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EXECUTIVE SUMMARY 

T h i s  r e p o r t  d e s c r i b e s  Phase I and shakedown t e s t i n g  and the results 
obta ined  i n  the bench testing of  the 5-3/8 inch Maurer t u r b o d r i l l .  This  
work was performed under Con t rac t  No. DE-AC21-78MC08089 f o r  the Methane 
Recovery from Coalbeds P r o j e c t  of  the Morgantown Energy Technology Center 
(METC) of the Department o f  Energy (DOE). 
Maurer Engineer ing ,  Inc.  (MEI) under Con t rac t s  EY-77-C-21-8093 and 
EW-78-C-21-8380 w i t h  DOE/METC. Phase I t e s t i n g  was conducted a t  TRW Mission 
Manufacturing Company i n  Houston, Texas, according t o  the Test Plan appended 
t o  this  r e p o r t .  

The  t u r b o d r i l l  was b u i l t  by 

Two ve r s ions  of the t u r b o d r i l l  have been developed by ME1 because of 
d i f f e r e n t  downhole a p p l i c a t i o n s .  The physical  d i s t i n c t i o n  r e l a t e s  only t o  
the  des ign  of the bear ing  package and n o t  t o  the  t u r b i n e  s e c t i o n  of  the 
assembly. 
bear ing  pack conf igu ra t ion  i s  used; when d r i l l i n g  w i t h  wa te r  i n  a ho t  geo- 
thermal well, a flow-through bear ing  pack des ign  i s  employed. 

For t y p i c a l  o i l f i e l d  a p p l i c a t i o n s  when d r i l l i n g  w i t h  mud, a s e a l e d  

The o v e r a l l  goa ls  of  the Tes t ing  P r o j e c t  a r e  (1 )  t o  de te rmine  ope ra t iona l  
c h a r a c t e r i s t i c s  of the 5-3/8 inch t u r b o d r i l l  and (2)  t o  demonstrate  app l i ca -  
bi 1 i t y  t o  d i  r e c t i o n a l  l y  d r i  11 ed methane d ra inage  borehol es i n  ho r i zon ta l  coal - 
beds ( o r  poss ib ly  i n  s t eep ly -d ipp ing  coal seams). 

The o b j e c t i v e  of Phase I testing was t o  determine b a s e l i n e  performance 
c h a r a c t e r i s t i c s  p r i o r  t o  f i e l d  t e s t i n g .  
mud i n  an above-ground, bench t e s t i n g  mode w i t h  no app l i ed  a x i a l  loads  t o  the 
t u r b o d r i l l .  A Phase I 1  test  was designed t o  determine both s t r a i g h t - h o l e  and 
d i r e c t i o n a l  d r i l l i n g  performance c h a r a c t e r i s t i c s  us ing  mud a s  the d r i v i n g  
f l u i d ,  p e n e t r a t i n g  known format ions .  
determine the f e a s i b i l i t y  of  p l ac ing  methane d ra inage  boreholes  i n  a hor i -  
zon ta l  coal seam from a v e r t i c a l  p o s i t i o n  a t  the s u r f a c e .  

T h i s  t es t  was r u n  on c l ean  d r i l l i n g  

The objective i n  Phase I11  will be t o  

P r i o r  t o  Phase I t e s t i n g ,  ME1 had completed shakedown t e s t i n g  i n  December 
1978, w h i c h  c o n s i s t e d  o f  bench tests w i t h  no a x i a l  l oads  a p p l i e d  t o  the turbo-  
d r i l l .  Both the s e a l e d  bea r ing  pack and flow-through ve r s ions  o f  the turbo-  
d r i l l  were r u n  w i t h  water  as  the working f l u i d .  Teardown and i n s p e c t i o n  of 
the d r i l l  motor fo l lowing  ind iv idua l  tests revea led  some des ign  problems i n  
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the sealed bearing pack version. 
cations t o  the turbodrill, b u t  adequate pressure seals could no t  be developed. 
DOE/METC exercised the option t o  proceed i n t o  formal Phase I testing w i t h  the 
flow-through bearing package version of the turbodrill r u n n i n g  on dri l l ing 
mud. 

In response, ME1 instituted design modifi- 

Formal Phase I testing was completed in February 1979. Analysis of the 
test  d a t a  shows characteristic torque, power, efficiency, and rotary speed 
re1 ationships. 
appear t o  be considerably higher t h a n  design values. 

However, rotary speeds and pressure drops th rough  the turbine 

I t  i s  recommended tha t  the project proceed into Phase I1 controlled 
field testing a t  Gearhart-Owen in Fort Worth, Texas. 
testing, however, i t  i s  recommended t h a t  a reasonably accurate and reliable 
turbodrill tachometer be developed t o  aid the operator on a dr i l l  ing rig 
monitor rotary speed downhole. 
speeding and extend dr i l l  b i t  l i f e ;  detecting s ta l l  t o  keep from getting 
stuck in the hole; better matching of bit-weight and  speed for stable opera- 
t i o n ;  and maximizing rate-of-penetration fo r  a truer indication of  turbodrill 
potential dri l l ing perfomance. 

Prior t o  Phase I1 field 

This would be beneficial in avoiding over- 
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1 .  INTRODUCTION 

1.1 BACKGROUND 

The Department of Energy ( D O E )  i s  engaged i n  many e f fo r t s  t o  increase 
resource recovery and supplies of foss i l  energy. A t  the Morgantown Energy 
Technology Center (METC),  one of these is  directed toward exploring the use 
of downhole d r i l l i n g  motors and directional d r i l l  i n g  techniques t o  improve 
the efficiency and reduce the costs o f  d r i l l i n g  i n  coal.  The application 
i s  to  place long methane drainage boreholes i n  horizontal coalbeds i n  ad- 
vance of act ive m i n i n g  operations (or  possibly i n  unmined or  steeply-dipping 
coal seams). 
s ignif icant ly  increase penetration r a t e s  compared t o  conventional, rotary 
d r i l l i n g  techniques. Another major advantage of downhole d r i l l i n g  motors 
i s  reduction of f r i c t ion  between d r i l l  s t r ing  and wellbore, which i s  very 
important, especially i n  d r i l l i ng  directional wells. This can r e su l t  in  
l e s s  rig t r ip  time and smoother d r i l l i n g  operations because o f  reduced pos- 
s ib i l  i t i e s  of "twist-offs".  

A major advantage i n  u s i n g  downhole d r i l l i ng  motors i s  to 

1 . 2  THE TEST PROJECT 

The Test Project was established to t e s t  the Maurer Engineering (MEI) 
5-3/8 inch turbodril l  as  p a r t  o f  the ongoing d r i l l i ng  technology develop- 
ment e f f o r t  a t  DOE/METC. 
project a r e  discussed i n  Section 2 . )  The overall goal o f  the Test Project 
i s  to demonstrate appl icabi l i ty  of the turbodril l  for  d r i l l i ng  long, hori- 
zontal methane drainage boreholes i n  coal seams a t  depths to  1,000 f ee t ,  
which appears consistent and at ta inable  with today's directional d r i l l i n g  
technology. 
surface and horizontally a t  coal seam depth. 

(The scope and.detaited objectives of the t e s t  

The boreholes will be designed t o  be dr i l led  ver t ica l ly  a t  the 

The t e s t  project was divided into d i s t i n c t  steps or  elements and  
structured i n  the following phases: 

Phase I 

Bench tes t ing i n  Phase I was performed i n  a horizontal, 
above-ground t e s t  mode, using the clean d r i l l i n g  mud c i rcula-  
tion system (discussed i n  Section 3) a t  TRW Mission Manufac- 
t u r i n g  Company i n  Houston, Texas. The objective was t o  
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1.3 

determine basel ine performance prof i les  a t  zero applied b i t -  
end pressure drops and w i t h  no axial th rus t  loads (weight- 
on-bit force) appl ied t o  the motor. Prel iminary indications 
of wear on internal parts a l so  were t o  be ascertained from 
the t e s t .  
tes t ing because o f  the unavailabil i ty of pressure seals  t ha t  
could to le ra te  sustained elevated pressure drops o f  500 to  
1,000 psi. Axial loading i n  Phase I was n o t  considered be- 
cause no equipment was available to  conveniently perform t h a t  
function. The t e s t  was performed i n  a horizontal mode be- 
cause i t  was re la t ive ly  quick and inexpensive, and met the 
requirements for generating basel ine performance data.  
e f fec ts  of vertical  position, axial loading, and elevated 
bit-end pressure drops can be determined in subsequent Phase 
I 1  tes t ing on a d r i l l i n g  rig. 

Bit-end pressure drops were n o t  appl ied i n  Phase I 

The 

Phase I1 

Phase I1 tes t ing will evaluate the e f fec ts  of  the 
conditions not applied i n  Phase I (ver t ical  position, axial 
loads, and bit-end pressure drops). Phase I 1  i s  a control led 
f i e l d  t e s t  t o  be performed on a d r i l l i ng  rig a t  Gearhart-Owen 
Industries.  The t e s t  s i t e  i s  located a t  the wireline crew 
training f a c i l i t y  i n  F o r t  Worth, Texas. The formations en- 
countered i n  d r i l l i n g  a t  this s i t e  have been penetrated numer- 
ous times fo r  t r a i n i n g  purposes i n  the past, and re1 iable d a t a  
a re  available on straight-hole d r i l l i ng  r a t e s  u s i n g  conven- 
t ional ,  rotary d r i l l  i n g  equipment to  evaluate turbodril l  per- 
formance. A d i s t i n c t  advantage of t h i s  s i t e  i s  tha t  downhole 
geology i s  known a priori t o  minimize potential hole problems. 

Phase I11 

Phase I11 is a d r i l l i n g  technology t e s t  directed specif-  
i ca l ly  a t  the coalbed methane resource. Phase I11 requires 
d r i l l i ng  a directional well from vert ical  a t  the surface t o  
horizontal into a coalbed a t  depth or  into a steeply-dipping 
coal seam. The s i t e  will be selected to  r e f l e c t  methane 
drainage d r i l l i n g  conditions evident i n  more rugged f i e l d  
applications.  

TURBODRILL DES I GN 

Figure 1-1 gives a sectional view of the ME1 turbodril l  which consis ts  
The d r i v i n g  f lu id  can 

All blades and vanes are  contained in  the 
of a turbine section and a separate bearing package. 
be e i the r  d r i l l i n g  mud or water. 
turbine section, and a l l  bearings (both thrust and r ad ia l )  a r e  housed i n  
the bearing pack. 
vanes. 

The turbine package contains 50 stages of  blades and 
The bearing package i s  designed i n  two versions: a sealed bearing 
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Figure 1-1. Cross Section of Turbodrill with Flow-Through Bearing Package 
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pack for use i n  d r i l l i n g  w i t h  muds containing sol ids  and cut t ings,  and the 
flow-through pack for  use primarily w i t h  water a s  the d r i l l i n g  f l u i d .  The 
sealed bearing pack has application for  directional and straight-hole d r i l l -  
i n g  i n  conventional o i l  and  gas f i e l d s  and i s  shown i n  Figure 1-1 of Appen- 
d i x  A of this report .  
Figure 1-1 o f  t h i s  section, is designed fo r  use w i t h  water i n  geothermal 
applications and i n  coal seam methane drainage requiring directional d r i l l  - 
i n g .  Water passing through the bearing section i s  intended t o  cool and 
lubricate  the bearings. I n  addition, the f low-through bearing package may 
of fer  the advantage of longer service intervals  when d r i l l i ng  i n  formations 
where water can be used as  the d r i l l i n g  f l u i d .  

The flow-through bearing pack version, shown i n  

B o t h  the sealed bearing pack and flow-through versions were tested 
d u r i n g  pre-Phase I shakedow runs. Dif f icu l t ies  were experienced continu- 
a l l y  w i t h  in tegr i ty  of the pressure seals  a t  the bit-end of the sealed bear- 
i n g  pack turbodr i l l .  The problem of stopping f l u i d  losses proved insur- 
mountable, and only the flow-through bearing pack turbodril l  was used in 
l a t e r  Phase I t es t ing .  Further d e t a i l s  a r e  presented i n  Section 4 .  

There a r e  two major pressure drops i n  the turbodril l  i t s e l f :  one 
across the stage assembly of blades and vanes i n  the turbine section ( t o  
overcome resistance to rotat ion,  counteract f l u i d  f r i c t ion ,  and provide 
power); and the other i n  the bearing package across the seal leak-sleeve o r  
pressure seal assembly a t  the bit-end. 
in t u r n ,  depends upon the pressure drop across the bit-end of the turbo- 
d r i l l .  
cleaning of cutt ings from the rock face by counteracting c h i p  hold-down. 

The pressure d r o p  across the b i t ,  

The b i t  pressure d r o p  i s  important for  proper bottomhole hydraulic 

In rotary d r i l l i ng  the weight normally applied t o  a b i t  t o  increase 
penetration r a t e s  produces an upward-acting force on the d r i l l  s t r i ng  a t  
the bottom of the hole and i s  called the bit-reaction force. In downhole 
turbines there i s  an additional force exerted, which ac t s  downward, opposite 
to  the bit-reaction force.  T h i s  force r e s u l t s  from the  pressure d r o p  acting 
across the annular flow area of the turbine blades. 
downthrust, t h i s  force i s  internal t o  the turbodr i l l ,  whereas the b i t -  
reaction force i s  external t o  the downhole motor. 

Called the hydraulic 
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Weight-on-bit (WOB) and the hydraulic thrust force a r e  transmitted t o  
the bearings via the ro tor  sha f t  and axial  compression spacer rings mounted 
on the sha f t .  In a l l  there a r e  seven spacers, three sets o f  radial  r o l l e r  
bearings, and two sets of r o l l e r  thrust bearings. The bearing pack i s  de- 
signed t o  maintain a thrust bearing preload t o  take advantage of the hydrau- 
l i c  downthrust of the turbine i n  counteracting the upward ac t ing ,  b i t -  
reaction force on the bearings, and t h i s  results i n  less dynamic load on the 
thrust bearings. The net  e f f e c t  i s  t h a t  considerably grea te r  weights can be 
applied t o  the b i t  when operating on a d r i l l i n g  r ig  t o  increase penetration 
r a t e s  while maintaining r e l a t i v e l y  lower loads on the bearings i n  the turbo- 
d r i l l .  The thrust bear ing  preload a l so  serves t o  e l iminate  r o l l e r  bearing 
"chat ter"  when temporarily operating under low-load or no-load conditions,  
such as d u r i n g  s ta r tup .  
t a t ion  and a r e  comerc ia l ,  off-the-shelf  items. 

The bearings o f f e r  ins igni f icant  res i s tance  t o  ro- 
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2 ,  TEST PLANNING 

2.1 SCOPE OF PHASE I TESTING 

I n  this report ,  Phase I includes a l l  i n i t i a l  tes t ing o f  the 5-3/8 inch 
turbodril l  a t  MEI's Kor-King f a c i l i t y  and formal tes t ing a t  TRW Mission Man- 
ufacturing Company's plant i n  Houston, Texas i n  above-ground, bench t e s t s .  
Bench testing refers  to  operation w i t h  the turbodril l  mounted i n  a stationary 
t e s t  f ix ture ,  as  opposed to actual well d r i l l i n g .  

The scope of Phase I of the Test Project was defined a s  follows: 

0 Phase I tes t ing and the preliminary shakedown t e s t s  
represent the f i r s t  attempts to  determine performance 
charac te r i s t ics  of the ME1 5-3/8 inch turbodril l  i n  a 
sys terna t i c  manner. 

Q T h e  testing reported herein does n o t  const i tute  
qua1 i f  ication tes t ing or any performance ver i f icat ion 
e f fo r t .  

The Test Plan presented i n  Appendix A governed a l l  a c t i v i t i e s  connected 
w i t h  Phase I operations. Considerable detai l  i s  included i n  t ha t  plan t o  
provide coordinated planning, tes t ing requirements, detailed t e s t  procedures, 
and supporting information for  the se r i e s  of t e s t s  t h a t  will determine per- 
formance and wear charac te r i s t ics  of the Maurer 5-3/8 inch turbodril l  i n  a n  
above-ground, bench tes t ing mode. 
Test Plan was t o  es tabl ish the turbodril l  ' s  basic performance charac te r i s t ics .  
The baseline performance data determined i n  Phase I a r e  required t o  provide 
performance charac te r i s t ics  against which t o  assess the data resul t ing from 
subsequent ac t ive  well d r i l l i n g  t e s t s .  Wear and other degradation informa- 
t i o n  a lso were desired to aid i n  estimating r e l i a b i l i t y ,  preliminary tool 
maintenance requirements, and component 1 i f e  expectancy for  future  t e s t  
pl anni ng  . 

The major thrust o f  t he  e f f o r t  in the 

2 . 2  OBJECTIVES 

The purpose of  Phase I tes t ing was to  determine performance and wear 
charac te r i s t ics  of  the Maurer Engineering 5-3/8 inch turbodril l  i n  an  above- 
ground, bench tes t ing mode. 
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Specific objectives of Phase I tes t ing were: 

0 Determine performance charac te r i s t ics ,  i .e . ,  turbodril l  
speed, torque, and power as functions of mud flow ra t e ,  
i n l e t  pressure, and pressure d r o p  across the turbine. 

0 Determine the leakage r a t e s  of  dr i l l i ng  f lu id  a t  d i f fe ren t  
bit-end pressure drops through the bearing package. 

0 Ascertain wear character is t ics  experienced i n  rotary 
operation under simulated torque conditions i n  bench 
t e s t s .  

0 Acquire data for  use i n  determining r e l i a b i l i t y  and com- 
ponent service 1 i f e  expectancies. 

When i t  became apparent t ha t  the turbodril l  was an ear ly  prototype 
model and had l i t t l e  actual Maurer in-house tes t ing prior t o  the Phase I 
t e s t ,  i t  was agreed tha t  the wear and re1 iabil i t y  t e s t s  would be premature 
a t  this point i n  the development cycle. Therefore, the wear measurement 
requirement was el iminated. 
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3. TEST FACILITY A N D  EQUIPMENT 

The t e s t  f a c i l i t y  was a t  TRW Mission Manufacturing Company's plant i n  
Houston, Texas. 
i n  Figure 3-1. 
to  the turbodr i l l :  
pressure. Flow ra tes  of d r i v i n g  f l u i d  were- regulated u s i n g  two Thornhill- 
Craver adjustable chokes, which diverted par t  of the pump discharge to  the 
mud holding tanks. This capabi l i ty  was required because the o u t p u t  of the  
mud pump was greater than the throughputs required by the 5-3/8 inch turbo- 
d r i l l .  

The t e s t  setup schematic and equipment layout i s  represented 
The d r i l l i n g  mud c i rculat ion system provided d r i v i n g  energy 

typically 250 gpm flow r a t e  and 3,000 psi maximum i n l e t  

The d r i v i n g  f l u i d  used i n  Phase I tes t ing was clean d r i l l i ng  mud tha t  
never had been used i n  well d r i l l i ng  operations. 
controlled and kept constant for use i n  production tes t ing TRW Mission Manu- 
fac tur ing ' s  fluid-end o i l f i e l d  pump parts and valve assernbl ies .  
tional o i l  f i e ld  mud conditioning equipment, such as desil ters/desanders or 
shale shakers, were required. 

The mud properties were 

No conven- 

The turbodril l  was instal led i n  the above-ground, bench tes t ing  config- 
uration shown i n  Figure 3-1. 
generate the base1 ine turbodril l  performance charac te r i s t ics  a re  described 
in detai l  i n  the Test Plan presented i n  Appendix A t o  t h i s  report .  
Phase I Test Plan was approved by project participants prior t o  comencement 
of t e s t  operations and governed a l l  a c t i v i t i e s  connected w i t h  performing the 
t e s t s .  
setup a re  described i n  Sections 2 and 5 of Appendix A .  Test procedures a lso 
a re  described i n  Section 5 o f  Appendix A .  
sensing instruments a r e  presented i n  Appendix B. 

Test equipment and ins ta l la t ion  required to  

The 

Test instrumentation and anc i l la ry  equipment included in the t e s t  

Calibration curves for primary 

Torque loading was introduced by means of  a dynamometer mounted w i t h  a 
short  shaf t  ( w i t h  two universal j o in t s )  on the front-end o f  the turbodr i l l .  
The dynamometer was manufactured by AW Dynamometer Company of Chicago, I l l i -  
nois (Model NEB 600).  I t  performed sa t i s f ac to r i ly  d u r i n g  shakedown tes t ing  
except for  inconsistent measurement o f  applied torque values. This was a t -  
tr ibuted t o  hydraulic losses due t o  variation of  f r i c t ion  coeff ic ient  o f  

8 
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the dynamometer f lu id  under dynamic conditions, and t o  mechanical losses i.n 
the dynamometer and i n  the front-end swivel j o i n t .  

Consideration of the dynamometer losses noted above indicates t ha t  
measurement o f  total  reactive torque developed by the turbodril l  would be 
s ignif icant ly  more accurate and re1 iable than relying on the dynamometer i t -  
s e l f .  The reactive torque measuring system shown i n  Figure 3-2 was designed 
by ME1 t o  indicate the required total  reactive torque developed by the tur- 
b o d r i l l  and compensate for  the dynamometer losses.  In t h a t  system the tur- 
bodrill was mounted on the supports of the t e s t  f ix ture  w i t h  commercial 
r o l l e r  bearings t o  minimize torque resistance.  
was used as  discussed i n  the Test Plan i n  Appendix A, i n  the performance of 
the t e s t s  a t  TRW Mission. 

The remaining t e s t  equipment 

10 
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4. SHAKEDOWN TESTING 

Preliminary tes t ing o f  the turbodril l  was not par t  of the original 
plan presented i n  Appendix A .  However, the opportunity arose, and ME1 
elected to perform a se r ies  of short-duration, inexpensive, shakedown t e s t s  
t o  essent ia l ly  lade-bug'' the motor and tes t ing procedures to be used i n  the 
o f f i c i a l  Phase I t e s t  program. Shakedown test ing a l so  presented an oppor- 
tunity to  make minor turbodril l  design modifications, a s  required, besides 
providing additional data t o  a id  i n  evaluating Phase I turbodril l  perform- 
ance, w i t h  re la t ive ly  l i t t l e  time loss  and without comi t t i ng  the TRW 
Mission t e s t  f a c i l i t y  to a d d i t i o n a l  t e s t  time. 

Shakedown test ing of the 5-3/8 inch turbodril l  was performed by ME1 a t  
Shakedown tes t ing  was i t s  Kor-King warehouse f a c i l i t y  i n  Houston, Texas. 

done using water as  the d r i v i n g  f l u i d  i n  a bench tes t ing mode very similar 
to the Phase I t e s t  setup described i n  Section 3. B o t h  the sealed bearing 
package and flow-through bearing package versions were r u n  i n  shakedown 
t e s t s .  

Torque responses obtained a t  a d r i v i n g  f l u i d  flow r a t e  of 250 gallons 
per minute (gpm) in the several shakedown t e s t s  a r e  presented i n  Figure 4-1. 
Some degree of difference among the several curves perhaps may be ascribed 
to  "breaking-in" of the turbodr i l l ,  b u t  no consistent trend can be estab- 
l ished. 

A comparison of shakedown performance to  turbodril l  design performance 
In each case, torque and  power o u t p u t  a re  below is presented i n  Table 4-1. 

design values. 
the pumping power required t o  drive the motor, are  considerably greater 
than design and are  the primary reason for the re la t ive ly  low values of ef-  
f iciency obtained w i t h  t h i s  motor. 
not highly dependent on rotary speed, as  can be seen i n  Figure 4-2. 
the pressure d r o p  does depend on flow r a t e  a s  can be inferred from the data 
presented i n  Table 4-1. 

Pressure drops measured across the turbine, which indicate 

The pressure drop across the motor i s  
However, 

Design problems tha t  surfaced d u r i n g  shakedown test ing o f  the sealed 
bearing package version of the turbodril l  were (1)  mechanical problems stem- 
ming from interferences from t i g h t  f i t s  between rotating/mating par ts  and 

1 2  
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( 2 )  seal problems result ing from inadequate des ign  and material fa i lure .  
The mechanical interference problems were corrected by opening u p  to1 erances 
on some internal parts i n  the bearing package. 

The major problem area requiring attention prior t o  the s t a r t  o f  Phase I 
tes t ing of the sealed bearing package turbodrill was the pressure seal 
assembly a t  the bit-end o f  the d r i l l  motor, shown i n  Figure 1-1 of Appendix A .  
The seal assembly consists of  a ser ies  o f  three bronze journal bearings 
(called seal spacers) w i t h  two se t s  of  three Uneepac seals sandwiched between 
them. The seal elements a re  manufactured i n  a "W"-configuration, and the two 
se t s  a re  oriented t o  seal i n  opposite directions: one against mud intrusion 
from outside the turbodrill through the bit-end; and the other against loss 
of synthetic bearing lubricant from the o i l  reservoir.  In a d d i t i o n ,  the seal 
spacers are  designed t o  a c t  as journal bearings by supporting a po r t ion  of 
the la teral  loads sustained d u r i n g  normal directional d r i l l i n g .  (See Figure 
1-1 i n  Appendix A. )  

The seals  r u n  i n  shakedown t e s t s  were commercial off-the-shelf items. 
The Uneepac seals were made from Buna-N elastomer impregnated w i t h  about 30 
percent cotton-duck reinforcing material. Dur ing  shakedown t e s t s ,  the seals  
vulcanized, became exceedingly b r i t t l e ,  disintegrated, mixed w i t h  bearing 
lubricant,  and were extruded from the front-end o f  the bearing package. 
During these t e s t s ,  rotary speeds ranged u p  t o  2,000 rpm and pressure drops 
across the pressure seal assemblies were l e s s  t h a n  200 psi.  Calculations 
performed by ME1 personnel have shown t h a t  temperatures i n  the individual 
seal elements reached u p  t o  535°F during these t e s t s .  
or elastomer rotating seals  deter iorate  rapidly above 350°F operating tem- 
pera ture  . 

Most synthetic rubber 

The recurring problems w i t h  deterioration of the main pressure seals  
tested led t o  abandonment o f  the sealed bearing pack version of the turbo- 
d r i l l  for testing i n  Phase I of the project. Seal development i s  reportedly 
being pursued i n  another project. 
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5. PHASE I TEST DATA 

Phase I t e s t  d a t a  were measured and recorded according t o  procedures 
contained in .the approved Test Plan appearing i n  Appendix A of t h i s  report .  
The only deviation from this requirement was i n  the case of reactive torque 
measurements. The raw data have been transcribed i n  the prescribed format 
onto Tab1 e 5-1 w i t h  appropriate annotated remarks. 

Reactive torque raw data were measured and recorded in values of mil l i -  
volts of the torque arm load cell  transducer o u t p u t .  Conversion t o  f t - l b s  
was accomplished straightforwardly as the f i r s t  step in the data reduction 
process by means of the following equation (developed by M E I )  character is t ic  
of the ME1 load cell  used i n  the tes t :  

Torque = 227(millivolts - 0.28) i n  f t - l b  

The derivation of  t h i s  equation i s  presented i n  Appendix C .  

The t e s t  proceeded smoothly except for premature termination immediately 
a f t e r  obtaining the final data p o i n t  on the 300 gpm speed prof i le .  A t  that  
time the bearing housing temperature escalated rapidly and leak-flow t h r o u g h  
the bearing package ceased abruptly, indicating a problem internal to  the 
turbodri l l .  
the t e s t  t o  o b t a i n  data on the 350 gpm speed l ine ;  however, these fai led and 
Phase I testing was terminated. 

