
1               0 114 103                       2 Description
High explosives may be present which are still live but unfired in the
wellbore without the know- This invention relates to perforating systems in
ledge of the perforating system operator. general and, more particularly,
to high density       Such live explosives could remain in place for a well
perforating systems for use in relatively long    5    long time until a
well workover is accomplished intervals of a well to be perforated.
and the tubing string removed. This could create It has become fairly
common practice in recent    a potential hazard if unfired high explosives
were years to utilise relatively high density perforating  unknowingly
pulled to the surface with the tubing systems (i.e. systems having a large
number of      string. perforating shots per metre) in oil well comple-
10    It should be mentioned that, in tubing conveyed tions. As many as
sixteen shots per foot (0.3 m) of  perforating systems, the string of
perforating well interval, with a 90 or [err] phasing between   guns may be
left in the wellbore on the end of the perforating shots in the same plane
horizontally,   tubing string after the perforations have been are
typically utilised in such techniques. As many  accomplished by firing the
guns. Production into as several hundred feet of potential producing    15
the tubing string is accomplished either through formation may be
perforated by high density per-    or around the perforating gun structure.
In other forating guns in this manner. Such high density     systems, after
the string of perforating guns guns may be run by wireline into the cased
well     located beneath the packer has been fired, a bore or, as practised
in more recent years, such    mechanism  is used to release the fired per-
perforating systems may be run in on a produc-   20   forating gun string
and drop it to the bottom of tion tubing string into the well bore.
the well borehole. In any system, it is seen that a In the case of the
tubing conveyed perforating     dangerous condition could exist if unfired
high systems, a rather lengthy series of sequentially    explosives were
still existent in the lower portion connected perforating guns are run into
a cased     of any such tubing conveyed perforating gun and well bore on
the end of a tubing string below a    25   could possibly be detonated when
the gun was packer. When the sequentially connected string of   released
and dropped to the bottom of the well perforating guns have been run into
the desired     borehole, or removed from the wellbore. depth, the packer
is set, and a valve above the       We have now devised a system for
detecting packer is used to control the fluid pressure in the  whether an
entire string of perforating guns tubing string. A reduced pressure (below
forma-   30   which are fired serially, either by wireline, or by a tion
pressure) is usually present in the tubing     tubing conveyed perforating
system, have each string and in the wellbore annulus beneath the      been
fired by the firing mechanism. packer. When this is accomplished, the long
According to the present invention, there is pro- string of perforating
guns connected in series      vided a system for positively detecting the
firing below the packer are sequentially fired (substan-   35   of all of a
string of series sequentially connected tially simultaneously) and, since
the pressure in   well perforating guns disposed in a well borehole, the
wellbore below the packer is reduced by the     comprising: a plurality of
series sequentially con- control of the fluid in the tubing string, a large
nected well perforating guns (Figure 2) having a pressure differential can
exist between the inside  first end and an ultimate end, said guns being of
the perforated wellbore casing and the earth   40   series sequentially
connected via a common formations surrounding the borehole. Rapid out-
primer cord; a time delay fuse inserted in said flow of fluid from the
formation into the borehole   primer cord between the ultimate and the
penulti- then backwashes and cleans out the perforations     mate guns in
said string of perforating guns and which are accomplished in the
conventional          being of a predetermined delay time; means for manner
by shaped charges.                      45   detonating said primer cord
from said first end In some tubing conveyed perforating systems,
thereof and thereby detonating said delay fuse a long series string of
perforating guns, up to     and said ultimate perforating gun after said
pre- 1000 feet (300 metres) in length or even longer,    determined time
delay; and means for detecting may be simultaneously fired. Such guns are
at the surface of the earth vibratory energy prop- typically fired by
dropping a sinker bar down the    so   agated thereto by the detonation of
said string of tubing which contains a firing mechanism which
perforating  guns and  means for recording detonates a primer cord
explosive which, in turn,   representations of said vibratory energy on a
detonates the shaped charges in the long string of  record medium as a
function of time. perforating guns. Detonation is usually accom-        The
invention also provides a method for posi- plished from the top gun of the
series string of   55   tively detecting the firing of all of a string of
series perforating guns down to the bottom gun and         sequentially
connected well perforating guns in a takes place nearly simultaneously
along the entire  well borehole, comprising the steps of: con- length of
the series connected gun string.          necting a string of well
perforating guns together Occasionally, however, a faulty primer cord, or
