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seal assembly or the Efallure teo properly
retrieve a wear bushing could have expensive and

ARTTRACT potentially dangerous consequences to the
drilling program.
The development of Intelligent running
tools (smart tools) for subsea drilling and In the past, subsea operators have had to

completion equipment i=s presented. The system
providezs intelligent feed-back of critical
parameters while landing and operating subsea
marine wellhead equipment. Two way communication
is provided between the rig floor and the subsea
wellhead and real time data is provided to the
operator to allow informed decisions to be
quickly made. Many other subsea applications are
envisioned for this simple and rugged
communication system.

perform vital operations with minimal feedback
to the surface. Standard rig floor Indications
{which can be vague or misleading, especlally in
deep water) have been the basic means to tell
the rlg operator if procedures have been
successfully completed.

DEVELOPMENT COAL

The development goal was to produce a
system which could provide real time data to the

INTRODUCTTON rlg operator while operating in a background

mode  without interfering with normal rig

With the recent wpturn in subsea drilling operations, Further, the geal was to prove the

and production  activitles, =safety  and feasibility of using acoustical wmeans of

reliability  have continued to grow in transmitting data from the subsea wellhead to
Importance. To maintain the level of safety the surface rig floor.

required, subsea operators must be able to
reliably wverify that all operations are

performed accurately.

In 1987, a cause-of-malEunction survey
conducted for marine wellhead eguipment showed
that a significant number of field problems were
not caused by egquipment failure, but rather by
various types of mislocation errors assoclated
with improper component positioning within the
wellhead. Such errors were especially noted
during installation of casing hangers and seal
assemblies and retrieval of wear bushings. In
any case, the misinstallation of a hanger or

References and illustrations at end of paper.

THE SHMART TOOL SYSTEM

The smart tool system is shown schem—
atically in Eigure 1. System components are
shown in Eigqure 2. The system consists of three
main assermblies: A) a remote communications and
control box, B) a surface sub, and C) a subsea
smart sub.

A) The remote commnications and control
box allows the operator to collect data via FM
radic while located in a positlon remote from
the drill floor to eliminate interference with
normal rig operations. The contrel box contains
a computer which is preprogrammed with all the
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pertinent operating parameters for a number of
predetermined eguipment systems (For example,
different wellhead systems, different functions
within the wellhead system, etc.). The operator
enters the data to tell the computer which
specific type of equlpment is being used amd
which operatlon 1s being performed. Then, upon

request from the  operator, the computer
initiates two way commnlcations with  the
surface sub via FM radic and reguests the

desired information.

B} The surface sub in turn requests the
required informatlon from the subsea smart sub.
Two way commnlcation between the surface sub
and the smart sub is provided by serding binary
data via acoustical pulses through the drcill
pipe running string usilng an FSK (Erequency
shift keying) communication scheme. Specialized
electronic clrcuits fllter the slgnal from the
background nolae. This, along with a
sophisticated software error detection/
correction code, allows high reliabllity trans-
miazion o©f data., The surface sub 1s self-
contalned and includes batteries, electronics
for commmications amnd driving the acousktic
transducers, and a two way radio to commnicate
with the remote control box.

C) The subsea smart sub contains the same
components as the surface sub (less radio) plus
additional devices te monitor pertipent
conditions at the wellhead =uch as relative
location of equipment being installed. The
ability to monitor positioning during landing is
provided by proximity sensors which read the
profile of the wellhead housing and indicate the
relative location of the smart sub 1n the
housing. This data 1s transmitted acoustically
to the surface sub which relays 1t to the
control box. With this, the computer is able to
calculate the position of the egulpment beling
Installed and wverify to the operator that the
equipment has been Installed in the proper
position.

Some of the many applications foreseen as
readily suitable for intelligent running tools
include:

Casing hanger landing-—- Verify that the
casing hanger is located properly In the
housing.

Cementing——- Monitor cement returns at the

hanger and signal successful completlon of
cementing.
Seal assewbly landing--- WVerify that the

casing hanger i3 properly landed (or the
separate seal assembly s landed with tweo
trip =systems) prior te atbtempting o set the
seal.