Repeated attempts were made t o  correct the problem and r e s t a r t  

1 7  



I 
V z 
Y 

co 
\ 
M 
I 

m 
a z 
Y 

Cr 
W 
W z 
H 
a z 
W 

I 

Q 
I- 
Q 

t- 
v, 
W 
I- 

n 

U 

W 
v, 
Q 
I a 

c 
I 

Lo 

W 
1 a 
Q 
I- 

! 

v) 
Y 
L 
a 

p: 
5 

I-- I- 

I 

aJ 
E 
I- 
*r- 

- 

Q 
0 
c, 
v, 

I . . . . . . . . . . . .  I 
N N N N N N N l - - - - -  

c n t -  
h 
\ 
0 cu 

18 



/Run 

>/20/79 

2 

.__L 

12:45pm 

12:52 

12:53 

12:53 
12:57 

1 :04 

1 :05 

TABLE 5-1. ( c o n t ' d )  PHASE I TEST DATA - MAURER ENGINEERING 5-3/8 INCH TURBODRILL 

Mud Flow 
Rate 

QPm 

- 
251 

250 

247 
100 

150 

146 

146 

150 

155 

152 
152 

151 

147 

I n l e t  Mud 
Pressure 

Ps ig  

- 
980 

1070 

1190 
130 

340 
350 

360 

450 

420 

430 

440 
450 
460 

E x i t  
Pressure 

P s i g  

- 

130 

120 

120 
32 

52 

50 

50 

55 

55 
55 

55 

53 

53 

-~ 

Rotary  
Speed 

r Pm 

- 

0 

2 78 

550 
0 

0 

104 

225 

61 9 

31 1 
404 

489 

607 

702 

React ive 
To - 

mv 

- 
2.36 

2.19 

2.02 
0.52 

1.24 

0.97 
0.93 

0.83 
0.97 

0.88 
0.87 

0.83 

0.77 
- 

lue 
't-1 b 

- 

472 

434 

395 
54 

21 8 
157 
148 

125 
157 
136 

134 

125 

111 
-- 

Mud Leak 
Rate 
QPm 

- 

4.6 

5 .O 

5.3 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

- 

Bear ing  

remp$ra "Ousln? u r e  
F 

- 
118 

117 

117 
118 

117 

117 

117 

118 

118 
118 

117 
117 

117 

Remarks 

S t a r t u p  t o  
Obtain Check 
Data P o i n t s  

Changed Flow 
Rate t o  100 gpm 
Changed Flow 
Rate t o  150 gpm 



TABLE 5-1. ( con t ' d )  PHASE I TEST DATA - MAURER ENG1;JEERING 5-3/8 I N C H  TURBODRILL 

T i  me 

1 : 22pm 

1 :23 

1 :25 
1 :27 

1 :29 

1:31 
1 :33 

1 :35 

1 :37 
1 :39 

1 :40 

1 :42 

1 :43 

Mud Flow 
Rate 

gPm 

200 
198 

200 

2 00 

203 
202 

201 

201 

205 
202 

201 
199 

201 

I n l e t  Mud 
Pressure 

P s i g  

640 

660 

710 

71 0 
750 

780 
800 

81 0 

840 
850 

860 

900 

900 

E x i t  
Pressure 

P s i g  

90 
82 

82 
82 

85 

83 

85 

83 

85 
85 

87 
87 

80 

- 

Rotary 
Speed 
r Pm 

0 

165 
235 

281 

357 

445 

567 

670 

756 

7 78 

905 

1201 

1302 

React ive 
Tor 
mv 
- 

1.42 

1.49 
1.52 

1.48 
1.45 

1.40 
1.35 

1.28 

1.29 
1.27 

1.15 

1 .14 

0.85 

ue 
Ft-1 b 

259 

27 5 
28 1 

27 2 

266 

254 
243 

227 
229 

225 

197 

195 

129 

I 

Mud Leak 
Rate 

gpm 

2.5 

2.2 

2.3 
2.9 

3.0 

3.0 
2.7 

0.0 

2.7 
3.4 

4.1 

3.6 

3.3 

Bear! ng 

.Hou empera ' ?! u r e  
"F 

118 
118 

119 
118 

118 

118 

119 

119 

119 
119 

120 

120 
121 

Remarks 

Changed Flow 
Rate t o  200 gpm 
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TABLE 5-1. ( c o n t ' d )  PHASE I TEST DATA - MAURER ENGINEERING 5-3/8 I N C H  TURBODRILL 

Time 

2:36 

2:38 

2:39 

2:41 

2:42 

2:45 

2:48 

3:40 p 

Mud Flow 
Rate 

QPm 

3 00 

305 

297 

298 

296 
290 

31 0 

- 

I n l e t  Mud 
Pressure 

P s i g  

1800 

1820 

1850 

1860 

1900 

1940 

1560 

- 

E x i t  
Pressure 

P s i g  

165 

165 

162 

161 

160 
162 

183 

- 

Rotary 
Speed 
r Pm 

789 

874 

1090 

1179 

1361 
1421 

0 

- 

lynamometer 
Torque 
f t -1 b 

- 

585 

570 
51 0 

500 

440 

400 

500 

- 

Mud Leak 
Rate 

QPm 

7.9 

7.7 

8.0 

8.4 

7.2 

6.8 

0.0 

- 

.- 

Bear ing  

.Hous empya n? u r e  
F 

127 

126 

128 

128 

129 
131 

198 

- 

Remarks 

Shut Down t o  
:heck Out Z2ro 
-eak Flow & Eleva 
ted' Bear ing Temp- 
2 ra tu re  
Terminate Test  
Due t o  Lack o f  
Leak-F1 ow 
Through Bear ing 
Package 



6. ANALYSIS OF PHASE I TEST DATA 

Phase I bench t e s t i n g  a t  t he  TRW Miss ion  f a c i l i t y  was conducted on 
February 19 and 20, 1979. 

5-3/8 i n c h  diameter t u r b o d r i l l  was run  on l i g h t w e i g h t  (9.35 pounds per g a l -  
lon ,  11 cp v i s c o s i t y )  d r i l l i n g  mud f o r  a t o t a l  o f  approximately f i v e  hours. 

Basel ine performance data were obta ined a t  f i v e  i n d i v i d u a l  f l o w  r a t e s  rang- 
i n g  from 150 t o  300 gpm i n  50 gpm increments. 

obta ined due t o  f a i l u r e  o f  the lower t h r u s t  bear ing a f t e r  data were c o l -  

l e c t e d  a t  t he  h igh  speed end o f  t he  300 gpm performance curve. 

ana lys i s  has shown t h a t  base l ine  performance o f  t he  t u r b o d r i l l  ( a t  no i m -  
posed b i t -end  pressure drop and no a x i a l  l oad )  was comparable t o  t h a t  ex- 
h i b i t e d  e a r l i e r  du r ing  shakedown t e s t i n g .  

The f low- through bear ing package vers ion  of  t h e  

Data a t  350 gpm were n o t  

I n  general ,  

Performance c h a r a c t e r i s t i c s  c a l c u l a t e d  from t h e  da ta  obta ined du r ing  
Phase I of t h e  T u r b o d r i l l  Tes t ing  P r o j e c t  a r e  presented i n  F igures 6-1, 
6-2, and 6-3. 

i n  Table 6-1. 

b o d r i l l  o v e r a l l  e f f i c i e n c y  values appear ing i n  Table 6-1 were c a l c u l a t e d  
us ing  the  Phase I t e s t  data presented i n  Table 5-1 and the  f o l l o w i n g  s tan-  
dard equat ions p e r t a i n i n g  t o  r o t a t i n g  hyd rau l i c  machinery: 

The p l o t t e d  p o i n t s  i n  F igures  6-1, 6-2, and 6-3 a r e  tabu la ted  

The mechanical power output ,  hyd rau l i c  power input ,  and t u r -  

- 2.rr (Torque)(Speed) i n  horsepower, hp Pout - 33 , 000 

- -  - (Flow Rate)(Pressure Drop across Turb ine)  P in  1714 
i n  hyd rau l i c  horsepower, hhp 

Po, t 
Pin 

E f f i c i e n c y  = - 

The s o l i d  curves drawn i n  F igures 6-1, 6-2, and 6-3 were ob ta ined from r e -  

s u l t s  of regress ion  analyses performed on Phase I t e s t  data. The dashed 
curves .correspond t o  Shakedown Test No. 5 data (which were n o t  processed 

through regress ion  ana lys i s ) ,  f o r  which data p o i n t s  do n o t  appear i n  the  
f igures .  
a re  presented i n  Table 6-2. No data p o i n t s  were obta ined beyond 1500 rpm 
because o f  t u r b o d r i l l  ope ra t i ng  i n s t a b i l i t y  and poss ib le  des t ruc t i on .  

The shakedown t e s t  data used f o r  performance comparison purposes 
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5-3/8 Inch OD Turbodr i l l  
Flow-Through Bearing Pack 
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TABLE 6-1. PHASE I TEST DATA ANALYSIS RESULTS 

FLOW 
RATE 

QPm 

250 

250 

252 

250 

248 

249 

2 48 

249 

250 

249 

ROTARY 
SPEED 
r Pm 

0 

197 

103 

3 08 

402 

492 

600 

804 

920 

1030 

OUTPUT 
TORQUE 
f t - 1  b 

449 

461 

48 1 

452 

429 

41 3 

393 

36 1 

333 

322 

PRESSURE 
DROP 
p s i  * 

k A P  between i n t a k e  and o u t l e t  o f  t u r b i n e  m o t o r  

848 

960 

928 

1020 

1030 

1072 

1092 

1174 

1184 

1225 

HY DRAUL I C 
POWER IN 

. hhp 

124 

140 

136 

149 

149 

156 

158 

171 

173 

178 

POWER 
OUTPUT 

h P  

0 

17 

9 

27 

33 

39 

45 

55 

59 

63 

OVERALL 
EFFICIENCY 

0 

0.12 

0.07 

0.18 

0.22 

0.25 

0.28 

0.32 

0.34 

0.35 



FLOW 
RATE 
QPm 

249 

249 

251 

253 

247 

250 

252 

252 

252 

249 

TABLE 6-1. ( con t ' d )  PHASE I T E S T  DATA ANALYSIS RESULTS 

ROTARY 
SPEED 
r Pm 

1131 

1216 

0 

278 

550 

0 

103 

207 

305 

401 

OUTPUT 
TORQUE 
ft-1 b 

31 6 

302 

472 

434 

395 

434 

445 

436 

436 

424 

PRESSURE 
DROP 
p s i  

1232 

1242 

850 

950 

1970 

880 

940 

970 

1010 

1042 

HYDRAULIC 
POWER I N  

. h h p  

179 

180 

124 

139 

154 

128 

138 

143 

148 

151 

POWER 
OUTPUT 

hP 

68 

70 

r) 

23 

41 

0 

9 

17 

25 

32 

OVERALL 
E F F I C I E N C Y  

0.38 

0.39 

0 

0.17 

0.27 

0 

0.06 

0.12 

0.17 

0.21 
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FLOW 
RATE 

QPm 

254 

300 

303 

305 

309 

302 

299 

303 

TABLE 6-1. (cont'd) PHASE I TEST DATA A N A L Y S I S  RESULTS 

ROTARY 
SPEED 
rPm 

1411 

0 

96 

205 

292 

199 

292 

400 

~ 

OUTPUT 
TORQUE 
f t -1  b 

284 

720 

68 0 

680 

6a5 

68 0 

660 

650 

PRESSURE 
DROP 
p s i  

1302 

1228 

1348 

1418 

1530 

1342 

1388 

1484 

HY D RAU L I C 
POWER I N  

. hhp 

193 

21 5 

238 

252 

276 

236 

242 

262 

POWER 
OUTPUT 

hP 

76 

0 

12 

27 

38 

26 

37 

50 

OVERALL 
E F F I C I E N C Y  

~~ 

0.40 

0 

0.05 

0.11 

0.14 

0.11 

0.15 

0.19 



w 
N 

FLOW 
RATE 

9 Pm 

300 

305 

300 

303 

300 

305 

297 

298 

296 

290 

31 0 

TABLE 6-1. ( c o n t ' d )  PHASE I TEST DATA ANALYSIS RESULTS 

ROTARY 
SPEED 

r Pm 

483 

608 

452 

665 

789 

874 

1090 

1179 

1361 

1421 

0 

OUTPUT 
TORQUE 
f t - 1  b 

64 0 

640 

61 5 

61 0 

585 

570 

51 3 

500 

440 

409 

500 

PRESSURE 
DROP 
p s i  

1490 

1630 

1450 

1630 

1635 

1655 

1688 

1699 

1740 

1778 

1377 

HY DRAUL I C 
POWER I N  

hh P 

261 

290 

254 

2 88 

236 

295 

292 

295 

300 

301 

249 

POWER 
OUTPUT 

hP 

59 

74 

53 

77 

88 

95 

106 

112 

114 

108 

0 

OVERALL 
EFFICIENCY 

0.23 

0.26 

0.21 

0.27 

0.31 

0.32 

0.36 

0.38 

0.38 

0.36 

0 



w 
w 

I 

FLOW 
RATE 

gpm 

2 54 

251 

255 

251 

247 

241 

254 

252 

248 

249 

256 

248 

TABLE 6-2. COMPARISON DATA FROM SHAKEDOWN TEST NO. 5 

ROTARY 
SPEED 

r Pm 

0 

192 

0 

146 

296 

565 

0 

154 

3 88 

7 88 

523 

0 

OUTPUT 
TORQUE 
ft-1 b 

550 

486 

531 

472 

441 

382 

527 

463 

41 8 

37 7 

436 

495 

PRESSURE 
DROP * 
p s i  

970 

1030 

960 

1010 

1050 

1070 

960 

1010 

1060 

1200 

1210 

900 

*AP between in t ake  and o u t l e t  of  turbine motor 

HY DRAUL I C 
POWER I N  

hhP 

144 

151 

143 

148 

151 

150 

142 

148 

153 

174 

181 

130 

POWER 
OUTPUT 

hP 

0 

18 

0 

13  

25 

41 

0 

14 

31 

57 

43 

0 

OVERALL 
E F F I C I E N C Y  

0 

0.12 

0 

0.09 

0.16 

0.27 

0 

0.09 

0.20 

0.32 

0.24 

0 



Figure 6-1 shows the l i n e a r  re la t ionship  of developed torque t o  rotary 
speed f o r  flow r a t e s  of 150, 200, 250, and 300 gpm. The torque data were 
subjected t o  1 inear regression analysis  ( least-squares f i t t i n g )  and were 
found t o  e x h i b i t  high correlat ion coef f ic ien ts  (0.89 t o  0.98) t o  l i n e a r  var- 
ia t ion  w i t h  speed, as  shown i n  Figure 6-1. 
t ional  performance p r o f i l e s  f o r  mud flow r a t e s  of 250 and 300 gpm, respect-  
ively.  
and eff ic iency values, and these were found t o  be highly correlated to  
second-order dependence on speed a s  evidenced by the high r e s u l t a n t .  correla-  
t ion  coef f ic ien ts  (0.97 to  0.99). 
by f i t t i n g  w i t h  the regression procedure a r e  c h a r a c t e r i s t i c a l l y  parabol i c  i n  
shape and a t t a i n  maxima in the range of 1,300 t o  1,700 rpm. 
a r e  consis tent  w i t h  the torque data reported in Figure 6-1 t h a t  indicate  
power and eff ic iency should a t t a i n  maxima a t  approximately 1,800 rpm, which 
i s  one-half the runaway speed. This can be seen from Figure 6-4 which pre- 
sents  theoret ical  performance c h a r a c t e r i s t i c s  f o r  a typical downhole turbine.  
The curves in Figure 6-4 represent typical turbine response t o  throughput of 
d r i v i n g  f l u i d .  As can be seen in the f igure,  the output torque increases 
l i n e a r l y  from zero a t  runaway speed (under no-load conditions) t o  maximum 
value a t  zero rotary speed. Maximum power output and eff ic iency occur theo- 
r e t i c a l l y  a t  one-half the runaway speed. Resultant e f f i c i e n c i e s  tend toward 
maximum values of  about 40 percent f o r  b o t h  the 250 and 300 gpm mud flow 
rates i n  Figures 6-2 and 6-3. These e f f ic ienc ies  would tend t o  be h i g h e r  i n  
actual d r i l l i n g  pract ice ,  however, due  t o  r e l i e f  of t h e  bearing loads i n -  
duced by hydraulic downthrust with the appl icat ion of bit-weight, a s  d i s -  
cussed previously i n  Section 1.3. 

Figures 6-2 and 6-3 show addi- 

Non-1 inear regression analysis  was applied to  the calculated power 

The curves in  Figures 6-2 and 6-3 obtained 

These r e s u l t s  

The data presented show turbodri l l  performance w i t h  mud t o  be consis- 
tent w i t h  previous test r e s u l t s  obtained w i t h  water. 
ures 6-1, 6-2, and 6-3 compare favorably w i t h  corresponding values obtained 
i n  previous shakedown t e s t i n g  (see Tables 4-1 and 6-2) .  
No. 5 was selected t o  provide d i r e c t  performance comparison data i n  Table 
6-2 because the react ive torque measuring system used i n  Phase I was a l so  
used in t h a t  par t icu lar  shakedown t e s t  b u t  not i n  the o thers .  The reac t ive  
torque measuring system provided consis tent  data i n  a l l  runs d u r i n g  Phase I 

The r e s u l t s  i n  F i g -  

Shakedown Test 
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tes t ing except the l a s t ,  taken a t  300 gpm. 
the l o a d  cell  apparently deviated from c a l i b r a t i o n  for no known reason. 
T h i s  fac t  became readily apparent upon comparison of reactive torque values 
w i t h  previous reactive torque values obtained d u r i n g  Sh5kedown Test No. 5 .  
I t  was found  that  the reactive torque values recorded i n  Run No. 5 were 
consistently biased by an increase of 100 to  120 f t - lbs  i n  each case for  
the 300 gpm speed profile.  
and  6-3 generated from Phase I t e s t  data and from Shakedown Test No. 5 data 
are v i r t u a l l y  indistinguishable. This indicates t h a t  r u n n i n g  the motor 
on a lightweight mud or water tends t o  make l i t t l e  difference i n  per- , 

formance, even though the mud used i n  this case i s  1 2  percent denser than 
water and 11 times a s  viscous as water. No conclusions can be drawn a t  
this time relat ive to performance character is t ics  t o  be expected when r u n -  
n i n g  the t u r b o d r i l l  on significantly heavier d r i l l i n g  muds. 

In  that  r u n  (No. 5 i n  Table 5-1 

The power and  efficiency curves i n  Figures 6-2 

Table 6-3 presents a performance comparison of the Maurer turbodrill 
w i t h  other prominent designs. 
presented i n  Table 6-3 for  the Maurer turbodrill a re  the peak values ob- 
tained from Figure 6-3. 
speed a t  which maximum power and efficiency occur. I t  i s  s ignif icant  t o  
note that  the posit ve displacement Moineau motors tend t o  exhibit  e f f i c i -  
encies i n  excess of  60 percent. The Maurer t u r b o d r i l l  exhibits lower op- 
erational eff ic ienc es ,  primarily due t o  f r ic t io; ia l  effects  from internal 
f l u i d  slip-flow and possibly t o  hydraulic downthrust loading on the bear- 
ings. 

The power and efficiency performance values 

The torque value o f  425 f t - l b  corresponds to the 

Leak flow rates  t h r o u g h  the bearing section o f  the turbodrill were 
measured d u r i n g  testing (see Table 5-1 ) and ranged from zero t o  9 gpm. 
These values represented from zero t o  3 percent of the t o t a l  flow through 
the turbine. The leak flow rates  through the t u r b o d r i l l  bearing package 
had been intended by ME1 t o  be on the order o f  10 t o  15 percent of the 
total  volumetric t h r o u g h p u t .  The t u r b o d r i l l  was originally designed to 
support a bit-end pressure d r o p  of 1000 t o  1500 psi .  
the re la t ively low leak rates  i s  due primarily t o  the low pressure d i f fe r -  
en t i a l s  sustained across e i ther  the pressure seals or seal leak-sleeve (on  
the order of 200 psi, a s  indicated by approximately 400 psi measured i n  the 
o i l  reservoir and about 200 psi i n  the flow exi t  l i ne )  i n  Phase I and shake- 
down testing. 

The achievement of 
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w 
v 

Outside Overa l l  Flow Rotary 
Diameter Length Rate Speed 
(4 ( f t )  (gpm) (rpm) 

5.38 18.4 300 1500 

6.75 N/A* 300 6 28 

6.5 22.6 300 391 

6.25 25 425 51 0 

6.75 19.9 350 175 

6.25 12 275 375 

I 

I - 
Motor Pressure Drop Output Power 

Across Turbine Torque Output Efficiency 
( P s i )  ( f t - l b )  (hP) 

1780 425 115 0.37 

27 2 2 39 28.5 0.60 

250 561 41.8 0.96 

5 80 940 92 0.64 

250 1200 40 0.78 

1000 1875 134 0.83 

Manufacturer 
( type)  

i Baker 
(Mo i neau ) i 

Maurer Engineer ing 
(50 stage t u r b o d r i l l )  

Eastman Whipstock D-89 

Eastman Whipstock D-92 
stage Moineau) 

Chr istensen N a v i - D r i l l  
(Mo i neau ) 

Al legheny Ludlum - 
Garr ison M o t o r d r i l l  
( f l ex ib le -vane)  

TABLE 6-3. COMPARISON OF MAURER TURBODRILL PERFORMANCE 
WITH PERFORMANCE OF OTHER DRILLING MOTORS 

Notes: 
1. Performance data on the Eastman Whipstock downhole motors were ob ta ined from D r i l l i n g  Contractor,  

May 1979, pp. 54-57. 

2. Reference data on Christensen N a v i - D r i l l  were obta ined from D r i l l i n g  Contractor,  May 1979, pp. 80-84. 

3. Performance data on the Baker Downhole D r i l l i n g  Motor were obta ined from pub l ished Baker Serv ice 
Tool s 1 i t e r a  tu re .  

4. Data on Garr ison M o t o r d r i l l  were obta ined from Petroleum Engineer, March 1966, pp. 76-79. 

*Not a v a i l a b l e  



Teardown o f  the t u r b o d r i l l  bear ing package a f t e r  Phase I t e s t i n g  

revealed t h a t  the lower r o l l e r  t h r u s t  bear ing f a i l e d  due t o  excessive hy- 
d r a u l i c  downthrust load ing  (discussed i n  Sect ion 1.3).  
s i s t s  whenever the  t o o l  i s  r u n  w i thou t  normal b i t -we igh ts  experienced w i t h  
a d r i l l i n g  r i g .  

t he  compounded e f f e c t s  o f  th ree  fac to rs :  

Th i s  c o n d i t i o n  per-  

The lower t h r u s t  bear ing f a i l u r e  most l i k e l y  was due t o  

0 Excessive hyd rau l i c  downthrust l oad ing  (The ca l cu la ted  
l o a d  was approximately 25,000 pounds.) 

0 Rotary speeds i n  excess o f  1,000 rpm 

0 Use o f  d r i l l i n g  mud t h a t  was 12 percent  denser and 11 
times more viscous than water 

The scenar io o f  events t h a t  l e d  t o  bear ing f a i l u r e  probably was as fo l l ows :  

0 Due t o  the  e f f e c t s  o f  t he  above th ree  fac to rs ,  the r o l l e d  
wire-mesh backup r i n g  employed as the  lower t h r u s t  bear- 
i n g  race seat deformed under l oad  i n  such a manner as t o  
impose uneven load ing  on t h e  bear ing race.  

0 As a r e s u l t ,  the lower race cracked c i r c u m f e r e n t i a l l y  i n  
the  middle and induced uneven load ing  on t h e  bear ing r o l l -  
e r s  t o  the ex ten t  t h a t  each r o l l e r  appeared t o  crack i n  
two places and subsequently d i s in teg ra ted .  

0 I n  the  f i n a l  stage o f  f a i l u r e ,  t he  two bear ing races were 
sandwiched w i t h  the  r o l l e r  cage and then ground t o  a ha1 t, 
c u t t i n g  o f f  the  mud f low,  w i t h  deep scor ing  and metal  d i s -  
c o l o r a t i o n  i n d i c a t i  ng severe l o c a l  heat generat ion.  

The ME1 mod i f i ca t i on  designed t o  a l l e v i a t e  the  problem was t o  i n s t a l l  s i x  

B e l l e v i l l e  spr ings t o  back up each r o l l e r  bear ing i n  the bear ing package. 
The design m o d i f i c a t i o n  was made and Phase I t e s t i n g  was scheduled t o  be 

resumed. However, t h i s  e f f o r t  was terminated by a management dec i s ion  t o  
begin p re l im ina ry  Phase I1 t e s t i n g  a c t i v i t i e s  a t  TerraTek and Los Alamos. 

The r e s u l t s  o f  these a c t i v i t i e s  w i l l  be discussed i n  the  r e p o r t  on Phase I 1  
t e s t i n g .  

Wear measurements on the  p a r t s  designated p r i o r  t o  t e s t i n g  were n o t  

obta ined by ME1 a f t e r  teardown o f  t h e  t u r b o d r i l l  f o l l o w i n g  Phase I t e s t i n g .  

As a r e s u l t ,  no determinat ion o f  wear r a t e s  o r  assessment o f  t o o l  r e p a i r  

requirements was made. 
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7 .  CONCLUSIONS 

The following conclusions were drawn from analysis of Phase I test 
data : 

0 The primary objective o f  t h i s  phase of the Test Project 
( t o  determine base1 ine performance charac te r i s t ics )  was 
accompl i shed. 

0 Some design modifications to the 5-3/8 inch turbodri l l  
must be considered. T h e  turbodri l l  in i t s  present de- 
sign configuration exhibi ts  a number of operational and 
design problems. This i s  true o f  both the flow-through 
and the sealed bearing package versions of the turbodr i l l .  
The two major problem areas a r e  (1)  excessive pressure 
drops through the turbine section and ( 2 )  maximum power 
o u t p u t  and eff ic iency tha t  a r e  a t ta ined only a t  very high 
ro ta ry  speeds. 

The turbine blade design i s  such t h a t ,  although high torques a r e  devel- 
oped by the turbodr i l l ,  excessive pressure drops r e su l t  w h e n  driving the 
turbine. 
ing angle t h r o u g h  the blades and vanes in the turbine section i s  r e l a t ive ly  
large compared t o  other  turbodri l l  designs (according t o  MEI). 
disadvantage of the  large pressure d r o p s  (on the order of 2,000 ps i )  i s  t ha t  
the turbodri l l  will require large capacity r i g  pumps t o  drive i t  downhole, 
and tha t  the power requirements of these large pumps will  necessi ta te  the 
use of large drive engines in the f i e l d .  T h u s ,  general f i e l d  application 
of the turbodri l l  could be limited by escalated operating costs compared t o  
conventional rotary d r i l l i n g  and by the unavai labi l i ty  of large mud pumps 
i n  some areas.  

This phenomenon may be associated w i t h  the f a c t  t h a t  the f l u i d  t u r n -  

The major 

The tendency of the turbodri l l  to  develop maximum power and eff ic iency 
a t  r e l a t ive ly  high rotary speeds i s  detrimental t o  d r i l l  b i t  l i f e .  In t e s t s  
r u n  to  date,  maximum power occurs a t  approximately 1,500 rpm. Special high- 
speed, roller-cone b i t s  a r e  l imited t o  a b o u t  375 rpm in continuous d r i l l i n g ,  
and conventional diamond b i t s  a r e  limited t o  about 500 rpm t o  achieve rea- 
sonably long b i t  l i f e  and n o t  contribute subs tan t ia l ly  to  operating cos ts  
on a r ig .  

Mitigation .of these problems may require redesign of the turbine blades 
themselves and perhaps modification of other components in  the turbodri l l  a s  
well. 
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8. RECOMMENDATIONS FOR FUTURE TEST1 NG 

I t  i s  recommended tha t  the project proceed in to  Phase I1  controlled 
f i e ld  testing a t  Gearhart-Owen i n  Fort Worth, Texas. 
Phase I1 f i e ld  testing, i t  i s  fur ther  recommended tha t  a reasonably accurate 
and r e l i a b l e  turbodri l l  tachometer be developed to a id  the d r i l l i n g  rig op- 
e r a to r  by monitoring rotary speed downhole. T h i s  would be beneficial  i n  
avoiding overspeeding i n  order t o  extend d r i l l  b i t  l i f e ,  detecting s t a l l  
conditions t o  keep the b i t  and motor from becoming stuck i n  the hole, t o  
be t te r  match bit-weight and speed fo r  s t ab le  operation, and t o  maximize 
rate-of-penetration for  a truer indication o f  t u r b o d r i l l  potential d r i l l i n g  
performance. 

However, pr ior  to 

The scope of  this  t e s t  project  does n o t  include redesign o f  the t u r b o -  
d r i l l  t o  minimize or eliminate the major problems of la rge  pressure drops 
and excessive rotary speeds. Neither does i t  involve re tes t ing  the new de- 
sign t o  determine performance charac te r i s t ics .  Nonetheless, i f  warranted, 
i t  i s  recommended tha t  these problems be addressed i n  a separate project .  
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T h i  

APPENDIX A 

TEST PLAN 

ppendix contains the Test Plan tha t  governed a l l  t e s t  a c t i v i t i e s  
d u r i n g  Phase I a t  TRW Mission Manufacturing Company i n  Houston, Texas. 

The Plan was reviewed and approved by project par t ic ipants  prior t o  
i n i t i a t i o n  of Phase I test operations a t  TRW Mission. 
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.TEST PLAN 
for the 

MAURER ENGINEERING 5-3/8 INCH TURBCDRILL 
Initial Bench Testing 

at 
TRW MISSION MANUFACTURING, INC. 

Houston, Texas 

D. R. Watkins 
H. E. Cairns 

TRW Energy Systems Group 

July 1978 

Approved : -1'' JYLAL4 ' 

S. L.  Collier, Manaqer o f  K/D 
TRW Mission Manufacturing , Inc. 

Maurer Engineering, Inc. 
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1.0 INTRODUCTION 

This document establishes the T a t  Plan for init ial  bench testing of 
the 5-3/8 inch t u r b o d r i l l  developed by Maurer Engineering, Inc. (MEI) under 
Contract No. EY-77-C8093 for the Department o f  Energy (DOE), Yorgantown 
Energy Technology Center (METC).  The p l a n  states test  requirements and 
presents procedures t o  determine performance and wear characteristics of 
the turbodrill under control led operating conditions. 
bench testing refers t o  operation with the turbodrill mounted in a sta- 
tionary tes t f ix ture ,  as opposed t o  actual we1 1 dril l  ing .  

In this Test Plan, 

1.1 BACKGROUND 

In one of many activities aimed a t  increasing supplies and  production 
of energy, the DOE i s  exploring the use o f  downhole d r i l l i n g  motors and 
directional drilling techniques in present day coalbed methane and oilfield 
well drilling operations t o  improve efficiency and reduce drilling costs. 
The Maurer Engineering 5-3/8 inch diameter oilfield model turbodrill, shcwn 
schematically in Figure 1-1, irxorporztes several advanced features : 

a High load capacity roller thrust bearings, permitting greater bit 
weights (weight applied t o  the bi t )  and improved penetration rates 

e Improved rotating seal design and materials, providing longer 
bearing 1 i fe  (interval between changeovers) and permittfng 
greater pressure drops across the bit  t o  flush o u t  rock chips and 
cool the bi t  more efficiently. 

