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OBJECTIVES 

The objective of both of these programs, the first 
of which is entitled “MEASUREMENT-WHILE- 
DRILLING (MWD) DEVELOPMENT FOR AIR 
DRILLING, ” and the second of which is entitled, 

DRILLING SYSTEM FOR 
UNDERBALANCED DRILLING, is to make 
commercially available, wireless MWD tools to 
reliably operate in air, air-mist, air-foam, and other 
underbalanced drilling environments during oil and 
gas directional drilling operations in conjunction 
with downhole motors and/or (other) bottom-hole 
assemblies. The application of this technology is 
required for drilling high angle (holes) and 
horizontal well drilling in low-pressure, water 
sensitive, tight gas formations that require use of 
underbalanced drilling fluids. 

SLIM-HOLE MEASUREMENT-WHILE- 

Contract No. 2 essentially picks up where the 
work, that was started in Contract No. 1 and 
firthered by GEC (under contract with Sperry- 
Sun Drilling Services) with the development of the 
Model 28, left off, to extend the capability of the 
technology to include slim-hole. and use of a 
repeater to enhance performance. The end 
product will be Model 29 MWD System which 
will have specific features to satisfi the contract 
beyond those of the Model 28. 

The specific objectives of Contract No. 2 include: 

A small diameter downhole instrumentation unit 
suitable for use in 6-1/4” well bores. 

0 A drill string repeater to facilitate higher data 
rates to greater depths. 

Retrievability of the Repeater Unit 

0 Reliable operation in all formation types, drilling 
fluid media and well bore orientations. 

Compatibility with other steering, data 
acquisition equipment necessary to orient and 
steer, and to measure formation properties and 
drilling parameters. 
The resultant Model 29 Slim-Hole MWD for 
underbalanced drilling will be designed to operate 
in air, air-mist, air-foam, nitrogenized water, and 
other fluids used in underbalanced drilling, and in 
standard muds. The Model 29 will be compatible 
with all oil and gas drilling scenarios, including: 
use of downhole motors, steerable assemblies, and 
other setups. 

BACKGROUND INFORMATION 

Geoscience Electronics has been a supplier of 
EM-MWD Systems since 1980. Model 29 EM- 
MWD is the fifth generation of GEC’s oilfield 
EM-MWD Systems. A synopsis of their 
evolutionary history starting with the initial 
involvement of the DOE is shown in Table 1. 

1985 - The Model 20B was GEC’s first oilfield 
EM-MWD System. It followed the Model 20A 
which was a converted “near surface” Model 10 
EM-MWD used for drilling of boreholes under 
rivers and other natural and man made bodies. It 
under went a number of field tests in conventional 
mud drilling before being tried in an air drilled 
well under the control of DOE. The more severe 
air drilling environment caused mechanical 
failures. 
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TABLE 1 History of GEC EM MWD Evolutionary Development 

DATE (MODEL 

1986-1988 WOC 

1988-1992 W 7  

1993 -1994 M27 

1 9 9 4 j  M28 

1994-1995 M29 

PARTNER PURPOSE RESULT 

BDM Prototype EM-MWD, Air Mechanical Failure 

ARC0 Demo of Repeater Real Time Communication through 
Repeater to 9500 Feet in Casing 

DOE Customize for High Demonstrate Reliability Growth 
to > 100 Hrs. MTBF in 7 Field 

SSDS Evaluate in Horizontal / Viability Confirmed in 16 Field 

Drilling Demo 

Fraccing 

Reliability Air Drilling and 
Field Test Tests 

Under Balanced Scenarios Tests 

SSDS Demo in Horizontal / Under 
Balanced with Repeater 

Basic Functionality with 
Repeater Demo-ed to XXXX 
Meters in the 1 st Field Test. 

DOE / Develop Slim-hole EM- Preliminary Design Completed 
SSDS MWD with Retrievable 

Repeater for Under-balanced 
drilling 

1986 - 1988 - The Model 20C evolved from the 
Model 20B. Certain improvements were made to 
enhance performance and improve reliability. 
These improvements were not aimed specifically 
at air drilling performance. Even though the 
Model 20C was designed specifically as an EM- 
MWD System, its most important 
accomplishments were in an ARC0 program 
associated with collecting real-time data in open 
casing fiaccing. It was here that the viability of 
operating with an “In-Drill String Repeater” was 
demonstrated. 