Beal assembly setting-— werlfy that the

seal assembly has been properly snergized,
Wear bushing retrieval--- WVerify that the
wear bushing has been captured and

retained during retrieval.

Additicnal applications for future
development of intelligent tools may include
monitoring BOP ram position, collet connector
position, Elex Joint position, tool Joint
locatleon and corditlion, apd detecting caslng
annulus =eal leaks. In additlon, production
applications Involving subsea Christmas trees,
and TLP's are foreseen.

Figures 3 and 4 show the locaktlng
capability built into the prototype. Figure 3
shows the smart sub located In the top of a

casing hanger honsing with the proximity sensor
array detecting the groove profile in the inside
of the housing. Plgure 4 shows the smart sub
being used to verify the correct location of a
9-5/8 casing hanger being landed inte the
housing. Slnce the casing hanger landing
shoulder 1z a known distance from the groove
profile at the top of the housing, the computer
can calculate the location of the casing hanger
based on the location of the smart tool with
respect to the grooves.

BEVELOPMENT PLAN

The key to developing a successful smart
tool saystem was developing a rellable communl-
catlon aystem. Once thls was avallable any
nurber of sensors could be added to the subsea
smart sub to accompllsh the desired tasks as
putlined abowve.

An acoustical comrunlcation method was
chosen due to knowledge of It'a succesaful
application in the MWD (moniteoring while
drilling} field. However, unlike the MWD systems
we chose to utilize the drlll plpe running
skring ag the transmission medium. This was only
marginally successful in MWD work due te theic
greater depth. With our relatively shallower
depth goal of 3000 ft without repeaters, It
appeared feasible. If it proved out, thia would
be the simplest system to Implement and use.

The plan, therefore, was tc develop the
acoustical data transmission system first, then
add a minimal number of sensors to the smart
sub. Thizs minimal system would then be used for
field testing to prove the feasibility and
practicality of the smart teol concept.
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OTC 6390 BURTON, CASSITY, TAYLOR, AND MARTIN =
ACOUSTICAL TRANSMISSICN
By comparing the £reguency amplitude at
Backaround Search different depths we were able to calculate the

A research paper by Barnes and Elrkwood
(ref. 1) describes the phenomenon of freguency
passbands at which wery low attenuwation is
encounkter in transmission of compressional
acoustical waves through pilpe. Theze passbands
are Interapersed betwean reject bandwldths which
exhibit wery high attenuation {(Figure 5). The
next question was which passband was beskt sulted
for our application. U.8. Patent Ho. 4,314,365
(Ref. 2} describes some fileld testing done using
a test drlll string of 1243 £t of 4 1/2" pipe.
Figure 6 shows the results of the testing. From
this it can be seen that lower freguencies
exhibit less signal leoss (attenuation) than
higher frequencies, and definite passbands as
predicted by Barnes and Kirkwood are evident.

Aooustical Fleld Test

To werlfy the research findings and help
in selecting a sultable transmission frequency a
field test was devised. A recorder sub was built
to house an accelerometer, an analog recorder,
ard associated electronics. This sub was run in
the drill string of a fleoating drilling
oparation whlle retrieving a wear bushing. These
tests resulted In improved understanding of
background noize and attenuation characteristics
of a drill string during offshore operations.

An axlal impact load of 5 ft-1b (6.7788
watt-sec) energy was applied to 5"-19.5# drill
pipe at the drill fleor. Plgures 7 and & show
the time domaln and frequency domaln plots of
these nolse bursts recorded bhrough 93 £k of
plpe. Figures 9 and 10 are the same plots after
the signal has traveled 372 ft. The scale on the
two plots are the same (approximately 207 mw

on e i oum paak slgnall. The
attenuation/gain of the signals was highly
frequency dependent. It is apparent from these
two plots that the 650 hz signal has no
attenuation and the 300 to 400 hz =ignal has
very l1ittle attenuation. It Is alsoc apparent
that there is little energy above 2 khz.