A major advantage i s  low dril l  string and casing wear (due t o  minimal 
rotat ion requirments) w h i c h  results i n  i'ncreased drilling rates  and 
smoother operation due t o  decreased chances for "twist-offs" and ather 
problems. The other version o f  the turbodrill (geothermal model) being 
developed is geared t o  high-temperature field applications and a1 lows 
d r i l l i n g  f l u i d  t o  flow t h r o u g h  the bearing pack t o  cool and lubricate  the 
bearings. This tool offers the advantages o f  longer  service intervals 
when drilling i n  formations where water can be used as the drilling fluid. 

The niajor thrust of the effort t o  be carried o u t  i n  this test p 
t o  establish basic performance characteristics o f  the oil field model 
dr i l l .  Parallel deve1opn;ent o f  the geothermal model turbcdrill i s  a 

an i s  
t u r b o -  
so 
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being supported by Government fund ing  i n  another project. A re la t ive ly  
small amount of t e s t  work i n  the form of bearing package leakage tests 
tha t  a re  germane t o  the geothermal model turbodril l  i s  included herein. 
The incremental cost o f  the additional t e s t  e f fo r t  i s  minimal compared t o  
the cost t o  the Department o f  Energy to  r u n  the tests on the i r  own a t  
another t ine .  

Turbodrills have been manufactured, b u t  have not been tes ted fo r  
performance and re1 iabi l  i ty. 
operating and durabili ty character is t ics  i s  t o  be done i n  Phase I of the 
testing project. From t e s t s  described i n  this plan, performance charac- 
t e r i s t i c s  will be determined under controlled conditions, pr ior  t o  d r i l l i n g  
tests i n t o  previously dr i l led  formations whose Characteristics a re  well 
known. These tests will be performed a t  another t e s t  f a c i l i t y  i n  the f i e ld  
as Phase I1 of this project. 
s t r a t e  the turbodril l  a t  a f i e l d  s i t e  d r i l l i ng  in to  formations whose 
properties are  n o t  well known a pr ior i .  

Performance and wear testing t o  determine 

Phase 111 of the tes t ing project will demon- 

The baseline data (determined I n  Phase I )  w i 7 7  provide performance 
characterist ics against which t o  assess the data result ing from subsequent 
act ive well d r  
desired to  a i d  
component 1 i f e  
have received 
pressure seals  

l l i n c  tests. 
estimation of preliminary tool maintenance requirements and 
expectancy f o r  future t e s t  planning. 
imited application due to  bearing and seal fa i lures .  Bearing 
a re  especially c r i t i c a l  to  tool changeover requirements. 

dear and other degradation information is also 

In the past ,  turbodri l ls  

Evaluation of a1 ternate pressure seals  having varying configurations and 
made of differing materials is important i n  order t o  improve seal performance 
and t o  provide backup capability. 

1.2 OBJECTIVES 

The purpose of this test p l a n  is  t o  provide coordinated planning, test  
requirements , detailed t e s t  procedures , and supporting information for a 
series o f  tests tha t  will provide performance and wear character is t ics  of 
the Maurer Engineering 5-3/8 inch turbodril l  i n  an above-ground, bench 
testing mode. 

Specific objectives of the Phase 1 t e s t s  are: 

To determine performance character is t ics ;  i .e . ,  noxinal turbodril l  
speed, torque, and power as functions of mud f low r a t e ,  mud pressure, 
and pressure drop  across the b i t  
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a To ascertain wear characteristics experienced i n  rotary operation 
under simulated load conditions i n  bench tests 

0 To acquire da ta  for use in determining component service l i f e  
expectancies 

a To determine the leakage rates of drilling fluid a t  different bi t  
pressure drops th rough  the geothermal model bearing package 

a TO investigate the applicability of alternate pressure seal designs 
and materials. 

1.3 SCOPE 

This tes t  plan governs and provides guidelines for all init ial  bench 
testing o f  the Maurer 5-3/8 inch turbodrill a t  TRW Mission Manufacturing, Inc. 
faci l i t ies  i n  Houston, Texas. This plan covers all  Phase I activities of the 
Maurer turbodrill testing project. 

1-4 



2.0 REQUIREMENTS 

Test procedures and operations shall be designed and implemented t o  
provide da ta  t o  determine the performance and wear characteristics of the 
turbodrill. Wear and other degradation of components critical t o  sustained 
operation of  the t u r b o d r i l l  will be observed, measured, and recorded t o  the 
extent required t o  determine design adequacy and service requirements for 
field testing. 
and service 1 i fe  expectancy is required. 

A preliminary assessment of turbodrill operating performance 

Test requirements reflecting the above general objectives are specified 
i n  this section. 
test  prerequisites , and safety considerations along w i t h  other tes t  conditions, 
procedures , and da ta  requirements are stated. 
satisfying these requirements are presented i n  Section 5. 

Designated responsible personnel, equipment configurations , 

Detailed tes t  procedures for 

2 . 1  PERSONNEL 

Planning and implementation o f  the planned tests requires a coordinated 
effort between METC, MEI, and TRW. These organizations shall function i n  
the capaci ti es ? i s t z d  be1 mi. 
shall be the point of contact fo r  purposes of this t e s t ,  contractual flatters 
excepted. 

The? f ndi vi d i a l  s i ioted , 6;- a desi tji icted a; tei-licrtt., 

Test Controller Morgantown Energy Techno1 cgy Center 
R. L. Wise, Project Manager 

Test Director 

Test Conductor 

TRW Energy Systems Group 
R. S. Ottinger, Manager, Energy Resources 

Maurer Engineering, Inc. 
W. C. Maurer, President 

Test Facility and Support  TRW Mission Manufacturing, Inc. 
S. L. Collier, Manager Q f  R&D 

The tes t  crew shall be provided by ME1 who shall perform test  operations i n  
accordance w i t h  test  procedures approved by METC. 

2.2 TEST CONFIGURATION 

The test  faci 1 i t y  and equipment configuration supplied by Maurer 
Engineering is shown in Figure 2-1. The turbodrill, test  stand, dynamometer, 
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fnstrumentation, and related equipment shall be provided by ME1 and ins ta l led  
fn  a TRW Mission Manufacturing f a c i l i t y  equipped w i t h  the mud handling and 
circulating equipment noted i n  the figure.  
out the inoperative valves ( 3  inch and 4 inch) i s  w i t h i n  the t i m ,  Q available 
prior to  testing. In t h a t  case, they will be removed, repaired, and placed 
back i n  service before tes t ing cormences. 

The  leadtime required to  change- 

The turbodril l  shall  be transported, assembled, ins ta l led  i n  the test 
stand, prepared fo r  tes t ing , operated/servicod/mai ntained, and deactivated 
by ME1 a f t e r  tes t ing is  completed. 

The t e s t  f a c i l i t y  and support shal l  be prov 
testing , and operated/serviced/maintai ned by TRW 
program. 

Equipment and operating requirements not sp 

ded, prepared t o  support 
Mission dur ing  the tes t ing 

c i f i ca l ly  defined shall  be 
provided by ME1 and TRW Mission by mutua l  agreement determined before tes t ing  
begins. Test configuration and p l a n n i n g  shall  be supported and reviewed for 
technical adequacy by TRW Energy Systems Group. METC shall have f inal  approval 
of a l l  plans and procedures. Test equipment requirements include the foilowiriy 
majsr equi;;ser,t aiid rs la ted auxjliary afid ifieid~ritiil <tans: 

ME I - Test stand (Modified ME1 Assembly Stand) 
- Turbodr i l l  assembly equipment 
- Dynamometer 
- Instrumentation - generally items instal led on KEI 

equipment or provided t o  measure/reccrd turbodri 17 
and dynamometer operating parameters. 

TRW Mission - Mud pump and d r i v e  engine 
- Mud and mud holding tank 
- Mud p i p i n g  and valving 
- Instrumentation - generally items instal led on TRW 

Mission equipment or provided to  control/record 
mud f 1 ow parameters . 

2.3 TEST PREREQUISITES 

2.3.1 Instrumentation Cali bration and Certification 

All instruments and recording equipment used i n  these t e s t s  will be 
calibrated according t o  accepted, standard industrial  procedures by the 
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supplier pr ior  t o  delivery to  the tes t  facility. 
sta t ing  date, responsible par ty ,  du ra t ion  of effectiveness , and standards 
used shall be aff ixed t o  the instrument. 

Certification stickers 

2.3.2 Prerequisite Testing 

Prior formal testing of the turbodrill i s  not required. 

2.3.3 Test Setup and Readiness 

The turbodrill and all tes t  equipment and tes t  support  requirements 
shall be prepared and verified ready t o  support  t es t ing  prior t o  s ta r t  of 
tes t  operations. 
shall be s ta r ted  w i t h o u t  specific direction of the Test Director. 

Test participants shall verify readiness, and no operation 

2.4 SAFETY 

Test personnel shall str ictly adhere t o  publfshed safety practices in 
accordacce w i t h  the documents and directives o f  the organizations 1 isted 
be1 ow : 

0 OSHA safety regulations/standards 

City o f  Houston Electrical Code 

0 TRW Mission He31 t h  and Safety Manual. 

Safety hazards associated w i t h  the planned turbodrill operatSons involve 
Appropriate controls high pressures, rotating equipment , and electric shock. 

and safeguards for these hazards are documented above. 
and operations shall be done cognizant  o f  these safety requirements. 
or unusual, hazards shall be noted during tes t  operations p r io r  t o  each p o i n t  
where they occur. 

All tes t  p l a n n i n g  
Special, 

I t  shall be the responsibility of the Test Conductor t o  assure compliance 
w i t h  safety precautions and approved controls and safeguards d u r i n g  tes t  
operations. 

2.5 TEST PROCEDURES 

Test operations shall be performed i n  accordance w i t h  procedures 
described herein and designed t o  satisfy the t es t  requirements described i n  
this section. Test procedures are required t o :  

0 Determine mud pressure drops across the dril l  b i t ,  ro ta ry  speeds, 
and torque responses as functions o f  mud flow rates 
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0 Measure and determine wear rates of thrust bearings, radial bearings, 
marine (sleeve) bearing seal , pressure seals, turbine blades, and 
stator vanes. 

The tes t  procedures shall be designed for performance i n  an orderly 
manner w i t h  data logged/recorded as each step/event/milestone occurs. All 
procedures, including those for  emergency operations, shall be prepared by 
the Test Conductor and approved by the Test Director unless precluded by 

time limitations. Handwritten procedures developed d u r i n g  the course of a 
tes t  due t o  unforeseen difficulties are acceptable, b u t  must have Test 
Conductor and Test Director approval prior t o  implementation. 

I n  emergency situations o r  i f  equipment damage i s  imminent, and where 
time is of the essence, the Test Conductor shall assume a single p o i n t  of 
command and report his actions t o  the Test Director as soon as practical. 
the event t h a t  dev ia t ion  from previously approved procedures occurs, a written 
report shall be made t o  the Test Director a f t e r  the tes t  i s  terminated. 

In 

I n  the event o f  a procedural error or an unplanned tes t  interrupticn, 
Test Conductor and Test Director agreement must be obtained prior t o  error 
correction or tes t  restart. 

Successful tes t  procedure completion is signa7ed when a l l  required d a t a  
have been acquired and are i n  apparent good order. 

2.6 DATA REQUIREMENTS 

Expected tes t  parameters, other required d a t a ,  and required instrument 
response characteristics are covered i n  the t e s t  procedures i n  Section 5. 

One copy of the tes t  prccedures, Section 5 of this tes t  plan, shall be 
designated the "Data Master Copy." Data entries, record of procedure devia- 
t i ons  and other annotations shall be made on this master copy t o  help avoid 
recording errors and omissions and t o  assure accurate, precise, and complete 
test  data use and reporting. 
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3.0 TEST STRATEGY 

An overview of the tes t  strategy, rationale, and planned testing 
activities i s  described in this section. Detailed procedures and tes t  
conditions are  presented in Section 5. 

3.1 STPATEGY ELEMENTS 

Specific s t ra tegy elements t o  achieve the test  object ves in Sect on 1.2 
are: 

0 

0 

0 

0 

0 

0 

Verify prior t o  test  operations t h a t  instrumentation meets prescribed 
requirements and calibrations are v a l i d  for the tes t  period. 
pre-test and post-test calibrations , where appropriate 

Obtain and  log/record da ta  for  operating parameters t o  establish 
base1 ine performance characteristics a t  zero pressure drop across 
the bit  

Obtain da ta  on performance characteristics a t  elevated bit Dressure 
drops and perform endurance tests under steady-state simulated 
operating conditions 

Obtain leakage rates th rough  marine bearings used in the bearing 
package of  the flow-through (geothermal ) version of the turbodrill 

Obtain and record measurements t o  determine wear rates o f  corr;ponents 
cr i t ical  t o  sustained dri 11 motor operation 

Evaluate the performance of an alternate bearing seal. 

Obtain 

3 . 2  TEST CESCRIPTICN A N D  RATIONALE 

This  subsection describes how each strategy element will be carried o u t  
and the reasons behind performing each element. 

Prior t o  test  Operations, the exact configuration of the turbodrill will 
be identified with 8" x 10" photographs and documented t o  serve as a basis 
for subsequent wear measurements. All component part numbers and critical 
dimensions will be recorded. 
surfaces will be noted. Clearances a t  criticai locations will be measured. 
Assembly details such as sequence, tightness o f  f i t ,  assembly torques, and 
lubrication will be described and recorded. The turbodrill will be mounted 
i n  a t es t  stand provided by ME1 by modifying i t s  assembly s tand .  Special 
clamps and equipment are required t o  provide reaction torque and t o  limit 
bending noments on the turbodrill during test  operations. 

The condition o f  seals, bearings, and finished 
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In preparation for testing, a dynamometer i s  installed t o  provide 
external loading, simulating the resistance encountered d u r i n g  actual well 
drilling. Calibrated instrumentation is installed/connected, and determined 
t o  be i n  good working order. Thermocouples will be installed on the bearing 
pack outer housing t o  nonitor temperature responses t h r o u g h o u t  the coicrse of 
the tests and t o  give early warning of  the possible onset of bearing mal- 
function o r  fai lure. 

The d r iv ing  fluid i s  drilling mud, and the turbodrill i s  operated by 
pumping mud through i t  a t  a constant flow rate specified for each tes t  r u n .  
Standard oil field (constant weight) drilling mgd will be  used i n  these tests. 
In cctual well drilling operation, the mud flows down the dr i l l  string, 
through the turbodrill and up t h r o u g h  the annulus between the d r i l l  pipe and 
the borehole. For these tests,  however, the return flow bypasses the external 
surfaces of the turbodrill, and the mud i s  returned d i rec t ly  t o  a large h o l d i n s  
t a n k  for recycling. 
posi t ion and properties (weight or density, viscosity, sand content,  and f i l -  
t ra te  analysis). 

Samples o f  mud will be obtained and anaiyzed f o r  com- 

The base 7 $72 narfsrm2fice chzractzr;st;cs cf +ha ",.b +il-hndW;ll ""I " " - 4  1 . I ~ + 1 1  1. I .  I be rb 

established in the f i r s t  series o f  tes t  runs. For the f i r s t  t e s t  r u n ,  the 
mud pump will be adjusted t o  deliver a constant flcw rate through the t u r b o -  
dri l l  w i t h  no dynamometer load applied t o  the turbodrill and zero b i t  pressirre 
drop. 
( N r ,  on the order of 1800 rpm), which i s  recorded. 
dynamometer torque will be increased and the rotary speed will decrease i n  
incremental steps (described in Section 5) until the turbodrill s ta l ls  ( a t  
maximum torque, To i n  Figure 3-1). 
step. 
two speed poin ts  t o  check for reproducibility. 
power o u t p u t  and efficiency (see Figure 3-1) will be calculated f o r  each 
incremental speed a t  the given mud flow rate. 
i n  steps for increasing mud flow rates and a l l  data recorded t o  f i l l  o u t  the 
performance curves. Upon completion o f  this test  series, mud flow rate will 
be stepped down two increments from the h i g h  end and a set  of da ta  obtained 
to  check previous da ta .  Maximum power o u t p u t  and efficiency of the dril l  
motor occur theoretically a t  one-half the runaway speed, N 
Figure 3-1.) 

This will produce maximum (runaMay) turbodrill bit rotary speed 
See Figure 3-1. The 

Torque and speed are recorded a t  each 
After this sequence, one set  of da ta  will be obtained by stepping up 

From this da ta  the turbodrill 

This procedure will be repeated 

. (lee 
r/2 
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After the baseline data  are obtained a t  the various mud flow rates, 
leakage rates of drilling mud th rough  the bearing package will be determined. 
T h i s  i s  done by changing out  the bearing package w i t h  one i n  which the 
pressure seal in the bottom of the bearing pack i s  a marine bearing type of 
flow constrictor. The ccnstrictor acts as a partial seal and provides con- 
trolled leakage o f  drilling fluid ,through the bearings t o  cool and lubricate 
them. T h i s  wi?l allow sustained use of turbodrills i n  high-temperature 
environments . 

After o b t a i n i n g  da ta  on the leakage rates o f  drilling mud through the 
bearing package, tests will be performed with the differential pressure drop 
across the turbodrill b i t  section increased t o  two different levels t o  simu- 
late operation with a dr i l l  b i t .  Details are discussed i n  Section 5. Bench 
testing will n o t  involve use of a dri l l  bit.  However, the use of one can be 
simulated. The mud discharge flow will be restricted t o  simulate the pressure 
drop caused by the j e t t i n g  ac t ion  i n  a dri l l  bit. This will be dorre by in- 
serting a flow restrictor in the exit channel of the turbodrill rotcr assembly. 
An endurance test  will be r u n  a t  each o f  the prescribed b i t  pressure drops. 
Details of the tes t  conditions are presented in Section 5. 

The packing seal used i n  the bear ing  package i n  the previous test  work i s  
a Johns-Manvtlle Uneepac seal. The Uneepac rotating seal i s  fabricated in the 
form of a series o f  "W'I-s haped over1 a p p i n g  elements . 
o f  an alternate seal would enhance reliability and app?icabi?ity of the t u r b o -  
dr i l l .  For this reason, a final four-hour  endurance tes t  will be run using 2 

Utex Industries chevron packing  seal. This seal consists of a series of "V"- 
shaped overlapping r o t a t i n g  elements. This type o f  seal has been widely used 
i n  other applications and would provide a readily available backup i n  the 
field if tests prove i ts  acceptabi 1 i ty. 

However , the avail abi 1 i t y  

The turbodrill will be disassembled, inspected, and wear measurements 
taken. 
during the test  program described above. 

In a d d i t i o n ,  the tool will be serviced, when necessary, a t  four  poin ts  
These are: 

0 After completion o f  the baseline da ta  runs 

0 After the measurements of  mud leakage rates t h r o u g h  the bearing 
pack using the flow constrictcr. 
of the marine bearing will be determined 

Specificaliy, the wear rate 

3-4 



0 After the series of two init ial  endcrance tests a t  different b i t  
pressure drops 

0 After the f i n a l  endurance tes t  using an alternate type of pressure 
seal i n  the bearing package. 

The information obtained from observations and measuremen9 of wear a t  
these four intervals will a1 low determination of component 1 i fe  expectancies 
and establish presecribed service intervals when the dr’ll mctor  i s  tested 
in field operations i n  Phases I1 and I11 o f  the test  program. 
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4.0 ROLES AND RESPONSIBILITIES 

Implementation of this t e s t  plan will i n v o l v e  several oqanizat ions 
whose roles and responsibi l i t ies  a re  ident i f ied below: 

4.1 TEST DIRECTION AND CONTROL 

DOE Programmatic responsibil i ty,  al location of top level f u n d i n g  
and delegation o f  project implementation agthori t y .  
t o  the Fossil Energy Office, DGE. 

Project imp1 ementa t i  on and f ie1 d management. Responsi b i  1 i t i  es 
include the preparation o f  budgets and schedules, coordination 
w i t h  related project; and monitoring of a c t i v i t i e s  t o  assure 
technical adequacy and achievement of project objectives. 

Assigned 

METC 

4.2 JEST PLANNING, INTEGRATION, AND RESULTS ANALYSIS 

METC Overall control and responsibil i ty f o r  tes t  planning and 

TRW 

integration. 

Detailed tes t  plannl'ng and  i n t e g r a t i o n  o f  technical requiremects, 
assigned t o  TRW Energy Systems GrGup, Energy Sys term P1 a n n i n g  
Divis ion,  
analysis o f  results. 

Test p?;nning and analysfs siipport; test  p;-ocedrire pi-?pEriitioii 
and suppor t .  

This work includes review of t e s t  procedures and 

ME1 

4.3 TEST PERFORMANCE 

METC Test Control 1 er 

TRW Test Director 

ME1 Test Performance is  assigned t o  MEI, who will ac t  as Test  
Conductor. This ac t iv i ty  includes pre-test  preparations, 
support equipment modifications, preparation of the t u r b o d r i l l  
fo r  tes t ing ,  and "hands on" tes t  operations. ME1 will procure 
required instrumentation eqalprnent, i n s t a l l ,  and operate this 
equipment and  log/record t e s t  data. ME1 will also be responsible 
for  obtaining instrutxentation w i t h  valid calibration fo r  the t e s t  
period and cer t i f ica t ion  thereof. A1 1 performance data recording 
and r u n n i n g  time l o g g i n g  will be done by MEI. 

4.4 TEST FACILITIES SUPPORT 

TRW TRW Mission Manufacturing, Inc. will provide the t e s t  f a c i l i t y  
and associated support a t  i t s  Houston, Texas, location. 

4.5 TEST EVALUATION AND REPORTIEiG 

TRW Energy Systems Group will czordinate and p u b l i s h  reports w i t h  METC 
approval. 
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5.0 PROCEDURES 

Procedures are presented in this section for bench testing the Maurer 
Engineering 5-3/8 inch t u r b o d r i l l  a t  TRW Mission Manufacturing faci l i t ies  i n  
Houston, Texas. 
elements of the testing strategy presented in Section 3.1. 

Specific procedures have been developed t o  irrp1 ement the 

5 . 1  TEST PROCEDURE 

The sequence o f  ac t iv i t i e s  t o  be performed corresponding t:, the tes t  
strategy elements i n  Section 3.1 i s :  

(1) Pre-Test Activities 

(2)  Baseline Data Acquisition 

(3)  Degradation Inspection and Wear Measurements 

( 4 )  Marine Bearing Leakage Rate Tests 

(5) Degradation Inspection and Wear Measurements 

(6)  Endurance Tests 

( 7 )  Degradation Inspection ar.d Wear Measurements 

(8) Alternate Bearing Seal Design Test 

(9) Degradation Inspection and Wear Measurements 

5.2 TESTING SCHEDULE 

Figure 5-1 presents the schedule for performing the sequence of x t i v i t i e s  
i n  Section 5.1. 
da ta  analysis and reporting are i ncl uded. 

5 . 3  IMPLEMENTATION 

Required activities prior t o  testing as well as subsequent 

The pertinent performance parameters t o  be either measured o r  monitored 
dur lng  testing are mud flow rate, inlet mud pressure, pressure drop across 
the dril l  b i t ,  rotary speed, and o u t p u t  torque. The key instrumentation 
required t o  ob ta in  these quantities is  presented i n  the follcwing l i s t  
showing the type of instrument and required ranges correspcnding t o  each 
variable or parameter: 

0 Volumetric f low rate o f  the mud - turbine flow meter (60-500 gpm 
capacity) 
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Down L Inspection 

3. Analyze Data 
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F i g u r e  5-1. TRW Miss ion  T e s t i n g  Schedule 
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0 Volumetric flow ra te  of  the mud - t u r b i n e  flow meter (15-200 gpm 
capacity ) 

0 In le t  mud pressure - dial  pressure gauge (0-3000 psi) 

0 Pressure drop across the dr i l l  b i t  - two dial  pressure gauges 
(0-1000 ps i )  

0 Rotary speed - tachometer (0-2000 rpm) 

0 O u t p u t  torque - torque meter (0-3000 f t - l b ) .  

Required accuracies o f  the above instruments a re  as follows: 

Turbine flow meter - * 2 percent f u l l  capacity 

Dial pressure gauges - f 2 percent full  scale 

Tachometer - 5 2 percent fu l l  range 

Torque meter - f 2 percent fu l l  capacity. 

The instrumentation i s  located a t  the sensing p o i n t s  marked i n  Figure 5-2. 

The raw data are  recorded on s t r i p  chart recorders. This type of 
recorder requires conversion of physical data t o  electronic signals i n  order 
to recora. 
equipment. 

-. - . - -  
i n i s  requirement i s  TI I lea Dy eiecironic s ignal  conaic iun i r iy  

Besides being recorded every f i f teen minutes by hand (see the sample data 
sheet i n  Table 5-1), the vo?umetric flow ra te  of mud, f o r  example, i s  converted 
t o  an electronic  signal by a f low sensor i n  the m d  l ine near tne turbine flow 
meter leading to  the d r i l l  motor. The flow sensor i s  a separate elect.ronic: 
device tha t  emits pulses for  every incremental volume of f l u i d  t ha t  passes by 
the sensing point and i s  converted t o  a dc signal on a continuous basis. The 
volume depends on instrument design and the calibration. 
calibrated i n  terms of pulse per f l u i d  volume. An e lectronic  counter is used 
t o  accumulate the counts and provide an integral value o f  f l u i d  volume per 
u n i t  time. The  signals a r e  changed t o  
a variable time base dc signal fo r  recordfng volumetric flow ra te  in efigineering 
units w i t h  1 t a  2 percent accuracy. The signal is converted t o  a variable dc 
voltage to  read out flow ra t e  on a meter to  check the response from the turbine 
f l o w  meter. 

The instrunient is 

Such an instrument is made by Anadex. 

I t  i s  important that  the turbine flow meter be calibrated us ing  a mud 
s lur ry  similar t o  the d r i l l i ng  mud i n  the TRK Mission mud tank. 
brations are  done w i t h  water, and this would introduce an additional e r ro r  

Standard ciili- 
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( t o  about 3 percent) i n  the data. 
accuracy i n  the vicinity o f  1.0 t o  1.5 percent. 
i n  these tests require stainless steel construction. Cox, Fischer & Porter 
and Halliburton make units o f  this type. 
ment bearings are t o  be considered so as to  ensure t h a t  instrment response 
quality does no t  deteriorate d u r i n g  the tes ts .  
will be installed i n  the mud line upstream o f  the turbodrill t o  keep any 
agglomerated particles from damaging the instrumentation. ?he turbine flow 
meter will be placed i n  the mud l ine a t  least 10 pipe diameters upstream of 
the turbodrill i n  the straight section of pipe. 

Calibration w i t h  m u d  is expected t o  yield 
The turbine flow meters used 

Effects o f  d r i l l i i g  mud on instru- 

A coarse wire-mesh screen 

Pressures are converted t o  continuous signals by means of transducers 
located i n  the proximity o f  the dial gauges a t  the sensing points i n  Figure 5-2. 
Suitable strain-gage transducers are manufactured by Endemco. 
transducer requires a bridge-balance u n i t  w i t h  a power supply for n u l l i n g  and 
calibration pwposes. These are available from B&F Instruments. The rotary 
speed response 
counter. 
60-tooth qear wheel i s  mounted on the dynamometer shaft or t o  the dr i l l  b i t  
shaft of the tu rbodr i  11 i tsel f .  
counters. 
tional dial torque meter. A continuous torque signal i s  generated :sing a 
strain-gage device w i t h  associated equipment similar t o  t h a t  fo r  pressure 
transducers. 

Th:s type of 

i s  generated ar.d recorded using an electronic revolution 
The revolution counter will provide direct response i n  rpm i f  a 

Electro Products produces sui tab! e reml u t i o n  
The o u t p u t  torque i s  registered on the dynamometer using a conven- 

Overall, combined maximum errors have been estimated for measured 

Both random and systematic sources of  error have been con- 
These include response error inherent i n  the instrumentation, 

variables and quantities whose va? ues depend on the primary, measured 
variables. 
sidered. 
calibration error, electronic signal conditioning device error,  recorder 
error, and human error i n  reading instruments. 
maximum, combined errors associated w i t h  t e s t  variables and derived quan- 
ti ties: 

Results show the following 

Mud flow rate f 6% 
Inlet mud pressure f 5% 
Rotary speed * 5% 
O u t p u t  torque f 5% 
Power o u t p u t  f 8% 
E f f i ci en cy f 17% 
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Implementation o f  each ac t iv i ty  in the tes t  procedure i s  discussed 
Numeration corresponds t o  the activities individually i n  this section. 

listing i n  Section 5 . 1 .  

(1) Pre-Test Activities 

As p a r t  of the pre-test activities, a complete set  of 
turbodrill specifications for evaluation of wear will be recorded 
as per Table 5-2. Obtain 8" x 10" photcgraphs of all parts t o  be 
measured and inspected for wear later. 
signal conditioning devices will be calibrated with respect t o  
the recorders and ranges of values of  the physical variables being 
measured. I t  i s  required t h a t  pre-test and post-test recorder 
responses t o  stepwise inputs be determined for calibration and t o  
check for any dr i f t  t h a t  may have occurred during the testing 
period. Voltage regulation of the electrical power supply a t  the 
tes t  facil i ty will be determined, and a power supply regulator 
installed, i f  necessary. 