1988 - 1992 - In cooperation with the DOE, the 
Model 20C was evolved to become the Model 27, 
the first EM-MWD specifically for air-drilling. 

Over this period, the Model 27 was field tested in 
7 different air drilled wells. It under went a 
continual improvement in demonstrated reliability 
as failures exposed weak aspects of the system. At 
the completion of the test series, the Model 27’s 
Mean-Time-Between-Failure (MTBF) was in 
excess of the target goal of 100 hours. 

1993 - 1994 - In cooperation with Sperry-Sun 
Drilling Systems (SSDS), the Model 27 was 
fbrther tested in directionally drilled wells in 
Canada. A total of 16 field tests were performed 
in wells including horizontal / under-balanced 
scenarios using nitrogenizes water drilling fluid. 
Data was successfiilly communicated from depths 
of up to 2000 meters. 
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1994 - 1995 - In cooperation with SSDS, the 
Model 28 was developed. The primary advances 
over the Model 27 were improved Downhole 
Antennae designs and the addition of a Downhole 
Repeater Unit (DRU). The fbnctionality of the 
Model 28 operating with it Downhole Repeater 
Unit was recently demonstrated to 2147 meters in 
its initial field test. 

1994 - 1995 - In cooperation with DOE, the 
“Slim-Hole MWD System for Underbalanced 
Drilling” program was undertaken. The objective 
of the program is to upgrade the Model 28 EM- 
MWD design by adding specific features and to 
test it. The modified tool design is known as the 
Model 29 EM-MWD System. As with the Model 
28, it is intended to operate in an air, air-mkt, air- 
foam, nitrogenized mud or other under-balanced 
environment during oil and gas directional drilling 
operations in conjunction with downhole motors 
and/or (other) bottom-hole assemblies. 

ORIGINAL CONTRACT 

Under Contract No. 1, (DE-AC21-88MC25 105, a 
new tool, the Model 27 was developed and four 
field tests were conducted in the Appalachian 
areas in the time frame October through 
December 1989. 

Field Test No. 5 (Phase 111) was conducted from 
12/6/90 to 12/14/90, near Fairmont, WV. While 
on the whole, the results were very good and all 

test goals were successfully met, an unfortunate 
twistoff of the 6- 1/4-inch transducer occurred. 

Field Test No. 6 was conducted in Barbour 
County, West Virginia in air in October, 1992. 
This was the most successfil complete-hole test 
to date, and improved the MTE3F to just under 
100 hours. 

In June of 1993, Field Test No. 7 was conducted, 
using the 4-3/4-inch transducer for the first time, 
in air-mist at a site near Pratt, Kansas. The Model 
27 tool was able to operate at the start of the build 
section, but because of the lack of spare units, was 
unable to commit to the balance of the hole when 
sticky conditions persisted. 

Phase V of Contract No. 1 was authorized to 
provide a special version of Model 27 for use 
behind a steerable air hammer. This phase is 
scheduled to end in May, 1995. 

The Model 27 was tested in 16 additional wells, 
including underbalanced wells, utilizing 
nitrogenized water, in Canada, fiom April 1993 
through October, 1994. These tests were not an 
official part of the DOE Contract. The purpose of 
these test were to gain experience in the 
capabilities and limits of the EM-MWD in 
conjunction with the development of the Model 
28 MWD. The Model 28 overcomes certain 
known problems plus adds a Downhole Repeater 
System. 



MODEL 29 PROJECT DESCRIPTION 

DESIGN CONSTRAINTS 

The preliminary system design task for the Model 
29, was initiated with the following ground rules 
and constraints in effect: 

The current Model 28 Downhole Subsystem is 
believed to partially satisfy the Model 29 
requirements. It does not provide a widened- 
gap or flexible power amplifier capability, 
essential to the requirement for better wide- 
range impedance-matching . 

