
I DO-1546-Tl 

SUPPORT RESEARCH FOR DEVELOPMENT OF 
IMPROVED GEOTHERMAL DRILL BITS 

Semi-Annual Report 

BY 
R. R. Hendrickson 
A. H. Jones 
S. J .  Green 
R. W. Winzenried 

December 1977 

Work Performed Under Contract No. EY-76-C-07-1546 

Terra Tek, Inc. 
Salt Lake City, Utah 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



NOTICE 

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the United States Department of Energy, nor 
any of their employees, nor any of their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately owned rights. 

This repor t  h a s  b e e n  r e p r o d u c e d  d i r ec t ly  f r o m  the best available c o p y .  

Available from the Nat iona l  Technical I n f o r m a t i o n  Service,  U. S. D e p a r t m e n t  of 
Commerce, Springfield, Virginia 22161. 

Price: Paper Copy $5.25 
Microf iche  $3.00 



SEMI-ANNUAL REPORT 

SUPPORT RESEARCH FOR DEVELOPMENT 

OF IMPROVED GEOTHERMAL DRILL BITS 

R.  R .  Hendrickson 
A .  H. Jones 
S. J .  Green 

R .  W. Wi nzenri ed 

I DO-1 546-T 1 
Distribution Category UC-66c 

NOTICE 

sponsored by the United States Government. Netther the 
United States nor the United States Department of 
Energy, nor any of thc~r employees, nor any of b e l r  
contractors. subcontractors, or their employees, maker 
any warranty, express or Implied, or assumes m y  legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process discloud, or reprerem that 11s UY would not 

Submitted t o  

Department o f  Energy 
Division o f  Geothermal Energy 
20 Massachusetts Avenue, N . W .  

Washington, D.C. 20545 

DOE Contract EG-76-C-7-1546 

Attention: Mr. Clifton Carwile 
Dr. Samuel Varnado 

Submitted by 

A 

TR 77-126 
December 1977 



A 

FOREWORD 
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This represents the semi -annual progress report  for  DOE contract  EG-76-C-7- 

1546, aimed a t  research t o  support  development of improved geothermal ro l l ing-  

cu t t e r  d r i l l  b i t s .  
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INTRODUCTION 

T h i s  contract  is a continuation of the program in i t i a t ed  under DOE 

contract  E (  10-1 )-1546 en t i t l ed  "Program t o  Design and Experimentally Test 

an Improved Geothermal B i t " ;  the  program i s  now i n  i ts  t h i r d  year under 

DOE contract  EG-76-C-7-1546. 

acceleration of the commercial ava i l ab i l i t y  of a ro l l ing  cu t t e r  b i t  suited 

to the harsh thermal, abrasive, and chemical environment of the more prob- 

lemati:. geothermal wells, including those d r i l l ed  w i t h  a i r .  Efforts were 

direr  *ed a t  the improvement of both the sealed and unsealed type of bits .  

The insealed b i t  task included determination of the rat ionale  for  materials 

select ion,  the selection of s t e e l s  and tungsten-carbides fo r  the b i t  body, 

cu t t e r s ,  bearings, and d r i l l i n g  inser t s ,  and fu l l - sca le  d r i l l i n g  t e s t s  

under simulated wellbore conditions. 

evaluation of candidate high-temperature seals  and lubricants ,  u t i l i z ing  

special ly  constructed t e s t  apparatus which simulated the geothermal b i t /  

we1 1 bore environment. 

The objective of the contracts has been the 

The sealed b i t  task provided for  the 

Phase I of the contract  was devoted largely t o  (1)  the study of the 

geothermal environment and the f a i l u r e  mechanisms of existing geothermal 

d r i l l  bits, ( 2 )  the design and construction of separate f a c i l i t i e s  f o r  t e s t -  

i n g  both d r i l l - b i t  sea ls  and fu l l - sca le  d r i l l  b i t s  under simulated geothermal 

d r i l l i n g  conditions, and ( 3 )  fabrication of first-generation research d r i l l  

b i t s  from high-temperature s t e e l s ,  and tes t ing i n  the geothermal d r i l l  - b i t  

tes t  f a c i l i t y .  The work accomplished in Phase I i s  reported i n  References 1 

@ t h rough  9.  
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Phase I1 was directed a t  solving the materials problems fo r  the unsealed 

bits and a t  the screening of elastomers for  use as a high-temperature sea l .  

The f i r s t  generation experimental b i t s  were tested i n  the newly constructed 

wellbore simulator. Test r e su l t s  indicated tha t  retention of hardness a t  

temperature, b u t  not a t  the expense of f racture  toughness, was a primary 

requirement for  geothermal b i t s .  Materials selections for  the MK-I1 bits 

were made based on these resu l t s .  

information on Phase 11. 

References 10 through 13 give additional 

T h i s  report  summarizes the progress made d u r i n g  the f i r s t  half  o f  

Phase 111, encompassing the period from May 19, 1977 to  November 19, 1977. 

There a re  two major tasks in Phase 111: 

o Material select ion,  fabrication and tes t ing of MK-I11 b i t s ,  

0 Seal and lubricant evaluation 

Candidate s tee l  and carbide properties were evaluated i n  laboratory 

t e s t s  before f i n a l  selections were made fo r  the MK-I11 b i t .  The sealed 

b i t  program covers extensive tes t ing of conventional elastomeric sea ls ,  

experimental elastomeric sea ls ,  and experimental heterogeneous sea ls ,  

as well as lubricant t e s t s  using a specially constructed t e s t  machine. 

The progress on each of the tasks of Phase I11 i s  presented i n  more 

detai l  on the following pages. 
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TASK I - UNSEALED DRILL BIT DEVELOPMENT 

MK-I1 Drill Bits 

Two second-generation experimental bits were completed and run i n  the 

Geothermal We1 1 bore Simulator during this reporting per1 od. The resul t s  

of these drilling tests will be detailed below, b u t  the relevant efforts 

preceding the MK-I1 bits will f i r s t  be reviewed. 

In Phase I i t  was determined t h a t  the predominant bit failure modes 

a t  the p Jblematic drilling sites (those involving air-drilling into hard,  

abras ve formations) were excessive bearing wear and loss of "gage", ; . e . ,  

bit  iiameter. The first-generation (MK-I) experimental dril l  bits were 

fabricated from steels known t o  retain hardness and strength a t  elevated 

temperatures, in order t o  reduce bearing wear. 

subjected t o  full-load drilling tests a t  317°C in the Drilling Research 

Laboratory, utilizing the Geotheraml We1 1 bore Simual tor ,  

on internal bearing surfaces revealed only one f i f t h  t o  one tenth as much 

wear a s  was measured on a conventional Reed M83-JA b i t ,  r u n  under t h e  same 

conditions. 

Two of these bits were 

Wear Measurements 

The MK-I bits d i d  suffer from cracking of the cutters. 

Fracture toughness tests performed on the s tee1 s used i n conventional 

bits and the MK-I experimental bits over the temperature range of 20°C t o  

400°C showed t h a t  toughness levels for the conventional b i t  steels were 

substantially higher t h a n  those used i n  the MK-I bits. 

Materials selections for the MK-I1 bits were made during Phase I1 and 

were based on results of the MK-I laboratory drilling tests, material hard- 

ness and fracture-toughness determinations. 

substantial improvements i n  toughness, especially for the cutters, rollers, 

The d a t a  indicated a need f o r  

3 



and b a l l s .  

demonstrated the impontance o f  r e t a i n e d  hot-hardness, bu t  a1 so suggested 

The minimal wear experienced by the  MK-I bearing components 

t h a t  some o f  t h i s  hardness could be " t raded o f f "  f o r  more toughness. The 

"manufacturabil i t y "  o f  candidate s t e e l s  was discussed w i t h  s t e e l  suppl i e r s  

and Reed Tool Company personnel, s ince the b i t  components would have t o  be 

forged, heat- t reated and machined u t i 1  i z i n g  e x i s t i n g  f a c t o r y  f a c i l i t i e s .  

The l a t t e r  i s  the dominant f a c t o r  f o r  determining success o f  accelerated 

commercial izat ion, as we l l  as being a near-term necessi ty f o r  f a b r i c a t i o n  

of the M K - I 1  b i t s .  The mater ia ls  used i n  the M K - I 1  b i t s  were as foTlows: 

Lugs: 
Cutters:  
R o l l e r  Bearings: 
B a l l  Bearings: 
Bus h i  ng s : 

Buttons : 
I n s e r t s  : 
Design Conf igurat ion:  

The composit ion o f  these s tee 

Table 1. 

