representing said measured
values; and means including means in hydraulic com-
munication with drill string, to receive said signal from
the drilling fluid and to translate said signal into sense-
perceptible indications indicative of said measured values.

12. Apparatus for communicating information of two
types from a relatively inaccessible location in an earth
borehole, comprising in combination: a section of tubular
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drill string adapted for use at such location and having
a passageway through which drilling fluid may be forced
to flow; means in said section of drill string for recur-
rently making measures of the value of each of two physi-
cal quantities; and means in said section of drill string
for selectively increasing and decreasing the resistance of
said passageway to flow of fluid therethrough above and
below a normal flow resistance value, and governed by
said first-mentioned means to recurrently change the said
resistance of said passageway in at least one such way
and after each such recurrent chamge, change the said
resistance of said passageway in each way from said nor-
mal value at respective times following said recurrent
change representing the corresponding measures of the
values of said physical quantities.

13. Tn a method of communicating measurements of
the values of two kinds of physical quantities from a rela-
tively inaccessible location in an earth borehole to the top
thereof while concurrently extending the borehole by con-
tinued drilling, the steps comprising: flowing a stream
of fluid under pressure through at least a portion of said
borehole between said location and an exterior point ad-
jacent the top thereof; establishing a time reference; tak-
ing a measure adjacent said location of the value of each
of said two physical quantities; producing in the said
stream of fluid adjacent said location, in response to one
of said measures, a pressure increase above the average
pressure thereof and at a time interval following said time
reference indicative of the measure of said one of said
values; and producing in the said stream of fluid adjacent
said location, in response to the other of said measures,
a pressure decrease below the average pressure thereof and
at a time interval following said time reference indicative
of the measure of said other of said values, whereby said
pressure increases and said pressure decreases are trans-
mitted through said stream of fluid to a reception point
exterior of said borehole, the times of arrival thereof at
said reception point relative to said time reference being
indicative of the values of said physical quantities.

14. In a method of communicating measurements of
the values of two kinds of physical quantities from a rela-
tively inaccessible location in an earth borehole to the
top thereof while concurrently extending the borehole by
continued drilling, the steps comprising: flowing a stream
of fluid under pressure through at least a portion of said
borehole, between said location and a point adjacent the
top thereof; taking measures adjacent said location of the
value of each of said two physical quantities; producing in
said stream of fluid adjacent said location, pressure in-
creases above the average pressure thereof in. response
to and having time distributions indicative of the said
measures of the values of one of said physical quantities,
and producing in the said stream of fluid adjacent said lo-
cation pressure decreases below the average pressure
thereof in response to and having time distributions indica-
tive of the said measures of the values of the other of said
physical quantities, whereby said pressure increases and
said pressure decreases are transmitted through said
stream of fluid to a reception point exterior of said bore-
hole, the time distribution of arrival thereof at said recep-
tion point being indicative of the values of said physical
quantities.

References Cited in the file of this patent
UNITED STATES PATENTS

2,380,520 2 ETS (<) . July 31, 1945