The Antenna Subsystem for the Downhole 
Repeater Unit (DRV) must accommodate the 
requirement of retrievability of the DRU as 
well as widened-gap capability. A modified 
version of the Model 28 antenna will be used 
as the basis of the design for the Model 29 
antennas. 

The current SSDS DEP-1, Integrated Sensor 
Stack appears to satisfy the basic hnctions 
needed in the Model 29 DTU and may be used 
with minimum software modifications. 

The above DEP-1, does not satisfy the need 
for the Central Processor Unit (CPU). GEC 
will design a unit that satisfies the basic 
functions needed in the Model 29. 

The Downhole Power Amplifier will need to 
be modified to accommodate the wide-range 
impedance-matching requirement. 

The fbnctional requirements of the surface 
system to reliably receive the DTU/DRU 
transmission over a wide range of formations, 
depths and operating conditions will likely 
require the use of site-generated noise 
reduction techniques. Optimum 
implementation of such a surface subsystem is 
viewed as an Up hole Terminal Unit (UTU) 
that consist of a 486-based IBM compatible 
Personal Computer that contains certain 
commercially available "add-in" circuit cards. 

The fimctional requirements of the surface 
system also require an external Signal 
Preprocessor Unit (SPU). The SPU provides 
the interface to the Surface Antenna(e) and to 
the sensors associated with noise reduction. 
This is envisioned as a unit having 8 to 16 low 
level, limited bandwidth input channels. The 
sensitivity of the unit would be dynamically 
controlled by the PC. This unit may also 
contain the Down Link Power Amplifier 
which would be under control of the PC. 

KEY FEATURES OF THE MODEL 29 

The Model 29 consists of three primary units: 1 )  
Downhole Terminal Unit (DTU), which contains 
the directional sensor suite, 2) Retrievable 
Downhole Repeater Unit, and 3 )  the Surface 
System, which consists of the Barrier Box, Uphole 
Terminal Unit, and PC LapTop Computer. The 
key features contained within the Model 29 are 
delineated below. 



TABLE 2 Key Features of the Model 29 EM-MWD 

SSDS SENSOR PACKAGE (DEPI) 
DIGITAL INTERFACE 
ON-BOARD CALIBRATION 

REPEATER 
INCREASED DATA RATE 
INCREASED DEPTH 
RETRIEVABLE 

DOWNHOLE ANTENNA 
IMPROVED COMMUNICATION 
MECHANICAL STRENGTH 
CORROSION RESISTANT 

PRESSURE CASES 
REPLACEABLE MODULES 
REPLACEABLE CENTRALIZERS 
IMPROVED MECHANICAL INTERFACES 
IMPROVED ELECTRICAL INTERFACES 
IMPROVED MAINTAINABILITY AND TRANSPORTABILITY 

NARROW PRINTED CIRCUITS BOARDS 
DIGITAL PROCESSOR 
DOWNLINK RECEIVER 
POWER AMP 
130" C OPERATION 

MODERN DIGITAL PROCESSOR 
DOWN LOADABLE PROGRAMS 
SOLID GROWTH PATH 

POWER AMPLIFIER 
WIDE FORMATION IMPEDANCE MATCHiNG 
INCREASED EFFICIENCY 

SURFACE SUBSYSTEM 
MULTI CHANNEL SIGNAL PROCESSOR UNIT (SPU) 
486 PC BASED UPHOLE TERMINAL UNIT (UTU) 
IMPROVED NOISE REDUCTION 



The Model 29 System uses a rugged and compact 
LapTop PC as the Uphole Terminal Unit 
computer. 
Additionally, the PC hrnishes both input and 
output devices. The internal software generates 
“screens” for each phase of the system operation. 

One of the important screens is the one shown in 
Figure 1 .This screen results from the command for 
a single survey, while using the repeater. All of the 
important system status readings and the actual 
survey data are presented. Following this 
“screen,” the operator inputs the length of the 
joint(s) added since the last survey. 