H-13 Tool Steel 
VASCO X2 CVM 
M 50 Tool Steel @ Rc 56 
11 50 Too l  Steel @ Rc 56 
None 
None 
Tungsten Carbide, Carboloy grade 23 
Reed Y73 JA 6-3/4" 

s ,  and others discussed herein,  are given i n  

D i f f i c u l t y  was encountered i n  f a b r i c a t i n g  the c u t t e r  cones from 

Teledyne-Vasco X2 CVM t o o l  s t e e l .  The o r i g i n a l  p lan  c a l l e d  f o r  case- 

carbur iz ing  and heat - t rea t ing  t o  o b t a i n  a surface hardness o f  about 

Rc 56, w h i l e  ob ta in ing  Rc 40 a t  depth. The actual  values were Rc 57-58 

i n  the carbur ized areas, and Rc 50 i n  the body, which was too hard t o  permi t  

d r i  11 i ng holes f o r  the tungsten-carbi de i n s e r t s .  

operat ions reduced the core hardness t o  Rc 40, a l low ing  the d r i l l i n g  o f  i n -  

s e r t  holes; however, i n  the heat-treatment t h e  hardness o f  the carbur ized 

4 
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TABLE 1 

NOMINAL STEEL COMPOSITIONS 

Composition ( X )  

Steel C Cr Mn Mo N i  si V W 

AISI 18620 
AISI #4820 
AISI S2 (Solar Steel) 
AISI M-50 
AISI H-13 
Vasco MA 
Vasco X2 
Vasco X2 Mod. 
CBS-600 

0.20 0.80 0.55 
0.20 0.60 0.25 3.50 
0.50 0.40 0.5 
0.80 4.00 0.25 4.50 0.10 
0.37 5.25 0.35 1.30 
0.51 4.50 2.75 
0.22 5.20 0.25 1.30 0.06 
0.13 5.20 0.25 1.30 0.06 
0.2 1.46 0.55 1.0 -- 

0.27 
' I .  00 
0.25 1.00 
'1.00 1.00 
0.22 1.00 2.00 
11.00 0.40 1.35 
1.00 0.40 1.35 
1.1 -L -- 

areas was reduced t o  Rc 47. Note t h a t  these c u t t e r s  were fab r i ca ted  

w i thout  the  bushing and bu t ton  t h a t  a r e  press- 

area o f  convent ional  cones, s ince the Vasco X2 

have provided adequate wear res is tance f o r  the  

Hence, the d e f i c i e n t  (Rc 47) case hardness cou 

grea tes t  problem i n  the  f r i c t i o n - p i n  area. 

i t  i n t o  the  f r i c t i o n - p i n  

CVM ( a t  Rc 57-58) should 

load-beariing surfaces. 

d be expec:ted t o  cause the  

The r o l l e r  bearings were drawn back t o  Rc 56 from the normal hardness 

o f  Rc 62-64 i n  order  t o  increase toughness; f r a c t u r e  toughness data on M50 

a t  Rc 56 a re  presented i n  another sec t i on  of t h i s  repor t .  

Lugs f o r  t he  M K - I 1  b i t s  were i d e n t i c a l  t o  those o f  t he  MK-I  b i t s ,  s ince 

the  data suggested adequate toughness f o r  H-13, a1 though toughness values 

were somewhat l ess  than fo r  AISI 8620, used on conventional lugs.  

Two M K - I 1  b i t s  (designated G and H) were fab r i ca ted  i n  t h e  take-apar t  

con f i gu ra t i on  by Reed Tool Company, f o r  eva lua t ion  i n  the  Geothermal 
63 
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Wellbore Simulator. These b i t s ,  l ike  the MK-I b i t s ,  were s imilar  i n  

geometry to  the Reed 6 3/4 inch M83-JA hard-formation b i t .  

Laboratory Dril l ing Tests on MK-I1 Bits 

The two MK-I1 b i t s ,  and one conventional b i t  of  the take-apart type, 

were run i n  the Dri l l ing Research Laboratory i n  August, 1977. The Geo- 

thermal Wellbore Simulator was modified f o r  these tests t o  permit rapid 

replacement of the mild steel d r i l l  pad; a new pad was used for each of 

the three b i t s .  

and 316" i n  the Wellbore Simulator; each b i t  was scheduled t o  r u n  f o r  one 

hour a t  22 KN (5,000 pounds) and six hours a t  111 K N  (25,000 pounds). 

one-hour break-in period wore a pattern i n  the s t ee l  pad w h i c h  provided 

more uniform support for the cones, w h i c h  a l lev ia ted  some of the axial  

thrust on the ball  races;  i n  f i e l d  d r i l l i n g  s i tua t ions  this support is  

provided by the hole wall .  

tests r u n  on conventional b i t s  "E" and "F" ,  which were r u n  a t  f u l l  load 

without the pad break-in period, experienced breakage of the ball races on 

the lugs; these tests are described i n  the Phase 11 annual reportl3. 

Dri l l ing tests were r u n  w i t h  water a t  27.6 MPa (4,000 ps i )  

The 

The break-in was considered essential because 

MK-I1 B i t  "GI' 

The f i r s t  b i t  tes ted was MK-I1 b i t  G ,  wh ich  completed the break-in 

period and ran for two hours a t  111 KN (25,000 pounds), a t  w h i c h  time the 

torque increased suddenly and the tes t  was terminated. 

the b i t  revealed t h a t  a l l  three cones had "locked up'' and skidded on the 

pad (Figure 1 ) .  

Examination of 

The cones will normally leave a regular pat tern o f  undula- n 

t ions i n  the pad, ra ther  t h a n  the smooth grooves shown i n  Figure 1 .  

6 



FIGURE 1 
PAD AND CONES FROM M K - I 1  B I T  "GI '  

The lug/cone assemblies were soaked i n  so lvent  f o r  several  hours t o  

loosen the b a l l  bear ings.  Upon removal o f  the cones, the r o l l e r s  were found 

t o  be immobile i n  the l u g  raceway due t o  the  i n t r u s i o n  o f  f i n e  s t e e l  p a r t i -  

c les .  Wear of  t he  i n t e r n a l  components was very s l i g h t ; ,  surfaces o f  t he  

f r i c t i o n  pin,  r o l l e r  races, r o l l e r s  and b a l l s  were smooth. The b a l l -  

bear ing races on the lugs  exh ib i t ed  s l i g h t  "orange-peel" e f f e c t .  

(Rc 47) hardness i n  the carbur ized areas o f  the cones (discussed p rev ious l y )  

d i d  n o t  cause a major wear problem a t  the f r i c t i o n - p i n  as was o r i g i n a l l y  

feared. Comparative wear measurements f o r  a l l  th ree  b i t s  a r e  g iven i n  

The low 

63 Table 2. 
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FIGURE 2 
CONE, L U G ,  R O L L E R S  AND BALLS OF MK-I1 BIT " G " ,  

LUG #1, SHOWING MINIMAL WEAR 

The lack of any s igni f icant  internal wear strongly suggested tha t  the 

foreign matter responsible for  the cone seizure came from outside the b i t .  

This was possible since the bits were of the unsealed type and no circulat ing 

f lu id  was provided in  the Wellbore Simulator. 

some of the d r i l l i n g  f l u i d  i s  diverted by internal passageways t o  the ball 

races and out through the r o l l e r  races; t h i s  flushing action keeps the de- 

t r i t u s  out of the bearings. 

provide a flow of d r i l l i ng  f lu id  due to the technical d i f f i cu l ty  of such 

a system 

cussed in another sec t ion) .  

I n  a normal d r i l l i ng  s i tua t ion ,  

The Wellbore Simulator was n o t  designed to 

(although a method of  det r i tus  removal was included and i s  dis-  

8 



FIGURE 3 

INCLUDING BROKEN LUG 
M K - I 1  B I T  "G",  LUG #3 COMPONENTS, 

A b r i t t l e  f a i l u r e  was experienced on one o f  the three lugs  o f  b i t  "G" 

( F i g u r e  3) ,  which was d iscovered w h i l e  removlng the b i t  f rom t h e  d r i l l  

p ipe.  

A1 te rna te l y ,  the crack could have been caused by "hydrogen embri t t lement" ,  

The l u g  may have cracked dur ing  d r i l l i n g  o r  dur ing the sk idd ing.  

i.e., s t ress-cor ros ion  crack ing (see Appendix B)  dur ing cool-down of the  

b i t ,  and no t  dur ing the d r i l l i n g ;  t h i s  would exp la in  wh.y the pa r t s  had no t  

t o t a l l y  separated dur ing  r o t a t i o n .  

f i c i e n t  toughness f o r  the H-13 too l - s tee l  lugs.  

Both scenarios a re  i n d i c a t i v e  o f  i n s u f -  

'\ 

Conventional B i t  "A"  

@ The second b i t  t o  be tes ted  was convent ional  b i t  " A " ;  i n  view of the 

lock-up problem experienced on b i t  "G",  a lower " f u l l  load"  value was 
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selected*. B i t  "A" completed the one-hour break-in period and ran fo r  

an additional f ive  hours and sixteen minutes a t  89 KN (20,000 pounds), 

a t  which time the t e s t  was stopped due t o  h i g h ,  e r r a t i c  torque data. 

Examination of the b i t  and pad revealed locked cones and extensive wear 

caused by skidding. 

t h a t  a t  l e a s t  one o f  the cones had locked up much ea r l i e r .  

exami nation of the torque graph suggested tha t  cones were s k i d d i n g  in te r -  

mittently between two and one-half and three hours into the t e s t ,  and had 

totally locked up by three hours. 

The extent of the skidding wear (Figure 4)  indicated 

Subsequent 

FIGURE 4 
PAD AND CONES FOR CONVENTIONAL BIT "A" 

--- 
* I t  was then believed tha t  b i t  "G" had seized due t o  breakage of the 

ball-race on the lug, caused by excessive axial loading o f  the cones. 