with a primer cord in series sequential firing order faulty detonation of
any single gun in the series of   60   and placing said string of guns in a
well borehole perforating guns run in below the packer on the     located
opposite a formation interval to be per- tubing string, can prevent the
guns located         forated; interrupting said primer cord between beneath
it from firing. As each gun is connected    the ultimate gun in said string
and the penulti- 



sequentially or in series with the guns above it, in  mate gun in said
string with a time delay fuse such a case a very dangerous situation can
exist.   65   having a predetermined value of time delay;    3
0 114 103                      4 firing said string of series sequentially
connected  phasing between shaped charged in a horizontal perforating guns
in series relationship by detonat-  plane. ing said primer cord from an end
thereof opposite   Referring initially to Figure 1, a perforating from said
ultimate gun, thereby detonating said   system according to the concepts of
the present perforating guns sequentially along said string    5
invention is illustrated schematically. A well bore- from said opposite end
gun through said penulti-    hole 11 penetrates earth formations 14 and is
mate gun and then detonating said delay fuse and  lined with a steel casing
26 cemented in place by said ultimate gun after a time delay introduced by
cement sheath 27. A string of production tubing is said time delay fuse;
detecting at the surface of  run from the earth's surface to downhole
equip- the earth vibratory energy propagated thereto by   to   ment
comprising a packer 13 and valve system the detonation of said string of
perforating guns  (not shown) and a tubing conveyed string of and recording
representations of said vibratory   series sequentially fired perforating
guns denoted energy on a record medium as a function of time.  from an
upper gun 15 to a lower gun 16. A valve The techniques of the present
invention provide  system 17 located at the earth's surface enables a
meansfor detecting whether a complete string    15   well fluid from
beneath the packer 13 to be of series sequentially connected perforating
guns  produced via the tubing string 12 and a conduit 18 which are to be
fired substantially simul-        into a storage tank 19 at the surface of
the earth. taneously, or nearly so, have all been fired when  Draw works 10
illustrated schematically as a well the firing mechanism for the system is
activated.  derrick may be utilised to remove or introduce In the system of
the present invention, this is   20   tubing into the well borehole.
accomplished through the use of acoustic or         At the surface of the
earth, pressure or acoustic pressure wave sensitive transducers located at
wave sensitive transducers 20 and 24 are illus- the surface of the earth
above the wellbore which  trated. At least two different types of such
trans- is to be perforated. The acoustic or pressure     ducers could be
used. For example, the trans- sensitive transducers are utilised to detect
acous-   25   ducer 20 could comprise a piezoelectric or mag- tic waves or
pressure impulses produced in the     neto-strictive pressure sensitive
transducer which well borehole by the firing of the shaped charges  is
attached to the tubing string 12 at the surface in the perforating system.
The initial, or upper-  beneath the valve mechanism 17 as illustrated. most
N number of perforating guns, which are      Thus acoustic waves or
pressure pulses produced series sequentially connected, are fired in the
30   by a downhole explosion and travelling up the conventional manner by
the primer cord serially   tubing string 12 would be sensed by the trans-
connecting them. In the system of the present     ducer 20 and an
electrical output signal therefrom invention, however, the last one or two
per-      amplified in an amplifier 21 and supplied to a forating guns in
the series sequentially fired     recorder 22 which moves a record medium
28 as string of guns are provided with a delay fuse   35   a function of
time. which delays their firing, by a predetermined time  Alternatively, a
geophone type transducer 24 interval, from the firing of the initial or
upper  could be stuck in the earth's surface near the series of guns. Thus,
when it is desired to fire the  location of the well 11 and would sense
acoustic series sequentially connected perforating guns,   or pressure
waves travelling through the earth an initial large explosion occurs when
the initial   40   formations 14 to the surface of the earth. Signals guns
of the series are fired. Then there is a time  from the geophones 24 could
be amplified by an delay initiated by the delay fuse prior to the firing
amplifying system 25 and similarly supplied to a of the last one or two
guns in the sequentially   recorder 22 which moves a record medium 28 as
connected string. Thus the pressure or acoustic   a function of time. In
either event it is an object of sensitive detectors at the surface will
detect two    45  the techniques of the present invention to detect or
three distinct pressure impulses or shock      firing of downhole
perforating gun apparatus by waves from the firing of the downhole guns if,
sensing either acoustic waves travelling up the and only if, the entire
string of perforating guns  tubing string 12 or acoustic or pressure waves
has successfully fired.                           travelling through the
earth formations 14 in the In order that the invention may be more fully
so   vicinity of the well borehole and by recording the understood,
reference is made to the accom-       amplitude of such detected signals as