’IME: 22:31 B I T  0.00 SURVEY 10:2 

Survey # 1 0  Received X 
G -.1997 

G t o t a l  B t o t a l  HSG MagDip 8-41.4871 
-9985 54.4669 348.4607 48.6039 

AZI  109.3 
; u r v e y  # 10 T i m e  22:31 
iNGLE DATA WAS CHANGE NOW POWER AMP 

LEVEL R-X 
INCLINATION 89.70 0.00 89.70 VOLTAGE 
TOOLFACE 348.46 0.00 348.46 CURRENT 
AZIMUTH 109.32 0.00 109.32 POWER 

IMPEDENCE 
BATTERY 

DTU C h e c k s u m  S t a t u s :  0 AD590 
DRU C h e c k s u m  S t a t u s  0 

P r e s s  [C] t o  c o n t i n u e  o r  [ESC] t o  dump 
D/L Logdac 

CHANNEL 12  

Y 
.9783 

33.2945 

INC 89.7 

UTU 
36-24 
2.199 
.165 
~ 363 

13.327 
16.8 

- 

OUT 

ATTN 

Z TOTAL 
.0052 .9985 

-11.7021 54.4669 

D I P  48.60 C 27.7 

DRU DTU 
3-3 2-2 
0.78 ~ 151v 
3.7 2.564a 
2.8 .386w 
0.21 .0590 
20.0 14.6 
43.0 24 ~ 6C 

1.6 1.791V 

36.0 SEN# 2011 

Figure 1. Initial Survey Angles Display 

In addition to the “single survey” mode of 
operation, the M29 System is capable of operation 
in the “Continuous Tool-Face” (CTF) mode. In 
this mode, upon reception of an appropriate 

downlink command, the Downhole Terminal Unit 
(DTU) transmits continuous tool-face updates 
until commanded to cease. The “screen” in this 
case is, as shown in Figure 2. 

U G H S I D E  CTF TIME DATE 

# 14 
# 15 
# 1 6  
# 17  
# 1 8  
# 1 9  
# 20 
# 2 1  
# 22 
# 2 3  

1 0 . 0  
5 6 . 6  
6 6 . 1  
1 6 . 3  
88 .8  
9 0 . 3  
9 2 . 7  
9 3 . 2  
9 5 . 3  
9 5 . 4  

1: 03:  06 
1: 09:  16  
1 : 1 5 : 2 5  
1 : 2 1 : 3 5  
1: 27:45  
1 : 3 3 : 5 5  
1 : 4 0 : 0 5  
1 : 4 6 : 1 5  
1 : 5 1 : 2 5  
1: 5 7 :  35 

03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 
03-03-95 

Figure 2. CTF Display Format 



RESULTS 

Phase I, Task 1 Preliminary System Design - 
Overview 

GEC has completed the preliminary system design 
of the Slimhole ElectroMagnetic (EM)-based 
MWD system. The system includes, but is not 
limited to the following components: downhole 
instrumentation unit, including power pack, 
sensors, etc.; in line retrievable two-way repeater 
unit; site-generated-noise-reduction unit; and 
surface processing units. 

GEC performed detailed calculations and analyses 
to provide a sound basis for successfil design of 
the system, including appropriate safety factors. 
The effort has ensured that the slimhole EM 
MWD system is compatible with other drilling 
products, and that the tool housing and 
connections (end details) conform with APYIADC 
recommendations'for strength and fishability. 

The design effort considered the downhole 
environment in which the commercial system is to 
operate. Aspects of that environment include, but 
are not limited to, downhole mechanical forces, 
pressures to 10,000 psi, and a sustained operating 
temperature of 130°C. 

Other design aspects that were considered 
include: 

0 Small diameter downhole instrumentation (for 
use with widely available slimhole (maximum well 
bore diameter of 6-1/4 inches) tubulars, and other 
slimhole drilling equipment; multiple housings 
(subs) may be required to accommodate various 
drill string designs for slimhole drilling, 

higher data transmission rates to greater depths 
compared to conventional EM-based MWD 
equipment, 

A drill string repeater(s) addition to facilitate 

Reliability in all formation types, drilling fluid 
media, 

Retrievability of the downhole repeater unit, 

Compatibility with other steering, data 
acquisition equipment necessary to orient and 
steer, and to measure formation properties and 
drilling parameters. 