10 
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Disassembly revealed detritus intrusion, and sulbsequent jamming of 

the roller race, as described for  bi t  "G"; difficulty was experienced in 

removal of the cones due t o  the steel detritus particles; some of the 

particles were slivers over one quarter inch i n  length. 

b i t  "A" ,  the rollers jammed severely (Figure 5), and remained on the l u g  

despite the soaking i n  solvent. Flats on the rollers indicate that a t  

me time the cone slid over the rollers. The balls and ball races ex- 

hibit more surface damage than the Mk-I1 bits; detritus was heavily 

embedded i n  the cone ball races (Figure 6 ) .  

On lug 3 of 

FIGURE 5 

CONE, LUG AND SEIZED ROLLERS OF CONVENTIONAL 
BIT "A", LUG 3 

11 



FIGURE 6 
CONE,  LUG, BALLS AND ROLLERS OF CONVENTIONAL BIT "A",  LUG #1 

SHOWING WEAR O N  BALLS AND BALL RACES 

MK-I I Bit "HI' 

The t h i r d  b i t  tested was MK-I1 experimental b i t  "H";this b i t  com- 

pleted the one-hour break-in period and  was r u n  for  an additional one hour 

and for ty  minutes a t  89 KN (20,000 pounds). 

the torque increased and became e r r a t i c ,  as occurred w i t h  the previous two 

t e s t s .  The smooth gouges i n  the pad indicate skidding (Figure 7) ,  b u t  the 

lack of s ignif icant  damage t o  the cones suggests t h a t  the cones had not 

skidded very long, and t h a t  the e r r a t i c  torque data does, i n  f a c t ,  indicate 

cone lock-up. Examination of the bearing surfaces (Figure 8)  revealed 

almost no wear, including the! f r ic t ion-pin areas of the cones, discussed 

previously; 

Disassembly was d i f f i c u l t  due t o  the s tee l  de t r i t u s  par t ic les ,  as w i t h  

the previous two b i t s ;  

The t e s t  was terminated when 

some "orange-peel" wear was evident on the l u g  b a l l  races. 

nearly a l l  of t h i s  foreign matter was removed 

1 2  



Figure  7 

PAD AND CONES FOR EXPERIMENTAL M K - I 1  B I T  "H" 

FIGURE 8 

CONE, LUG, BALLS AND ROLLERS FROM EXPERIMENTAL 
M K - I 1  BIT "H", LUG #2 

13 



from the parts shown in Figure 8, although some remains in the ball race 

on the cone. 

Table 2 lists the wear measurements made on the three bits. 

Each bit was completely torn down and measured prior to the drilling tests 

described above. 

bled , cleaned, and a1 1 bearing .surfaces were measured at several points to 

determiw minimum and maximum wear; for clarity, Table 2 lists only the 

maximum values. 

At the completion of the tests, each bit was disassem- 

BIT "A"" 

TABLE 2 

WEAR MEASUREMENTS FOR CONVENTIONAL AND MK-I1 EXPERIMENTAL BITS TESTED 
AT 316°C IN GEOTHERMAL WELLBORE SIMULATOR 

LOAD, POUNDS 

RUN-TIME, MINUTES 

LUG WEAR1 
Friction Pin 
Ball Race 
Roller Race, IN2 
Roller Race, OUT2 

CONE WEAR1 
Friction Pin 
Ball Race 
Rol ler Race, IN2 
Roll cr Race, OUT2 

20 , 000 

150-1 803 

0.01 2 
0.030 
0.044 
0.060 

0.001 
0.018 
0.025 
0.033 

MK-I1 BIT 
"G" 

25,000 

120 

0.002 
0.01 6 
0.004 
0.003 

0.001 
0.000 
0.006 
0.005 

MK-I1 BIT, 
I I  H 

20,000 

100 

0.000 
0.040 
0.007 
0.003 

0.000 
0.004 
0.007 
0.015 

1. All wear measurements in inches; values shown are maximums. 

2. Wear causes taper, two measurements are made; see Figure 9 for illustra- 

3. Bit "A" ran for five hours and 16 minutes, but cones locked between 150- 
180 minutes into test, at which time wear on bearing surfaces would have 
stopped. 

tion of "IN" and "OUT" designations. 
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The roller races on the cones and underside of the lugs on all 

three bits experienced tapered wear, hence two measurements, designed 

''IN" and ''OUT" are listed in the table. 

measurements were taken, and also gives the nominal dimensions for the 

6 3/4 inch Reed M83-JA bit. 

Figure 9 illustrates where the 

V E R T I C A  L OUT 

? O L L E R  RACE 1.506 

c 7--- \\\\ 
B A L L  R A C E - - y l . 4 3 4  3 \\\mK 

7 5 A  

TTER CONE 

Figure 9 

LOCATIONS FOR WEAR MEASUREMENTS OF TABLE 

The most significant differences in wear between the conventional 

bit and the experimental bits was found in the friction-pin and roller races 

of the lugs, 

ences. Wear of the roller races i s  of particular concern, since it generally 

results in a change o f  the effective "journal angle" of the cones (Figure 10). 

The roller races of the cones also showed significant differ- 

15 



Figure -1 0 

DEFINITION OF JOURNAL ANGLE 

All b u t  one of the fa i led  b i t s  recovered from geothermal d r i l l i n g  operation! 

d u r i n g  Phase I were found t o  have tapered wear which resulted i n  a decrease 

i n  the effect ive journa l  angle; these b i t s  a lso exhibited excesssive gage 

wear. 

The journal angle must be maintained a t  i t s  designed value; a 

decrease in th i s  angle will r e su l t  i n  accelerated gage wear since i t  

decreases the angle a t  which the gage inser t s  meet the hole wall, causing 

shearing o f  the rock t o  take place before suf f ic ien t  compressive loading 

can be reached t o  cause crushing. Crushing i s  preferable, since tungsten- 

carbide is  excellent i n  compression, b u t  wears rapidly i n  scraping appli-  n 

cations. T h u s ,  the tapered wear of b i t  " A " ,  and the greatly reduced 

16 



amount o f  such wear i n  the  two experimental b i t s ,  i s  probably the  most 

s i g n i f i c a n t  f i n d i n g  o f  these tests .*  The amount of wealr on the  races and 

f r i c t i o n - p i n  o f  t he  cones o f  t he  experimental b i t s  would probably have been 

less i f  the  intended sur face hardness o f  Rc 57-58, r a t h e r  than Rc 47, had 

been a t ta ined.  The breakage o f  the  l u g  on experimental b i t  "G" i nd i ca tes  

s tee l .  The i m p l i c a t i o n  

f o r  the  nex t  generation of 

a l s  Se lec t i on  f o r  MK-I11 

of these t e s t  r e s u l t s  

experimental b i t s  w i  1 

b i t s " .  

i n s u f f i c i e n t  fracture-toughness f o r  the  H-13 too 

f o r  s e l e c t i o n  o f  ma te r ia l s  

be discussed under "Mater 

* It should be noted t h a t  t h e  taper-wear experienced by the  labora tory -  
t es ted  b i t s  resu l ted  i n  an increase i n  j ou rna l  angle r a t h e r  than a 
decrease, as was the case f o r  t he  f i e l d  b i t s .  This was probably due 
t o  t h e  f a c t  t h a t  the m i ld -s tee l  pad d i d  no t  support t he  o u t - t h r u s t  o f  
the  cones as  we l l  a s  the rock w a l l s  o f  an actual  wellbore. 

17 
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MATERIALS SELECTIONS FOR MK-I11 EXPERIMENTAL DRILL BITS 

A planning meeting was held a t  Reed Tool Conipany on August 9 ,  1977, 

t o  f i n a l i z e  the materials select ions and heat-treat  specif icat ions f o r  the 

MK-I11 experimental b i t s ;  the minutes of t h a t  meeting a r e  given i n  Appen- 

dix A. 

I t  was agreed t h a t  Terra Tek would provide the b a l l s ,  r o l l e r s ,  nose 

bushdpgs, and materials f o r  the lugs,  and Reed would provide the cones and 

CF bide d r i l l i n g  inserts, a s  well as a l l  of the manufacturing, on a no-cost 

a s i s .  

iation i n  the Drilling Research Laboratory. 

T h e  program included s i x  bits f o r  f ie ld- tes t ing ,  and two f o r  eval- 

The materials selected f o r  the MK-111 b i t s  a r e  i l l u s t r a t ed  i n  Figure 

11. 

LUGS: CBS-600 
STEEL (T IMKEN 

G A GE-RO W I NSE R T  S : 
CARBOLOY*90 

REMAINING INSERTS. 
~~ 

CARBOLOY * 231 
ROLLERS AND 
M-50 S T E E L  
RC-56 

BAL 
AT 

LS:, 

L 
7 /FRICTION-PIN 

BUSHING : 
CARBOLOY - 2 4 8  
OR M-50 S T E E L  

Figure 11 

MATERIALS SELECTED FOR THIRD GENERATION OF EXPERIMENTAL UNSEALED BITS 
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Lugs - The selection of the s teel  for the lugs was considered most 

c r i t i c a l ,  since hardness must be maintained on the bearing surfaces*, and 

suf f ic ien t  strength and toughness must be maintained i n  the core. 

