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Networked drill pipe off ers along-string 

pressure evaluation in real time 
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Developed in part with NETL 

funding, wired telemetry 

has potential to signifi cantly 

reduce the occurrence and 

severity of downhole incidents, 

especially in MPD applications. 

 � ROY LONG, National Energy Technology 
Laboratory, US Department of Energy; and 
DAAN VEENINGEN, NOV IntelliServ

Wired or networked drill pipe incor-
porating distributed temperature and 
pressure sensors has potential to trans-
form the management of downhole in-
cidents. When used in conjunction with 
managed pressure drilling, incidents can 
be immediately identified and controlled 
by application of additional pressure on 
the annulus in a closed-loop system.

Broadband network telemetry can 
transmit data from downhole tools to the 
surface more quickly and reliably than 
conventional mud-pulse telemetry. The 
technology incorporates broadband-net-
worked drill pipe that transmits data at 
the rate of 57,600 bits per second (bps), 
more than three orders of magnitude 
greater than the transmission rates afford-
ed by other measurement-while-drilling 
(MWD) techniques such as mud pulse, 
acoustic or electromagnetic telemetry sys-
tems. Furthermore, networked drillstrings 
offer a vast increase in data volume at high 
resolution and over greater distances, an 
important benefit for drilling of extended-
reach wellbores and deepwater wells.

The broadband network allows evalua-
tion of the downhole drilling environment, 
accurate characterization of the formation 
being drilled, and precise navigation of the 
wellbore to targeted reservoir intervals—
all in real time. The result is reduced drill-
ing time, more accurate well placement, 
and corresponding savings in drilling costs. 

This article describes a networked drill 
pipe system developed by IntelliServ uti-
lizing Grant Prideco premium drillstrings 
(both companies are now part of National 
Oilwell Varco). The original prototype 
development and field testing was funded 
in part by the US Department of Energy’s 
National Energy Technology Labora-
tory (NETL) in an effort to accelerate the 
technology’s commercialization. Field ex-
amples illustrate the performance of the 
system in various drilling applications.

ALONG-STRING EVALUATION
The broadband network utilizes a 

milli-hop telemetry system, where elec-
trical conductors inside neighboring pipe 
segments are coupled electrically by a 
transmitter that sends data across each 
threaded drill pipe connection to the next 
segment. Electrical coupling takes place 
automatically as each tool joint is made 
up, and no special handling procedures 
are needed on the rig floor. 

The drillstring used for networked-
pipe telemetry is identical to conven-
tional drillstring in terms of functionality, 
handling and specifications, but is modi-
fied to ensure that all components, from 
the bottomhole assembly to the surface 
(including the float sub, stabilizers, ream-
ers and jars), are networked to convey the 
broadband signal. 

The technology consists of three ma-
jor components: 1) a stainless steel ar-
mored coaxial cable running between the 
pin and box of each tubular, 2) induction 
coils at both the pin and the box of each 
connection, and 3) booster assemblies, 
which are electronic elements that main-
tain signal strength as the signal travels 
the length of the drillstring and can be 
outfitted for measurements of various 
downhole parameters. Currently, the 
broadband network enables along-string 
evaluation of annular and borehole pres-
sure and temperature.

Data is transmitted by means of an elec-
tromagnetic (EM) field associated with 
the alternating-current (AC) signal trans-
mitted along the cable. As the alternating 
EM field from one coil induces an AC 
signal in the nearby coil, data is transmit-
ted from one joint of drill pipe to the next, 
Fig. 1. When used in conjunction with a 
rig’s existing surface network, such as its 
wellsite information transfer standard 
markup language (WITSML) system, 
networked drill pipe extends functional, 
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high-transmission-rate measurement and 
command from the surface to the bit. 