The frequency domsin analysis of the
average nolse during normal operation lndicated
a flat freguency spectrum up to 1 khz, mach like
"white nolaa™. The average RM3 amplitude of the
nolse over the operation was 35 mv rme which
should be referenced to the figures 778 and
9/10. The characteristic of the noise is
difficult to define in the fregquency domaln as
it conslsted of large burstes of noise for wvery
short pericds (Figure 12).

attenuation Versus depth for varl ous
frequencies. Selected frequencies were plotted
onto the plot in Fig. & as triangles. It can be
seen that these points correlate well with this
earlier work. It also showed that with the
proper selection of fregquency, attenuatione as
low as 10db to 15db per 1000 £t of depth were
po=alible.

Laboratory Testing

To investigabts the tranamission of
compreasional waves In drill pipe under more
controlled condlticns a laboratory test was set
up. A string of 247 £t of 5"-19.5 #/ft drill
pipe was laid horizontally supported on the tool
joints and filled wlth water to Increase the
attenuation. An acoustical transducer was
mounted to one end, and accelerometers mounted
at both ends. The transdecer was driven by a
frequency generator and swept through the
frequency range of 100hz to  2000hz. The
amplitude of the signals received by the
accelercmeters at  both ends were recorded
gimltanesusly. From this data it was possaible
to determine the best operating £reguency and
alsc the attenustion at that frequency. Flgure
11 is a plot of the receiving emd amplitude
versus frequency. The peak signal occurred at
335hz, which represents the lowest attenuation
over that £frequency range. From the relative
amplitude of the signal at both ends of the pipe
an attenuation of 16.56db/1000ft was calculated.
This matches well with the previous research
data.

One of the maln objectives set for the
smart tool electronlcs was to be able te
transmlt and recelve data through large bursts
of mechanical nolse. The present electronlcs
package has been shown in the laboratory to be
able to work in spite of a 2 lb sledge hammer
being used to generate accustical nelse bursts
on the 90 foot test pipe. The signal beling
received by the acoustical pickup hsd an
amplitude of approximately 1 wvolkt peak, and the
nolse being generated by the sledge hammer
generated 5 wolt peak signalas. This signal was
comparable to the magnitude of the largest noise
bursts encountered during the drilling
operation.

The key to successful commmications in a
hoisy environment is to concentrate all of the
energy transmitted in one narrow band frequency
range and then to filter all other freguencles
out on the recelwer end. This same approach 1s
widely used In radio/TV and ls called narrow
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band FM. The noise is primarily wide band nolse
and has comparably little enerqgy in the signal
band .

While the attenvation figures were
encouraging, it still would require a high
energy input into the pipe in order to transmit
over the design goal 3000 £t depth. To satisfy
this requirement a special magnetostrictive type
acoustic transducer was built. This type of
transducer produces a high power output per unit
volume, The transducer is driven with 40 watts
power input. Subseguent testing of the
transducer resulted in an acoustic wave in the
pipe which generated a 1 wolt signal at the
output of the acoustical pickup (mounted near
the transducer end of the pipe). By combining
three transducers in the fleld test tool a total
of 120 watts will be available. This should
provide a 3 volt signal at the source.

CONCLUSTONG

With the projected 3 wvolt signal level at
the transmitter, and assuming the 16.5%6 db/1000
ft attenuation, and the receiver can detect 20
microvolts on the far side, the theoretical
working depth should be 6000 ft. This provides a
comfortable margln over our design goal of 3000
ft. We therefore predict a high probability of
successful operation at 3000 £f using acoustic
communication.

All amart tool system components have been
thorouwghly lab tested. The protobtype system s
being readled for f£ield testing. Testing should
begin in about six weeks, subject to rig
avallability.
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on

CHSS SHOWM POSITIONED

ARAAY

WS/SRT — CASING HANGER
SMART SUB (CHSS)

FIG. 1 SMART TOOL MONITORING SYSTEM FIG. 3 SMART SUB
LANDIMG 8-5/8"
CASING HANGER
FIG. 2 SYSTEM COMPONENTS FiG. 4 SMART SUB MONITORING LANDING

OF 89—-5/8" CASING HANGER
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