a function panying drawings, wherein:                        of time by the
recorder 22. FIGURE 1 is a schematic diagram illustrating      Referring
now to Figure 2, the downhole series one embodiment of a tubing conveyed
per-          sequentially connected string of perforating guns forating
system according to the present inven-   55   is illustrated in more detail
but still schematically. tion;
The top sub 31 is connected beneath the packer FIGURE 2 is a schematic
diagram further detail-  13 in a conventional manner as by an adapter sub
ing one embodiment of downhole gun of the         assembly. The top sub
which connects below the 



series sequentially connected system of Figure 1;  packer carries below it
a string of series sequen- FIGURE 3 is a schematic graphical represen-   60
tially connected perforating guns 32. Tandem tation showing two examples of
output records     subs 33 join any number as desired of perforating
produced by the positive fire indicator system of  guns 32 together to form
a series sequentially the present invention; and
connected string of perforating guns. FIGURE 4 is a schematic sectional
view of one     While the perforating guns 32 are not shown in embodiment
of perforating gun showing [err]   65   detail, it will be understood
bythose skilled in the    5                  0 114 103
6 art that such guns may typically comprise high      The amplified
detector signals are supplied to density perforating guns containing
multiple      the recorder 22 and placed upon a record medium shaped
charges stacked one above the other,       28 as a function of time. A
schematic illustration of typically 3 such stacks per gun perfoot (0.3 m)
pro-  the time record produced on the second medium is viding up to 16
perforations per foot (0.3 m) of    5    shown in Figure 3b. Alternatively
it may be desired interval at a [err] or [err] phasing in each of three  to
introduce two different time delay mechanisms horizontal planes about the
circumference of the  in the string of series sequentially fired guns at
perforating gun. Figure 4 illustrates in more detail  different points in
the string. A time record illus- three shaped charges having [err] phasing
in a     trating the output of this technique is shown in horizontal plane
of the gun. The illustration of   to   Figure3A. In eithereventatimerecord
is produced Figure 4 is a schematic cross sectional view taken  which is
characteristic of a particular firing just above or below one of the
horizontal sets of  sequence being fully executed by the system. shaped
charges carries by the perforating gun. A    Thus it is possible using the
techniques of the high explosive primer cord 34 extends from the    present
invention to see time separated impulses firing mechanism located above the
packer (not   15   reach the surface if, and only if, the entire string of
shown in Figure 2) down through the entire series  series sequentially
connecting perforating guns sequentially connected string of perforating
guns  has been properly fired. This prevents the possibil- 32 and tandem
subs 33. A bull plug 36 closes the   ity of the lower guns in the series
sequentially con- lower end of the series sequential string of per-  nected
string from failure to fire going undetected. forating guns.
20   Thus, the detecting system of the present inven- lllustrated atthe
upperend ofthe lowermostgun    tion may be referred to as a positive firing
indicator 32 and below the lowermost tandem sub 33 in the    system. string
of sequentially connected guns is an explo-  While the techniques of the
present invention sive time delay fuse 35 which interrupts the primer  have
been illustrated with respect to a tubing con- cord 34 before its entry
into the lowermost per-   25   veyed perforating gun system, it will be
under- forating gun 32.                                  stood by those
skilled in the artthatthe same tech- When
itisdesiredtofirethestringoftubing con-     niques are equally applicable
to series sequen- veyed perforating guns illustrated in Figures 1 and
tiallyconnected guns which are lowered into a well 2, this is typically
accomplished by dropping a    borehole on electrical wireline and fired
elec- sinker bar firing mechanism through the produc-   30  trically bythe
wireline mechanism. Similarly, itwill tion tubing 12 from the surface. When
the sinker   be appreciated that other firing mechanisms for bar engages a
firing mechanism (not shown)        firing the series sequentially
connected per- located above the packer, the primer cord 34 is   forating
guns could be used. For example, a detonated by the firing mechanism. This
primer     system which would sequentially fire the guns detonates at
extremely high speeds and conducts   35   from the bottom of the string
toward the top. In the detonation to each of the shaped charges       such
a casethe explosivetimedelayfuse35would carried by the series sequentially
connected string  be inserted near the last gun or guns near the top of
perforating guns, from the top of the assembly  of the string of series
sequentially connected guns toward the bottom. When this occurs, the shaped
to indicate that the primer cord 34 has indeed charges are fired
simultaneously, or nearly simul-   40   initiated firing of all charges
should that be the taneously, in the entire top N number of per-
mechanism utilised. forating guns connected together in the series
sequential fashion. However, when the primer      Claims cord 34 is
interrupted by the explosive time delay fuse mechanism 36, a predetermined
time delay is   45  1. A method for positively detecting the firing of
initiated which must elapse before the lowermost  all of a string of series
sequentially connected well gun 32 is fired.