Engineering/fabrication drawings resulting from 
Task 1 (Preliminary System Design) have been 
prepared and cross-checked. At the end of 
February, 1995, GEC submitted the documented, 
preliminary design package for the slimhole EM- 
MWD system to the DOE COR for review and 
comment. 



Detailed Summary of TASK 1 SubTask Progress 

SubTask 1. Preliminary design the Model 29 DTU 
and DRU-Retrievable Antennas and Pressure 
Barrel interface. This sub task has been 
completed, and Task 2 work is underway. 

SubTask 2. Analyze the existing SSDS Micro 
Processor PCB (pP) design to assure that it has 
the potential to perform the Model 29 CPU 
mission. SSDS has submitted the background 
documentation, and everything has been 
accomplished. 

SubTask 3. Modi@ the existing (pP) design to 
add the fbnctionality required to perform the EM 
signal processing and transmitterh-eceiver control. 
Make any other modifications required to allow 
the pP to operate independently of the existing 
SSDS sensor stack. Define the digital interface 
between the CPU and DEP. This effort is now 
complete, and documented. 

SubTask 4. Convert the existing Model 28 
DTUDRU software to execute on the new pP. 
Integrate/merge the existing DEP-1 sensor 
sampling, sensor error compensation, and survey 
calculations with the EM software to create The 
Model 29 DTU/DRU software. The new software 
specification is now complete. 

SubTask 5. Package and/or integrate the DEP-1 
and CPU, with the remainder of the DTU and 

DRU subassemblies. This subtask is complete and 
documented. 

SubTask 6.  Modi@ the Model 28 Downhole 
Power Amplifier design to meet the wide-range 
impedance-matching requirements of all 
underbalanced drilling. The trade off study has 
been done, but the sub task is not complete due to 
lack of field data from early M28 testing. 

SubTask 7. Instrument several operational drilling 
sites using a wide dynamic range digital recording 
system combined with appropriate 
ElectroMagnetic sensors. Record the signalhoise 
measured by the sensors. Analyze the data to 
determine the characteristics of the signalhoise 
and develop noise reduction strategies. This sub 
task likewise is delayed due to the late M28 
deliveries. 

SubTask 8. Design the Uphole Terminal Unit 
(UTU). Work has proceeded up to the point 
where the PC and add-in card requirements have 
been specified. 

SubTask 9. Design the Signal Processing Unit 
(SPU). A preliminary specification has been 
prepared. 

SubTask 10. Convert the existing Model 28 and 
other surface software to perform the Model 29 
UTU fbnctions. Develop new software, and 
integrate it with the basic UTU software. The 
architecture is complete. Detailed software codes 
are now being developed, as scheduled, in Task 2. 
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Results to Date 

Although it has taken an additional month beyond 
that scheduled, GEC/SSDS completed essentially 
all of the required preliminary system design sub 
tasks required in Task 1, Phase I. 

Some of the work was krther deferred due to the 
late delivery of the Model 28 Systems, to the field 
for initial test and evaluation. This has impacted 
the noise reduction, and power amplifier 
preliminary design effort. However, GEC/SSDS 
intend to expend additional effort to catch up with 
these delayed sub tasks during the next few 
months. 

FUTURE WORK 

GEC and SSDS are continuing the program by 
commencing Task 2 effort. The primary activities 
of Task 2 will be detailed design of 

thenew CPU, 

the revised UTU, 

theSPU, and 

the retrievable repeater and its antenna sub. 

In addition, GEC/SSDS will, as part of the Id28 
field test and evaluation program: 

evaluate options for enhancing power- 
amplifier impedance-matching performance, 
and complete the detailed design of the 
candidate approach, 

continue software development, and 

gather noise data (not part of the M29 
program), 

Finally, GEC/SSDS will prepare the M29 
Laboratory Test Plan, and submit it to the DOE 
COR. 