All of the electronic 

(2) Base1 ine Performance Data Acquisition 

The f i r s t  series cr" tests in the second element i n  the 
testing strategy w i 1 7  be made a t  zero b i t  pressure drop t o  
esteblish a base case. 
rate. The TRW Mission tests will concentrate on thoroughly 
establishing opera t ing  characteristics for the initial case of  
zero bi t  pressure drop.  A por t ion  of these tests will be 
repeated later a t  500 and 1000 psi pressure drops ( t o  be dis- 
cussed) t o  expand the da ta  base. 

The independent variable i s  mud flow 

In the base case, the pump will be adjusted t o  deliver 
constant mud flow ra te  of 100 gpm w i t h  no torque applied t o  the 
dr i l l  motor. This will result in maximum or runaway rotary 
speed (in the vicinity of 1800 rpm) . Data will be recorded 
manually ( a t  15 minute intervals) according t o  the sample d a t a  
sheet and continuously on the recorder. Torque will be applied 
w i t h  the dynamometer until rotary speed stabilizes a t  1500 rpm 
and the resulting torque recorded. Applfed torque will then be 
increased incrementally t o  yield stable speeds of 1200, 1000, 
800, 600, 4C0, and 200 rpm and d a t a  recorded. Finally, the stall  
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Part  Name: 

Manufacturer: 

Model No. : 

Part  No.: 

Table 5-2. Sample Speci f icat ion Sheet 

Maurer Englneering 5-3/8 Inch T u r b o d r i l l  
TRW Mission Bench Tests 

Thrust Bearing R o l l e r  Diameter 

Radial Bearing R o l l e r  Diameter 

CO Johns-Manvi 11 e Uneepac Seal Clearance 
u1 
I 

Marine Bearing C1 earance 

Utex Indust r ies Chevron Seal Clearance 

Turbine Rotor Blades Nominal Mid-Length Thickness 

Nominal T i p  C1 earance 

Stator  Vanes Nominal Mid-Length Thickness 

Date: - 

I Somi na 1 
- Dimension Devi a t  i on Remarks 



conditlon will be reached registering maximum torque a t  the given 
mud flow rate. This series will then be repeated a t  stable mud 
f l o w  rates of 150, 200, 250, 300, 350, and 400 gpm and da ta  re- 
recorded. 
will be obtained a t  the second p o i n t  from the low end ( a t  600 rpm) 
as a check on reproducibil i t y  . A t  the conclusion of the entire 
set o f  runs a t  different mud flow rates, one r u n  a t  a mud flow 
ra te  o f  300 gpm will be repeated t o  check reproducibility. The 
maximum torque t o  be applied i n  these tests is  3000 ft- lb (the 
1 imi t i n g  dynamometer torque). A1 1 r u n n i n g  time will be 1 ogged. 

For each set  of data a t  a given mud flow rate, da t a  

(3)  Degradation Inspection 2nd Wear Measurements 

Upon completion o f  the baseline runs described above, remove 
the dr i l l  motor from the t e s t  stand. Disassemble the bearing pack 
and visually inspect parts for signs of wear and degradation. 
Obtain micrometer measurements o f  all  critical dimemions of vital 
components, such as thrust and r a d i a l  bearing rollers, and pres- 
sure seal cleararxes. Record all  visual signs o f  erosion, p i t t i n g ,  
scoring, or other degradation o f  metal parts on da ta  sheets as per 
Table 5-2. 
of wear during each inspection. 

Take 8" x 10" photographs o f  all parts showing signs 

(4) Marine Bearing Leakage Rate Tests 

Upon completion o f  inspection and measurement, reassemble 
the dril l  motor. 
Johns-Manville Uneepac pressure seal i n  the bottom portion of the 
bearing pack w i t h  one having a marine (sleeve) bearing w h i c h  acts  
as a flow constrictor. Run two tests for t h i r t y  minutes each a t  
250 gpm mud flow ra te  and 800 rpm rotary speed. The f i rs t  tes t  
i n  this series wil l  be a t  a b i t  pressure drop o f  lG0 psi and the 
second a t  200 psi. 
rates (flow rates) of mud t h r o u g h  the bearings by placing a 
second turbine flow meter (15-200 gpm capacity) i n  the return 
line connected from the exit ports on  the outside o f  the bearing 
pack housing t o  the mud t a n k .  The leakage rates are expected t o  
be within 10 t o  20 percent of the mid flow rate t o  the turbodrill. 

Replace the bearing pack containing the 

Measure and record the resulting leakage 
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(5)  DeGradation Inspection and Near Measurements 

After bearing leakage tests are completed, t ea r  down the 
dr i l l  motor again for visual inspection and measurement fo r  wear 
i n  a manner identical t o  tha t  described for the f i r s t  teardown. 

(6) Endurance Tests 

Reassemble the bearing and turbine packs and r u n  a f o u r  
hour endurarxe tes t  a t  500 psi and another such t e s t  a t  1000 psi 
simulated b i t  pressure drop  and 800 rpm rotary speed. 
pack will contain the Johns-Manville Uneepac pressure seal. The 
mud flow will be s e t  a t  250 gpm i n  b o t h  cases. 

The bearing 

(7) Degradation Inspectiorr and Wear Measurements 

After the endurance t e s t s  are completed, t ea r  down the d r i l l  
motor again for visual inspection and measurement f o r  wear i n  a 
manner identical t o  tha t  described for the f i r s t  teardown. 

(8) Alternate Bearing Sezl Design Test 

After completion o f  inspecticn and measurement act ivi  t y ,  
reassemble tile drii ' i  motor and replace the Jchns-Manviiie uneepac 
seal w i t h  a Utex Industries chevron pressure seal .  
hour endurance t e s t  a t  a speed of  800 rpm, mud flow of 250 gpm, 
and 1000 psi b i t  pressure drop. 

Run a four  

(9) Degradation Inspection and Wear Messurement 

T h i s  i s  the f inal  dr i l l  motor teardown and inspection/wear 
measurement t o  be performed. i n  this t e s t  project. 
careful examination will be made of a l l  rotating and mating parts 
i n  the turbine and bearing packs. 
noted. 
inspect parts fo r  signs of  wear and degradation. 
measurements of  a l l  c r i t i c a l  dimensions of vi ta l  cmponents, such 
as thrust and radi a1 bear ing  roll e rs  , pressure seal cl earances , 
turbine blade nominal (mid-length) thickness and t i p  clearance, 
and s t a to r  vane nominal (mid-length) thickness. Record a l l  visual 
signs of erosion, p i t t i n g ,  scoring, or other degradation of metal 
parts on data sheets as  per Table 5-2. Take 8" x 10" phctographs 
of a l l  parts showing signs of wear d u r i n g  each inspection. 

Especially 

Wear character is t ics  will be 
Disassemble the turbine pack and bearing pack, and visually 

Obtain micrometer 
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In addition to  other data obtained above t o  check reproducibil i ty,  a 
30 minute r u n  will be made a f t e r  each intermediate teardown/inspection as 
par t  of the s tar tup f o r  the next t e s t s  to be done i n  items (4 ) ,  (6), and 
(8) abGve. 250 gpm mud flow ra t e ,  
800 rpm rotary speed, and 1000 p s i  pressure drop.  

The conditions to  be adhered t o  are:  
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6.0 TEST EVALUATION AND DELIVERABLES 

6.1 DATd ANALYSIS AND REPORTING 

Evaluation and reporting of the t e s t  resul ts  is the responsibil i ty of 
Significant resul ts  shall  be conveyed t o  METC and ME1 verbally, by 

reports. 
TRU. 
technical memoranda , and by written 

The report contents are as fol 

Q Data analysis and t e s t  resu 
including the generation of 

0 Assessment o f  wear rates of  

ows : 

ts  pertaining to  t i lrbodri  11 operation 
performance curves 

c r i t i c a l  components and determination 
o f  expected service l i f e  expectancies o f  these parts 

0 Recormendations concerning future t u r b o d r i l l  tes t ing.  Updating of 
Phase I1 and Phase 111 t e s t  planning, gar t icular ly  parameter values 
t o  be used in Phase I 1  f i e ld  testing of  the turbodril l  on a d r i l l i ng  
rig 

0 Assessnent of  the t e s t  resul ts  from a programmtic view. Correlaticn 
w i t h  the results of  other projects. 
changes i n  project planning or adjustments i n  mphasis i n  other 
projects. 

Recommendatfons for pcssible 

6.2 TEST PROJECT DELIVERABLES 

Required deliverables are l i s t ed  below: 

0 A d r a f t  f inal  t e s t  report shal l  be submitted to  METC and ME1 for 
comnent within th i r ty  days a f t e r  termination of the t e s t s  

6 Three copies of  the final t e s t  report shall  be submitted to  METC and 
two copies to  ME1 w i t h i n  t h i r ty  days a f t e r  receipt of comnents. 

Phase I of the 9roject will be considered complete when a l l  uf the t e s t  
ac t iv i t i e s  and reporting requirements l i s t e d  i n  Subsections 5.1 acd 6.1,  
respectively, have been accomplished. 
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APPENDIX B 

CALIBRATION CURVES 

The appendix contains the cal ibrat ion curves obtained from data 
supplied by Maurer Engineering. 
t o  primary instrumentation and display equipment provided by ME1 f o r  
Phase I t es t ing  a t  Mission Manufacturing. The period of effectiveness 
in  a l l  cases was one year.  

The ca l ibra t ion  data correspond 
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IRON-CONSTANTAN THERMOCOUPLE 
CALIBRATION: 

ACCURACY ~ 0 . 2 5 %  
PERFORMED ON 2/1/79 (GOOD FOR I YEAR) 

0 3 0 0  
0 s a 
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0 I00 200 300 400 

REF. TEMPERATURE, O F  

Figure 1 .  Iron-Constantan Thermocouple Calibration 

DYNAMOMETER SPEED INDICATOR 
CALIBRATION: 

ALL READINOS: W/IN 2 I RPM 
STD. ACCURACY: W /  IN L I RPM z / a FROM 50 TO 7000 RPM 
PERFORMED ON 2 /1 /79  

(GOOD FOR I YEAR) 4 

0 
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rn a 
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t; 4 0 0 -  
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BIDDLE DIGITAL TACHOMETER, RPM 

Figure 2. Dynamometer Speed Indicator Calibration 
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/ TORQUE-ARM LOAD CELL 
CAL IBRATION 

PERFORMED ON 1/29/73 (QOQD FOR I YEAR) 

STANDARD SPECS.: 
- NON LINEARARY = 0.9 FT-LB 

HYSTERESIS 0.9 FT - L B  
REPEATABILITY = 0.6 FT-LB 

0 I I I I I I 
0 m 1000 Is00 2000 uoo 3000 

LEBOW LOAD CELL STD.. FT-LB 

Figure 3. Torque-Arm Load Cell Calibration 

/ 
MEAN CALIBRATION FACTOR 55.975 P/O 
DEVIATION = 0.79 F S  
DEVIATION f 4.0 gpm MAX. 

READOUT IS VIA HALLIBURTON 
MODEL O R 3  DIQITAL RATE 
METER 

I I I I I I 
100 200 Joo 400 5 0 0  600 

STD. FLOW RATE, GPM 

Figure 4. Calibration for 3 Inch 
Halliburton Flow Meter 
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CALIBRATION FOR I '/z" 
FLOW METER 
PERFORMED I /25/?9 
(GOOD FOR I YEAR) 

MEAN CALIERATION 
FACTOR = 334.624 p/g 

DEVIATION = 0.4% FS 
DEVIATION = 0.75 gpm 

READOUT IS VIA 
HALLIEURTON 
MODEL DR 3 

METER 

0 0 / 50 100 I50 200 

STD. FLOW RATE, GPM 

F i g u r e  5. C a l i b r a t i o n  f o r  1-1 /2  Inch 
Hal 1 i b u r t o n  Flow Meter 

GENTRAN DIGITAL READOUT UNITS 
CALIBRATION 

PERFORMED ON 1/21/79 AND 1/26/79 
(OOOD FOR I YEAR) 
WITH TABER GAUGE 

I I I I I 
0 1000 2000 3000 0 

ACTUAL PRESSURE, PSI 

F i g u r e  6 .  Gentran D i g i t a l  Readout U n i t  C a l i b r a t i o n  
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WIKA DIAL PRESSURE GAUQES 
CALIBRATIONS: 

PERFORMED on 1/24/79 AND 1 1 2 ~ 7 9  
(0000 mR ONE YEARI 

ACTUAL PRESSURES OBTAINED USINQ A 
DEAD-WEIQWT TESTER 

ACTUAL PRESSURE, PSI 

Figure 7. W I K A  Dial Pressure Gauge Calibration 
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APPENOIX C 

REACTIVE TORQUE ARM EQUATION 

The appendix contains the derivation o f  the equation used to  convert 
react ive torque arm load c e l l  output from m i l l i v o l t s  (mv) to  conventional 
torque units ( f t - l b )  f o r  Phase I data.  

The torque arm transducer (1 oad c e l l  ) was ini  t i  a1 i zed a t :  

1 mv = 100 pounds 

The length o f  the torque arm was 2.27 f e e t  (see Figure 3-2). 
t ion purposes the arm r e g i s t e r s  a 64 f t - l b  "dead weight" torque, which 
must be subtracted from the actual torque measurement. 

For ca l ibra-  

The to ta l  resu l tan t  turbodri l l  react ive torque therefore equals: 

Turbodrill Torque = Total Torque - Calibration Arm Torque 

Torque = 2.27 x 100 (mv) - 64 f t - l b  

B u t  a t  no applied torque: 

0 = 2.27  x 100 x ( X  rnv) - 64 f t - l b  

where 

X = 0.28 mv 

Therefore, the  react ive torque i n  foot-pounds can be obtained from 
the following relationship: 

Torque = 227 (mv - 0.28) 
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EXECUTIVE SUMMARY 

A three-phase t e s t  project was established t o  t e s t  the Maurer 5-3/8 inch 
turbodrill as p a r t  of the ongoing dr i l l ing technology development effor t  a t  
the DOE/Morgantown Energy Technology Center (METC). The overall goal of the 
project i s  t o  demonstrate applicability of the turbodrill for dr i l l ing long, 
horizontal methane drainage boreholes i n  coal seams a t  depths u p  t o  1,000 fee t ,  
which appears consistent and attainable w i t h  today's directional dr i l l ing 
techno1 ogy. 

Testing ac t iv i t ies  have been performed under Contract DE-AC21-78MC08089 
for the Methane Recovery from Coalbeds Project o f  DOE/METC and the turbodrills 
were designed and bui l t  by Maurer Engineering Incorporated (MEI) under con- 
t racts  EY-77-C-21-8093 and EW-78-C-21-8380 with DOE/METC. 

The overall goals of the Turbodrill Testing Project were t o  (1) determine 
operational characteristics o f  the Maurer turbodrill and ( 2 )  demonstrate ap- 
p l icabi l i ty  o f  directionally dr i l l ing methane drainage boreholes in horizontal 
coalbeds in advance o f  active mining operations ( o r  possibly in unmined, 
steeply dipping coal seams). 

I n  order to achieve these goals, the project was subdivided into phases. 
Phase I testing was designed to  determine base1 ine performance characteristics 
of the turbodrill prior t o  f ie ld  testing. Phase I 1  testing was t o  determine 
both s t r a i g h t  hole and directional d r i l l  ing performance characteristics when 
operated in conjunction w i t h  a dr i l l ing rig penetrating previously dr i l led 
formations whose characteristics were well known. Full f ie ld  testing in 
Phase I11 was t o  be conducted a f t e r  successful completion of Phase 11. 

Results of the Phase I testing were published i n  July 1980. 
covers the results of the Phase I1 testing which reveals serious turbodrill 
mechanical problems. Phase I11 testing, therefore, has been postponed 
indefinitely as a result  of these turbodrill performance d i f f icu l t ies  
discussed in subsequent sections. 

T h i s  report 

Phase I1 f ie ld  testing was conducted using a dr i l l ing rig a t  a Gearhart- 
Owen Industries, Inc., s i t e  i n  F o r t  Worth, Texas, in accordance w i t h  the ap- 
proved t e s t  plan appended t o  this  report. Testing was conducted in two 
separate t e s t  runs. The f i r s t  t e s t  was run in December 1979 during which 
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the d r i l l  motor made approximately 23 fee t  o f  hole a t  penetration rates 
varying from 100 t o  120 feet/hour. Total r o t a t i n g  time on the motor was 
about one hour i n  that  t es t .  T h i s  testing was terminated prematurely due t o  
sudden fai lure  of the lowest radial ro l le r  bearing which locked-up the d r i l l  
motor. 
than one locked-up radial bearing. In that bearing, the individual rol lers  
were skewed, the ro l le r  cage deformed, and there was some s o l i d  material i n  
the bearing package. 
cured. 
bearing; however, that  bearing d i d  n o t  show any signs of damage from this  one 
hour t e s t .  

Teardown af te r  the t e s t  revealed no visible damage t o  any parts other 

However, no plugging-off  of lubricating mud flow oc- 
Buildup of solids was also observed around the uppermost radial 

After completion of the f i r s t  t e s t  r u n ,  the mud circulation system was 
reconfigured to add more mud cleanup equipment. The second t e s t  began i n  
January 1980 using two 5-3/8 inch turbodril ls .  The f i r s t  turbodrill ran f o r  
approximately 30 minutes before locking up. After the t e s t ,  teardown revealed 
that two r a d i a l  ro l le r  bearings had failed.  Some granular, d r i l l  pipe scale 
was recovered from the bearing package; however, the thrust  bearings were 
intact .  The d r i l l  pipe and collars were rat t led t o  remove scale and rust 
flakes before testing the second d r i l l  motor. 
two hours d u r i n g  which time i t  exhibited some performance d i f f icu l t ies  
(alternate overspeeding and s t a l l )  before f inal ly  locking up.  
had exhibited similar operational characteristics d u r i n g  preliminary tachometer 
development testing. 
lower thrust ro l le r  bearing; however, a1 1 radial bearings appeared unaffected. 
The thrust bearing may have failed due  to h i g h  dydraulic downthrust n o t  
balanced by sufficient weight-on-the-bit. 
balance the hydraul i c  1 oad resulted i n  s t a l l  i ng. 

The second turbodrill ran over 

This turbodrill 

Teardown of the second t u r b o d r i l l  showed fai lure  of the 
c 

Application of b i t  weights t o  

The conclusions drawn from Phase I1 testing are: 

0 Turbodrill performance i n  a vertical position conformed t o  
the base1 ine characteristics (torque versus rotary speed) 
determined i n  Phase I testing 

0 Maurer developed tachometer can generate signals and transmit 
turbodrill RPM's to the surface 
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0 Turbodri 11 units exhibited a tendency toward operational 
instabi l i ty ,  i . e . ,  they would r u n  a t  speeds in excess of 
2,000 RPM with l i t t l e  weight-on-bit o r  stalled consistently 
a t  moderate b i t  weights (6,000-7,000 pounds) 

0 The flow-through bearing package version of the turbodrill 
cannot be successfully r u n  on water o r  water base mud o f  
the quality typically found a t  d r i l l  s i t e s  

0 The present turbodrill design will probably n o t  perform 
for the extended periods of time required t o  d r i l l  long 
methane drainage boreholes on the order of.1,000 to  2,000 
fee t  into shallow coal seams 

0 The objectives of Phase I1 of the t e s t  project were only 
par t ia l ly  accomplished. 
were indications of potential dr i l l ing rates.  

The only significant data obtained 

Based on these conclusions, i t  i s  recommended that the formal Turbodrill 
Testing Project be terminated a t  th is  time. 
t o  date does not  warrant expending additional government e f for t  i n  further 
f ie ld  testing until bearing seals are developed and demonstrated t o  be 
effective when dr i l l ing with moderate amounts o f  mud solids.  

Performance of the ME1 turbodrill 

i i i  
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1 . INTRODUCTION 

1 . l  BACKGROUND 

The DOE i s  engaged in many efforts t o  increase resource recovery and 
supplies of fossil  energy. 
ing use of downhole dr i l l ing motors and directional dr i l l ing techniques t o  
improve efficiency and reduce costs of dr i l l ing t o  recovery methane con- 
tained in coal. The application i s  t o  place long methane drainage bore- 
holes in hor izonta l  coalbeds i n  advance of active m i n i n g  operations (or 
possibly in unmined or steeply dipping coal seams). 
using downhole dr i l l ing motors i s  significantly increased penetration rates 
compared t o  conventional , rotary dr i l l ing techniques. Another major advan- 
tage of downhole dr i l l ing motors i s  reduction of f r ic t ion between d r i l l  
str ing and wellbore t h r o u g h  minimum rotation requirements, especially in 
dr i l l ing directional wells. This can resul t  in less  r ig  t r i p  time and 
smoother dr i l l ing  operations because of reduced possibi l i t ies  of twisting 
off d r i l l  pipe or wearing holes in casing. 

A t  METC, one of these i s  directed toward explor- 

A major advantage i n  

1 . 2  THE TEST PROJECT 

The Test Project was established t o  t e s t  the Maurer Engineering (MEI) 
5-3/8-inch turbodrill as p a r t  of the ongoing dr i l l ing technology development 
e f for t  a t  DOE/METC, and i s  an integral p a r t  of the ongoing DOE/TRW Methane 
Recovery from Coalbeds Project. The scope and detailed objectives of the 
Test Project are discussed in Section 2.  The overall goal of the Test Pro- 
jec t  was t o  demonstrate applicability of the turbodrill for dr i l l ing long, 
horizontal methane drainage boreholes in coal seams a t  depths t o  1,000 fee t ,  
which appears consistent and attainable with today’s directional dr i l l ing 
technology. The boreholes will be designed t o  be dr i l led vertically a t  the 
surface and deflected horizontally a t  coal secm depth. 

The Test Project was divided into d is t inc t  steps o r  elements and 
structured in the following phases: 

Phase I 

The primary objective of t h i s  phase was t o  determine 
base1 ine performance profiles a t  zero applied bi t-end 
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pressure drops and w i t h  no ax ia l  thrust  loads (weight-on-bit 
(WOB) force) applied t o  the motor. Bench testing i n  Phase I 
was performed in a horizontal, aboveground t e s t  mode, using 
the clean dr i l l ing mud circulation system a t  TRW Mission Man- 
ufacturing Company in Houston, TX. Preliminary indications 
of wear on internal parts were t o  be ascertained from the 
tes t .  Bit-end pressure drops were n o t  applied i n  Phase I 
testing because pressure seals t h a t  could tolerate sustained 
elevated pressure d rops  o f  500 t o  1000 psi were unavailable. 
Axial loading was not considered in Phase I because no equip- 
ment was available t o  conveniently perform tha t  function. 
The t e s t  was performed i n  a horizontal mode because i t  was 
relatively quick and inexpensive, and met the requirements 
for  generating baseline performance data. 

Phase I1 

Phase I1 testing was performed t o  evaluate the effects  
of conditions not applied i n  Phase I (vertical  position, 
axial / thrust 1 oads, and el evated b i  t-end pressure drops). 
Phase 11 was a controlled f ie ld  t e s t  performed on a d r i l l -  
ing r ig  a t  Gearhart-Owen Industries'  t e s t  s i t e  located 
a t  their  wireline crew training f ac i l i t y  in Fort Worth, TX. 
The formations encountered in dr i l l ing a t  th i s  s i t e  have 
been penetrated numerous times for training purposes, and 
data on straight-hole dr i l l ing rates  using conventional, ro- 
t a r y  dr i l l ing equipnent were t o  be made available t o  evaluate 
turbodrill performance. A dist inct  advantage t o  this s i t e  
was that downhole geology was known a pr ior i  t o  minimize PO- 
tential  hole problems. 

Phase I11 

Phase I11 dr i l l ing technology testing i s  directed spe- 
c i f ica l ly  a t  the coalbed methane resource. Phase I11 requires 
dr i l l ing a directional well from vertical a t  the surface t o  
horizontal in a coalbed a t  depth (or i n  a steeply dipping coal 
seam). The s i t e  will be selected t o  ref lect  methane drainage 
dr i l l ing conditions evident in more rugged f ie ld  appl ications. 

1.3 PHASE I TESTING 

The purpose of Phase I testing was t o  determine performance and  wear 
characterist ics of the ME1 5-3/8-inch turbodrill i n  an aboveground, bench 
testing mode. Specific objectives of Phase I testing were: 

e Determine performance characteristics; i . e . ,  t u r b o d r i l l  
speed, torque, and power as functions of mud flow rate ,  
in le t  pressure, and pressure drop across the turbodril l .  

2 
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0 Ascertain wear characteristics experienced in rotary 
operation under simulated torque conditions in bench 
tes t s .  

0 Determine the leakage rates of dr i l l ing fluid a t  different 
bit-end pressure drops t h r o u g h  the bearing package. 

Acquire d a t a  for determining r e l i ab i l i t y  and component 
service l i f e  expectancies. 

B o t h  the sealed bearing pack and flow-through versions were tested 
during pre-Phase I shakedown runs. Difficult ies were experienced continu- 
a l ly  w i t h  integrity of the pressure seals a t  the bit-end of the sealed 
bearing pack turbodril l .  These problems proved insurmountable, and only 
the flow-through bearing pack turbodrill was used in th i s  phase of the 
testing project. 

The baseline performance d a t a  obtained i n  Phase I testing provided 
performance characteristics against which the d a t a  resulting from subsequent 
well dr i l l ing tes t s  could be assessed. Final Report-Turbodrill Testing 
Project-Phase I was published in July 1980 and contains t e s t  d a t a  prelimi- 
nary t o  Phase 11. 

1 .4  TURBODRILL DESIGN 

The turbodrill consists of a turbine section and a separate bearing 
package, as shown in Figure 1-1. The driving fluid i s  dr i l l ing mud or 
water. All blades and vanes are contained in the turbine pack, and a l l  
bearings ( b o t h  thrust and  radial)  are housed in the bearing pack. 
bine package contains 50 stages of blades and vanes. 
comes in two versions: 
taining solids,  and  a flow-through pack for use primarily with water as the 
dr i l l ing  f luid.  
directional and straight-hole dr i l l ing  in conventional oil  and gas f ie lds .  
The flow-through bearing pack version, shown in Figure 1-1, i s  designed for 
use with water as the dr i l l ing fluid in geothermal applications and in coal 
seam methane drainage directional dr i l l ing.  Water passing through the 
bearing section i s  intended t o  cool and lubricate the bearings. In  addi- 
tion, the flow-through bearing package may offer  the advantage of  longer 
service intervals compared t o  the sealed bearing package when d r i l l  ing in 
formations where water can be used as the dr i l l ing f luid.  

The tur- 
The bearing package 

a sealed bearing pack for dr i l l ing w i t h  muds con- 

The sealed bearing pack configuration i s  designed for 

3 
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There are  two major pressure drops i n  the t u r b o d r i l l :  one across the 
stage assembly of blades and vanes i n  the turbine section ( t o  overcome re- 
sistance to rotation, counteract f l u i d  f r ic t ion,  and provide power); and 
the other in the bearing package across the seal leak-sleeve or pressure 
seal assembly a t  the bit-end. 
sure drop across the front-end of the turbodril l .  
important f o r  proper bottomhole hydraulic cleaning of  cuttings from the rock 
face by counteracting chip hold-down. 

The b i t  pressure d rop  depends upon the pres- 
The b i t  pressure d r o p  i s  

During typical d r i l l  i n g  operations, WOB or  downward hydraul ic  thrust 
force i s  transmitted t o  the bearings via the rotor shaft and axial compres- 
sion spacer rings mounted on the sha f t .  
three sets o f  radial ro l le r  bearings, and two sets  o f  ro l le r  thrust  bear- 
ings. 
take advantage of the hydraulic downthrust of the turbine i n  counteracting 
the upward-acting, bit-reaction force on the bearings, which can resul t  i n  
less dynamic load on the thrust bearings. The nature of these forces was 
discussed i n  the T u r b o d r i l l  Testing Project Phase I F ina l  Report. Final 
Report-Turbodrill Testing Project-Phase I was published i n  July 1980 and 
contains t e s t  data preliminary t o  Phase 11. 
erably greater weights can be applied t o  the b i t  to  increase penetration 

There are seven such spacers, 

The bearing pack i s  designed t o  maintain a thrust  bearing preload t o  

The net effect  i s  tha t  consid- 

relatively lower loads on the bearings themselves. 
t o  eliminate ro l le r  bearing "chatter" when tempo- 

conditions, for example, a t  startup. 
cant resistance t o  rotation and are 

rates while maintaining 
The preload also serves 
r a r i l y  operating under 
The bearings themselves 
comnercial , off-the-she 

ow- or no-load 
offer i ns i gni f 
f items. 
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2.  TEST PLANNING 

2.1 SCOPE OF PHASE I1 TESTING 

In  th i s  report, Phase I1 includes a l l  f ie ld  testing of the 5-3/8-inch 
turbodrill including prel iminary tes t s  and formal testing a t  Gearhart-Owen 
Industries. 