Among additional benefits, net-
worked drill pipe suffers no loss of sig-
nal strength through the entire length of 
the drillstring and no interference from 
noise introduced by systems such as 
mud pumps. The network can operate 
in any downhole environment, as broad-
band telemetry works independently of 
fluid presence or condition. The broad-
band telemetry network has been run 
while drilling with air and with foam, as 
well as in total-mud-loss incidents. Bidi-
rectional data transfer allows for com-
munication and actuation of downhole 
tools based on the memory-quality data 
that was streamed to the surface, without 
needing to trip the tool out of hole. 

This bidirectional data transfer at high 
telemetry rates is particularly important 
for reducing geological uncertainty, as it 
allows for faster updating of geological 
and geophysical information. It also pro-
vides greater control of the BHA while 
running rotary steerable tools or of a for-

mation tester—both of which rely on in-
structions transmitted from the surface. 
Furthermore, the ability to send com-
mands to downhole tools at any time via 
the broadband network provides not only 
efficient downlinking capabilities and bet-
ter tool control, but also real-time tool di-
agnostic and troubleshooting capabilities. 

MPD APPLICATIONS
The addition of temperature and pres-

sure sensors at strategic points along the 
string allows continual monitoring of 
downhole equivalent circulation den-
sity (ECD). Networked drill pipe is par-
ticularly well suited to mitigate drilling 
hazards that may be encountered during 
managed-pressure drilling (MPD) opera-
tions. With the broadband network, an-
nular pressure can be measured every 2 
sec. and is available without the latency 
associated with a wireless telemetry sys-
tem. This allows for much tighter control 
of bottomhole pressure, and it helped one 
operator mitigate risks associated with 
shallow gas. 

In an offshore exploration well, the 
surface casing shoe strength was only 200 
psi above pore pressure. The risk for shoe 
failure if the well were shut in raised the 
potential for other risks, including a high 
volume of gas in the riser, shoe break-
down and gas seepage to the seafloor, and 
HSE hazards to both the rig and person-
nel. Downhole tools were connected to 
the broadband network to continuously 
transmit real-time annular pressure-
while-drilling (PWD) data to a program-
mable logic controller- (PLC) automated 
pressure control system. The integrated 
system allowed the operator to instanta-
neously and continuously control circu-
lating pressure throughout the drilling 
process, to within a 30-psi window while 
drilling, and to control pressure changes 
during connections within a 100-psi win-
dow, Fig. 2. What’s more, these measure-
ments were also available when no circu-
lation was present, thanks to downhole 
battery-powered tools.

FORMATION PRESSURE TESTING
High-speed telemetry improves the ef-

ficiency of well construction operations 
that rely on the operator’s ability to com-
mand downhole tools. During formation 
pressure testing operations, for example, 
the downhole tools receive their instruc-
tions from the surface. The broadband 
network allows for quality control dur-
ing the drawdown, even with pumps off, 
instead of relying on communication via 
downlinking that utilizes flowrate fluctua-
tions and a mud pulse modulator. 

In a recent well in the deepwater Gulf 
of Mexico, 54 formation pressure tests 
were taken. Nine tests were tight while 
39 tests were taken, exploiting the abil-
ity for real-time quality control similar to 
testing on wireline. The 12¼-in. testing 
tool with a 14-in. extension pad tested 
successfully in five tests in the 14½-in. 
hole at 18° inclination. A seal couldn’t be 
established in six tests conducted in large 
hole with well inclination less than 8°. 
The 54 formation pressure tests took an 
average of 7 min. per test to conduct—
saving an average of 8 min. per test com-
pared with mud-pulse communication. 
Furthermore, the improved quality con-
trol eliminated the need for a wireline 
run to evaluate the formation pressures. 
Besides the wireline cost, the savings also 
included the time for the actual log as 
well as the time for a check trip following 
the log run.

Fig. 1. Induction coils 
in the pin and box 
align when the pipe 
is made up, creating 
an induction fi eld 
and allowing the 
data transmission 
along the stainless 
steel-armored 
coaxial cable from 
one joint to the next.