perforating guns in a well borehole, comprising Thus, when the string of
series sequentially con-  the steps of: connecting a string of well
perforating nected perforating guns are fired by activating the  guns
together with a primer -cord (34) in series firing mechanism the top N guns
are fired virtually   50   sequential firing order and placing said string
of simultaneously, producing a large pressure or     guns in a well
borehole (11) located opposite a acoustic impulse which is conveyed to the
surface  formation interval (14) to be perforated; charac- via vibratory
motion of the tubing string 12 and  terized by interrupting said primer
cord between 



earth formation 14 in the vicinity of the borehole.  the ultimate gun in
said string and the penultimate Then the predetermined time delay elapses
when   55   gun in said string with a time delay fuse (35) having the
explosive time delay fuse 35 is activated prior  a predetermined value of
time delay; firing said to the firing of the lowermost several guns or gun.
string of series sequentially connected perforating The lattermost gun 32
is then fired when the delay  guns in series relationship by detonating
said is complete. Thus, a secondary acoustic impulse is  primer cord from
an end thereof opposite from produced a predetermined length of time after
the   60   said ultimate gun, thereby detonating said per- firing of the
initial or uppermost string of per-  forating guns sequentially along said
string from forating guns in the series. This acoustic or      said
opposite end gun through said penultimate vibratory pressure pulse travels
to the surface    gun and then detonating said delay fuse and said
similarly and both of these pulses are detected by  ultimate gun after a
time delay introduced by said the detectors 20 and 24 of Figure 1 at the
surface.   65   time delay fuse; detecting at the surface of the 4    5
0 114  103                      6 art that such guns may typically comprise
high       The amplified detector signals are supplied to density
perforating guns containing multiple        the recorder 22 and placed upon
a record medium shaped charges stacked one above the other,
28asafunctionoftime.Aschematicillustrationof typically 3 such stacks per
gun perfoot (0.3 m) pro-  the time record produced on the second medium is
viding up to 16 perforations per foot (0.3 m) of    5    shown in Figure
3b. Alternatively it may be desired interval at a [err] or [err] phasing in
each of three  to introduce two different time delay mechanisms horizontal
planes about the circumference of the    in the string of series
sequentially fired guns at perforating gun. Figure 4 illustrates in more
detail  different points in the string. A time record illus- three shaped
charges having [err] phasing in a       trating the output of this
technique is shown in horizontal plane of the gun. The illustration of   10
Figure 3A. In either event a time record is produced Figure 4 is a
schematic cross sectional view taken  which is characteristic of a
particular firing just above or below one of the horizontal sets of
sequence being fully executed by the system. shaped charges carries by the
perforating gun. A      Thus it is possible using the techniques of the
high explosive primer cord 34 extends from the      present invention to
see time separated impulses firing mechanism located above the packer (not
15   reach the surface if, and only if, the entire string of shown in
Figure 2) down through the entire series   series sequentially connecting
perforating guns sequentially connected string of perforating guns   has
been properly fired. This preventsthe possibil- 32 and tandem subs 33. A
bull plug 36 closes the    ity of the lower guns in the series sequentially
con- lower end of the series sequential string of per-   nected string from
failure to fire going undetected. forating guns.