The scope of Phase I1 o f  the t e s t  project i s  defined by the following: 

0 Phase I1 testing and the preliminary f ie ld  tes t s  repre- 
sent the f i r s t  attempts t o  determine performance charac- 
t e r i s t i c s  o f  the ME1 5-3/8-inch turbodrill in dr i l l ing 
application. 

The testing reported herein does not constitute qualifi-  
cation testing o r  any performance verification effor t .  

0 

All ac t iv i t ies  connected with off ic ia l  Phase I1 testing were governed 
by the Test Plan appearing in Appendix A .  

2 . 2  OBJECTIVES 

Objectives of Phase I1 testing were: 

Determine dr i l l ing  rates (d r i l l  b i t  penetration ra tes )  a s  
functions of b i t  &eight (vertical force applied t o  the 
b i t )  and mud flow rates t h r o u g h  the turbodril l .  

Demonstrate operational compati bil i t y  o f  the turbodrill 
in the f ie ld  with roller-cone bi ts ,  conventional diamond 
bi ts ,  and STZATAPAX bi ts ,  and evaluate b i t  perfarmancs. 

Ascertain wear characteristics o f  cr i t ica l  parts in down- 
hole operation under axial thrust and radial load condi- 
tions f o r  use in determining component service-life ex- 
pectancies (time intervals between required tool repairs 
and/or  changeovers). 

Gain f ie ld  experience in using the 5-3/8-inch turbodrill 
on a dr i l l ing rig to  aid operators i n  optimizing applica- 
tion o f  turbodril ls .  

6 



3. TEST FACILITY A N D  EQUIPMENT 

The dr i l l ing rig and t e s t  f ac i l i t i e s  were provided by Gearhart-Owen 
under a TRW subcontract. Maurer Engineering provided dri 11 b i t s  , instru- 
mentation, and the t e s t  equipment described i n  the Phase I1 Test Plan. A 
schematic o f  the type of dr i l l ing r ig  provided by Gearhart-Owen appears in 
Appendix A ,  Figure 3-1. A schematic diagram of  the mud circulation system 
on the t e s t  s i t e  i s  presented in Figure 3-1. The turbodrill was installed 
in the downhole assembly as shown in Appendix A ,  Figure 3-2. 

I n  Figure 3-1, the path of mud flow t h r o u g h  the circulation/conditioning/ 
cleaning system can be traced, w i t h  pumping power a t  the test s i t e  provided 
by a Dowel1 pump truck. Coarse dr i l l  cuttings were removed from the mud re- 
turning from the well in a 20-40 mesh shale shaker. Settling of larger re- 
maining solid particles took place in the mud p i t s  before the mud was further 
cleaned by means of the desander/des i 1 t e r  and f i ne-screen (80-1 00 mesh) shale 
shaker mounted a t o p  the mud t a n k  in Figure 3-1. The desilter/desander u n i t  
was a Tri-Flo Industries International model with 12  cyclone cones and a 
maximum rated capacity of 1,200 gallons per minute. 
ugal pump was used t o  charge the desander/desilter unit. The mud processing 
equipment was arranged so t h a t  primary effluent from the desander/desil t e r  
flowed t o  the in l e t  of the fine-screen shale shaker. From the fine-screen 
shale shaker, the mud stream was conveyed into the a f t  compartment of the 
mud t a n k  and allowed t o  empty into the mud p i t  t o  be recirculated. 

A high capacity centrif-  

The well selected a t  the Gearhart-Owen s i t e  for running downhole tes t s  
of the turbodrill had 118 fee t  of 10-3/4-inch surface conductor cemented in 
place t o  protect local surface aquifers and  was open hole (9-7/8-inch diam- 

. e te r )  from 118 fee t  t o  total d e p t h  of 650 feet .  

The t e s t  s i t e  mud had a viscosity range of 33 t o  60 Marsh funnel 
seconds and a weight t h a t  varied from 8.8 t o  9 .2  pounds per gallon with an 
average of 9.0 pounds per gallon. 
tonite mud (no barite) with some tannic acid and caustic soda t o  aid in de- 
positing the required f i l t e r  cake on the wellbore f o r  hole control. 

The mud was a water base MAGCOGEL ben- 
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Three Hydrodyne bladder accumulators (desurgers) were ins ta l led  i n  the 
flow l i n e  from the Dowel1 pump truck t o  the r i g  (as  shown in Figure 3-1) t o  
dampen mud pump surges. The desurgers were charged w i t h  nitrogen to 1,600, 
1,300, and 1,000 psi, respectively,  moving from the  pump truck t o  the r i g .  
They were required to suppress the cycl ic  flow pulses from the drive pump 
t o  preclude the pump flow pulses from overriding the mud pulses returning 
from the downhol e tachometer. 
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4 .  PRE-PHASE I1 TESTING 

4.1 BACKGROUND 

The recommendation was made i n  the Phase I Final Report that  before 
Proceeding i n t o  Phase I 1  testing, a tachometer u n i t  be developed to  monitor 
turbodrill rotary speed downhole. This would help avoid overspeeding of 
the turbodril l ,  extend d r i l l  b i t  l i f e ,  detect s ta l l  conditions to  keep the 
b i t  and motor from becoming stuck i n  the hole, better match b i t  weightaid 
rotary speed f o r  stable operation, and maximize rate-of-penetration ( R O P )  for  
a t ruer  indication o f  turbodrill potential d r i l l i ng  performance. Shakedown 
testing of the tachometer could have been conducted w i t h  resumption of for- 
mal Phase I tes t ing.  
i n  a vertical  d r i l l i n g  r ig  s imulator  ( t e s t  tower) a t  the Terra Tek Drilling 
Research Laboratory ir? Sa l t  Lake City,  UT, before proceeding into testing 
on a d r i l l i n g  rig. The management decision was made, therefore, to end 
Phase I and proceed direct ly  i n t o  pre-Phase I1 ac t iv i t i e s  a t  Terra Tek. 
Pre-Phase I1 tes t ing was not included i n  the original t e s t  ac t iv i t i e s  planned 
for Phase 11; these were shakedown ef for t s  and not guided by the formal Test 
Plan i n  Appendix A .  

However, an opportunity arose t o  perform these t e s t s  

4 . 2  OBJECTIVES 

The objectives of  pre-Phase I1 testing were t o  ( 1 )  check o u t  the design 
modifications incorporated i n  the turbodrill as a resu l t  of  Phase I testing 
(discussed i n  the Phase I Final Report); ( 2 )  obtain an indication o f  pro- 
totype tachometer performance, and ( 3 )  provide turbodrill performance data 
when d r i l l i n g  through hard granite w i t h  a r o l l e r  b i t  and i n  a sof te r  lime- 
stone u s i n g  a Christensen STRATAPAX b i t .  
was n o t  used i n  granite was that  the material was considered too hard and 
abrasive for the b i t  cutting elements. 
include evaluating d r i l l  b i t  performance per s e ,  since this would require a 
f a r  more extensive t e s t  program than that  considered here. Furthermore, b i t  
performance cannot be separated from turbodrill performance when considering 
only rate-of-penetration resul ts .  However, t u r b o d r i l l  Performance can be 

The reason the STRATAPAX b i t  

The Phase I1 objectives d i d  not 

10 



considered separately because the t e s t  procedure i s  designed t o  provide the 
required d a t a  t o  do  so. For t h a t  reason, d a t a  analysis and resul ts  on tur- 
bodrill performance characterist ics in pre-Phase I1 are  presented in th i s  
section and compared t o  those obtained ea r l i e r  in Phase I .  In addition, d r i l l  
motor vibration d a t a  were obtained a n d  spectrum analyses performed on s i t e  
by Sperry Rand Research Center personnel t o  determine drive pump f luid pul- 
sation characterist ics and t o  indicate the feas ib i l i ty  of developing a 
tachometer device t o  be installed in the motor used in l a t e r  Phase I T  test 'ng. 

4 . 3  TESTING AT TERRA TEK 

The 5-3/8-inch turbodrill was tested a t  Terra Tek's Drilling Research 
Laboratory in Sal t  Lake City, UT, from April 6,  t o  11,  1979. The 5-3/8-inch 
turbodri l l ,  intended primarily for placing methane drainage wells in coal 
seams, was used t o  d r i l l  both granite and a limestone material. The motor 
incorporated a Bellevil le spring thrust  bearing race support modification 
made following the l a s t  t e s t  of the motor in Phase I .  
turbodrill had the f i r s t  stage of blades and vanes par t ia l ly  blanked off to  
produce driving f luid pulsations t o  aid i n  the development of a simple down- 
hole tachometer for  subsequent f ie ld  testing (discussed in Section 4 .6 ) .  No 
significant increase in average pressure d r o p  across the turbine due t o  the 
tachometer unit was registered during an i n i t i a l ,  shakedown t e s t  performed 
ea r l i e r  by ME1 a t  the i r  f ac i l i t y .  

In addition, the 

A potential problem of downhole speed control became evident d u r i n g  
tes t ing of the 5-3/8-inch motor a t  Terra Tek. 
t ive  t o  applied b i t  weight. Since the ME1 t u r b o d r i l l  does n o t  contain any 
gear arrangements or other speed reduction devices, d r i l l  b i t  rotary speed 
i s  the same as t h a t  of the turbine i t s e l f ,  and no distinction i s  made be- 
tween the two in th i s  report. The Terra Tek hydraulic control system for 
applying b i t  weight has a high degree of sens i t iv i ty  tha t  probably exceeds 
control capabili ty found on conventional d r i l l i ng  r igs .  This increases the 
necessity for  a re l iable  means t o  determine when the turbodrill breaks away 
and the speed a t  which i t  i s  t u r n i n g .  

Rotary speed was very sensi- 

The previously mentioned rock samples were positioned in a t e s t  p i t  
below the t e s t  tower. The granite sample was "Texas P i n k " ,  and the limestone 

11 



4" . .... t ' - U L  

TRN 
Final Report 
August 1980 

sample was Carthage marble. Turbodrill driving f luid was circulated by a 
Continental -EMSCO Company, model FA-1600 tri pl ex pump from a 5,500-gall on 
water t a n k .  The tes t s  were conducted with the exterior of the motor a t  
atmospheric pressure. 
the rock samples t o  allow a b i t  pressure drop of approximately 300 psi while 
dr i l l ing .  The tungsten-carbide j e t  nozzle inser ts  were not installed in the 
ro l le r  b i t s  t o  downgrade b i t  pressure drops t o  t h i s  level in these t e s t s .  

However, a special housing was affixed t o  the t o p  of 

The trj-cone ro l l e r  b i t  used i n  granite was a standard o i l f i e ld  h a r d -  
formation type. The b i t  was a S m i t h  Tool F-9  hard-formation b i t  (7-7/8-inch 
diameter w i  

ings) .  The 
Christensen 
used t o  d r i  
used in the 
two rows of 

h tungsten-carbide inserts ("buttons") and sol i d  j o u r n a l  bear- 
ro l l e r  b i t  exhibited only moderate wear during the t e s t .  
7-7/8-inch diameter STRATAPAX b i t  with piggyback s tab i l izer  was 
1 i n  the Carthage marble sample. The Christensen STRATAPAX b i t  

limestone sample sustained some damage in the test--the inner 
disks were nearly destroyed. 

The 

The reason for damage t o  the 
STRATAPAX b i t  could have been a combi nation of overs peed and/or vibration. 
The chips produced w i t h  b o t h  b i t s  were predominantly the s ize  of f ine  
gravel (approximately 3/32 -inch i n  diameter). 

4 . 4  PRE-PHASE I 1  TEST DATA 

The t e s t  d a t a  were obtained on  Terra Tek's automated d a t a  collection 
system. 
ables, a mini-computer t o  process the data, and  automatic equipment t o  
pr int  o u t  d a t a .  
belt/pulley and galvanometer device. 
bit-end of the turbodrill in the t e s t  p i t .  
corded every two t o  three seconds from the s t a r t  o f  a t e s t  r u n .  
891 data records were obtained i n  t h i s  manner on the 5-3/8-inch turbodrill 
a t  Terra Tek. 
records was selected for  analysis on the basis of  being within 2 f ive  per- 
cent of flow rates  tha t  could be compared t o  previous data reported in the 
Phase I Final Report. These data a re  presented in Appendix B of t h i s  report. 

This system employed transducers and sensors t o  measure t e s t  v a r i -  

Rotary speed d a t a  were obtained by means of a direct-drive 
The belt  was driven by the rotating 

On the average, d a t a  were re- 
A to ta l  o f  

These data were screened and a representative se t  of 272 data 

1 2  
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4 . 5  DATA ANALYSIS A N D  RESULTS 

The 5-3/8-inch turbodrill was r u n  on water in the vertical t e s t  tower 
f o r  three hours, eight minutes, d u r i n g  which time a t o t a l  o f  891 d a t a  sets  
was obtained. From these, the 272 records i n  Appendix B were selected f o r  
analysis. Results of  the analysis are presented i n  Table 4-1. Data used i n  
calculating these resul ts  were further screened to  be representative of 
those i n  Appendix B and t o  minimize redundancy, yet exhibit sal ient features 
of the turbodrill performance characterist ics.  The d a t a  contain information 
on the performance o f  the t u r b o d r i l l  i t s e l f ,  as well as an indication of the 
performance of particular d r i l l  b i t s  used i n  combination w i t h  the turbodril l .  
The d a t a  were analyzed w i t h  respect t o  b o t h  aspects (turbodril l  and turbo- 
d r i l l  w i t h  b i t )  since they are  equally impor tan t  i n  f i e ld  operations. The 
d r i l l  i n g  performance d a t a  are 1 imi ted, however, because only two types of 
b i t s  were used in two types o f  rock,  

Drill i n g  Performance 

Examination of the data obtained and observations made d u r i n g  the t e s t  
indicated t h a t  the motor dr i l led t h r o u g h  rock samples a t  average penetration 
rates  of 30 to  50 fee t  per hour. Rate-of-penetration d a t a  for  the 5-3/8- 
inch turbodrill are  presented i n  Figure 4-1. 
4-1 were selected from Table 4-1 on the basis o f  being representative and  
w i t h i n  - + f ive percent on bo th  required flow rates  and r o t a r y  speeds. Re- 
corded WOB ranged up t o  31,000 pounds on the 5-3/8-inch tool.  Speed values 
ranged up to  750 rpm w i t h  s tartup excursions beyond 2,000 rpm; however, some 
d i f f icu l ty  was experienced i n  attempting t o  maintain a constant rotary speed. 

The d a t a  s e t s  used i n  Figure 

The conclusions drawn from the d a t a  i n  Figure 4-1 are  that  ( 1 )  ROP'S 

for bo th  b i t s  and rock types are very sensit ive t o  WOB, as i n  conventional 
dr i l l ing ;  and ( 2 )  increasing the rotary speed by reducing WOB while increas- 
i n g  the pump ra te  resul ts  i n  reduced ROP of  the STRATAPAX b i t  in limestone. 
No conclusion can be drawn from performance o f  the STRATAPAX b i t  versus t h a t  
for the roller-cone b i t  because of  differences i n  rock type, hardness, and 
abrasi veness. 

Turbodrill Performance 

Performance of the 5-3/8-inch ME1 turbodrill a t  Terra Tek appears 
consistent w i t h  previous bench (Phase I )  and shakedown testing. Pressure 

1 3  
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Table 4-1. Phase I1  Data Analysis R e s u l t s  (Cont inued) 

24 5 
252 
254 
261 

288 
295 
298 

Roc k / G i  t Type 
Noiiiinal Flow Rate 

" 559 
551 
558 
575 

570 
567 
590 

L i rnes tone/ STRATAPAX 
(250 gpm) 

L imestone/STRATAPAX 
(300 g p d  

' Flow 
Rate 
9 P'n 

. 258 
253 
2 59 
260 
26 2 
26 2 
261 
26 2 
261 
261 
261 
24 9 
250 
257 
259 
24 1 

Rotary 
Speed 
r pi1 

274 
430 
448 
485 
482 ' 

480 
480 ' 

485 
4 74 
4 70 
459 
234 
251 
269 
270 
54 2 

~~ 

Pressure 
Drop 

p s i  

1616 
1452 
1547 
1633 
1709 
1714 
1741 
1758 
1762 
1727 
1736 
1358 
1422 
1489 
1569 
1308 
1399 
1471 
1567 
1654 

2072 
21 79 
2252 

o u t p u t  
Torque 
f t -1  b 

670 
527 
563 
587 
61 4 

614 
621 
625 
620 
622 
614 
467 
491 
51 4 
538 

4 21 
443 
468 
495 
51 8 

663 
695 
71 5 

Mec ha t i  i c a 1 
Power O u t  

11 P 

35.0 
43.1 
48.0 
54.2 
56.3 
56.1 
56 -8 

57.7 
56 .O 

55.7 
53.7 
20.8 
23.5 
26.3 
2 7 . 7  
43.4 
47.1 
49.1 
52.6 
56.7 

72.0 
75.0 
80.3 

Hydra ul i c 
Power I n  

hlip 

243. 

214 .  
234. 
248. 
261. 
262. 
265. 
269. 
268. 
263. 
264. 
197. 
207. 
223. 
237. 
134. 
200. 
216. 
232. 
252. 

348. 
375. 
392. 

Overa 1 1 
Efficiency 
Power Out/ 

Power I n  

0.14 

0.20 
0.21 
0.22 
0.22 
0.21 
0.21 
0.21 
0.21 
0.21 
0.20 
0.11 
0.11 
0.1 2 
0.12 
0.24 
0.24 
0.23 
0.23 
0.23 

0.21 
0.20 
0.21 

NO B 
l b  

2 203 
361 5 
3630 
3680 
3883 
3986 
4028 
4048 
4063 
4054 
41 60 
1391 
1353 
1309 
1459 
1020 
1146 
1297 
1565 
I801 

I621 
1659 
I695 

RO P 
f t/ h r  

13.6 
37.1 
37.8 
38.3 
32.8 
33.2 
33.8 
38.1 
37.1 
40.1 
41 - 3  

6.8 
7.6 2 3; 

8.1 5 
8 . 5  ; 

c 
18.7 c 

19.7 
20.6 
21 .5  
22 .4  

26.6 
27.2 
27.7 

-- 



Tab le  4-1. Phase I1  Data A n a l y s i s  R e s u l t s  (Cont inued)  

fioc k/ G i t Type 
Noii i inal F l o ~  Rate 

Limes tone/ STRATAPA 
(300 gpm) 

Gran i  t e / R o l l  e r C o n t  
(1 50 QPm ) 

F1 ow 
Rate 

9 P”l 

. 302 

306 

305 

306 

305 

303 

303 

305 

305 

306 

145 

148 

147 

145 

149 
152 

152 

152 

151 

145 

154 

146 

146 

.---- 

R o t a r y  
Speed 

t- PI1 

58 1 

60 5 

59 9 

57 3 

58 3 

59 G 
461 

186 

28 

8 

378 

41 7 

383 

31 9 

21 5 
232 

255 

2 31 

248 

140 

3 50 

443 

59 5 

Pressure 
Drop 

p s i  

2341 

2395 

24 51 

24 58 

244 2 

2455 

244 7 

24 52 

244 0 

2466 

486 

530 

530 

52 5 

50 7 
50 1 
522 

520 

53 2 

469 

529 

51 2 

51 2 

--- 

Outptrt  

f t - 1  b 
Torque 

736 

7 60 

776 

786 

7 83 

7 78 

780 

784 
784 

790 

91 

108 

118 
135 

132 
137 

153 

149 

- 

158 

109 

132 

160 

149 

Nec ha n i c a 1 
Power Out 

11 P 

81.4 

87.5 

88.5 

85.8 

87.5 

88.3 

68.5 

27.8 

4.2 

1 .2  

6 .5  

8 .6  

8 .6  
8 .2  

5.4 

6.1 

7.4 
6.6 

7.5 

2.9 

8.8 

13.5 

16.9 

-- 

413. 

428. 

436. 

439. 

435. 

434. 

433. 

436. 

434. 

440. 

41 - 1  

45.8 

45.5 

44.4 

44.1 

44.4 
46.3 

46.1 

46.9 

39.7 

47.5 

43.6 

43.6 

- - - - - __ - - __ - - ___ 

O v e t - a l l  
E f f i c i ericy 
Power Out/ 

Power I n  

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.16 

0.06 
0.01 

0.00 

0.16 

0.1 9 

0.19 

0.18 

0.12 

0.14 

0.16 

0.14 

0.16 

0.07 

0.1 9 

0.31 

0.39 

. .__ 

- 

___ 

\.JOB 
l b  

1739 

1766 

1842 

1925 

1881 

196G 

1913 

1901 

1863 

1786 

3862 

6162 

6521 

71 14 

6498 

634 7 

6462 

684 0 

7238 

5374 
6424 

67 50 

71 78 

_ _  
-_-I- 

. ROP 

28.2 

28.5 

25.8 

29.0 

29.2 

29.4 

29.5 

29.7 

29.8 

29.9 

0.4 

0.6 

_ _  _ _ _  . --_ _-I 

0.7 ( 

0.9 

1 .o  
1 .1  
1 .2  

1.3 

1 .5  

1.6 
1.7 

13.1 

15.1 



Table 4-1. Phase I 1  Data Analysis Resul t s  (Coritiiiued) 

Rock/Bi t Type 
Noiriinal Flow Rate 

Grani te/Roll  er-Cone 
(150 gpm) 

Grani te/Roll  er-Cone 
(200 gpm ) 

Grani te/Rol l e r -  Cone 
(250 gpm) 

F1 ow 
Rate 
9 P"' 

. 152 

144 

191 
197 
197 
195 
197 
21 0 
21 0 
194 
197 
206 
198 
207 

239 
2 51 
2 58 
2 57 
24 0 
24 1 
24 1 
24 3 
2 53 

---- 

Rotary 
Speed 
r pn 

483 
520 

21 2 
35 
1 3  

34 3 
51 9 

3 57 
31 0 
544 
441 
423 
41 9 
261 

67 
21 1 
741 
31 6 
54 7 
4 38 
41 0 
3 09 
509 

Pressure 
Drop 

psi 

539 
487 

827 
787 

1004 
8 56 
94 1 

1017 
1024 
8 58 
87 1 
939 
951 
927 

1277 

1414 

1540 
1521 
1424 
1419 
1359 
1345 
1457 

o u t p u t  

f t -1  b 
Torque 

196 
163 

280 
21 9 
206 
359 
36 5 
466 
4 64 
31 4 
372 

' 406 
41 2 
430 

593 
61 8 
562 
61 4 
568 
534 
53 3 
54 8 
54 0 

Mec ha t i  i c a l  
Power O u t  

11 P 

18.0 
16.1 

11.3 
1 . 5  
0.5 

23.4 
36.1 
31.7 
27.4 
32.5 
31.2 
32.7 
32.9 
21.4 

7.6 
24.3 
79.3 
36.9 
59.2 
44.5 
41.6 
32.2 
52.3 

- 

--_I_ 

tiydraul i c  
Power I n  

h h p 

47.8 
40.9 

92.2 
90.5 

- . - _ _ _  . . . - 

115. 
97.4 

108. 
125. 
126. 
97.1 

100. 
113. 
110. 
1 1 2 .  

178. 
207. 
232. 
223. 
199. 
200. 
191. 
191. 
21 5. 

- - - - 

-- 

Overall 
Eff ic iency 
Power O u t /  

Po\Jer I 11 

0.38 
0.39 

0.12 
0.02 
0.00 
0.24 
0.33 
0.25 
0.22 
0.33 
0.31 
0.29 
0.30 
0.19 

0.04 
0.12 
0.34 
0.16 
0.30 
0.22 
0.22 
0.17 
0.24 

_----- 

I____-- 

\10 B 
1 b  

8320 
71 4 2  

12,863 
8352 

1 1 , 7 7 1  
4,750 
5,497 

10,131 
9,901 
3 ¶ 983 

- 

6,838 
6,196 
6,182 
6,303 

12,358 
'4 7 579 
14 225 
15,113 
13,374 
'1,17C 
10,307 
11,226 
'1,832 

_ -  

- 

RO P 
f t/  t1r 

13.7 
4 . 4  

1.8 
3 .O 
3 .O 

13 .6  
14.3 
16.1 
16.9 

5.7 
6.1 
7 . O  

7 .6  
8.1 

6 .5  
30.2 
40.7 
37.7 
50.1 
37 . O  
38.0 
38.0 
37.8 

- 



Tab le  4-1. Phase I1  Data A n a l y s i s  R e s u l t s  (Con t inued)  

Rock/ B i t Type 
Noii i inal F low Ra te  

G r a n i t e / R o l l  e r  - Con( 
(250 gpm) 

_- 

F1 ON 
Rate  

g P"' 

. 254 

2 58 

261 

261 

261 

238 
239 

R o t a r y  
Speed 
r Pn 

338 

2 56 

469 

274 

378 

141 
191 

Pres sii r e  
Drop 

p s i  

1466 

1481 

1512 

1523 

1527 

11 64 
1200 

o u t p u t  
Torque 
f t - 1  b 

599 

649 

597 

639 

621 

497 
487 

Nec ha t i  i c a 1 
Power 011 t 

11 P 

38.5 

31 .6 

53.3 

33.3 

44.7 

13.3 
17.7 

_ _  

~ 

Hydrau7 i c  
Power I n  

hhp 

217. 

223. 

230. 

232. 

233. 

162. 

167. 

Overa 1 1 
E f f i c i ency 
Power Out/ 

Power I n  - 

0.18 

0.14 
0.23 

0.14 

0.19 

0.08 

0.11 

RO P 
f t/ h r  

. ~ -  

37.9 

38.0 

38.0 

38.2 

38.3 

35.1 

42.4 

z 
E 
UQ 

rt 
CL a 
m 
0 

- 
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Figure 4-1. Dril l ing Performance of ME1 5-3/8 Inch Turbodrill 
a t  Terra Tek Dril l  i na  Research Laboratory 
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drops  across the turbine section ranged u p  t o  2,000 psi as before. 
responses of the turbodrill are  presented in Figure 4-2. 
torque d a t a  points in Table B-1 ( i n  Appendix B )  revealed a considerable 
amount of sca t te r  compared t o  previous t e s t  resul ts ,  the ranges of which 
are represented by the vertical brackets in Figure 4-2. The significant 
feature of the pairs of torque curves in Figure 4-2 i s  t h a t  in each case 
the measured torques were considerably higher-at  corresponding pump rates 
compared t o  previsus data obtained i n  Phase I because of more balanced 
thrust  bearing lo3ds from the application of b i t  weight. 
su l t s  can be found i n  the Final Report-Turbodrill Testing Project-Phase I 
published in July 1980. 
because t h e  required equipment t o  a p p l y  a x i a l  ?oads t o  the d r i l l  motor was 
n o t  a v a i l  a b l e .  

Torque 
Plotting the 272 

Phase I t e s t  re- 

Bit weight application was n o t  simulated in Phase I 

The d a t a  obtained a t  flow rates  of 250 and  300 gpm were selected for  
further analysis t o  allow comparison t o  previous t e s t  resul ts  from Phase I 
and shakedown bench t e s t s .  A comparison of turbodrill performance a t  rep- 
resentative operating conditions obtained in the several t e s t s  conducted 
with t h i s  motor i s  presented in Table 4-2. The turbodrill performance 
character is t ics  in Figures 4-3 and 4-4 were obtained from the resul ts  in 
Table 4-1. The values of mechanical power o u t p u t ,  hydraulic power input, 
and turbodrill overall efficiency appearing in Table 4-1 were calculated 
from the raw data in Appendix B ,  using the following standard equations for  
rotating hydraul ic  machinery: 

c 2Tl Power O u t  = 33,000 x (Torque' x (Rotary Speed) in horsepower, hp 

Power I n  = - x (Flow Rate) x (Total Pressure Drop Across Turbo- 1714 
d r i l l )  in hydriulic horsepower, h h p  

Power O u t  Overall Efficiency = Power I n  

The torque curves in Figures 4-3 and 4-4 a re  identical t o  the corres- 
ponding curves in Figure 4-2. The torque values are  considerably higher a t  
corresponding speeds and f l o w  ra tes  in th i s  t e s t  compared t o  Phase I due t o  
re l ie f  of the thrust  bearing pre-load with application of b i t  weight 
and ,  therefore, more balanced loading on the thrust  bearings and less  re- 
sistance t o  rotation. The total  pressure drops across the turbodrill ( O P T )  
shown i n  Figures 4-3 a n d  4-4 indicate A P ~  t o  be vir tual ly  independent o f  
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Table 4-2. Comparison o f  Flow-Through Bear ing Package 
Turbodr i  11 Performance t o  Design Val ues 
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Power 
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ro t a ry  speed f o r  a given flow ra te  as i n  the bench t e s t s  reported ea r l i e r  
i n  the Phase I Final  Report. 

The power developed by the turbodrill with the application of b i t  
weight a t  corresponding values of r o t a r y  speed i s  also higher than Phase I 
values because o f  higher developed torques. The overall efficiency values, 
however, remain approximately the same as those obtained i n  Phase I because 
of higher total  pressure drops across the turbodrill and the consequently 
higher hydraulic power required t o  drive the motor. 

The conclusion drawn from the analysis resul ts  i s  t h a t  b i t  and rock 
type seem to make l i t t l e  difference i n  performance of  the turbodrill i t s e l f ,  
based on the fac t  t h a t  in Figures 4-3 and  4-4, no trend o r  bias based on 
rock and b i t  type could be f o u n d  i n  the d a t a ;  i . e . ,  the d i s t r ibu tWdsca t t e r  
of  d a t a  points i n  those figures d i d  n o t  suggest any dependence of t u r b o d r i l l  
performance characterist ics on rock or b i t  type. 
peared ea r l i e r  in the ROP values in Figure 4-1. 