Timken CBS-600 provides strength levels and heat-treating properties sim- 

i l a r  t o  AISI 8620 s tee l  used i n  conventional lugs,  b u t  re ta ins  nearly a l l  

of i t s  hardness to a t  l e a s t  300°C (600°F). The composition of these, and 

other s t e e l s  used i n  the program are  given i n  Table 1 .  

The 

I t  should be recognized t h a t  the "manufacturabili ty" o f  a candidate 

s tee l  i s  of par t icular  importance, since geothermal b i t  components must 

be manufactured on the same production equipment as  conventional b ts;  the 

present geothermal b i t  market i s  not large enough to  ju s t i fy  large expendi- 

tures for  tooling. 

heat-treating, carburizing, and machining i n  a manner similar t o  AISI 8620 

Any candidate s tee l  must therefore lend i tself  to  forging, 

on a s  a 

Vasco** 

( l u g s )  and AISI 4820 (cones). 

One s tee l  should be given future  considerat 

the higher heat-treating costs can be ju s t i f i ed :  

ug material ,  i f  

X2CVM "Modified" , 

w i t h  0.15% carbon (Table 1 ) .  

of surface and core hardness above 300°C, as  compared t o  CBS-600. 

requires an  austenit izing temperature near 1 , l O O " C  to a t t a i n  the desired 

properties; b i t  manufacturers could n o t  u t i l i z e  existing furnaces for  t h i s  

task. 

This material should of fe r  longer retention 

The XZCVM 

* Note t h a t  nearly a l l  wear on the l u g  races i s  concentrated on the underside 
whereas the wear of the cone races is dis t r ibuted over the en t i re  circum- 
ference, an  area which i s  roughly s ix  times as large as the load-bearing 
area on the l u g .  6i3 - 

** Teledyne Vasco, Incorporated 
Latrobe, Pennsylvania 
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The question of hydrogen embrittlement was considered, due t o  the 

presence of hydrogen-sulfide gas i n  many geothermal wells. A thorough 

investigation of the subject was made and i s  presented i n  Appendix B .  

The report concludes t h a t  there is  no known defense against hydrogen em- 

brittlement, other than keeping the strength of the stleel as low as pos- 

sible. Since brit t le failure was not  a common failure-mode fo r  bits used i n  

geothermal wells, i t  was concluded t h a t  strength levels i n  experimental 

steels should be held t o  approximately the same levels as conventional 

bits ( a t  lower temperatures), t o  minimize risk of bri t t le failure. 

Cones - The steel selected for the cones was AIS1 #4820, the same steel 

used on conventional bits. The cone wear measured on laboratory-tested 

conventional bits ( " A I ' ,  l'B1113, 

nificant than the wear on the l u g ,  balls and rollers (see Appendix " A " ) .  

In  addition, i t  was believed t h a t  the uneven or "tapered" wear observed on 

t h e  cones o f  these b i t s  was primarily a result o f  uneven wear on the l u g s ;  

the CBS-600 selected for  the MK-I11 lugs was expected t o  reduce l u g  roller- 

race wear t o  the low levels observed on the MK-I and MK-I1 bits, thereby 

reducing wear i n  the cone races t o  acceptable levels. Special nose bush- 

i ngs  (see Figure 9)  o f  fu l l -ha rd  M50 tool steel (four  bSts) and tungsten- 

carbide (remaining four bits) were selected t o  reduce wear in the fr ic t ion-  

p i n  area. 

and 11F"13) was considered less sig- 

RoZZeps ( ~ d  Balls - M50 tool steel was selected because of i t s  excel- 

lent retention of hardness a t  temperature; the Parts were drawn back to  

a hardness of Rc 56 t o  increase toughness. Fracture-tow$ness tests were 
63 
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run on M50 ro l l e r  bearings using the Terra Tek FRACTOMETER* system, 

12 gives the resul ts  of  these t e s t s  as well as data presented previously for 

M50 a t  Rc 64, and S2 s teel  used f o r  the bal ls  and  ro l l e r s  of conventional bits .  

Figure 

I n  addition, Reed Tool Company ran a t e s t  on the M50 a t  Rc 56 known as 

the "three-ball crush t e s t " ,  i n  which a stack of three bal ls  i n  a tube a re  

loaded u n t i l  the center b a l l  sha t te rs .  The b a l l  (diameter o f  12.7 mm o r  

0.500 inch) fa i led  a t  173 K N  (39,000 pounds), which i s  a t  the lower l imi t  

In 

- L  4 0  

: I  - - C L  _- 

of what i s  acceptable for  the S2 bal ls  used on conventional b i t s .  

d fo 

0 
t- 2ot - 
t- 

[L 
a 

0 LL lo! 0 100 zoo 300 400 

TEMP ('C) 

F I G U R E  1 2  
FRACTURE TOUGHNESS FOR ROLLER BEAR1 NG STEELS 

r t s  - A harder grade of  tungsten-carbide was se le  t the gage- 

cutt ing inser t s ,  since gage wear i s  a major problem a t  some geothermal d r i l l i ng  

s i t e s .  Figure 13 gives fracture-toughness values a t  various temperatures, and 

--- 
* This technique i s  presently being evaluated for  ASTM acceptance, b u t  

a standard has not ye t  been issued. 
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hardness values a t  room-temperatures, f o r  three grades o f  tungsten carb ide.  

HARDNESS=R, 87.8 

$ 

13 

CARBOLOY GRADE 90, HARDNESS.R, 69.0 

Q I \ x  
Y 

2 10 CARBOLOY GRADE 248. HARDNESS=RA 88.6 * 

x- 0 0 s. 100 200 300 - 
TEMPERATURE P C )  

FIGURE 13 
FRACTURE TOUGHNESS FOR TUNGSTEN CARBIDE COMPONENTS 

Carboloy grade #231 i s  recommended by the  manufacturer f o r  d r i l l i n g  

i nse r t s ,  due t o  i t s  h igh  toughness. The data i nd i ca te ,  however, t h a t  

grade #90 could prov ide 83% o f  the  toughness o f  grade #231 a t  300°C, and a 

s i g n i f i c a n t  g a i n  of 1.2 p o i n t s  on the  Rockwell-A hardness scale. Gage- 

row i n s e r t s  of grade #90 may e x h i b i t  a s l i g h t l y  g rea ter  tendency t o  break, 

b u t  should prov ide much b e t t e r  maintenance o f  ho le  diameter. 

a l so  g iven f o r  Carboloy grade #248, which was used f o r  nose-bushings f o r  

f o u r  o f  the  e i g h t  b i t s ;  breakage o f  the  nose bushings i s  n o t  an t i c ipa ted .  

Data a re  

The two take-apart b i t s  f o r  l abo ra to ry  evaluation, and t h e  s i x  welded- 

cons t ruc t i on  b i t s  f o r  f i e l d  t e s t i n g  should be avai lab l le  i n  A p r i l  of 1978. 
@ 
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FACILITIES FOR TESTING MK-I11 EXPERIMENTAL. BITS 

Testing of the MK-I1 bits i n  August, 1977, (previously described) 

revealed a problem w i t h  the We1 1 bore Simulator which had gone undetected 

i n  the f ive  t e s t s  run previously: 

by the d r i l l i n g  action, worked back into the bearings of the unsealed b i t s ,  

causing the cones t o  seize.  

Simulator (two MK-I experimental, and one conventional ) had escaped this 

problem because they were periodically removed, disassembled, cleaned, and 

measured for  wear; the cleaning apparently prevented s ignif icant  b u i l d u p  

of debris.  

debris, b u t  this was only pa r t i a l ly  successful. An ideal system would 

provide circulat ing f l u i d , *  b u t  the cost  of such a system a t  the temperatures 

and pressures involved would have been prohibitive. 

debris from the mild-steel pad, created 

The f i r s t  three b i t s  tested i n  the Wellbore 

The wellbore simulator was equipped w i t h  a magnet to  t rap the 

Several meetings were held to discuss modifications t o  the Wellbore 

Simulator or other a1 ternat ives ,  t o  f a c i l i t a t e  tes t ing of the unsealed 

Mk-I11 bits. 

approach would be the construction of a new t e s t  s ta t ion  u t i l i z i n g  hot 

compressed a i r .  

and heated by a specially constructed, gas-fi red heat exchanger (Figure 

14) .  

I t  was determined tha t  the l e a s t  expensive and most timely 

The a i r  would be supplied by a rented diesel compressor 

The system is  to  be used w i t h  the Dr i l l i ng  Research Laboratory (Figure 

1 5 ) ,  u t i l i z i n g  the d r i l l  tower and instrumentation system. 

* In an unsealed b i t ,  part  of the ci rculat ing f lu id  i s  directed through 
the three cu t te rs  to cool and purge the bearings. 