20   Thus, the detecting system of the present inven- lllustrated at the
upper end of the lowermost gun  tion may be referred to as a positive
firing indicator 32 and below the lowermost tandem sub 33 in the
system. string of sequentially connected guns is an explo-    While the
techniques of the present invention sivetimedelayfuse35which interruptsthe
primer       have been illustrated with respect to a tubing con- cord 34
before its entry into the lowermost per-   25   veyed perforating gun
system, it will be under- forating gun 32.
stood by those skilled in the art that the same tech- When it is desired to
fire the string of tubing con-  niques are equally applicable to series
sequen- veyed perforating guns illustrated in Figures 1 and  tially
connected guns which are lowered into a well 2, this is typically
accomplished by dropping a     borehole on electrical wireline and fired
elec- sinker bar firing mechanism through the produc-   30   trically bythe
wireline mechanism. Similarly, itwill tion tubing 12 from the surface. When
the sinker    be appreciated that other firing mechanisms for bar engages a
firing mechanism  (not shown)         firing the series sequentially
connected per- located above the packer, the primer cord 34 is     forating
guns could be used. For example, a detonated by the firing mechanism. This
primer      system which would sequentially fire the guns detonates at
extremely high speeds and conducts   35   from the bottom of the string
toward the top. In the detonation to each of the shaped charges        such
a case the explosive time delay fuse 35 would carried by the series
sequentially connected string  be inserted near the last gun or guns near
the top of perforating guns, from the top of the assembly   of the string
of series sequentially connected guns toward the bottom. When this occurs,
the shaped     to indicate that the primer cord 34 has indeed charges are
fired simultaneously, or nearly simul-   40   initiated firing of all
charges should that be the taneously, in the entire top .N number of per-
mechanism utilised. forating guns connected together in the series
sequential fashion. However, when the primer        Claims cord 34 is
interrupted by the explosive time delay fuse mechanism 35, a predetermined
time delay is   45  1. A method for positively detecting the firing of
initiated which must elapse before the lowermost    all of a string of
series sequentially connected well gun 32 is fired.
perforating guns in a well borehole, comprising 



Thus, when the string of series sequentially con-  the steps of: connecting
a string of well perforating nected perforating guns are fired by
activating the  guns together with a primer cord (34) in series firing
mechanism the top N guns are fired virtually   so   sequential firing order
and placing said string of simultaneously, producing a large pressure or
guns in a well borehole (11) located opposite a acoustic impulse which is
conveyed to the surface   formation interval (14) to be perforated; charac-
via vibratory motion of the tubing string 12 and    terized by interrupting
said primer cord between earth formation 14 in the vicinity of the
borehole.  the ultimate gun in said string and the penultimate Then the
predetermined time delay elapses when    55   gun in said string with a
time delayfuse (35) having the explosive time delay fuse 35 is activated
prior  a predetermined value of time delay; firing said to the firing of
the lowermost several guns or gun.  string of series sequentially connected
perforating The lattermost gun 32 is then fired when the delay  guns in
series relationship by detonating said is complete. Thus, a secondary
acoustic impulse is  primer cord from an end thereof opposite from produced
a predetermined length of time after the    60   said ultimate gun, thereby
detonating said per- firing of the initial or uppermost string of per-
forating guns sequentially along said string from forating guns in the
series. This acoustic or       said opposite end gun through said
penultimate vibratory pressure pulse travels to the surface     gun and
then detonating said delay fuse and said similarly and both of these pulses
are detected by  ultimate gun after a time delay introduced by said the
detectors 20 and 24 of Figure 1 at the surface.   65   time delay fuse;
detecting at the surface of the    7                   0 114 103
8 earth vibratory energy propagated thereto by the    PatentansprOche
detonation of said string of perforating guns and recording
representations of said  vibratory        1. Verfahren zur positiven
Feststellung des ZMn- energy on a record medium as a function of time.