4.6 TACHOMETER PERFORMANCE 

The only differences ap- 

A f luid pulse tachometer u n i t  developed by ME1 and consisting of s i x  
blanked-off blades and vanes in the uppermost turbine stage was r u n  during 
the pre-Phase I1 t e s t  of the 5-3/8-inch turbodrill a t  Terra Tek on April 10, 
1979. In that  t e s t  the flow area in the f i r s t  stage was blanked-off (with 
epoxy material) from 40 t o  80 percent d u r i n g  each revolution ( s ix  blades and 
vanes o u t  of 15)  and the turbodrill was run on water. 
background vibration d a t a  on pump f luid pulse signals and harmonics were 
obtained along with frequency response d a t a  from the tachometer unit i t s e l f  
for analysis by Sperry Rand Research Center personnel. 
trum analyses were performed on s i t e  t o  determine wave form character is t ics  
t o  assess the f eas ib i l i t y  of developing surface processing and readout 
equipment for the downhole tachometer. 
dicated t h a t  the tachometer concept employed could produce detectable sig- 
nals. 
readout equipment could be developed. 

During the t e s t ,  

I n  addition, spec- 

Data obtained d u r i n g  the t e s t  in- 

Later analysis showed tha t  sui table  surface processing and real-time 
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5 .  PHASE I 1  TESTING 

Formal Phase I 1  t e s t i n g  o f  t h e  ME1 5-3/8- inch t u r b o d r i l l  was i n i t i a t e d  

on December 6, 1979 a t  t h e  Gearhart-Owen s i t e .  The d r i l l  motor made approx- 

i m a t e l y  23 f e e t  o f  h o l e  ( f r o m  657 t o  680 f e e t )  a t  p e n e t r a t i o n  r a t e s  between 

100 and 120 f e e t / h o u r .  T o t a l  r o t a t i n g  t i m e  on t h e  motor was about  one hour .  

A s p e c i a l  7-7/8- inch Reed Rock B i t  Company HP-SM-J "high-speed", t r i - c o n e  
r o l l e r  b i t  was used w i t h  maximum WOB of about  4,000 pounds. Maximum pump 

r a t e  was 315 gpm and r i g  f l o o r  l i n e  pressure  was 2,400 p s i .  The w e l l  had 

been reamed and precond i t ioned f o r  two days as p a r t  o f  p r e - t e s t  a c t i v i t i e s  

t o  remove sloughed c l a y  b r idges  and d e b r i s  f rom t h e  w e l l .  Other than t h i s  

a c t i v i t y ,  t h e  w e l l  had n o t  been entered f o r  over  a y e a r  p r i o r  t o  t h i s  t e s t .  

Rate-of -penetrat ion performance data ob ta ined on t h e  d r i l l  i n g  r i g  a t  

Gearhart-Owen c o n s i s t e d  o f  p e n e t r a t i o n  r a t e s  versus WOB w i t h  pump r a t e  and 

r o t a r y  speed as parameters. 
on these f o u r  v a r i a b l e s .  

format ion p r o p e r t i e s  a r e  among o t h e r  parameters t h a t  can i n f l u e n c e  ROP per-  

formance o f  t h e  t u r b o d r i l l ,  b u t  t h e i r  e f f e c t s  were n o t  eva lua ted  i n  t h i s  
p r o j e c t  . 

D r i l l i n g  o r  ROP performance was eva lua ted  based 
Rock type, b i t  type, b i t  s i z e ,  mud p r o p e r t i e s ,  and 

T e s t i n g  on December 6 was terminated premature ly  due t o  sudden f a i l u r e  

of  t h e  lowest  r a d i a l  r o l l e r  bear ing  i n  t h e  b e a r i n g  package and subsequent 
lock ing-up  o f  the  motor i n  t h e  ho le .  Teardown o f  t h e  t u r b o d r i l l  revea led  

no v i s i b l e  damage t o  any p a r t s  o t h e r  than one locked-up r a d i a l  bear ing .  I n  

t h a t  b e a r i n g  the  i n d i v i d u a l  r o l l e r s  were skewed, and t h e  r o l l e r  cage was 

t w i s t e d  and deformed. A l l  o t h e r  bear ings, races, spacers, and sleeves were 

observed t o  b e  i n  e x c e l l e n t  c o n d i t i o n .  There was a l s o  no evidence of  burn  

marks on any p a r t s  due t o  o v e r h e a t i n g  o r  overspeed o f  t h e  t i r b i n e  and t h e  

tachometer u n i t  was i n t a c t .  I n  a d d i t i o n ,  t h e r e  was no evidence o f  p lugging-  

of f  o f  f low through t h e  b e a r i n g  pack, a l though b u i l d u p  o f  some s o l i d s  was ob- 

served around t h e  uppermost r a d i a l  bear ing .  Apparent ly ,  t h i s  m a t e r i a l  d i d  
n o t  a f f e c t  o p e r a t i o n  o f  t h a t  bear ing.  

i t e  from t h e  d r i l l i n g  mud i n  t h e  motor.  

c 

There was no accumulat ion o f  benton- 
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Phase I1  testing of the turbodrill was continued from January 21 t o  25 ,  
1980 with two 5-3/8-inch turbodril ls  on hand.  Prior t o  resumption o f  t es t -  
ing the mud p i t s  were dredged o u t  t o  an  average depth of eight t o  10 fee t .  
T h e  mud, made u p  o f  fresh water and bentonite, was cleaned and  verified re- 
peatedly t o  be vir tual ly  free [one par t ic le  detected on 200-mesh sieve) of 
any mud solids (par t icular ly  sand and other d r i l l  cut t ings) .  Marsh funnel 
viscosity of the mud was 34 sec (pure water i s  approximately 33 sec) .  
t o  turbodrill testing, an additional 15 fee t  of hole were dr i l led conven- 
t ionally for well cleanup ( to t a l  d e p t h  was 672 feet  a t  s tar t  of  t e s t ) .  

Prior 

On  January 23 ,  the f i r s t  turbodrill was rotated a t  the surface for s ix  
minutes a t  a pump ra te  of 150 t o  200 gal/min t o  break i t  away prior t o  t r i p -  
ping in the hole. 
check measure prior t o  d r i l l ing .  
and made a total  of f ive t o  s ix  feet  of hole ( a t  penetration rates  from 80 
t o  90 feet/hour).  Conventional ro t a ry  dr i l l ing  rates experienced in the 
past i n  the existing 650 foot well a t  Gearhart-Owen using a 9-7/8-inch Hughes 
Tool Company milled steel-tooth ro l le r  b i t ,  Type OWV-3, were in the neighbor- 
hood of 10 t o  1 2  fee t  per hour a t  45 rpm with 20,000 pounds WOB. 
comparison of d r i l l i ng  rates  can be made because of different  d r i l l  b i t  
sizes.  This motor ran a total  o f  approximately 30 minutes when i t  locked- 

up .  
almost 2,000 pounds. 
motor; however, a f t e r  several fa i led,  the  decision was made t o  pull the 
f i r s t  motor, transport i t  t o  ME1 in Houston, and tear  i t  down t o  determine 
the cause of fa i lure .  

The procedure was repeated five fee t  off bottom as a 
On bo t tom,  the motor dr i l led intermittently 

No d i rec t  

The pump ra te  t o  the motor a t  t h a t  point was 230 gal/min with WOB of 
Repeated attempts were made t o  r e s t a r t  the d r i l l  

After tripping out of the hole, i t  was observed t h a t  some d r i l l  pipe 
scale was collected in the basket cones. The basket cones are  sheet metal 
cones perforated with small holes t o  catch loose debris that  might get 
pumped down the d r i l l  pipe accidentally. T h e  purpose i s  to  keep th i s  debris 
o u t  of the d r i l l  b i t  j e t  nozzles and n o t  cause the b i t  t o  "ball-up" downhole 
There were three cones in t h i s  case placed in separate d r i l l  co l la r  jo in ts .  
A service company was contacted t o  " r a t t l e "  the d r i l l  pipe free o f  scale be- 
fore proceeding with running the second turbine in the hole. 
r a t t l i ng  operation, large amounts o f  scale ( r u s t )  were removed from the d r i l l  
pipe and d r i l l  col lars .  Prior t o  running the motor, the d r i l l  s t r ing was run 
into the t e s t  well, and mud pumped t h r o u g h  i t  to  remove scale par t ic les  re- 
maining in the d r i l l  p ipe  and col lars .  

During the 
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The second 5-3/8-inch turbodri l l  was r u n  on January 25. The turbine 
began ro ta t ing  with a c i rcu la t ion  r a t e  of approximately 105 gpm. The WOB 
was increased as  the c i rcu la t ion  r a t e  was increased t o  250 gpm. With 3,000 
t o  4,000 pounds on the b i t ,  the  tachometer indicated t h a t  turbine speed was 
approximately 2,000 rpm. W i t h  weights of 3,000 t o  5,000 pounds, a c i rcu la-  
t ion r a t e  of  273 gpm resulted i n  a turbine speed o f  2,600 rpm. However, as  
the weight was increased slowly, the turbodri l l  s t a l l e d  consis tent ly  a t  a 
threshold of  6,000 to  7,000 pounds.  
mud pressure dropped 200 to  300 psi .  
during t h i s  t e s t  r u n .  The turbine motor ran for  a to ta l  of 2-1/4 hours. A t  
t h a t  point, i t  locked u p  and was a l s o  sen t  t o  ME1 in Houston f o r  teardown 
and inspection. Both t u r b o d r i l l s  r u n  a t  Gearhart-Owen contained the b u i l t -  
1 n t a c r o : ~ e t e r  ?ii- - . 

When the turbine s t a l l e d ,  the c i rcu la t ing  
Approximately 73 f e e t  of  hole were made 

The f i r s t  5-3/8-inch turbodri l l  r u n  a t  Gearhart-Owen on January 23, 
1980, was torn down a t  MEI's assembly f a c i l i t y  in Houston and the findings 
a r e  as  follows: 

0 The lowest and uppermost radial r o l l e r  bearings f a i l e d ,  
the outer races were cracked open i n  b o t h  cases.  The 
r o l l e r  cage in the lowest radial  bearing was bent and ex- 
t ruded  i n  par t  between two r o l l e r s .  Two r o l l e r s  i n  t h a t  
bearing were broken. Other par t s  of the uppermost radial 
bearing were i n t a c t .  

0 The equivalent of about one level teaspaon of granular,  
d r i l l  pipe scale, or rust (about  the size of f i n e  beach 
sand) was removed from inside the bearing package housing 
and internal par ts .  

0 Elements o f  the tachometer un i t  were i n t a c t .  The turbine 
rotor  rotated f r e e l y .  

r) The thrus t  bearings d i d  exhibi t  some deformation of the 
r e l a t i v e l y  s o f t  copper a l loy r o l l e r  cage material along 
the leading edges of r o l l e r  contact .  

0 All other  internal par ts  appeared normal. There was no 
evidence of overheating or overspeeding. 

Results of tear ing down the bearing package of the  second 5-3/8-inch 
turbodri l l  r u n  a t  Gearhart-Owen a r e  a s  follows: 

9 Lower thrus t  bearing fa i led  because of excessive loading 
due most 1 kely t o  hydraul i c  downthrust o f  the turbine.  
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All radial ro l l e r  bearings appeared in tac t .  

Some very finely ground solid material was found in t h e  
bearing package. However, i t  had t o  be rubbed between 
the fingers t o  detect the presence of solids.  

The Reed roller-cone b i t  failed due t o  motor overspeeding. 
One roller-cone, f i l l ed  with grease and  mud, was frozen in 
place. Another was also f i l l e d  with grease and mud b u t  
was half-frozen. The third rotated freely b u t  the seal 
was destroyed. 

The conclusion drawn from the above observations and those made ea r l i e r  
a f t e r  the f i r s t  Phase I1  attempt in December 1979 i s  t h a t  c lear ly  the flow- 
th rough  bearing turbodrill cannot be run with water-based mud or even dir ty  
water. 
required t o  d r i l l  long methane drainage boreholes on the order of 1,000 t o  
2,000 fee t  into shallow coal seams. However, i t  should be noted t h a t  the 
lower thrust bearing fa i lure  was probably due in p a r t  t o  the formation being 
dr i l led so f a s t  t h a t  the hydraulic d o w n t h r u s t  was greater t h a n  the upward 
thrust  due t o  the WOB, and did n o t  allow the thrust  bearing assembly t o  
function according t o  design. 

The present design will not allow i t  t o  work for the extended periods 

Wear measurements on the parts designated prior t o  testing were n o t  ob- 
tained by ME1 a f t e r  teardown of the turbodri l ls  following Phase I1 testing. 
As a resu l t ,  no determination of wear ra tes  or assessment o f  tool repair re- 
quirements has been made. 

During the f i r s t  attempt t o  r u n  the 5-3/8-inch turbodrill on dr i l l ing  
mud in Phase I1  a t  Gearhart-Owen on December 6,  1979, the tachometer unit 
installed in the turbine section (40  t o  80 percent blank-off r a t i o )  did n o t  
produce discernible signals t o  indicate turbodrill r o t a r y  speeds a t  the sur- 
face from 657 t o  680 fee t  in the hole. 
accumulators (desurgers) were installed in the flow l ine  from the Dowel1 
pump truck t o  the dr i l l ing  rig t o  damp o u t  mud pump surges. 
charges on the desurgers (1,600, 1,300 and 1,000 psi, respectively, moving 
from the pump truck t o  the r ig  (see Figure 3-1)) were designed t o  ensure 
smooth operation since mud pump discharge pressure averaged 2,800 psi ,  and 
mud pressure in the standpipe on the r ig  floor was 2,400 psi. 
averaged 9.0 pounds per gallon and contained a cmsiderable amount of  ben- 
toni te  and some additional conditioning chemicals t o  build u p  gel strength. 
Failure t o  detect tachometer signals a t  the surface could n o t  be explained 
based on information available a t  t h a t  time. 

A t  t h a t  time, three Hydrodyne bladder 

The nitrogen 

Mud weight 
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When Phase I1  t e s t i n g  resumed w i t h  t h e  f i r s t  o f  two 5-3/8- inch motors 

a t  Gearhart-Owen on January 23, 1980, t h e  tachometer u n i t  d i d  n o t  produce 

c o n s i s t e n t  s i g n a l s  t o  r e p o r t  speed downhole. 

t o  be a s i g n a l  i s o l a t e d  a t  about  800 rpm. However, s t r o n g  harmonics (one 
a t  about  1,600 rpm) obscured t h e  p r imary  response. 

t h e  t h r e e  desurgers were checked seve ra l  t imes t o  ensure proper  performance. 

A t  one p o i n t  t h e r e  was though t  

The n i t r o g e n  charges on 

The second 5-3/8- inch motor was r u n  on January 2 5 .  Wi th  a c i r c u l a t i o n  

r a t e  o f  250 ga l /m in  and 3,bi10 t o  4,000 pounds WOB, t h e  tachometer i n d i c a t e d  

t h a t  t u r b i n e  speed was 2,000 rpm. I n c r e a s i n g  t h e  mud c i r c u l a t i o n  r a t e  t o  

273 gpm ( w i t h  b i t  weights  o f  3,000 t o  5,000 pounds) r e s u l t e d  i n  a t u r b i n e  
speed o f  2,600 rpm. 
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6.  CONCLUSIONS 

The f o l l o w i n g  conclusions were drawn f r o m  Phase I 1  t e s t i n g  o f  the  

5-3/8-inch t u r b o d r i l l  : 

Pre-Phase I 1  t e s t i n g  i n  the D r i l l i n g  Research Laboratory 
a t  Terra Tek demonstrated t h a t  t he  5-3/8-inch t u r b o d r i l l  
i s  capable o f  d r i l l i n g  i n  g r a n i t e  a t  r a t e s  i n  the  range 
o f  30 t o  50 feet /hour  w i t h  a standard ro l l e r - cone  rock  
b i t  and 30 t o  40 feet /hour  us ing a STRATAPAX b i t  i n  l ime-  
stone. 

The t u r b o d r i l l  tachometer developed by ME1 funct ioned, 
and i t  can be i n teg ra ted  i n t o  an ins t rumenta t ion  system 
t o  monitor r o t a r y  speed from downhole i n  a w e l l .  
based on performance observed, the  accompanying surface 
readout equi pment needs t o  be developed f u r t h e r .  

However, 

The ob jec t i ves  o f  t h i s  phase o f  the t e s t  p r o j e c t  were o n l y  
p a r t i a l l y  accomplished. 
ta ined were i n d i c a t i o n s  o f  p o t e n t i a l  d r i l l i n g  ra tes .  

The on ly  s i g n i f i c a n t  data ob- 

The 5-3/8-inch t u r b o d r i l l  tes ted  a t  Gearhart-Owen e x h i b i t e d  
a tendency toward opera t iona l  i n s t a b i l i t y ;  t h a t  i s ,  i t  
would e i t h e r  run  a t  speeds i n  excess o f  2,000 rpm w i t h  l i t -  
t l e  WOB, o r  i t  would s t a l l  c o n s i s t e n t l y  as moderate b i t  
weights (6,000 t o  7,000 pounds) were app l ied  t o  decrease 
the  r o t a r y  speed. 

Evaluat ions based on observat ions made du r ing  the  th ree  
teardowns i n  Phase I1 t e s t i n g  i nd i ca ted  t h a t  the  f low-  
through bear ing package t u r b o d r i l l  cannot be run  on a 
water-based mud o r  even water o f  t h e  q u a l i t y  t y p i c a l l y  
used f o r  d r i l l i n g  w e l l s  i n  the  f i e l d .  However, i t  should 
be noted t h a t  the  lower t h r u s t  bear ing f a i l u r e  was probably 
due i n  p a r t  t o  t he  f a c t  t h a t  t he  fo rmat ion  was d r i l l e d  SO 
fas t  t h a t  the  hyd rau l i c  downthrust was grea ter  than the  
upward r e a c t i o n  fo rce  due t o  the  WOB, and d i d  n o t  a l l ow  the  
t h r u s t  bear ing assembly t o  f u n c t i o n  according t o  design. 

The present design w i l l  no t  sus ta in  opera t ion  f o r  t he  ex- 
tended per iods requ i red  t o  d r i l l  l ong  methane- drainage 
boreholes on the  order  o f  1,000 t o  2,000 f e e t  i n t o  shal low 
coal seams ( a t  depths o f  b u r i a l  l e s s  than 2,500 f e e t ) .  
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7. RECOMMENDATIONS 

The major problem areas i n  the turbodrill (design, mechanical, and 
operational ) have been suff ic ient ly  identified t o  warrant recommendation 
tha t  formal turbodrill tes t ing project be terminated a t  t h i s  time. Perform- 
ance of the turbodrill t o  date does n o t  warrant  additional government e f fo r t  
for f ie ld  tes t ing units u n t i l  viable bearing/main pressure seals are devel- 
oped and demonstrated t o  be effective i n  a t  l eas t  a laboratory environment. 
This work i s  reportedly being pursued i n  a separate project. 

This recommendation i s  based on t u r b o d r i l l  performance exhibited in the 
tes t ing reported i n  the Phase I Final Report, Phase I1 f ie ld  tes t ing re- 
s u l t s ¶  and the conclusions presented i n  Section 6 .  A summary follows: 

0 In  the three recent fa i lures  o f  the t u r b o d r i l l  flow-through 
bearing package d u r i n g  f ie ld  testing a t  Gearhart-Owen, the 
bearings fai led i n  a l l  three cases. 

0 The flow-through bearing package turbodrill i n  i t s  present 
configuration cannot run for the periods tha t  would be re- 
quired t o  d r i l l  long, horizontal methane drainage borehol es. 
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APPENDIX A 

PHASE I1 TEST PLAN 

The appendix contains the Test Plan t h a t  governed a l l  ac t iv i t i e s  during 
Phase I1 testing a t  Gearhart-Owen Industries in For t  Worth, Texas. 

The Plan was reviewed and approved by project participants prior t o  
in i t ia t ion  of Phase I1 testing. 

The Plan contains planning background discussion, project objectives, 
description o f  t e s t  equipment and f a c i l i t i e s ,  roles and responsibi l i t ies  of 
participants, t e s t  procedures, and  scheduling. 
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1 .c) INTRODUCTION 

This document presents the plan f o r  i n i t i a l  f ie ld  testing of the 5-3/8 
inch diameter turbodrill downhole motor manufactured by Maurer Engineering Inc.  
(MEI) under Contract No. EY-77-C8093 for the Department of Energy ( D O E ) ,  
Morgantown Energy Technology Center (METC).  The plan addresses Phase I1 o f  
the tes t ing project established t o  determine operability and performance 
characterist ics of the turbodrill in a f ie ld  environment. Phase I1 testing 
will be conducted a t  Gearhart-Owen Industries, Inc. ( G O )  located in F o r t  
Worth, Texas. The plan also s ta tes  requirements and presents procedures t o  
determine wear characterist ics under operating conditions using a d r i l l ing  r ig .  
Organization of the p l a n  i s  described by the Table of Contents. 

1 . 1  B A C K G R O U N D  

I n  one of many ac t iv i t i e s  aimed a t  increasing reserves and production of 
fossi l  energy, the DOE i s  exploring the application of downhole dr i l l ing  
motors and directional d r i l l i ng  techniques in coal bed methane drainage and 
well d r i l l ing  operations t o  improve efficiency and reduce dr i l l ing  costs. 
The Maurer Engineering 5-3/8 inch diameter flow-through model turbodri l l ,  
shown schematically in Figure 1 - 1 ,  incorporates several advanced design 
features : 

0 High  efficiency turbine blade design, providing greater 
torque with fewer stages and lower driving f luid volume 
t h r o u g h p u t  compared t o  other downhole d r i l l  motor designs 

0 High  load capacity ro l l e r  thrust bearings, permitting 
greater b i t  weights (weights applied t o  the b i t )  and 
improved penetration rates 

A major advantage of the turbodril l  i s  low d r i l l  s t r ing  and casing wear (due 
t o  minimal rotation requirements) which resul ts  in increased dr i l l ing  rates 
and smoother operation due t o  decreased chances for  "twist-offs" and other 
potential problems, such as "key-seating" of the d r i l l  pipe during directional 
dr i l l ing  operations. Another advantage of turbodril ls  i s  the  pbtential f o r  
significantly greater power transfer t o  the rock-bit interface f o r  rock 
cutting compared t o  conventional ro t a ry  dr i l l ing  equipment. Present-day 
ro t a ry  dr i l l ing  equipment iS limited in horse7ower deliverable t o  the workinc 
rock face. 

- 
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F i g u r e  1 - 1 .  T u r b o d r i l l  - Flow-Through B e a r i n g  Package  
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Baseline performance determination a n d  wear testing t o  ascertain opera- 
ting a n d  durabili ty characterist ics h a v e  been done in Phase I of the testing 
project. Phase I 1  testing described in th i s  plan will determine b o t h  s t ra ight-  
hole and  directional dr i l l ing  performance characterist ics under f ie ld  opera- 
ting conditions penetrating previously dr i l led formations whose characterist ics 
are well known t h r o u g h  the avai labi l i ty  of good offset  well d a t a .  Phase I11 
of the testing project will demonstrate b o t h  straight-hole and directional 
dr i l l ing  capabili ty a t  a f ie ld  s i t e  d r i l l i ng  i n t o  formations whose properties 
are n o t  well known a p r ior i .  The objective will be t o  place a methane drain- 
age borehole in a horizontal coal  seam. The specific f ie ld  s i t e  for Phase 11'1 
has n o t  yet  been selected. 

The baseline d a t a  (determined in Phase I )  provide performance charac- 
t e r i s t i c s  against which t o  assess t h e  d a t a  resulting from subsequent. f i e l d  well  
d r i l l ing  t e s t s .  Wear a n d  other degradation information were obtained t o  aid 
estimation of preliminary t o o l  mai.ntenance requirements and component l i f e  
expectancy for operational planning. I n  the past ,  turbodril ls  have received 
limited application due primarily t o  bearing and seal l i f e  limitations. 

1 . 2  OBJECTIVES 

The purpose of th i s  Test Plan i s  t o  provide coordinated planning, present 
t e s t  requirements detail t e s t  procedures, and furnish supporting information 
for tes t ing t h a t  will determine performance and wear characterist ics of the 
Maurer Engineering 5-3/8 inch turbodrill in a downhole dr i l l ing  mode. 

Objectives o f  Phase I1 testing are: 

0 To determine the dr i l l ing  rate ( d r i l l  b i t  pene t ra t ion  ra te )  
as a function of bit-weight (vertical  force applied t o  the 
b i t )  
turbodri 11 . 
will be conventional dr i l l ing  mud. ( B o t h  rpm and torque and, 
consequently, power developed by the turbodrill will be functions 
of mud flow ra t e . )  

0 To demonstrate operational compatabi 1 i t y  of the turbodri 11 
with conventional diamond b i t s  and STRATAPAX b i t s  and t o  
evaluate b i t  performance 

borehole mud pressure and mud flow rate  th rough  the 
The ci rcul a t i  n g  f l  u i  d ( d r i  11 i n g  f l  ui d )  used 
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0 T O  ascertain wear characterist ics o f  b o t h  thrust  and  radial bearinqs 
in downhole operation under axial and la teral  load conditions t o  
be used in determining component service 1 i f e  expectancies (time 
intervals between required d r i l l  ing motor changeovers or substi tutions) 

0 To document any a d d i t i o n a l  observations important t o  establishing 
tool changeover requirements in f i e ld  operation 

0 To gain f i e ld  experience in using the Maurer Engineering 5-3/8 inch 
turbodrill on a conventional, oil  f ie ld  dr i l l ing  r ig  t o  aid operators 
in optimizing application of turbodril ls  

1.3 SCOPE 

This Test P l a n  controls a l l  Phase I1 ac t iv i t i e s  of the ME1 5-3/8 inch 
turbodrill tes t ing project on an o i l f i e ld  d r i l l i ng  r ig  a t  the Gearhart-Owen 
Industries, Inc. plant in Fort  Worth, Texas. 

1-4 
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2 .0  TEST R E Q U I  REllENTS 

Test procedures and  operations shall be designed and implemented t o  
provide d a t a  t o  determine the operational and wear characterist ics o f  the 
turbodrill i n  f i e ld  use. 
t o  sustained operation of  the turbodrill will be observed, measured, a n d  
recorded t o  the extent required t o  determine design adequacy and  service 
requirements for  f ie ld  application. 
of  turbodril l  operating performance and  service l i f e  expectancy in f ie ld  
use i s  required. 

Wear a n d  other degradation of  components c r i t i c a l  

As part o f  th i s  e f f o r t ,  an assessment 

Test requirements reflecting the above general objectives are specified 
i n  th i s  section. Designated responsible personnel, equipment requirements, 

I 

pre-test requirements, a n d  safety considerations a l o n g  w i t h  other t e s t  conditions, 
procedures, and d a t a  requirements are s ta ted.  
fying the t e s t  requirements are presented i n  Section 5 .  

Detailed procedures for s a t i s -  

2 .1  PERSONNEL 

Planning and  implementation of the t e s t s  require a coordinated e f f o r t  
These organizations shall function in the between METC, MEI, G O ,  and TRW. 

capacities l i s ted  below. 
shall be the point of contact for purposes of th i s  t e s t ,  contractual matters 
excl uded. 

The individuals noted, or a designated al ternate ,  

Test Control 1 e r  

Test Di rector 

. Test .Conductor 

Test Advisor 

H. D .  Shoemaker, Assistant Manager 
Methane Recovery from Coal beds Project 
Morgantown Energy Technology Center of DOE 

R .  S.  Ottinqer, Acting Manager 
Methane Recovery from -Coal beds Project 
TRN Energy Systems Group 

A. M. Gearhart, President 
Gearhart-Owen Industries , Inc. 

W. C. Maurer, President 
Maurer Engineering Inc. 

The t e s t  crew provided by ME1 shall act  primarily i n  an advisory capacity 
relating t o  t e s t  operations on the t u r b o d r i l l  i t s e l f  i n  accordance w i t h  t e s t  
procedures approved by METC. 

TRA' will subcontract a directional d r i l l e r  from Eastman \!hipstock 

who i s  knowledgeable in the use of downhole turbines. His function will be 
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twofold: act  as directional d r i l l e r  a t  GO and  provide operational, hands-on 
expertise t o  TRW on s i t e .  

2 . 2  TEST EQUIPMENT A N D  FACILITIES 

The t e s t  f a c i l i t i e s  will be provided, operated, and maintained by Gearhart- 
Owen. This will include the dr i l l ing  rig, well s i t e ,  conventional mud and  
mud storage tanks, tubular goods and cement, regular single-screen (40-50 mesh) 
shale shaker, cuttings disposal area (mud p i t )  , and ancil lary support f a c i l i t i e s .  
The mud pump and  drive will be rented directly by. ME1 under DOE contract. 
GO will provide dr i l l ing  rig operational a n d  supervisory personnel. 

The turbodrill shall be furnished, transported, prepared for tes t ing,  
serviced/maintained, and deactivated by MEI. ME1 will provide and operate 
the assembly tools and equipment (hydraulic assembly stand).  
d r i l l ing  fluid solids control service and  equipment (fine-screen shale shaker a n d  
/or d e s i l t e r )  for turbodrill testing a t  GO. 
operate instrumentation and related equipment i n  GO'S plant. All required 
tu rbodr i  11 spare parts wi 11 be provided by ME1 under separate contractual 
arrangement wi t h  METC. 