Part  of the 

--- G 
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ORL ORILL TOWER 

HOT A I R  SWIVEL 
PNEUMATIC JOURNALS 
ORAPHOIL SEALS 

INSULATE0 6" COLLAR 

INSULATED ~ " C O L L A I I  

A I R  COMPRESSOR ?SO CFM 

I T  UNDER TEST 
r, 

FIGURE 14 
GEOTHERMAL A I R  D R I L L I N G  TEST FACILITY 

drill tower descends as drilling progresses, thus the hot-air swivel moves 

down w i t h  the s h a f t ,  and  the insulated eight-inch collar gradually passes 

through the chip seal. 

cast-iron bil let  and the shroud, and o u t  through slots in the bottom of the 

shroud. 

the air .  

test  would require a great number o f  prepared rock samples, resulting in 

The cuttings and hot a i r  exit downward between the 

Note t h a t  the required test  temperature i s  maintained solely by 

Rock could be substituted for the cast iron, a l though a lengthy 
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higher costs and necessitating frequent change-overs; cast-iron i s  expected 

t o  out las t  granite by a factor  of  eight to  one. Rock samples would be useful 

for  evaluating penetration ra te ,  specif ic  d r i l l i ng  e,fficiency, or  l i f e  of the 

cutt ing s t ructure .  

for tes t ing of the MK-I11 b i t s  i n  April,  1978. 

The a i r -d r i l l i ng  t e s t  f a c i l i t y  i!; expected to be ready 

FIGURE 15 

DRILLING RESEARCH LABORATORY 
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TASK I 1  - SEALED B I T  DEVELOPMENT crs 
The Seal Test F a c i l i t y  

This sub jec t  i s  covered ex tens ive ly  i n  reference 13, i n c l u d i n g  design 

ra t iona le ,  c a p a b i l i t i e s ,  t e s t i n g  procedures, and d e t a i l e d  descr ip t ions  of 

the hardware and instrumentat ion.  The basic capabi l  ii t i e s  o f  the  t e s t e r  

(F igure 16) a r e  l i s t e d  i n  Table 3. 

FIGURE 16 

SEAL TEST FACILITY 

The a n t i c i p a t e d  mechanical e c c e n t r i c i t i e s  encountered i n  d r i l l i n g  a r e  

accurate ly  dupl icated i n  the t e s t e r ;  these can be h i g h l y  s i g n  f i c a n t  t o  seal 

l i f e ,  e x p e c i a l l y  when abrasives are  present. 

b r i c a n t  s ide,  and "wel lbore" s ide  o f  the seal can be c o n t r o l l e d  and monitored; 

d i f f e r e n t i a l s  as low as 0.07 MPa (10 p s i )  can be observed i n  the presence o f  

The pressure on both the  l u -  
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TABLE 3 

SEAL TESTER CAPABILITIES 

Parameter Range Type o f  
Adjustment 

Temperature 20°C - 425°C Ex t erna 1 
R PM 50 - 2000 External  
Pressure 0 - 21 MPa(3000 p s i )  External 
Well F l u i d  Water, Steam, Mud P r i o r  t o  Test 
Radial Motion 20.025 mm - k0.043 mm P r i o r  t o  Test 

Axial Motion 0.08mm - 1.27mm Change cam 

Abrasives a nY P r i o r  t o  t e s t  

(k.001 - k.017 inch)  

(.003 i n c h  - .050 inch)  

a common 21 MPa (3000 p s i )  pressure. Seal f a i l u r e  i s  detected by continuous 

moni tor ing o f  the f l u c t u a t i o n s  i n  the d i f f e r e n t i a l  pressure which are caused 

by the a x i a l  s t roke  o f  the d r i v e  s h a f t  (F igure 17) .  

Seal Test Resul ts 

The r e s u l t s  o f  the  f i r s t  one-hundred f i f t e e n  seal t e s t s  were repor ted i n  

reference 13. These t e s t s  i n d i c a t e d  t h a t  V i ton  and Buna-N were the best  

a v a i l a b l e  high-temperature elastomeric seal mater ia ls ,  having a temperature 

l i m i t  o f  about 235°C and 225"C, respec t ive ly ,  i n  the  standard four-hour 

screening t e s t .  

Most o f  the th i r ty -seven t e s t s  run i n  the present r e p o r t i n g  per iod  were 

l i f e  tests ,  which tend t o  be longer  than the f o u r  hour screening t e s t .  

s i g n i f i c a n t  f ind ings  from these t e s t s  a re  as fo l lows:  

The 

n 

1. The l u b r i c a n t s  used were found t o  have a l a r g e  e f f e c t  on seal l i f e ;  
the standard d r i l l  b i t  grease, used i n  most of the  f i r s t  120 seal 



I 
VESSEL E N V I R O N Y E N T ~  I 

W A T E R  AT 2 5 0 0  P S I ,  TEMP- 
ERATURES TO 423.C 

.L PORT 

VALVE 

EOUALIZER - BELCOWS 

S E A L  TUERYO- 
L C O I J P L E  

SEALING SURFACE 
-(REPLACEABLEI 

T O  CHARGING PUMP 4 AND RELIEF VALVES TRANSDUCER 

FIGURE 17 

DIFFERENTIAL PRESSURE SYSTEM FOR SEAL FAILURE DETECTION 

tes ts ,  was p a r t i c u l a r l y  det r imenta l  t o  seal l i f e  a t  these 
tempera tures.  

V i ton  ( inc lud ing  peroxide-cured V i ton)  and Buna-N remain the best  
elastomeric seal mater ia ls  tested. 

2. 

3 .  200°C i s  the approximate maximum serv ice temperature fo r  these 
elastomers; seal l i v e s  o f  50 t o  100 hours were observed when a 
bentonite-base m i n e r a l - o i l  l u b r i c a n t  was used. 

A p r o t e c t i v e  coat ing o f  a t e f l o n - l i k e  mater ia l ,  Parylene-C, was app l ied  : 

t o  several types o f  seals; t h i s  technique had proved henef ic ia l17 elsewhere f o r  

p r o t e c t i n g  s t a t i c  seals i n  geothermal app l i ca t ions .  l h e  Parylene-C can p r o t e c t  

the  elastomer from chemical a t tack,  a l low ing  the  use o f  an elastomer which may 
G 
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A 

have superior t ens i l e  strength a t  temperature, b u t  poor chemical res is tance.  

In a l l  of the six tests r u n ,  the r e l a t ive ly  t h i n  (0.04 mm or 0.0015 inch) 

coating wore through a t  the seal interface;  bonding of the coating t o  the 

elastomer was marginal. 

a r e  currently being studied. 

Thicker coatings and improved bonding techniques 

F1 uorona ted Polyp hos p hazene Rubber 

Firestone PNF-200. This elastomer is  an inorganic-backbone polymer 

based on a phosphorous-nitrogen group. 

appeared i n  reference 13; although r e su l t s  of t h a t  tes t  were not encourag- 

i n g ,  i t  was f e l t  t ha t  more t e s t s  were required t o  f u l l y  characterize the 

material .  

The r e su l t s  of one tes t  (#12)  

Table 4 gives the r e su l t s  of three new t e s t s ,  including two 

Parylene-C coated seal s. 

TABLE 4 

TEST DATA FOR FLUORONATED POLYPHOSPHAZENE ELASTOMERIC SEAL 

Lube Abrasives Shore A L i f e  C m e n t s  Test ~ p p  I n s t a l l e d  Stroke 

c Compression. z rn::ts) rn:zs) Rm BeforeIAfter Hours 
r 

Note 1 Note 3 Note 4 

12 200 6.4 0.25 mn t0.18 mn 90 RRB2 no 63,59150.39 4:005 95% of grease-seal 
(0.010 " )  (!0.007") 1.0.  ruined since t h i s  

t e s t  was run w i t h  a 
co ld  s t a r t  - i t  w i l l  
be repeated l a t e r  vith 
a warm s t a r t .  

143 200 5.5 t0.13 mn 'I V-706 yes 66,64/50,40 8:37 Seal f a i l u r e  was 
(t0.005") gradual. I .D. showed 

d e f i n i t e  deterioratiop. 

147 200 8.7 LHT' yes 07.80/30.10 15:45 Parylene coating, 
0.04 mn th i ck .  Coat- 
i ng dis integrated , 
elastomer t o t a l l y  
degraded. 

stayed on seal exceDt 
on 1.0.  Elastomer 
heavi ly degraded on 
1.0.  

148 200 6.7 no 85.35/60,30 14:45 Parylene coating 

1. 

2. 
3. 
4. 

5. 
6. 
7. 

Percent compression = 

d i f f e rence  between outer and inner diameter of the e n t i r e  seal. 

Conventional Reed r o l  l e r b i  t grease. 
Abrasives are a mixture o f  repulver ized Geyser's Graywacke sandstone and comnon feldspar sand. 
Duraneter values are given f o r  i n i t i a l  reading, and a f te r  30 seconds. 

Fixed- 1 n te rva l  t es t .  

Valvol ine 70-weight motor o i l .  

Lubr l  p l a t e  "Hi -Tenp" bentoni te-base mineral -o i  1 by F i  ske Ref i nery . 

thickness seal thickness - depth X loo%, where "seal thickness" i s  one h a l f  o f  the 
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A1 1 of the PNF-200 seals  experienced severe molecular degradati 

evidenced by the durometer s h i f t s ,  and general appearanc:e, expecially on the 

sealing surfaces. Figures 18, 1 9 ,  and 2 0  i l l u s t r a t e  the f inal  condition of 

the sea ls  tes ted.  