dens aller Schachtperforierungskanonen eines 2. A method according to claim
1, wherein said    5    Stranges von in regelmagigem Abstand hinter-
detecting step is performed by detecting said       einander  geschalteten
Schachtperforierungs- vibratory energy propagated to the surface of the
kanonen in einem Bohrloch, das die Verfahrens- earth along a string (12) of
well production tubing  schritte aufweist: Hintereinanderschalten eines
extending from the surface into the well borehole.  Stranges von
Schachtperforierungskanonen mit 3. A method according to claim 1 or 2,
wherein   10   einer Zundschnur (34) zu einer Zundfolge und said detecting
step is performed with a piezo-      anordnen des besagten Stranges von
Kanonen in electric or magnetostrictive transducer (20).       einem
Bohrloch (11) gegenuber einem zu per- 4. A method according to claim 1,
wherein said    forierenden  Formationsbereich  (14); gekenn- detecting
step is performed by detecting vibratory  zeichnet durch Unterbrechen der
besagten ZOnd- energy propagated to the surface region by the    15
schnur zwischen der letzten Kanone in dem earth formations, said energy
being detected by     besagten Strang und der vorletzten Kanone in
geophones (24) placed in intimate contact with      dem besagten Strang mit
einem Zeitzunder (35), the earth.
der einen vorgegebenen Wert der Zeitverzoge- 5. A method according to claim
1, 2, 3 or 4,      rung aufweist; Zunden des besagten Stranges wherein a
plurality of time delay fuses are used to   20   von in regelmaBigem
Abstand hintereinander- interrupt said primer cord at plural points in said
geschalteten  Schachtperforierungskanonen  in string of series sequentially
connected per-        Reihenbeziehung durch Detonieren der besagten
forating guns.                                      Zundschnur von einem
Ende gegenuber der 6. A system for positively detecting the firing of
besagten letzten Kanone, dadurch Detonieren der all of a string of series
sequentially connected    25   besagten  Perforationskanonen
hintereinander well perforating guns disposed in a well borehole,  entlang
des besagten Stranges von der besagten comprising: a plurality of series
sequentially con-  gegenuberliegenden Endkanone uber die besagte nected
well perforating guns having a first end    vorletzte Kanone und dann
Detonieren des besag- and an ultimate end, said guns being series
ten Zeitzunders und der besagten letzten Kanone sequentially connected via
a common primer   30   nach einer Zeitverzogerung, die durch den besag-
cord (34); characterized by a time delay fuse (35)  ten Zeitzunder
eingef0hrt wird; Erfassen von inserted in said primer cord between the
ultimate   Vibrationsenergie an der Erdoberflache, die sich and the
penultimate guns in said string of per-     dorthin durch die Detonation
des besagten Stran- forating guns and being of a predetermined delay    ges
von Perforationskanonen fortpflanzt, und Auf- time; means for detonating
said primer cord from    35   zeichnen von Darstellungen der besagten
Vibra- said first end thereof and thereby detonating said  tionsenergie auf
ein Aufzeichnungsmedium als delay fuse and said ultimate perforating gun
after  eine Funktion der Zeit. said predetermined time delay; and means
(20,         2. Verfahren nach Anspruch 1, bei welchem der 24) for
detecting at the surface of the earth       besagte Erfassungsschritt durch
Erfassen der vibratory energy propagated thereby by the deto-   40
besagten Vibrationsenergie durchgefuhrt wird, nation of said string of
perforating guns and       die sich entlang eines Stranges (12) einer Bohr-
means (22) for recording representations of said    lochforderleitung, die
sich von der Oberflache in 



vibratory energy on a record medium as a func-      das Bohrloch erstreckt,
zur Erdoberflache fort- tion of time.
pflanzt. 7. A system according to claim 6, wherein said   45  3. Verfahren
nach Anspruch 1 oder 2, bei means (20) for detecting at the surface of the
welchem der besagte Erfassungsschritt mit einem earth vibratory energy
comprises means for          piezoelektrischen oder magnetostriktiven Wand-
detecting such vibratory energy propagated to       ler (20) ausgefuhrt
wird. the surface of the earth along a production tubing   4. Verfahren
nach Anspruch 1, bei welchem der string (12) extending from the surface of
the earth   50   besagte Erfassungsschritt durch Erfassen der into the well
borehole.                            durch die Erdformationen zu dem
Oberflachen- 8. A system according to claim 7,,wherein said    bereich sich
fortpflanzenden Vibrationsenergie detecting means comprises a piezoelectric
or        durchgefuhrt wird, wobei die besagte Energie magnetostrictive
sensitive transducer (20).         durch Geophone (24), die in
unmittelbarem Kon- 9. A system according to claim 6, wherein said   55
takt mit der Erde angeordnet sind, erfasst wird. means (24) for detecting
at the surface of the       5. Verfahren nach Anspruch 1, 2, 3 oder 4, bei
earth vibratory energy comprises geophone          welchem eine Mehrzahl
von Zeitzundern benutzt means placed in intimate contact with the earth's
werden, um die besagte Zundschnur an mehreren surface.