ME1 will provide 

ME1 will a l s o  provide and i n s t a l l /  

Equipment and operating requirements not specifically defined shall be 
provided by ME1 and GO by mutual agreement determined before testing begins. 
TRW will provide planning for a l l  t e s t  operations. 
support as specified in Section 4 .  TRW shall determine t e s t  readiness and 
verify that  a l l  pre-test requirements have been f u l f i l l e d  prior t o  t e s t .  
METC shall have f ina l .  approval of  a l l  plans and procedures. 

ME1 will provide technical 

c 

Test and t e s t  support requirements i ncl ude the fol 1 owing i terns : 

Breakout u n i t  and associated equipment 
Trucking t o  Fort  Worth and logis t ics  o f  a l l  required 
assembly tools and equipment 
Drill b i ts  (See Section 4 )  
Stabil izers (Optional w i t h  6-1/2 inch b i t s )  
1 - 1 / 2 O  Bent sub 
Interconnecting hardware (subs) 
Fud pump and drive engine 
Recorders and other associated t e s t  equipment 
Instrumentation - generally items installed 
on ME1 equipment o r  provided t o  measure/record 
turbodri 11 operating parameters 
Turbodri 11 spare parts (Provided under separate 
METC contract t o  MEI) 
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- Downhole tachometer u n i t  (Developed under separate 
con t r a c t )  

- Double-screen (60-80 mesh) shale shaker or des i l te r  
t o  be used with GO provided standard shale shaker 
(See Section 4 )  

- Rental o f  TOTCO dr i l l ing  rate indicator a n d  recorder 
GO - Drilling r i g  a n d  well s i t e  

- Drill pipe, casing, a n d  cement 
- Conventional d r i l l  col1 ars 
- Monel d r i l l  c o l l a r ( s )  
- Mud a n d  cuttings disposal p i t  
- Mud piping and  v a l v i n g  
- Regular (40-50 mesh) shale shaker 
- Instrumentation - generally items installed on 

GO equipment o r  provided t o  control/record mud flow 
TRV - Eastman Whipstock directional d r i l l e r  (service 

provided i ncl udes instrument ki t ,  a n d  w i  re 1 i ne running 
gear for obtaining bottomhole survey locations d u r i n g  
directional d r i l l i n g  operations) 
Any requi red mud conditioning cherni cal s or rep1 acement 
of mud l o s t  from the GO mud circulation system as a 
resul t  of th i s  testing ac t iv i ty  

- 

2.3 TEST PREREQUISITES 

2.3.1 Instrumentation Calibration and  Certif ication 

Flow rate  and pressure instrumentation and display equipment used in 
these t e s t s  will be calibrated according t o  accepted, standard industrial 
procedures by the supplier prior t o  delivery t o  the t e s t  f a c i l i t y .  
cation stickers s ta t ing date, responsible party, duration of cer t i f icat ion,  
and standards used shall be affixed t o  each instrument. 

Cert i f i -  

2.3.2 Prerequisite Testing 

The requisite formal testing of the turbodrill has already been 
completed under Phase I o f  the t e s t  project. 

2.3.3 Test Setup and Readiness 

The turbodrill and a l l  t e s t  equipment and support requirements will be 
verified ready t o  support testing prior t o  s t a r t  o f  t e s t  operations. 
participants shall verify readiness, a n d  TRW shall conduct a t e s t  readiness 
review prior t o  t e s t .  
tion of the Test Director or his designated representative. 

Test 

No operation shall be started without specific direc- 
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2 . 4  SAFETY 

Test personnel shall s t r i c t ly  adhere t o  published safety practices in 
accordance w i t h  the documents and di recti ves of the organi zati ons 1 i sted 
below: 

0 OSHA safety regulationslstandards 
0 C i t y  of  Fort  Worth Electrical Code 
0 

0 

Gearhart-Owen Health and Safety Manual 
Safe Practices i n  Drilling Operations (API Recommended Practices - 2010) 

Safety hazards associated with the planned turbodri 11 operations involve 
high pressures, rotating heavy equipment, and  electric shock. Appropriate 
controls and safeguards for  these hazards a re  documented above. 
planning and operations shall be done cognizant of these safety requirements. 
Especially hazardous or unusual situations shall be noted during tes t  opera- 
tions prior t o  commencement of  testing act ivi t ies .  
measures shall be the responsibility o f  the Test Conductor*: the d r i l l e r  
shall assure compl iance with safety precautions and approved controls and 
safeguards during tes t  operations. 
t o  ha1 t t e s t  procedings in the event an unsafe working condition exists. 

All t e s t  

Instituting corrective 

The Test Director has standing authority 

2.5 TEST OPERATIONS 

Test operations shall be performed as described herein. They are 
designed t o  satisfy the tes t  requirements described in this  section. 

The t e s t  procedures presented in Section 5 are designed t o  obtain d a t a  
in an orderly manner with d a t a  logged/recorded as each step/event occurs. All 
procedures, including those for emergency operations, shall be carried o u t  by 
the Test Conductor and approved by the Test Director.* Handwritten procedures 
developed during the course of a t e s t  due t o  unforeseen diff icul t ies  are 
acceptable, b u t  must have Test Director approval pr ior  t o  implementation. 

The dr i l le r  (responsible individual on the dril l ing r ig)  shall be in 
charge of the operation and maintenance o f  the dril l ing r ig ,  associated 
equipment, and the rig operating crew. 
i n  a l l  matters relating directly t o  turbodrill maintenance and operations. 
Setting 
the Test Director. However, concurrence of .the Test Advisor, Conductor ,  and 
Director i s  requi red.  

The Test Advisor* shall be responsible 

of the tes t  conditions specified in Section 5 i s  the responsibility of 

*See Section 4 - Roles and  Responsibilities 
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I n  emergency situations or i f  unsafe conditions or equipment damage i s  
imminent, and  where time i s  of the essence, the d r i l l e r  shall assume a single 
p o i n t  o f  command, take appropriate actions, a n d  report his actions t o  tbe Test Dir- 
ector as soon as practical .  
procedures occurs, a written report shall be made t o  the Test Director a f t e r  the t e s t  
i s  terminated. I n  the event of a procedural error o r  an unplanned t e s t  
interruption, Test Advisor, Test Director, a n d  d r i l l e r  agreement must be 
obtained pr ior  t o  error correction or t e s t  res ta r t .  

I n  the event t h a t  deviation from previously approved 

Moni tor ing  t u r b o d r i  11 speed downhole d u r i n g  Phase I1 testing i s  impor t an t  
t o  the extent t h a t  the t e s t  may be suspended by the Test Director i n  the 
event of ma1 function of the tachometer unit. 

The dr i l l ing  rig operator ( G O )  will be responsible for  maintaining 
proper mud properties d u r i n g  the course o f  tes t ing.  
properties w i l l  be coordinated on a c o n t i n u i n g  basis w i t h  the Test Advisor 
(ME11 and  Test Director (TRW). 

Determination o f  mud 

Successful t e s t  procedure completion i s  established when a l l  required d a t a  
have been acquired and are verified t o  be in apparent good order. 

2.6 DATA REQUIREMENTS 

Expected t e s t  parameters, other required d a t a ,  and required instrument 
response character is t ics  are covered i n  the Test Procedures i n  Section 5 .  

One copy of the Test Procedures, Section 5 o f  th i s  Test Plan, shall be 
designated the "Data Master Copy." 
tions, and other annotations shall be made on t h i s  master copy t o  help avoid 
recording errors and omissions and t o  assure accurate, precise, and complete 
t e s t  data use and reporting. 

Data en t r ies ,  record of procedural devia- 
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3.3  TEST STRATEGY 

An overview of  the t e s t  strategy, rationale,  a n d  planned testing 
ac t iv i t ies  i s  presented i n  th i s  section. Detailed procedures a n d  t e s t  
conditions are described i n  Section 5 .  

3.1 TEST DESCRIPTION AND STRATEGY ELEMENTS 

The t e s t  i s  described i n  the form o f  specific strategy elements 
designed t o  achieve the t e s t  objectives stated i n  Section 1 . 2 :  

0 Verify prior t o  t e s t  operations t h a t  instrumentation and 
recording equipment meet prescribed requirements and  t h a t  
calibrations are v a l i d  for  the t e s t  period. 
and  post-test  calibrations , where appropriate 

O b t a i n  pre-test  

0 O b t a i n  and log/record d a t a  on operating parameters t o  deter- 
mine d r i l l i n g  rate ( d r i l l  b i t  p e n e t r a t i o n  ra te )  as a f u n c t i o n  
o f  bit-weight, circulation r a t e  of  the dr i l l ing  mud, pressure 
drops and  mud properties 

0 Drill t o  a t o t a l  depth o f  between 2000 and 2400 fee t  using the 
turbodrill on a full-scale conventional rotary dr i l l ing  rig 

0 Drill w i t h  7-7/8 inch roller-cone rock bi ts  from Reed Tool 
Company and/or 6-3/4 inch STRATAPAX bi ts  supplied by Sandia 
Laboratories for these t e s t s  

0 Use 6-1/2 inch STRATAPAX and conventional diamond b i t s  
purchased for  the project 

0 Obtain and record measurements o f  cr i t ica l  dimensions a t  the 
completion of tes t ing t o  determine wear rates of components 
impor t an t  t o  sustained d r i l l  motor operation 

3.2 RATIONALE FOR TEST STRATEGY 

This subsection describes how each strategy element will be carried 
o u t  and the reasons behind performing each element. 

Prior t o  t e s t  operations, the "as tested" configuration of the turbo- 
d r i l l  will be identified w i t h  8" x 10" photographs. The as tested con- 
figuration will be further documented w i t h  sketches showing dimensions of 
c r i t i ca l  parts. The documented configuration will serve as a basis for 
subsequent wear measurements. All component p a r t  numbers and cr i t i ca l  
dimensions will be recorded. 
faces will be noted. Clearances a t  c r i t i c a l  locations will be measured 
and  recorded. 
appl i ed torques , and 1 u b r i  cation w i  11 be described and recorded. 

The condition o f  bearings and finished sur- 

Assembly detai ls  such as sequence, tightness of f i t ,  
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I n  preparation for tes t ing,  calibrated instrumentation i s  installed/ 
connected, a n d  determined t o  be i n  good working  order. This w i l l  ensure 
smooth operation of t e s t  equipment and systematic acquisition o f  data. 

The turbodrill will be tested on a standard (103 f o o t  h i g h )  "East 
Texas derrick" r o t a r y  table dr i l l ing  rig o f  the type shown i n  Figure 3-1. 
The t e s t  configuration i s  shown in Figure 3-2. 

Typical oil  f ie ld  (constant weight) dr i l l ing  mud w i l l  be used in 
these t e s t s .  Samples of  mud will be obtained and analyzed for composition 
and properties (weight or density, viscosity,  solids content. and  f i l t r a t e  
analysis) .  

Measurements o f  the f o l l o w i n g  variables are needed t o  determine 
turbodrill performance characterist ics as functions of  bit-weight and mud 
flow rate:  

0 Mud pump discharge pressure 

0 Weight on the b i t  

0 Mud weight (density) 

0 Mud flow rate  

0 Rotary speed 

0 Penetration rate  

Turbodri 11 penetration rate  i s  primarily a function of b i  t-wei g h t ,  
borehole mud pressure, and the rate of mud flow through the d r i l l  motor. 
Mud flow rate will be measured and recorded as testing proceeds. Bit- 
weight i s  the difference between the weight (force) applied i n  the vertical 
direction t o  the b i t  by means of heavy, cylindrical d r i l l  collars attached 
t o  the bottom section of d r i l l  pipe above the d r i l l  motor i t s e l f  and the sus- 
pended weight on the crown block (see Figure 3-1) .  A p p l y i n g  more weight t q  the 
b i t  usually increases dr i l l ing  r a t e ,  and a ser ies  o f  u p  t o  s ix  such d r i l l  col lars  
(26  t o  29 feet  long each, 5-3/4 inch center diameter with 2-3/8 inch bore, 
in th i s  instance) may be used in dr i l l ing  t h r o u g h  the Pennsylvanian formations 
a t  the Gearhart-Owen s i t e .  
be used t o  measure and record bit-weight. 

TOTCO instrumentation on the r ig  floor will 

3-2 



T r r  JG.: F i l e  $46-2 
TT:' .T 

Final R e p o r t  
kuplst  19co 

Figure  3-1. Basic Components o f  a Rotary D r i l l i n g  Rig 
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rates also deDend on the tvDe o f  d r i l l  b i t  used. I t  i s  
t e s t s  t o  use three different types o f  bi ts  t o  ascertain 

Penetra t i  on 
planned in these 
which type may be most compatible w i t h  the turbodril l .  I t  is  acknowledged 
t h a t  the type of formation a n d  hardness impact heavily the type of d r i l l  
b i t  t o  be used in a particular application. The following bits were pur-  
chased for use in Phase I1 of the turbodrill testing project: 

0 

0 6-1/2 diameter conventional d i a m o n t  b i t  

The 6-1/2 inch STRATAPAX b i t  has been purchased from Christensen 

6-1/2 inch diameter STRATAPAX b i t  w i t h  piggyback s tab i l izer  

Diamond Products Company i n  Sal t  Lake City, Utah. The conventional diamond 
b i t  and piggyback s tab i l izer  were also obtained from Christensen Diamond 
Products. I n  addition, two 7 -7/8 inch conventional rol ler-cone bi ts  pro- 
vided by Reed Tool Company and two or more 6-3/4 inch STRATAPAX type bi ts  
supplied by Sandia Laboratories will be used i n  these t e s t s .  

Drilling progress can be seriously impaired by hardness of the 
formations being penetrated. 
designed for medium hardness rock dr i l l ing .  
d r i l l ing  records and geologic d a t a  will be obtained before active t e s t  
operations commence from GO t o  ascertain i f  there are any potentially trouble- 
some areas i n  the formations t o  be dr i l  led t h a t  require foreknowledge t o  
progress sa t i  s tactor i  ly t h r o u g h  them. Records w i  11 also be obtained from 
GO on the d r i l l  b i t s  used previously and the i r  condition before and a f t e r  
r u n n i n g  i n  the hole t o  a i d  i n  th i s  e f f o r t .  A determination of the types of 
b i t s  used w i t h  the types of  formations penetrated will be made by TRW prior 
t o  testing. 

The bi ts  prescribed for  use in th i s  t e s t  are 
As a precautionary measure, 

Besides p r o v i d i n g  conventional dr i l l ing  equipment on-site, the bearhart- 
Uwen s i t e  offers the added advantage of providing good offset  well data. 
Many logs have been r u n  t h r o u g h  the formations t o  be dr i l led.  The lithology 
i s  well known.  As a resu l t ,  many potential hole problems can be anticipated. 
Gearhart-Owen has dr i l led several 2400 foot wells within a few fee t  of the 
t e s t  well s i t e .  The dr i l l ing  r ig  will be equipped with a TOTCO d r i l l i n g  ra te  
recorder , and TOTCO d r i  11 i n g  records from those previously d r i  1 led we1 1 s are  
available. These records w i l l  be used for comparing turbodrill penetration 
rates t o  those obtained using conventional equipment. The TOTCO recorder 
w i  11 be used during the t u r b o d r i  11 dri 11 i ng  t e s t s .  
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The avai labi l i ty  o f  good offset  well d a t a  will greatly simplify the 
t e s t  procedure and w i l l  eliminate the need for alternating conventional 
rotary dr i l l ing  with turbodrilling. 
vary between offset  wells due t o  greater spacing resulting i n  d i f f icul ty  
when attempting t o  evaluate new tools accurately. 
w i t h  the Gearhart-Owen t e s t  s i t e  because conventional dr i l l ing  rates are 
known i n  a l l  of  the formations t o  a depth o f  2400 fee t  i n  Close la teral  Proximity.  

I n  most applications, d r i l l i n g  conditions 

This should be no problem 

The turbodrill w i l l  be disassembled, inspected for damage, and wear 
The information ob- 

~. 

measurements taken following completion o f  tes t ing.  
tained from observations and measurements of  wear will allow determination 
of component l i f e  expectancies and establish prescribed service intervals 
when the d r i l l  motor i s  tested more extensively i n  more rugged f ie ld  opera- 
tions i n  Phase I11 o f  the Test Project. 

The d r i l l  b i ts  used will be inspected a n d  qraded, and the amount of wear (or 
damage) noted and recorded a t  the time o f  turbodrill teardown/izspection. Sustained 
high dr i l l ing  rates depend on durabili ty o f  the d r i l l  b i t  and the ab i l i ty  o f  
the turbodrill t o  supply power and torque without excessive rotary speed, 
which is  usually detrimental t o  b i t  l i f e .  

Directional dr i l l ing  requires, a t  a minimum, periodic surveys t o  determine 
bottomhole location and direction of dr i l l ing  progress as a matter o f  standard 
procedure. There are a nurrber of borehole survey techniques available t h a t  
vary i n  degree of sophistication and cost. A periodic, "single-shot" device 
available a t  nominal cost ,  from a directional dr i l l ing  service company will 
sa t i s fy  the objectives o f  Phase I1 tes t ing a t  Gearhart-Owen. Phase 111 may 
have more stringent requirements. Additional requirements fo r  use a t  GO will 
involve use of a section o f  nonmagnetic (Monel) d r i l l  c o l l a r ( s )  in the downhole as- 
sembly. 
t o  take a shot while dr i l l ing  s t r ing  rotation i s  temporarily suspended. 
equipment will be provided by Eastman Whipstock as p a r t  o f  the i r  service. 

Wireline equipment i s  available t o  lower the survey too l  t o  the bottom 
This 
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4 . 0  ROLES A N D  RESPONSIBILITIES 

Implementation o f  th i s  t e s t  p l a n  w i l l  involve several organizations 
whose roles and  responsibil i t ies are identified below: 

4.1 TEST PROGRAM DIRECTION A N D  CONTROL 

DOE Programmatic responsibil i ty,  allocation of t o p  level f u n d i n g ,  
Assigned and  delegation o f  project implementation a u t h o r i t y .  

t o  the Fossil Energy Office. 

METC Project implementation and f ie ld  management. Responsibilities 
include the preparation of  budgets and schedules, coordination 
with related projects, and  moni tor ing  o f  ac t iv i t ies  t o  assure 
technical adequacy a n d  achievement of  project objectives. 

4 . 2  TEST P L A N N I N G y  INTEGRATION, AND RESULTS ANALYSIS 

METC Overall control and responsibility f o r  t e s t  program p l a n n i n g  
and  integration. 

TRW Detailed t e s t  planning and  integration of  technical require- 

This work includes determination o f  t e s t  
ments; assigned t o  TRW Energy Systems Group, Energy Systems 
Planning Division. 
procedures and  analysis o f  t e s t  resul ts .  

ME1 Test planning and analysis support; t e s t  procedure prepara- 
tion suppor t .  

4.3 TEST PERFORMANCE 

METC Test Controller 

responsi b i  I i t y  . 
Exercises top-1 eve1 admi n i  s t r a t i  ve control and 

TRW Test Director 
Performs as on-site representative for  t e s t  con- 

t rol  1 er .  The t e s t  director has overall responsi bi 1 i ty 
f o r  performance of the t e s t  program, including approval 
of t e s t  plans and procedures, determining Phase I1 t e s t  
readiness , test schedul i ng and t a k i n g  every reasonabl e 
precaution to  preserve the Government-owned, METC turbo- 
d r i l l .  
only w i t h  Phase 11 testing between GO and a l l  other 
contractors i ncl u d i n g  Maurer Engineering. 

TRW will be cognizant of a l l  communication dealing 
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GO Test Conductor 

Gearhart-Owen Industries, Inc.  w i  I1 provide the tes t  
fac i l i ty ,  d r i l l i n g  rig and associated support a t  i t s  Fort  
Worth, Texas plant. GO wil I provide the dril  ler and 
associated operating and supervisory personnel and wi 11 
implement "hands on" t es t  operations under surveil lance o f  
the tes t  director. 

ME1 Test Advisor 

The prime responsibility of the t o q t  advisor i s  t o  
ass is t  the tes t  director i n  preparation of the Test P l a n ;  
t o  provide I;eciitiicdi consultation t o  the tes t  director; t o  
provide, ins ta l l ,  operate and maintain instrumentation; t o  
record performance d a t a ,  t o  l o g  running time; and t o  advise 
the tes t  conductor ( G O )  on turbodrill h a n d l i n g  and pro- 
cedures, 

T h i  s activity includes pre-test preparation , support 
equipment modifications, preparation o f  the turbodrill for 
testing and assistance i n  turbodrill handling. ME1 will 
also be responsible for obtaining instrumentation w i t h  valid 
calibration for the t e s t  period w i t h  certification t o  determine 
mud flow rates and pressures. ME1 will provide a l l  d r i l l  bits  
used in testing operations. The bits t o  be used include the 
6 1 / 2  inch Christensen STKATAPAX and conventional diamond b i t s  
purchased for use i n  this project, the two 7 7/8 inch tri-cone 
rol ler  bits  furnished by Keed Tool Company, and the two o r  
more 6 3/4 inch STRATAPAX type bits supplied by Sandia 
Laboratories. 

MET w i  1 1  provide a1 1 interconnections (subs) between the dr i l l  
string and the turbodrill and additional mud flow lines a t  
the surface. ME1 w i l l  prepare the turbodril I f o r  operation 
and perform maintenance thereon. ME1 will furnish dril l ing 
mud solids control service and extra equipment (fine-screen 
shale shaker o r  des i l te r ) .  The desil ter,  i f  used, will be 
obtained from a service company like Baroid, Dresser/Swaco 
o r  Tri-Flow and will be standard oi l f ie ld  type. 

4.4 TEST EVALUATlON A N D  REPORTING 

TRW Energy Systems Group will coordinate and publish reports with METC 
approval upon completion o f  testing a t  Gearhart-Owen. 
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7 .  

5 . 0  PROCEDURES 

Procedures are presented in th i s  section fo r  f ie ld  testing the Maurer 
Engineering 5-3/8 inch diameter turbodrill a t  the Gearhart-Owen Industries 
plant i n  Fort Worth, Texas. Specific procedures have been developed t o  
implement the elements of the testing strategy presented in Section 3.1. 

5.1 TEST PROCEDURE 

The sequence of a c t i v i t i e s  t o  be performed corresponding t o  the t e s t  
strategy elements i n  Section 3.1 i s :  

Acti v i  t y  Lead Performer 

( 1 )  

( 2 )  

( 3 )  

Prepare t e s t  s i t e  and conduct pre-test a c t i v i t i e s  

Hold pre-test  review t o  ascertain t e s t  readiness 

Clean o u t  the existing 650 f o o t  t e s t  well for one day 
with conventional mud circulation technique and  prepare 
f o r  recei vi n g  turbodri 11 

( 4 )  Break-in turbodrill for  15  minutes off bottom in hole 

(5)  

(6) 

Drill with a Reed 7-7/8 inch r o l l e r  b i t  for 3 t o  
5 hours. P u l l  sooner i f  any d i f f icu l t ies  arise 

Drill w i t h  a 6-3/4 inch Sandia  STRATAPAX b i t  for  3 t o  
5 hours. Pull sooner i n  case of trouble 

( 7 )  Drill with the 6-1/2 inch Christensen STRATAPAX b i t  
f o r  3 t o  5 hours. Pull sooner i f  any indication of 
trouble 

(8) Drill w i t h  the Christensen 6-1/2 inch- conventional 
diamond b i t  for 3 t o  5 hours. Pull sooner i f  any 
problems devel op 

Perform a straighthole endurance t e s t  for  1-1/2 days 
w i t h  best performing b i t  

(10) Conduct a directional dr i l l ing  t e s t  for 2-1/2 days 
u s i n g  the bent sub  and best performing b i t .  
bottomhole location periodically 

(9) 

Survey 

( 1 1 )  Transport  turbodrill t o  ME1 shop in Houston 

(12)  Disassemble turbodril l  , inspect for  damage and wear, 
o b t a i n  required wear measurements of  c r i t i c a l  turbo- 
d r i l l  parts,  a n d  reassemble w i t h  new parts as needed 

Conduct conventional rotary d r i  11 i ng between turbo- 
d r i l l  t e s t  
on conventional dri 11 i n g  ra tes .  

(1 3) 

G O ,  MEI, TRW 

G O ,  ME1 , TRW 

G O  

GO 

GO 

GO 

GO 

GO 

GO 

GO 

ME1 

ME I 

GO 
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5 . 2  TESTING SCHEDULE 

Figure 5-1 presents the schedule for performing the sequence o f  act ivi-  
t i e s  in Section 5 . 1 .  Required a c t i v i t i e s  prior t o  tes t ing,  a s  well as 
subsequent data analysis and reporting of  resu l t s ,  are included. 
be noted that  the schedule presented proceeds from actual start-up time o f  
Phase I 1  a c t i v i t i e s .  The purpose i s  on ly  t o  indicate time periods al lot ted 
t o  perform the individual project a c t i v i t i e s .  

I t  should 

The time schedule presented i n  Figure 5-1 i s  consistent w i t h  the total  
Rig r ig  and  p u m p i n g  time of 10 days available t o  perform Phase I 1  testing. 

time a t  Gearhart-Owen i s  accrued on the basis of  s ingle-shif t ,  &hour  work 
days. Ihe time intervals corresponding t o  the i n d i v i d u a l  t e s t  procedures 
delineated i n  Section 5.3.2 have been made to  allow for  suff ic ient  time t o  
make round t r i p s  in the hole and s t i l l  remain w i t h i n  the total  time con- 
s t r a i n t  o f  10 days. 

5.3 IMPLEMENTATION 

5.3.1 Instrumentation 

As discussed i n  Section 3 .2 ,  the primary performance parameters t o  
be e i ther  measured o r  monitored during testing are volumetric mud flow ra te ,  
b i t - w e i g h t ,  mud pump discharge pressure, and d r i l l i n g  rate.  The key instru- 
mentation required t o  o b t a i n  these quantit ies i s  presented in the following 
l i s t  showing the type o f  instrument and required response ranges corresponding 
t o  each 

0 

0 

e 

0 

e 

variable o r  parameter: 

Volumetric flow rate o f  the mud - turbine flow meter 
(60-500 gpm capacity) 

B i t  weight - TOTCO bit-weight indicator and recorder 

Mud pump discharge pressure - dial pressure gauge 
(0-3OUO psi)  

Rotary speed - downhole tachometer u n i t  w i t h  digital  
readout a t  surface 

Dril ling rate  - TOTCO dr i l l ing  rate  recorder 
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Required accuracies of t h e  above instruments are as follows: 

0 Turbine flow meter - 2 5 percent full capacity 

0 Bit-weight indicator - ? 5 percent full scale 

0 Dial pressure gauge - 2 5 percent f u l l  scale 

e Tachometer system - ? 10 percent 

e Drilling rate recorder - k 5 percent full scale 

The raw d a t a  (pressure and flow rate) are recorded by hand on 
prescribed data sheets (Table 5 - 1 ) .  

The turbine flow meters used i n  this t e s t  require stainless steel 
construction. 
sidered so as t o  ensure t h a t  instrument response q u a l i t y  does not  deteriorate 
during the tes ts .  A coarse wire-mesh screen will be installed in the mud 

line (in the pump suction l ine,  see Figure 3 - 2 )  t o  keep any agglomerated 
particles from lodging in and possibly damaging the instrumentation. The 
turbine flow meter shall be placed i n  the straight section o f  standpipe a t  
least  10  pipe diameters past the elbow t o  minimize pulsating and/or  non- 
linear responses. 

Effects of  dri l l ing mud on instrument bearings will be con- 

Maximum errors have been estimated for measured variables and 
quantities whose values depend on the primary, measured variables. 
o f  b o t h  random and systematic errors have been considered. 
response errors inherent in the instrumentation, calibration errors, and 
human errors in reading instrumentation and recording o u t p u t .  
ing are  the estimates o f  expected maximum errors associated with the t e s t  
variables and derived quantities: 

Sources 
These include 

The follow- 

Mud flow rate ? 6% 

Mud pump discharge pressure 2 6% 

Hydraul i c power i n p u t  ?r 9% 

Dri 11 i n g  r a t e  2 6% 
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Table 5-1. Sample Data Sheet 

Maurer Engineering 5 3/8 Inch Turhodr i l l  

Gearhart-Owen F i e l d  Tests 

Mud Pump Pressure 
D S ~ Q  

Drllling Rate 
mlnfft 

-- 
lurbodri 11 
itary Speed 

rpcn 
o t a r y  Tablc 
orque, f t - l t  

~ 

Bit Weight 
1 bs 

Remarks 
(Appearance o f  drill cut t ln  s 

and chemicals added to mud 7 
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5.3.2 Test Procedures 

Implementation of each activity in the tes t  procedure i s  discussed 
individually i n  th is  section. The numeration corresponds t o  the act ivi t ies  
l is ted in Section 5.1. 
appear in parantheses where appropriate. 

Prepare Test Site and  Conduct Pre-Test Activities 

Responsible organizations are named in the text o r  

( 1 )  

A d r  
by GO for 
t o  be des 
eq u i  pmen t 
i n g  rig. 