I 

FIGU,RE 18 

PNF-200 SEAL; 8 HRS 3 7  MINUTES AT 200°C USING 70-WEIGHT MOTOR OIL 

FIGURE 19 

PNF-200 WITH PARYLENE-C COATING (FOREGROUND) ; 15 HRS 45 MINUTES 
AT 200°C USING BENTONITE-BASE GREASE 
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FIGURE 20 

PNF-200 WITH PARYLENE-C COATING; 14 HRS 37 MINUTES AT 200°C WITHOUT 
ABRASIVES, USING BENTONITE-BASE GREASE 

Fluorosil icone Rubber 

Dow-Corning supplied an experimental f luorosil icone compound designated 

"TR-70"; seals  were molded i n  the standard oval configuration, and two were 

tested ( tests 136 and 137). 

seals* was coated w i t h  Parylene-C and evaluated ( t e s t  #142). 

In addition, one of the Parker fluorosil icone 

The r e s u l t s  

o f  these t e s t s  a r e  reported i n  Table 5. 

The r e su l t s  of t e s t  #5 a r e  presented again f o r  comparison w i t h  test  

#142; the presence of abrasives is  probably responsible f o r  the shortened 

--- 
* Results of four tests on this  proprietary material were reported i n  

Reference 13. 
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TABLE 5 

TEST DATA FOR FLUOROSILICONE RUBBER 

Test TFP Ins ta l l ed  zr:;: Wobble Durometer, Seal 
mn and RPM Lube Abrasiv'es Shore A L i f e  Comnents 

( inches) ( inches) yes'n'' BeforeIAfter Hours 
Y C Compression, x 

136 200 8.7 0.18 mn 20.13 m 90 V-70' yes 76,75/73.71 6:35 Dow-Corning mater ia l .  
(0.010") (*0.005")  Seal f a i l e d  due t o  

wear a t  the seal inq 
surface. b t e  gooi  
durometer re ten t i on  

- Dow-Corning Mater ia l .  
Test i n v a l i d  due t o  
equipnent mal funct ion 

I, I ,  - - yes 137 200. 8.3 

1.02 mn tO.10 mn 200 L.H.T. no 73,67/57.53 4:OO Parker Mater ia l ,  f ixed 
( 0.040") ( t0.004" ) 

5 200 7.8 
durat ion tes t .  15% 
grease loss.  

2:OO Parker mater ia l  w i t h  

Coating wore through 
a t  seal I . D . .  seal ing 
surface wore out. 

- -  0.18 ?0.13 mn 90 L.H.T. yes 142 200 7.8 
(0.010") (t0.005") Parylene-C coating. 

1. V-70: Valvo l ine 70 ut. motor o i l ;  L.H.T.: Lub r ip la te  "Hi-Temp'' bentonite tqrease. 

l i f e  i n  t e s t  #142. The Parylene-C coat ing was n o t  o f  much b e n e f i t .  The 

comparat ively favorable r e s u l t s  o f  the "TR-70" i n  t e s t  ,#136, namely the 

s ix-hour l i f e  and small durometer s h i f t ,  suggest t h a t  more t e s t s  should be 

run  us ing the  Lubr ip la te  "Hi-Temp'' l u b r i c a n t ,  o r  promis'ing candidate l u b r i -  

cants, l oca ted  w i t h  the  l u b r i c a n t  t e s t e r  ( t o  be discussed). 

Kalrez compound #1050, Sealol Metal Bel lows, and Wire-Mesh re in fo rced  Buna-N 

The r e s u l t s  o f  th ree  previous t e s t s  on wire-mesh re in fo rced  Buna-N seals 

were repor ted  i n  Reference 13. These seals  experienced severe mechanical 

problems, ; . e . ,  l a r g e  segments o f  elastomer separated from the  s ta in less -  

s t e e l  w i r e  mesh. Since these seals  were s l i g h t l y  ou t  o f  to le rance due t o  

molding problems caused by the wire,  they experienced more compression than 

was desired. Seal t e s t  #138 (Table 6 )  u t i l i z e l d  a s p e c i a l l y  modified seal 

c a r r i e r  t o  prov ide about seven percent compression. The t e s t  l as ted  o n l y  

twenty minutes, w i t h  p i t t i n g  of  the elastomer a t  the seal ing surface, 

s i m i l a r  t o  t h a t  observed i n  previous t e s t s .  
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FIGURE 21 

METAL BELLOWS FACE SEAL 

The sea lo l  metal bel lows face-seal (F igure 21, Table 6 )  was a sample 

o f  a standard product provided by the  manufacturer. 

i n s i g h t  i n t o  the problems and c a p a b i l i t i e s  o f  bo th  the  face-seal and the  

metal bellows. Since the space a v a i l a b l e  i n  t h e  b i t  i s  very  l i m i t e d ,  a 

new, h i g h l y  compact metal bel lows face seal would have t o  be developed. 

This t e s t  was thus requ i red  t o  he lp  determine t h e  f e a s i b i l i t y  o f  such a 

seal .  The seal provided excep t iona l l y  low leakage u n t i l  t h e  bel lows rup- 

tured; s ince the u n i t  tes ted  was a r e j e c t ,  judgement on the  bel lows i s  

reserved. The o v e r a l l  concept appears feas ib le ,  and work i s  proceding 

w i t h  Sealol  on the  j o i n t  development o f  a scaled-down face-seal .  
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TABLE 6 

TEST DATA FOR KALREZ COMPOUND #1050, SEALOL 
METAL BELLOWS, WIRE-MESH BUNA-N 

Test T y p  I n s t a l l e d  fit: ~b~~~ RPP( Lube Abrasives Shore A L i f e  C m e n t s  
(inches) (inches) 0eforefAfter Hours I 

13a 200 6.9 0.25 rnn 20.13 rnn 90 V-70 
(0.010 " )  (f0.005") 

151 125 21.7 f 0.025 Note 1 
(.0.001") 200 

" 90 LHT 152 200 3.0 m 
(0.150") 

The Kalrez compound #lo50 was tested 

yes 

no 

Yire-mesh reinforced 
0una-N, uslng spec ia l l y  
constructed seal c a r r i e r  
t o  provide 7% cmpression. 
Seal f a i l e d  due t o  break- 
down of elastomer on I .O.; 
chunks of mater ia l  sepa- 
rated, exposing wire-mesh. 

Kalrer 11050 i n  SAE 
W2-329 O-ring config- 
u ra t i on .  Seal f a i l ed  
due t o  compression- 
se t  of elastaner 
Degradation and 
abrasive wear were 
minimal 

Metal bellows seal w i t h  
carbon face-seal r i n g .  
This t e s t  was run  t o  ga in  
experience f o r  handling 
metal bellows face-seals. 
Fa i l u re  caused by fat igue 
i n  bellows ( u n i t  was 
" factory r e j e c t " ) .  

(Table 6 )  i n  the #2-329 O-ring 

conf igura t ion ,  using an except iona l l y  h igh  cornlpression o f  22%. 

done a t  DuPont's recommendation, t o  accommodate the "wobble" e c c e n t r i c i t y ,  

a l though t h i s  was reduced t o  k0.025 mm 

two hours i n d i c a t e s  no major problems; the  durometer was t o t a l l y  unaffected, 

and the  general appearance was good (F gure 22). 

T h i s  was 

The seal l i f e  o f  near ly  t h i r t y -  

DuPont has submitted two new candidate Kalrez compounds, based on the  

r e s u l t s  o f  t e s t  #152. 

conf igura t ion  t o  prov ide more r a d i a l  compliance a t  lower s t ress  l e v e l s .  

Pont be l ieves t h a t  w h i l e  Kalrez cannot match V i t o n ' s  mechanical p roper t ies  

a t  2OO"C, i t  should be ab le  t o  provide adequate t e n s i l e  s t rength  t o  290°C. 
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FIGURE 22 
KALREZ O - R I N G ,  SHOWING COMPRESSION-SET AFTER 32 HRS AT 125°C 

Buna-N. The resu l t s  of for ty-s ix  t e s t s  on this elastomer, a propri- 

e tary compound formulated and molded by Parker Seal Company, were previously 

reported i n  Reference 13. The resu l t s  of an  additional nineteen seal t e s t s  

a re  presented in  Table 7. 

Test #144 was r u n  to check o u t  par t  of the seal t e s t e r  instrumentation, 

b u t  i t  shows the detrimental e f f ec t  of very high temperature. The seal was 

r u n  a t  2OO"C,  u s i n g  the conventional r o l l e r b i t  grease, for  one hour ,  a t  which 

time the t e s t  temperature was increased t o  250°C; f a i lu re  occurred in  25 min- 

utes (Figure. 23). 

The seal shows signs of  chemical degradation, a s  well as seve 

wear (me1 t-flow) , indicating rubber-to-metal contact due t o  insuff 

brication by the r o l l e r b i t  grease. Additional t e s t s  with a bet ter  
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TABLE 7 

TEST DATA FOR BUNA-N SEALS 

Test Temp Installed Stroke Wobble Durometer. Seal 
Shore A ,  Life Comnents oC Compression, mn and mn and RPM Lube Abrasives I 

(inches) (inches) yes'no Before/After Hours 

118- 200 6.3 1.02 mn 
126 ( 0.040 " ) 

127 'I 0.25 mn 
( 0.01 0" ) 

128 

138 " 

6.6 

6.9 

139 I' 

140 I' 

141 " 

144 250 

145 200 

146 200 

149 200 

9.4 

8 .9  

7.8  

5.5 

5.1 

15.9 

7.4 

0.38 mn 
(0.01 5") 

0 . 2 5  mn 
(0.010") 

2 0.18 mn 90 Note 1 no 
(20.007" ) 

20.25 mn 
(t0.005") 90 V-70 

I, I, 

t0.18 mn " RRB 
(t0.007") 

20.15 mn 90 LHT 
(t0.006") 

20.13 mn 
(+0.006")  " " 

I' LHT 

yes 

no 

no 

ues 

- 

14:15 

16:ZO 

0:40 

0:20 

14:40 

14 :OO 

1 :40 

1 :oo 

13:50 

18:30 

Equipment checkout t e s t s  
for  refinement of seal 
f a i  1 ure detection. 