Stellen in dem besagten Strang von in regel- 10. A system according to
claim 6, 7, 8 or 9,   60   maBigen Abstand hintereinander geschalteter
further including at least one additional time      Perforationskanonen zu
unterbrechen. delay fuse placed so as to interrupt said primer     6. Ein
System zum positiven Feststellen des cord in at least one additional place
along its     Zundens aller Schachtperforationskanonen eines series
connection to said well perforating guns.    Stranges von in regelmdBigem
Abstand hinter- 65   einandergeschalteter   Schachtperforierungs- 5 L
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10 '@'    kanonen, die in einem Bohrloch angeordnet sind,      colonne de
canons perforateurs relies d'une enthaltend: eine Mehrzahl von im
regelmaBigem       maniere successive an serie, en faisant exploser Abstand
hintereinandergeschalteter  Schacht-       le cordon d'amorgage a partir
d'une extr6mite de perforationskanonen die ein erstes Ende und ein
celui-ci situee en regard du dernier canon, ce qui letztes Ende aufweisen,
wobei die besagten Kano-    5    fait ainsi exploser les canons
perforateurs d'une nen uber eine gemeinsame Zundschnur (34) in
maniere successive le long de la colonne depuis Reihe
hintereinandergeschaltet sind; gekbnn-        le canon extreme en regard
jusqu'a l'avant-der- zeichnet durch einen ZeitzOnder (35), der in der
nier canon, puis fait exploser le fusible temporise besagten Zundschnur
zwischen den letzten und        et le dernier canon apres le retard
introduit par vorletzten Kanonen in dem besagten Strang von    70   ledit
fusible temporis6, on d6tecte a la surface du Perforationskanonen eingefugt
ist und eine vor-     sol l'6nergie de vibrations qui s'est propag~e
gegebene Verzogerungszeit aufweist; Mittel zum      jusqu'A celle-ci sous
l'effet de l'explosion de la Detonieren der besagten Zundschnur von seinem
colonne de canons perforateurs et on enregistre besagten ersten Ende, um
dadurch den besagten       des representations de cette energie de
vibrations Zeitzunder und die besagte letzte Perforations-   15   sur un
support d'enregistrement, en fonction du kanone nach der besagten
festgelogten Zeit-         temps. verzogerung zu detonieren; und Mittel
(20, 24)        2. Proc6d6 selon la revendication 1, dans lequel zum
Erfassen der Vibrationsenergie durch die        an r6alise la detection en
detectant ladite energie Detonation des besagten Stranges von Perfora-
de vibrations qui se propage jusqu'A la surface du tionskanonen, die sich
zur Erdoberfliche fort-   20   sol le long d'une colonne de production de
puits pflanzt und Mittel (22) zum Aufzeichnen von Dar-    (12) qui s'etend
dans le puits de forage a partir de stellungen der besagten
Vibrationsenergie auf emn   la surface. Aufzeichnungsmedium als eine
Funktion der Zeit.       3. Proc6de selon la revendication 1 ou 2, dans 7.
Ein System nach Anspruch 6, bei welchem         lequel on realise la
detection a l'aide d'un trans- die besagten Mittel (20) zum Erfassen von
Vibra-   25   ducteur piezoelectrique ou magn6tostrictif (20). tionsenergie
an der Erdoberfliche Mittel zum          4. Proc6d6 selon la revendication
1, dans lequel Erfassen solcher Vibrationsenergie enthaltenen,     on
r6alise la detection en detectant l'energie de die sich entlang eines sich
von der Erdoberflache   vibrations qui se propage jusqu'A la zone de la in
das Bohrloch erstreckenden F~rderleitungs-       surface a travers les
formations de roche, cette stranges (12) zur Erdoberflache fortpflanzt.  30
energie etant d6tect6e par des geophones (24) 8. Ein System nach Anspruch
7, bei welchem         plac6s en contact etroit avec le sol. die besagten
Erfassungsmittel einen piezoelek-        5. Proc6de selon la revendication
1, 2, 3 ou 4, trisch oder magnetostriktiv empfindlichen Wand-     dans
lequel on utilise plusieurs fusibles tempo- ler (20) enthalten.