Fig. 2. Using 
networked drill 
pipe in an MPD 
application off shore 
allowed the operator 
to instantaneously 
and continuously 
control circulating 
pressure while 
drilling to within a 
30-psi window, and 
to control pressure 
changes during 
connections within a 
100-psi window.
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PACK-OFF EARLY WARNING
Figure 3 shows pressure change as a 

function of time for six different pressure 
sensors (marked 1–6) distributed along 
the drillstring of a Gulf of Mexico well in 
5,400 ft of water that experienced a pack-
off while drilling at about 14,520 ft. The 
sensor positioned deepest in the well reg-
istered the first pressure increase, and 5 
min. later the increase was registered by a 
pressure sensor positioned further up the 
string. Next, 20 min. later, the third sensor 
noted the pack-off by measuring a pres-
sure increase; 15 min. after that, the fourth 
sensor observed the pack-off passing up 
the annulus. Finally, the fifth sensor re-
corded a pressure increase, while the sixth 
and shallowest sensor showed a pressure 
decrease, which resulted from the reduc-
tion of the circulation rate by the driller in 
response to the annulus being packed off. 
The plot illustrates that the pack-off oc-
curred inside casing, somewhere between 
the fifth sensor (at 9,520 ft) and the sixth 
sensor (at 8,136 ft). Early warnings of the 
event allowed the operator to perform re-
ponse planning that helped minimize the 
effects of the mud losses associated with 
the pack-off.

WELL CONTROL APPLICATIONS
The network’s ability to take multiple 

distributed pressure measurements along 
the entire length of the drillstring allows 
developing well control issues to be ac-
curately identified and characterized. For 
example, the network’s processing system 
can determine if the measured standpipe 
pressure, measured bottomhole ECD 
or other measured drillpipe or annulus 
pressures are increased or decreased rela-
tive to the expected values. In a kick/loss 
situation, networked drill pipe running 
in a fully automated MPD system deliv-
ers a response time of less than 10 sec., 
allowing the system to quickly increase 
or decrease ECD and automatically cir-
culate kicks while maintaining the desired 
wellbore pressure profile. 

The network’s early detection of kicks 
improves safety margins, as corrective ac-
tions can be taken while the event is lim-
ited in size and relatively easily managed. 

Figure 4 shows an example of a well 
influx occurring at the bit while drilling, 
as well as the decision flowchart that is 
afforded by the networked drillstring. 
At initial conditions (t = 0), the incom-
ing formation fluids are still located be-
low the pressure sensors and, thus, the 

absolute pressures and gradients remain 
unchanged. As drilling goes on, the for-
mation pressure continues to exceed the 
hydrostatic (dynamically exerted) pres-
sure, and formation fluids continue enter-
ing into the wellbore (t = 1). The pres-
sure sensor nearest to the bit (Sensor 1) 
is the first to record an annular pressure 
reduction. As the influx height increases 
to the next sensor (Sensor 2), the cor-
responding pressure gradient is reduced 
between the two deepest sensors that are 
the nearest to the bit, while the gradients 
in the sections uphole remain unchanged. 
At times t = 2 and t = 3, as the wellbore 
influx passes Sensors 3 and 4, respectively, 
the gradients in these subsequent sections 
decrease as well. 

To regain well control, wellsite per-
sonnel must circulate out the wellbore 
influx and replace the fluid column with 
denser mud. During this process, constant 
bottomhole pressure must be maintained 
to prevent additional wellbore influx. Con-
stant bottomhole pressure is achieved by 

closely operating the choke to keep ad-
equate backpressure, and is historically 
reached based on surface measurements. 
However, with the networked drillstring, 
wellsite personnel are afforded high-res-
olution downhole and annular pressure 
readings all along the string. This addition-
al data is available regardless of flow, pro-
viding accurate hydrostatic pressure even 
at typical kill rates of 10–20 strokes/min. 

A pressure gradient between the vari-
ous measurement stations along the string 
provides for monitoring the influx as it 
travels up the hole. This method comple-
ments or replaces the conventional well 
kill sequence that depends on manually 
following a kill sheet that originated from 
complex calculations performed under 
time constraints and stress by personnel 
who may have limited exposure to or ex-
perience with well control events. The ad-
ditional high frequency downhole not only 
improves safety and accuracy, but also al-
lows for dynamically killing the well, which 
improves efficiency and saves rig time.