Seal fa i led  due to  wear 
on 1.0. 

Seal fa i led  due to  wear 
on 1.0.  

Wire-mesh reinforced type. 
Seal 1 .0 .  experienced loss  
of large segments of 
material .  

Test never acted properly, 
cause unknown. 

Test terminated due to  
equi wen t  mal function. 

Exact time of f a i l u r e  
uncertain due to equipment 
mal function. 

Seal t e s t s  s ta r ted  cold 
and r u n  to  200°C, held a t  
2OO0C for  1 hour then 
increased to  250°C. 

O-ring, SAE 12-329. 
Inadequate sealing, 
probably due to  low 
compression, t e s t  halted.  

fl-rina. SAE 12-329. Seal 
was run a t  200 O C  f o r  1 
hour w0 min. then lowered 
to  125°C to  simulate soak/ 
run .  Seal fa i led  due to  
conipression set .  

Oval seal w i t h  0.04 mn 
parylene-C coating. Coat- 
ing wore through a t  sea l -  
ing surface.  Test caused 
exceptional wear on shaf t .  

Mote 1. Mobile - 1 synthe t ic , ,o i l ,  Oow-Corning X200 s i l icone  o i l ,  Valvoline 70-wt. rion-detergent m t o r  
and Lubriplate Hi-Temp" grease were used for  t e s t  #118426. The motor o i l s  tended to  

crack" causing noxious odors. 
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FIGURE 23 

BUNA-N SEAL RUN AT 250°C WITHOUT ABRASIVES 

migh t  show some improvement i n  seal  l i f e ,  bu t  probably no th ing  approaching a 

reasonable se rv i ce  1 i f e  (50-100 hours) a t  t h i s  temperature. 

Tests 127, 128, 140 and 141 i n d i c a t e  a l i f e  o f  abour 14 t o  16 hours a t  

200°C, w i t h  abrasives,  us ing the  70-weight motor o i l .  

i te-base grease (#149) increased the  l i f e  t o  18 1/2 hours. This  seal had 

a t h i n  coa t ing  o f  Parylene-Cy which wore through a t  the  sea l ing  sur face 

(F igure  24). 

The use o f  the  benton- 

The seal shows obvious s igns o f  d e t e r i o r a t i o n  a t  the  sea l ing  surface 

i n d i c a t i n g  chemical degradation of t h e  elastomer. 

u s t d  f o r  t h i s  t e s t  showed excessive wear, probably caused by the Parylene-C 

coat ing  hold ing abrasives i n  contac t  w i t h  the  shaf t .  

a c t u a l l y  have enhanced the  abras ive damage t o  the  elastomer. 

l u b r i c a n t  which can prov ide  adequate l u b r i c a t i o n  o f  the  seal i n te r face ,  w i t h  

The rep laceable s h a f t  

Hence, the coat ing may 

@ The use o f a  
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minimal mechanical and  chemical a t t a c k  on the elastomer, may permit continuous 

service o f  Buna-N a t  o r  near 200°C; interaction with the lubricant tes t ing 

program i s  needed a t  t h i s  point. 

FIGURE 24 
BUNA-N OVAL WITH PARYLENE-C COATING, R U N  AT 200°C IdITH ABRASIVES 

Peroxide Cured Viton. This elastomer was recommended by the DOE/DGE-  

sponsored program on el as torners for  geothermal appl i ca t i  ons (GEM program), 

under the direction of Dr. Robert Reeber, as having superior resistance t o  

chemical degradation, when compared t o  Vi ton. 

The two seals  run i n  70-weight non-detergent motor o i l  (Table 8) proved 

infer ior  t o  standard Viton (Table 9 ,  t e s t s  129-133). The use of the bentonite 

based mineral o i l  lubricant provided a very large increase in  l i f e  ( t e s t  #153) 
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TABLE 8 

TEST DATA FOR PEROXIDE CURED VITON 

Test  T y p  I n s t a l l e d  St roke  Wobble Sea 1 
L i f e  Comnents # c Compression, X mn and mn and RPM Lube Abrasives 

( inches)  ( inches)  i % e / t f t e r  Hours 

134 200 8.7 0.25 mn t0 .13  mn 90 V-70 yes 77,74/79,76 4:30 Seal f a i l e d  due t o  

77,74179.75 4:30 Seal f a i l e d  due t o  135 " 7.3 

wear on I . O . ,  wear 
p a t t e r n  suggested 
elastomer was m e l t i n g  
and f l o w i n g  due t o  
f r i c t i o n .  

153 " 7.4 'I LHT 78,76/81,79 53:20 Seal f a i l e d  due t o  

(0.01 0" ) ( +0.005" ) wear on 1.0. 

I 4  ,, 

degradat ion  o f  
elastomer, and wear.  

s i m i l a r  t o  the  increase observed w i t h  Buna-N and Vi ton.  

t he  f a i l e d  seal (F igure 26) revealed numerous small cracks i n d i c a t i n g  

degradat ion o f  t he  elastomer; c i r c u l a r  scar ing suggests f r i c t i o n a l  wear 

caused by metal/elastomer contact ;  the  durometer increased, i n d i c a t i n g  

add i t i ona l  c ross - l i nk ing  (cur ing) .  The t e s t  data i n d i c a t e  roughly  h a l f  

as much l i f e  can be expected from t h i s  mater ia l ,  as compared t o  Parker #4205 

V i  ton.  

Examination o f  

V i ton.  The v i t o n  seals were molded by Parker Seal Company from t h e i r  

p rop r ie ta ry  blend #4205. 

elastomer t o  have on ly  a s l i g h t  (10OC) advantage over Buna-N i n  the fou r -  

hour screening tes ts .  

i n  Table 9. 

The prev ious ly  repor ted t e s t s  had shown t h i s  

Tests run  dur ing t h i s  repo r t i ng  per iod are  d e t a i l e d  

The t e s t s  run  w i t h  70-weight motor o i l  (#129, 130, 132 and 133) i nd i ca ted  

seal l i v e s  which were l ess  than those o f  Buna-N seals run  i n  s i m i l a r  t e s t s  
@ 
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FIGURE 25 
PEROXIDE-CURED VITON RUN 53 HOURS I N  ABRASIVES AT 200°C 

(Table 7, #127, 128, 140 and 141). 

grease ( t e s t  #155) showed an except ional  seal l i f e  of 93 hours 30 minutes, 

whereas a s i m i l a r  t e s t  (#149, Table 7) on Buna-N r e s u l t e d  i n  a l i f e  o f  o n l y  

18 hours 30 minutes. 

degradat ion of the elastomer, as evidenced by the numerous v e r t i a a l  cracks, 

which prov ided leakage paths. 

One t e s t  r u n  w i t h  the Bentonite-base 

The V i ton  seal (F igure  26) appears t o  have f a i l e d  due t o  

These observations i n d i c a t e  t h a t  usefu l  serv ice  ' l i f e  a t  200°C may be 

a t t a i n a b l e  w i t h  Vi ton,  if a s u i t a b l e  l u b r i c a n t  can be found. 

t e s t s  should be run  under the same cond i t ions  as t e s t  #155. 

Add i t i ona l  
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Conclusions. Chemical degradation of the elastomer by the lubricant ,  

and/or insuff ic ient  lubrication of the sealing surface by the lubricant 

appear to  have a very s igni f icant  e f f ec t  on seal l i f e .  

i n  the lubricant tes t  apparatus which prove capable o f  supporting the h i g h  

bearing loads a t  temperature should then be evaluated i n  the seal t e s t e r  fo r  

compati b i  1 i t y  w i  t h  the more promi si ng el as tomers (Vi ton, Peroxi de-cured 

V i  ton, and Buna-N). 

regarding possible beneficial modifications of the elastomer compounds , once 

the viable lubricants have been isolated.  

Lubricants tes ted 

The elastomer and seal manufacturers should be consul ted 

Lubricant Test Program 

The program includes the construction of a unique f a c i l i t y  (Figure 27) 

fo r  the evaluation of fluid-type lubricants,  such as greases, o i l s ,  and 

powders a t  temperatures to 427°C. 

wear block which contacts a rotating ring (Figure 28) i n  a pressurized 

(1.38 MPa, 200 p s i ) ,  oxygen-free atmosphere. After 5000 turns, the wear 

block is  removed, and the w i d t h  of the wear scar  i s  measured. 

i s  r u n  i n  accordance w i t h  ASTM specification D 2714-68. 