11 cuttings disposal t r o u g h  (mud p i t )  will be provided 
cuttings a n d  spent mud. 
gna ted  (by ME1 and TRW) and  provided by GO f o r  t e s t  
set-up and assembly equipment storage near the d r i l l -  

Sufficient working  space i s  

Prior t o  t e s t ,  TRW will obtain dril l ing records and geologic 
da ta  from GO t o  ascertain i f  there are any potentially trouble- 
some areas in the formations t o  be dril led.  TRW will also obtain 
from GO records of the dr i l l  bits  used previously and their  
condition before and af te r  running i n  the hole t o  aid in this 
effort .  
formations penetrated will be made by TRW prior t o  testing. 

As par t  of the pre-test act ivi t ies ,  a complete set  of 
turbodri 11 specifications and dimensions for evaluation of wear 
will be recorded by ME1 as per Table 5 - 2 .  ME1 will obtain 8" x 
10" photographs of a l l  par ts  t o  be measured and inspected for 
wear la ter .  A complete set  o f  sketches o f  cr i t ical  parts will 
be provided prior t o  t e s t  t o  document the "as tested" configura- 
t i  on .  

A correspondence of the types of  bits  used with the 

I t  i s  impor tan t  i n  these tes ts  t o  maintain reasonably 
constant mud properties since turbodrill performance depends i n  

p a r t  on mud properties, particularly viscosity and mud weight ( G O )  
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Par t  Name: 

Manufacturer: 

Model No. : 

Par t  No. : 

vl 
I 
U Thrust Bear ing R o l l e r  Diameter 

Table 5-2. Sample S p e c i f i c a t i o n  Sheet 

Maurer Engineering 5-3/8 Inch T u r b o d r i l l  

Gearhart-Owen F i e l d  Test ing 

Radial Bear ing Rol l e r  D i  ameter 

Bear ing Pack Rotat ing Seal Clearance 

Turbine Rotor Blades Nominal Mid-Length Thickness 

Nominal T i p  C1 earance 

Nomi na 1 
D i  mens i o n  Deviat ion 

S t a t o r  Vanes Nominal Mid-Length Thickness 

D r i l l  B i t s :  Height 
C u t t i n g  E l  emen t Thi ckness 

Christensen STRATAPAX 

(Sandi a STRATAPAX) 

D a t e :  

Remarks 

Condit ion 

Chris tensen Diamond B i  t 
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Prior t o  performing tes t s ,  g r a b  samples o f  dril l ing mud t o  be 
used w i l l  be obtained by ME1 and analyzed t o  ascertain weight, 
viscosity and gel properties, a n d  recorded on a da t a  sheet a s  
per Table 5-3 (MEI). 

Hold Pre-Test Review t o  Ascertain Test Readiness 

Conduct a scheduled meeting involving representatives from 
al l  t es t  participants t o  review a l l  pertinent preparations made 
t o  date. The objective i s  t o  determine t h a t  a l l  t e s t  prerequi- 
s i tes  have been satisfied and are properly documented, especially 
instrumentation and turbodrill configuration. R i g  safety will be 
discussed and appropriate procedures o u t 1  ined by the rig operator 

(3 )  Clean O u t  Well Using Conventional Mud Circulation Techniques 

Clean o u t  existing t e s t  well t o  650 feet with the rotary r ig  
t o  establish vertical borehole for straighthole turbodrill testing 
( G O ) .  
and record rock chip appearance and mud condition (MEI) . 
la te  for  one day prior t o  dri l l ing t o  clear o u t  excessive abrasive 
solids from mud system. 

Ream t o  full gauge (7- 7/8 inch), i f  necessary. Observe 
Ci rcu- 

(4)  Break-in Turbodri 1 1 

Install turbodrill and break-in for 15 minutes w i t h  the tool 
suspended on dr i l l  pipe i n  the borehole (off bot tom or near the 
surface) without doing any rock cutting and without any axial 
loads being applied t o  the dr i l l  motor. Check o u t  operation of 
system. Check a1 1 instrument responses. 

( 5 )  Drill with Reed Roller-Cone Bit  

Mount a Reed 7-7/8 inch tri-cone roller b i t  and  d r i l l  for 
3 t o  5 hours ( G O ) .  

indications of trouble. 
flow rate of 250 gpm ( G O ) .  

Pull dr i l l  string sooner i f  there are any 
Set the mud pump t o  deliver a constant 

After 15 minutes, increase mud flow 
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Table 5-3. Mud Properties 

BASE: Water 

PHASES: (!: liater 
( i i j  S o l i d s  

( a )  
(b) Barite 
( c )  Drill Solids 

Bentoni te/Kaol i n i  t e '  

( i i i )  Additives 

WEIGHT: 

APPARENT VISCOSITY: 

PLASTIC VISCOSITY: 

YIELD POINT: 

INITIAL GEL: 

10 MINUTE GEL STRENGTH: 

pH: 

API FILTRATE: 

T -  -. . 

pounds/gal 1 on 

CP 

CP 

pounds/100 square feet 

pounds/100 square feet 

pounds/100 square feet 

cc/30 minutes 
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rate t o  300 gpm ( G O ) .  
increase bit-weight by 50 percent and  d r i l l  fo r  15 minutes ( G O ) .  
Then set  conditions (bit-weight and mud flow rate) t h a t  permit 
maximum penetration r a t e  and d r i l l  for time remaining. Record 
tes t  variable responses ( M E I ) .  Maintain constant mud properties 
( G O ) .  Observe and record appearance o f  cuttings; note size and 
texture, i n  particular (MEI).  

Drill w i t h  Sandia  STRATAPAX Bit 

After dril l ing for another 5 minutes, 

( 6 )  

Drill with a 6-3/4 inch Sandia STRATAPAX b i t  for 3 t o  5 hours. 
Repeat the sequence of  procedures carried o u t  i n  ( 5 )  above ( G O ) .  
Sequence t e s t  and  record all  d a t a  as follows: 

Ini t ia l ly ,  dr i l l  a t  a mud flow rate o f  250 gpm and  bit-weight 
used i n  ( 5 )  above ( G O ) .  This will establish a comon starting 
point when using different dr i l l  b i ts .  After 15 minutes, increase 
mud flow rate t o  300 gpm ( G O ) .  
15 minutes, increase bit-weight by 50 percent and dr i l l  for 15 
minutes ( G O ) .  To check for reproduci bi 1 i t y  , reestabl i sh. the 
in i t ia l  t e s t  conditions in (5)  and r u n  for 15 minutes ( G O ) .  
time remaining t o  d r i l l  a t  conditions permitting maximum rate 
o f  penetration. Monitor observations and record a l l  data a s  per 
( 5 )  above (MEI). 

Drill with Christensen STRATAPAX Bit on Turbodrill 

After dril l ing for another 

Use 

( 7 )  

Drill using the 6-1/2 inch Ct-.ristensen STRATAPAX b i t  mounted 
on the turbodrill f o r  3 t o  5 hours ( G O ) .  Use the piggyback 
s tabi l izer .  Follow instructions in ( 6 )  above. 

(8)  Drill with a Conventional Diamond Bit 

Drill for 3 t o  5 hours using the 6-1/2 inch conventional 
diamond b i t  from Christensen Diamond Products ( G O ) ,  using the 
piggyback s tabi l izer .  
a n d  follow instruction i n  ( 6 )  above. Record a l l  da t a  in like 
manner. 

Repeat the sequence o f  operations employed 

5-1 0 
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( 9 )  Perform a Straighthole Endurance Test 

Run a 1-1 /2  day straighthole endurance dr i l l ing  t e s t .  Use 
Use the bit-weight and  mud flow the best performing d r i l l  b i t .  

ra te  t o  maximize penetration rate  as i n  previous t e s t s ,  as speci- 
f ied by the t e s t  director. However, begin t h i s  t e s t  w i t h  the 
i n i t i a l  bit-weight and mud flow rate  used when the particular 
d r i l l  b i t  was f i r s t  r u n .  This i s  done for 15 minutes t o  check 
reproduci b i  1 i t y  i n  d r i  11 b i t  and t u r b o d r i  11 performance as 
specified in ( 6 )  above. 

(10)  Conduct a Directional Drilling Test 

Instal l  the turbodril l  i n  the d r i l l  string with a 1-7/2' bent 
s u b .  Perform a 2-1/2 day directional dr i l l ing  t e s t  under the 
same t e s t  conditions a n d  using the same procedures f o r  o b t a i n i n g  
i n i t i a l  d a t a  t o  check reproducibility a n d  subsequent d a t a  as used 
i n  the straighthole endurance t e s t  i n  item ( 9 )  above. 
periodic bottomhole location surveys every 100 t o  200 fee t  i n  the 
directional hole or a s  stated by the t e s t  director.  

Transport Turbodr i  11 t o  ME1 Shop in Houston 

Obtain 

(1 1 ) 

Remove the turbodrill from the dr i l l ing  string, package i t ,  
and transport by truck t o  MEI's assembly and inspection f a c i l i t y  
i n  Houston (MEI). 

After tes t ing is  done, make note of wear and damage to  d r i l l  
b i t s ,  measure and record cutt ing element c r i t i c a l  -dimens.ions according 
t o  Table 5-2 for  determination of wear rates on b i t s .  Note round- 
i n g  o f  cutting edges and any chipping, cracking, or p i t t i n g  (MEI). 

(12) Inspect and Service Turbodrill (MEI) 

This i s  the only d r i l l  motor teardown and inspection/wear 
measurement t o  be performed i n  Phase 11. 
examination will be made of a l l  rotating and mating parts i n  the 
turbine and  bearing packs. Damage and wear characterist ics will 
be noted: 
visually inspect parts for signs of  wear and degradation. 
and record micrometer measurements of a1 1 c r i t i c a l  dimensions of 

Especially careful 

disassemble the turbine pack and bearing pack and 
Obtain 
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v i t a l  components, such as  thrust a n d  radial bearing ro l le rs ,  
turbine blade and s ta tor  vane w i d t h ,  a n d  thickness ( a t  mid-chord 
and  mid-length), and  nomimal t i p  clearance. Record a l l  visual 
signs of erosion, pi t t ing,  scoring, a n d  other degradation of 
metal parts on d a t a  sheets as per Table 5-2. 
p h o t o g r a p h s  o f  a l l  parts showing signs o f  wear d u r i n g  each inspec- 
t i o n .  
package, as needed, and  reassemble the d r i l l  motor. 

Take 8" x 10" 

Service and replace worn o r  damaged parts i n  the bearing 

(13) Conduct Conventional Rotary Drilling between Turbodrill Tests ( G O )  

Obtain d a t a  on conventional rotary dr i l l ing  rates between 
t u r b o d r i l l  t e s t s  whenever possible during the t e s t  program. 
These d a t a  w i l l  supplement a n d  verify the of fse t  well d a t a  t h a t  
GO already has from previous dr i l l ing .  
bits and d r i l l  ing parameters used will correspond t o  those used 
immediately before i n  the l a s t  turbodrill r u n .  

I n  each instance the d r i l l  
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6 . 0  TEST E V A L U A T I O N  A N D  D E L I V E R A B L E S  

6 .1  DATA ANALYSIS A N D  R E P O R T I N G  

Evaluation a n d  reporting o f  the t e s t  results i s  the responsibility of  
TRW. S i g n i f i c a n t  results shall be conveyed t o  METC and ME1 verbally, by 
technical memoranda, a n d  by written reports. 

The report contents are as fol lows:  

0 Data analysis a n d  t e s t  results pertaining t o  t u r b o d r i l l  
operation on a conventional o i l f ie ld  dr i l l ing  r i? 

0 Observations pertaining t o  f ie ld  application o f  a t u r b o -  
d r i l l .  In format ion  t o  a i d  operators i n  optimizing use 
o f  turbodril ls  i n  the f ie ld  - 

0 Assessment o f  wear rates o f  c r i t i c a l  components a n d  
determination of expected service 1 i fe expectancies 
of these parts 

0 Recommendations concerning future turbodrill testing. 
Updat ing  of Phase I11 t e s t  planning w i t h  regard t o  f ie ld  
testing of the turbodrill in placing a directional bore- 
hole in a horizontal coal seam 

0 Assessment o f  the t e s t  results from a programmatic viewpoint. 
Correlation w i t h  the results of other projects. 
tions for possible changes i n  project planning or adjustments 
i n  emphasis i n  other projects 

Recommenda- 

6 . 2  TEST PROJECT DELIVERABLES 

Requi red del i verabl es are 1 i sted be1 ow : 

a A draf t  final t e s t  report shall be submitted t o  METC and 
ME1 for  comment w i t h i n  t h i r t y  days a f t e r  termination of 
tes t ing 

0 Three copies o f  the f i n a l .  t e s t  report shall be submitted 
t o  METC and two copies t o  ME1 within t h i r t y  days a f t e r  
receipt of  comments 

Phase I1 of  the project will be considered complete when a l l  of the t e s t  
ac t iv i t ies  l i s ted  i n  Subsection 5.1 and  the reporting requirements above 
have been completed. 
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APPENDIX B 

PRE-PHASE I1  TEST DATA 

T h i s  appendix c o n t a i n s  the  raw d a t a  o b t a i n e d  i n  pre-Phase I 1  t e s t i n g  
of the 5-3/8 inch t u r b o d r i l l  a t  Te r ra  Tek i n  S a l t  Lake C i t y ,  Utah on 
Apr i l  10-11, 1979. 
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TABLE B-1. Test Data Obtained a t  Terra Tek - Maurer Engineer ing 5-3/8 Inch T u r b o d r i l l  

0 
I 
I\ 

4/10/79 1 

-- 
D a t a  

Record 
No. 

102 

103 

1 04 

105 
106 

108 

110 

111 
112 
113 

114 

115 

116 

117 
118 

119 

120 

122 

123 

124 
125 

-_ 

Water 
F1 ow Rate 

g Pm 

145 

147 

143 

145 
147 

148 

148 

147 

148 
149 

149 

149 

149 

148 

147 
148 

147 

143 

146 

145 

143 

- 

Rotary 
Speed 
rpm 

378 

426 

382 
369 

390 

372 

393 

41 0 

41 7 
401 
402 

371 
390 

387 

404 

378 
383 

379 

342 

405 

374 

In1  e t  
Pressure 

p s i  

5 25 

556 

560 

565 

566 

574 

570 

570 
570 

569 

569 
567 

575 
569 

573 

571 
572 

568 

572 

571 
569 

Return L ine  
Pressure 

p s i  

39 

39 

34 

39 
38 

31 
38 

35 

40 
48 

34 

40 
43 

36 

50 

31 
42 

37 

41 

38 

41 

ou tpu t  
Torque 

f t - l b  

91 

' 87 

96 

105 
100 

1 08 

112 

112 
108 

112 

114 

116 
116 

11 5 

119 
118 

118 

124 

125 

124 
119 

Weight 
On B i t  

l b s  

3862 

571 6 

61 03 

61 56 
6117 

6451 

6 504 

6459 
6462 
6456 

6704 

6881 
6486 
6483 

646 2 

6498 

6521 

6710 

681 0 

6454 

6498 

Rate O f  
Penetrat ion 

f t / h r  

0.4 

0.4 

0.4 

0.4 
0.4 

0.5 
0.5 

0.5 
0.6 
0.6 

0.6 

0.6 
0.6 

0.7 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.8 

Remarks 

S t a r t  up 
Hole #1 
R o l l  er-cone b i t  i n  
g r a n i t e  

Water f l o w  r a t e  i s  
150 gpm 



TABLE B-1. Test Data Obtained a t  Terra Tek - Maurer Engineet*irig 5-3/8 Inch Turbodrill 

C 
I 

c 

4/10/79 1 

- 

Data 
Record 

No. 

127 

128 
129 
130 

131 
132 

133 

134 
135 
136 

137 
138 

139 

140 

141 
142 

143 

144 

145 

146 
147 

148 

149 
__I_ 

Water 
Flow Rate 

9 P'l' 

146 

143 
147 
145 
147 

144 

145 

149 
149 
148 

150 
152 

150 

143 

145 

148 
150 

149 

149 
152 
150 

147 

146 
______ 

Rotary 
Speed 
r pin 

348 
3 58 
357 
31 9 

233 
229 

24 3 

257 
21 5 
252 

227 
232 

222 

180 

2 26 

248 

224 

228 

260 

255 
256 

2 38 

297 

In1 e t  
Pressure 

ps i 

570 
569 

570 
566 
556 

552 

54 7 

553 
54 7 
546 

54 5 

544 
542 

54 1 

54 1 
549 
555 

562 

565 

566 
565 

572 
567 

Return Line 
Pressure 

psi 

47 

4 0  

38 
41 

40 

42 

43 

39 
40 
39 
39 

43 

44 

45 

43 

40  

43 

39 

40 

44 
40 

38 

38 

o u t p u t  
Torque 
ft-1 b 

127 
128 
128 

135 
142 

136 

130 

135 
132 
137 
129 

137 

131 

132 

124 

127 

129 

148 

143 

153 
151 

158 

146 
___- 

__ -.___ 

Idc i g lit 
O n  Gi t  

l h s  

64 74 

6698 
6840 
71 14 
7226 

7028 

64% 

6566 
6492 
G 504 
644 5 

6347 

6342 

6 306 

6094 
6112 

6097 

6132 

6462 

6462 
6689 

68 54 
6683 

Rate O f  
Pen e t r a t i o 

ft/lir 

0 . 9  
0.9 
0.9 
0 . 9  

1 .o  
1 .0 
1 .o 
1 .!I 
1 .o 
1 .o 
1.1 
1.1 

1.1 

1.1 

1.1 
1.2 

1.2 

1.2 

1 . 2  

1.2 
1.2 

1.2 
1.3 
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TABLE B-1. Tes t  Data Obta ined a t  Te r ra  Tek - blaurer Engineet- ing 5-3/8 Inch T u r b o d r i l l  

Data 
Record 

No. 

184 

185 

194 

195 

196 

197 
236 

244 

24 5 

14 

16 

19  

22 

26 

28 

29 

30 

31 

32 

Ida t e r  
F low Rate 

9 P"' 

1 56 

153 

191 

193 

200 

201 

197 

198 

197 

146 

146 

144 

146 

149 

151 

144 

151 

148 

152 

Ro ta ry  
Speed 
r Pm 

3 50 

266 

21 2 

299 

239 

185 

35 

25 

13  

44 3 

59 5 

340 

401 

477 

449 

361 
425 

423 

483 

In1 e t  
Pressure 

ps i 

602 
607 

872 

905 

935 

94 1 

832 
1046 

1049 

550 

555 

54 5 

5 38 

553 

57 1 

578 

57 3 

58 2 

586 

Return  L i n e  
Pressure 

p s i  

47 

45 

45 

48 

44 

50 

45 
44 

45 

38 

43 

40 

37 

36 

46 

37 

42 

46 

47 

o u t p u t  
Torque 

f t - l b  

134 

159 

230 

284 

298 

31 1 

21 9 

157 

2 06 

160 

149 

180 

175 

189 

189 

195 

197 

197 
196 

L!? i g lit 
011 B i t  

l b s  

7613 

7381 

12,863 

12,550 

14,325 

14,352 

8352 

91 95 

11,778 

6750 

71 78 

9119 

3491 

3305 

8264 

3358 

8741 

831 5 

8320 

~ ____ 

-- 
Rate O f  

P e n e t r a t i o n  
f t/ h r  

1 .7 

1 .7  

1 .8 

1 .9  

1 .9  

1.9 

3 .O 

3.0 

3 .O 

13.1 

15.1 

17.3 

17.0 

16.6 

15.4 

14.9 

14.5 

14.1 

13.7 

Changed Flow r a t e  
t o  200 gplll 

Ho le  H2 
R o l l e r - c o n e  b i t  i n  

i g r a n i t e  Q 
! 

f 

i 
t 
< 

Water f l o w  r a t e  i s  
150 gpm 



i 

m 
I 
m 

i 
I 
i 
I 

1/10/79 3 

1/10/79 4 

1/10/79 5 

TABLE B - 1 .  Test Data Obtained a t  Te r ra  Tek - Claurer Engineer ing  5-3/8 Iticli T u r b o d r i l l  

Data 
Record 

No. 

33 
34 

49 
51 
52 
53 
54 
55 
56 
57 
58 
59 
61 
62 
63 
64 

80 
82 

84 
86 
87 
88 

Ida ter  
Flow Ra 

9 P'll 

154 
155 

196 
191 
190 
195 
197 
198 
201 
197 
196 
204 
207 
21 0 
20 7 
21 0 

239 
238 
2 38 
241 
246 
2 50 

___ 

Rotary  
Speed 
r pin 

39 7 
465 

31 2 
452 
366 
343 
533 
31 8 
370 
51 9 
51 9 
432 
50 5 
357 
377 
31 0 

67 
563 
58 1 
51 0 
562 
534 

I n l e t  
Pressure 

ps i 

591 
597 

3 58 
891 
897 
906 
9 56 
968 
974 
997 

1011 
1022 
1060 
1075 
lo76 
1078 

1336 
1334 
1385 
1392 
1457 
1477 

--___ 

Return Line  
Pressure 

p s i  

43 
43 

52 
51 
53 
50 
52 
54 
5a 
56 
61 
55 
61 
5a 
50 
54 

59 
56 
57 
55 
64 
64 

- 

o u t p u t  
Torque 
f t - 1  b 

205 
198 

332 
3 24 
347 
359 
335 
378 
378 
36 5 
363 
425 
4 29 
466 
4 58 
4 64 

593 
499 
51 4 
530 
504 
54 a 

!,!c i g h t 
011  B i t  

1 bs 

8420 
8706 

13,992 
14,022 
14,753 
14,750 
14,685 
15,656 
15,494 
15,497 
16,093 
18,196 
19,308 
20,131 
20,391 
19,901 

22,358 
21 ,116 
21,172 
21,509 
21,683 
23,060 

- 

Rate  O f  
P e n e t r a t i o n  

ft/hr 

13.4 
13.1 

13.1 
13.4 
13.5 
13.6 
13.8 
13.9 
14.1 
14.3 
14.4 
14.9 
15.6 
16.1 
16 .5  
16.9 

6 . 5  
14.3 
20.1 
24.7 
26.7 
28.6 

___ --- 

:hanged flow r a t e  t o  
200 gpn1 

:hanged f l o w  r a t e  t o  
250 gpm 

____ __ ~- . 
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TABLE B-1. Test  Data Obtained a t  Ter ra  Tek - Flaurer Eng i r iec t~ ing  5-3/8 I n c h  Turbodrill 

__-- 

4/10/79 8 

4/11/79 9 

Data 
Record 
No. 

146 
147 
148 
149 
150 
151 
152 
179 
180 
181 
182 
187 
188 
190 
192 
194 
197 
198 

14 

Water 
Flow Rate 

9 P"' 

261 
259 
26 1 
262 
26 1 
26 1 
259 
239 
240 
24 0 
238 
238 
239 
238 
24 0 
239 
240 
239 

103 

Rota ry  
Speed 
r pin 

31 6 
364 
274 
476 
3 78 
579 
489 
41 3 
376 
299 
3 70 
141 
237 
655 
663 
571 
337 
191 

357 

I n l e t  
Pressure 

ps i 

1585 
1603 
1572 
1584 
1586 
1599 
1608 
1279 
1288 
1266 
1268 
1221 
1225 
1263 
1168 
1256 
1254 
1252 

300 

Return L i n e  
Pressure 

p s i  

62 
51 
49 
50 
59 
61 
55 
53 
57 
56 
47 
57 
55 
49 
54 
60 
57 
52 

25 

ou tpu t  
Torque 

f t - 1  b 

61 6 
623 
639 
61 4 
621 
592 
63 7 
466 
465 
472 
457 
497 
455 
41 7 
371 
397 
459 
487 

102 

_ _  .~ 

L'cigt i t  
O n  B i t  

l b s  

24,219 
24,077 
23,675 
22,949 
23,395 

- - 

23,008 
23,554 
21,864 
22,127 
21,897 
21,374 
21,403 
21 ,125 
19,406 
13,584 
19,627 
22,284 
22,502 

673 

. 

~ _ _ ~  

Rate O f  
Penetra t i o n  

f t/ h r  

33.2 
38.2 
38.2 
38.2 
38.3 
38.3 
38.3 
38.5 
38.4 
38.1 
37.6 
35.1 

. 34.4 
33.3 
- 

51.4 
44.8 
42.4 

4 . 8  

Stop f o r  t h e  day t o  
change r o c k  satiipl e 
and b i t  

Ho le  #4 
STRATAPAX b i  t i n  
Carthage niarbl e 
Water flow r a t e  i s  
100 gpm 
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TABLE 6-1. Test Data Obtained a t  Te r ra  Tek - Maurer Engineet-iiig 5-3/8 Inch Turbodril l  

W 
I 

w 
---1 

4/11/79 17 

4/11/79 18 

4/11/79 19 

4/11/79 20 

4/11/79 21 

4/11/79 22 

4/11/79 23 

4/11/79 24 

Data 
Record 

No. 

23 

26 

34 

39 

53 

56 
57 

63 

70 

71 
72 
73 

75 

90 

91 
92 
93 

-___ 

Ida t e r  
Flow Rate  

gpm 

96 

101 

150 

197 

145 

151 
152 

194 

101 

97 
95 
97 

152 

24 9 

250 
257 
259 

Rotary  
Speed 
rpm 

504 

620 

152 

110 

2 26 

499 
389 

155 

4 99 

6 54 
600 
630 

683 

234 

251 
269 
270 

In1 e t  
Pressur 

p s i  

3 20 

2 55 

497 

765 

50 9 

603 
61 6 

856 

321 

318 
24 9 
308 

525 

1395 

1469 
1534 
1614 

Return Line  
P r e s s u r e  

p s i  

41 

15 

31 

40 

38 

24 
26 

30 

2 

2 
1 
1 

3 

37 

47 
45 
45 

~~ 

output  
Torque 

f t - l h  

66 

52 

167 

2 58 

159 

164 
187 

287 

67 

54 
55 
61 

133 

467 

49 1 
51 4 
538 

_- ___ 

I<!c i g Ii t 
O n  6 i t  

l b s  
_- _- 

- 

757 

1371 

1712 

31 98 

3767 
3932 

51 82 

371 

489 
351 
698 

852 

1391 

1353 
1309 
1459 

.- - __ 

Rate  Of 
P e n e t r a t i o n  

f t/ hr 

- 

4.9 

8.8 

10.0 

16.1 

13.0 
1 4 . 2  

19.1 

2.6 

2.3 
2.6 
3.0 

4 . 3  

6 .8  

7.6 
8.1 
8.5 

Reti la r k s 

Changed flow r a t e  t o  
1 00 gpm 

Changed flow r a t e  t o  
150 gptn 

Changed flow r a t e  t o  
200 gptn 

Changed flow r a t e  t o  
150 gptii 

Changed flow r a t e  t o  
200 gpn 
Changed flow r a t e  t o  
100 gpni 

Changed flow r a t e  t o  
150 gpm 
Changed flow r a t e  t o  
250 gpin 



m 
I 

P 
- 

I 

4/11/79 25 

4/11/79 26 

4/11/79 28 

_-__ ___ 

TABLE 6-1. T e s t  Data Ob ta ined  a t  T e r r a  Tek - Flaurer E n g i n e e r i n g  5-3/8 I n c h  Turbodrill 

Oa t a  
Record 

No. 

102 

115 
116 

119 

120 
121 
122 
123 

128 

129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

Ida t e r  
Flow R a t e  

9 P'll __ 
190 

191 
206 

24 1 

245 
252 
2 54 
26 1 

288 

295 
2 98 
302 
306 
305 
306 
305 
303 
303 
305 
305 
306 

Rota ry 
Speed 
r piii 

51 4 

51 7 
495 

54 2 

559 
551 
5 58 
575 

570 

567 
590 
58 1 
605 
599 
573 
583 
596 
461 
186 

28 
8 

__-- 

I n l e t  
P ressu re  

p s i  

698 

905 
1008 

1354 

1448 
1523 
1614 
1703 

21 24 

2229 
2300 
2390 
2425 
2489 
24 90 
2495 
2505 
2504 
2494 
2497 
251 0 

R e t u r n  L i n c  
P r e s s u r e  

p s i  

36 

37 
42 

46 

49 
52 
47 
49 

52 

50 
48 
49 
30 
38 
32 
53 
50 
57 
42 
57 
44 

o u t p u t  
Torque 

192 

26 7 
309 

421 

44 3 
468 
495 
51 8 

663 

695 
71 5 
736 
760 
776 
786 

f t - l b  

788 
778  
7 80 
7 84 
7 84 
790 

_ _  ____ 

\.A: i g tit 
011 B i t  

l b s  
- _.__ 

690 

283 
51 0 

1020 

1146 
1297 
1565 
1801 

1621 

1659 
1695 
1739 
1766 
1842 
1925 
1881 
1966 
1913 
1901 
1863 
1786 

- 

Rate O f  
Pe tie t r a t i  on 

f t/ hr 

0.4 

14.4 
15.4 

18.7 

19.7 
20.6 
21.5 
22.4 

22.6 

2 7 . 2  
27 .7  
28.2 
28.5 
28.8 
29.0 
29.2 
29.4 
29.5 
29.7 
29.8 
29.9 

-- 

Rciiiarks 

Changed flow r a t e  t o  
200 gplll 

Changed flow r a t e  t o  
250 gpiii 

Changed f l o w  r a t e  t o  
300 gpm 