Fig. 3. Annular 
pressure 
measurements 
recorded along 
the drillstring. The 
deepest sensor 
registered the fi rst 
pressure increase, 
followed by 
subsequent pressure 
registrations at the 
shallower sensors 
indicating the onset 
of a pack-off , which 
eventually occurred 
between the fi fth 
and sixth sensors.

Fig. 4. Kick detection 
using the networked 
drillstring’s ability to 
monitor and measure 
pressure gradient 
changes as an 
infl ux of formation 
fl uid travels up the 
wellbore. 
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CAPABILITIES FOR RELIEF WELL 
OPERATIONS

In a dynamic kill or bullheading sce-
nario in which a relief well is drilled to 
intercept and kill an uncontrolled well 
by pumping mud into the wellbore, ac-
cess to dynamic pressure measurements 
in real time is critical. However, upon 
intersection with the uncontrolled well, 
the mud will begin to U-tube from the 
relief well to the blown-out well, making 
access to downhole and annular pressure 
data via mud-pulse telemetry impossible. 
Because the broadband network is always 
on and transmitting, regardless of the 
flowing medium present, high-resolution 
downhole tool data is available even dur-
ing U-tubing experienced at interception.

Furthermore, along-string pressure 
evaluation afforded by the broadband 
network provides additional PWD mea-
surements in both the annulus and the 
wellbore. The multitude of sensors pro-
vides a pressure gradient that gives ad-
ditional insights during the well kill and 
subsequent bullheading of cement. The 
high-frequency updates of directional 
data afforded by the network also help 

in more accurately targeting the relief 
well to the blown-out wellbore. In ad-
dition, the magnetic interference of the 
casing in the target well could be used 
for steering to improve the likelihood of 
interception.

FURTHER DEVELOPMENT 
POSSIBILITIES

Along-string pressure evaluation that 
provides drillers with pressure gradients 
between the various sensors has afford-
ed several safety and efficiency gains on 
more than 90 drilling jobs on five conti-
nents. The additional dynamic annular 
pressure insights help manage constant 
bottomhole pressure while drilling and 
are specifically beneficial in MPD. Fur-
thermore, the capabilities avoid unsafe 
situations associated with wellbore influx-
es and allow drillers to regain well control.

While networked drillstring’s real-time 
pressure measurement along the wellbore 
provides significant drilling efficiencies, 
there is still a crucial human element re-
quired. The current system requires the 
driller to review the pressure measure-
ments acquired by the system and figure 

out where and when kicks or losses have 
occurred. In the future, algorithms could 
be coded into software to automatically 
detect and warn wellsite personnel when 
kicks, losses or even differential sticking 
or pack-off events are taking place. 

ROY LONG is the Technology 
Manager for NETL’s Energy 
Policy Act 2005 Ultra-
Deepwater and Unconventional 
Resources program areas. Mr. 
Long is a petroleum engineer 
with a career focus on 

technology development related to exploration 
and production. He is a 1970 graduate of the US 
Air Force Academy and received his MSc 
degree in petroleum engineering from the 
Colorado School of Mines.

DAAN VEENINGEN is the 
Marketing Director for National 
Oilwell Varco’s IntelliServ 
Broadband Network, 
networked drillstring and along-
string evaluation service for 
high-defi nition downhole and 

subsurface operations. Previously, Mr. 
Veeningen spent 12 years with Schlumberger, 
where he drilled wells on three continents, 
developed drilling engineering software and 
marketed real-time capabilities. He holds a 
master’s degree in petroleum engineering from 
the Delft University of Technology in the 
Netherlands.

Article copyright © 2011 by Gulf Publishing Company. All rights reserved.      Printed in U.S.A.

 Not to be distributed in electronic or printed form, or posted on a website,  without express written permission of copyright holder.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