rises pour interrompre le cordon d'amorcage en 9. Ein System nach Anspruch
6, bei welchem    35   plusieurs points de ladite colonne de canons 



die besagten Mittel (24) zurm Erfassen von Vibra-   perforateurs reli6s
d'une maniere successive en tionsenergie an der Erdoberfliche Geophonmittel
serie. enthalten, die in unmittelbarem Kontakt mit der       6. Dispositif
permettant de d6tecter d'une Erdoberflache anordnet sind.
maniere positive la mise A feu de tous les canons 10. Ein System nach
Anspruch 6, 7, 8 oder 9,   40   d'une colonne de canons perforateurs de
puits das weiterhin wenigstens einen zusatzlichen Zeit-   reli6s de maniere
successive en s6rie et dispos6s zunder einschlieBt, der so angeordnet ist,
daB er   dans un puits de forage, comprenant plusieurs die besagte
Zundschnur an wenigstens einer          canons perforateurs de puits relies
de maniere zusAtzlichen Stelle entlang seiner Reihenverbin-    successive
en serie et presentant une premibre dung zu den Schachtperforierungskanonen
unter-   45   extremite et une derniere extr6mite, ces canons bricht.
etant reli6s de maniere successive en s6rie par I'intermediaire d'un cordon
commun d'amorcage Revendications                                      (34),
caract6ris6 par un fusible temporise (35) qui est interpos6 sur ledit
cordon d'amorcage entre 1. Proc6d6 permettant de d6tecter d'une    so   les
dernier et avant-dernier canons de ladite maniere positive la mise a feu de
tous les canons   colonne de canons perforateurs et qui presente d'une
colonne de canons perforateurs de puits       un retard prefix6, des moyens
permettant de faire relies d'une maniere successive en serie, placee
exploser ledit cordon d'amorcage a partir de dans un puits de forage,
consistant A relier        ladite premiere extr6mite et de faire ainsi
explo- ensemble une colonne de canons perforateurs de    55   ser ledit
fusible temporise et le dernier canon puits a l'aide d'un cordon d'amorcage
(34) et       perforateur apres ce retard prefixe, et des moyens suivant un
ordre successif en serie de mise A feu   (20, 24) permettant de d6tecter a
la surface du sol et a placer cette colonne de canons dans un puits
l'energie de vibrations qui s'est propagee jusqu'3 de forage (11) situe au
droit d'un trongon de for-  elle sous l'effet de l'explosion de la colonne
de mation (14) A perforer, caract6rise en ce qu'on    60   canons
perforateurs, et des moyens (22) permet- interrompt le cordon d'amorcage
entre le dernier    tant d'enregistrer des representations de cette canon
de la colonne et l'avant-dernier canon de     bnergie de vibrations sur un
support d'enregistre- cette colonne A l'aide d'un fusible temporise (35)
ment, en fonction du temps. presentant une valour pr6fixee de retard, on
met a    7. Dispositif selon la revendication 6, dans feu, suivant une
relation du type serie, ladite   65   lequel les moyens (20) permettant de
detecter A la 6 -1111 I 1111111 11111111111111 1111111 * C L R1 *    11
0 114  103                      12 surface du sol l'energie de vibrations
compren-       lequel les moyens (24) permettant de d6tecter a la nent des
moyens permettant de detecter une telle     surface du sol l'6nergie de
vibrations compren- energie de vibrations qui se propage jusqu'a la
nent des moyens du type geophone placbs en surface du sol le long d'une
colonne de produc-       contact 6troit avec la surface du sol. tion (12)
qui s'6tend dans le puits de forage a    5    10. Dispositif selon la
revendication 6, 7, 8 ou 9, partir de la surface du sol.
comprenant en outre au moins un fusible tempo- 8. Dispositif selon la
revendication 7, dans       rise supplementaire place de fagon 3
interrompre lequel les moyens de d6tection comprennent un        le cordon
d'amorcage en au moins un emplace- transducteur piezoelectrique ou sensible
a la         ment supplementaire situe le long de sa jonction
magn6tostriction (20).                         io   en serie avec les
canons perforateurs de puits. 9. Dispositif selon la revendication 6, dans
t5 20 25 30 35 40 45 50 55 60 65 7 I IIIIID IIII N11  I  1111II    