The t e s t  u t i l i ze s  a s t a t i c a l l y  loaded 

The t e s t  

The candidate lubricants acquired fo r  testing are  l i s t e d  i n  Table 10. 

Completion of the t e s t e r  and evaluation of the candidate lubricants a re  

scheduled fo r  the l a t t e r  half of Phase 111. The t e s t e r  will f i rs t  be used 

t o  characterize the capabi l i t ies  of conventional r o l l e r b i t  greases a t  room 

temperature. The resul ts  of high-temperature lubricant t e s t s  will be 

evaluated based on a comparison w i t h  the low temperature performance of 

the grease. Promising lubricants will a lso be used i n  the seal t e s t e r  to  

evaluate compati b i  1 i ty  w i  t h  the 1 eadi ng el as tomers (Vi ton, Peroxide -cured 

Viton, and Buna-N). 
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FIGURE 27 - LUBRICANT TESTER 
SCHEMATIC 

FIGURE 28 - TEST RING IN JOURNAL- 
BEARING RING-HOLDER, 
AND PARTIALLY COMPLETED 
PRESSURE VESSEL 

TABLE 10 

CANDIDATE HIGH-TEMPERATURE LUBRICANTS 

MANUFACTURER PRODUCT 

A t l a n t i c - R i c h f i e l d  Co., Inc .  
Dow-Corning, Inc .  

Eon, Inc .  

F iske  Ref in ing, I nc .  
Fiske Ref in ing, Inc .  
F iske  Ref in ing, Inc .  

Graphi te Products Corp, Inc .  
Graphi te Products Corp, Inc.  

Gu l f  O i l  Corp., Inc .  
Mobi le O i l  Corp. 
Pacer Corp, Inc .  
Parr, Inc .  

Wynn's Corporat ion 
Wynn's Corporat ion 

ARC0 EP-Black Moly D 

#710-G S i l i o c n e  O i l  w i t h  Graphi t  

D-40 Synthe t ic  
Lubr i  p l a t e  H i  -Temp 
604-D Hot Die Lubr ican t  
A P I  Mod i f ied  Thread Compound 
LS-11-1850 Ant i -Seize 
LS-11-2100 Ant i -Sei  ze 

41 9-C Grease ( S i i  icone) 

Mobi l -1 
Pacer DH 
P1 as t i 1 u be 

High-Performance Lube Supplement 
Heavy-Duty Concentrate 
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September 20, 1977 

Mr. Jon H. Barnette 
Drilling Research Division 
Geothermal Energy Techno1 ogy Dept. 
Sandia Laboratories 
P.O. Box 5800 
A1 buquerque , NM 871 15 

Dear Jon: 

T h i s  let ter i s  intended t o  summarize the program review meeting on 
the ERDA/DGE Geothermal Drill Bit contract, E(10-1)1546, held a t  Terra 
Tek on September 7 t h ,  1977, and should also serve as  this month's progress 
letter. 

Attendees: 

Jon H. Barnette 
Harry L. Mauzy 
Larry Matson 
Lynn M. Barker 
Robert R. Hendrickson 
Bruce J. Sakashita 
Ri chard W. W i nzen ri  ed 
Prof. William C. Leslie 

Paul J. Garmus 

Sandi a Laboratcwi es 
Reed Tool Company 
Maurer Engineering 
Terra Tek, Inc. 
Terra Tek, Inc. 
Terra Tek, Inc. 
Terra Tek, Inc. 
University of Michigan, 

The Timken Co. (non-participating) 
Consultant t o  Terra Tek 

The meeting opened with Jon Barnette giving a brief overview of Sandia's 
role as contract monitor fo r  ERDA/DGE. 
during the year on the major tasks of the contract. 

I then reviewed the progress made 

Dick Winzenried gave a detailed analysis of the drill-bit tests r u n  
in the geothermal wellbore simulator. These included the M K  I1 bits r u n  
i n  August, and two conventional bits run  last  April. The two b i t s  tested 
in April were r u n  a t  intermediate geothermal temperatures of 300°F and 450"F, 
a t  loads of 20,000# for two hours and 25,000# for two hours. 
a t  45OOF experienced severe wear b u t  d i d  complete the test  sequence. The 
bit run a t  300°F completed the 2 hours a t  20,000# b u t  locked up  after 40 
minutes a t  25,000#. 
the ba l l  race and roller race had broken, and the chips had jammed the 
rollers, causing the cone t o  seize, 
sive axial force on the ba l l  race, since the back (outside) edge of the 

The bit tested 

Upon analysis, i t  was discovered t h a t  the wall between 

T h i s  was most likely caused by exces- 

G;s 
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cutter cone i s  unsupported by the steel pad ,  b u t  would receive some support 
from the outer wall of the hole in an actual  drilling situation. Reed Tool 
said t h a t  this raceway breakage was one o f  the more common dril l  bit fa i l -  
ure modes. The next test  sequence was run i n  August, and consisted of two 
MK I1 research bits and one conventional bit. To avoid the raceway break- 
age problem, these b i t s  were given a one hour progressive break-in sequence. 
This was intended t o  wear a pattern i n t o  the pad which would provide more 
support fo r  the cone, and hopefully alleviate some o f  the axial thrust on 
the ball raceways. 
locked up after two hours a t  25,000# a t  316°C. 
t h a t  each b i t  could be r u n  for  six hours. The second b i t  r u n  was a con- 
ventional u n i t ;  i n  view of the lockup of the f i r s t  b i t ,  the load  was re- 
duced t o  20,000#. 
and the torque graph indicated t h a t  intermittent locking of the cones may 
have been taking place for the last  two hours of the test. 
was the second MK I1 b i t ,  w h i c h  seized after one hour and 45 minutes a t  
20,000#. I t  i s  now believed t h a t  these premature failures were caused by 
the lack of circulating fluid i n  the wellbore simulator, which allowed 
internally generated wear debris t o  jam in the roller raceways. Proposed 
modifications t o  the tester are covered later i n  this report. Wear analysis 
of the three bits revealed results similar t o  the MK I tests las t  November; 
roughly one-fifth t o  one-tenth as much wear on the research b i t  as  on 
the conventional bit. 

The f i r s t  bit tested was a MK I 1  experimental which 
I t  was originally hoped 

This bit was run  five hours, b u t  examination of the b i t  

The final tes t  

Bill Leslie reviewed the materials selected for  the t h i r d  generation 
of research dril l  bits. 
Tool and Terra Tek on August 9 th  a t  Reed Tool in Houston. 
best summarized by my letter t o  Bill Schumacher dated August 18th (copy 
at tached) ,  since we are holding almost exactly t o  those selections. The 
most significant decision was the selection o f  Timken CBS-600 steel for  the 
lug  material. This material was selected after a detailed analysis of the 
hydrogen sulfide embrittlement problem by Prof. Leslie and myself; I have 
attached a copy of our let ter t o  Cliff Carwile, dated September 7 t h ,  which  
details our findings. 
hardness, fracture toughness, and resistance t o  hydrogen embri ttlement t h a t  
i s  required. 

These were decided upon a t  a meeting between Reed 
This subject i s  

This steel should be capable of supplying the hot  

Lynn Barker reviewed the fracture toughness program a t  Terra Tek and 
outlined his proposed tests for the materials t o  be used on the MK I11 
d r i l l  bits. 
bearings, the tungsten carbide for the gage row inserts, the carbide for 
the other drilling inserts, and the carbide for the pilot bushing. Frac- 
ture toughness tests are also planned for  the CBS-600 al loy which will be 

These include fracture toughness tests on the M50 roller 
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used for  the MK 111 l u g s  and 8620 s teel  which i s  used for conventional 
lugs. 
as a true measure of K r c ,  b u t  should provide good d a t a  o n  the re la t ive  
toughness of the two s tee ls .  

Due t o  t h e i r  h i g h  toughness, these t e s t s  may not be en t i re ly  valid 

Dick Winzenried reviewed the current statu; c f  the seal t e s t e r .  The 
most s ignif icant  development came ear ly  this summer when Dick perfected 
a technique for  detection o f  seal fa i lure .  
re l iably,  and over 140 seal t e s t s  have been r u n  t o  date. The resu l t s  o f  
17 "test- to-fai lure"  seal t e s t s  were discussed. These t e s t s  were r u n  a t  
200°C, and show Buna-N t o  be s l i gh t ly  bet ter  t h a n  V i t o n ,  whereas e a r l i e r  
tests a t  235°C had shown Viton to  have a s l igh t  advantage over Buna-N. 
Since this temperature region is  s t i l l  inadequate for  geothermal applica- 
tions, i t  was agreed t h a t  future tes t ing should move almost exclusively 
t o  the heterogeneous sealing systems. (Some test ing wil l  be done on 
Kal rez and paralene-coated seal s .  ) 

The t e s t e r  continues t o  operate 

Larry Matson of Maurer discussed the current s ta tus  of some of the 
heterogeneous seal i n g  concepts , and out1 ined p lans  f o r  n1.w seals .  
Tek will continue work on materials fo r  i t s  "Spider" face sea l ,  tes t ing 
of the Sealol metal bellows face sea l ,  and possible % s t i n g  of the Parker 
"Geopak" sea l .  The Parker "Geopak" will u t i l i z e  a "Vespel" p las t ic  
(polyamid-hid) l i p  seal driven by a metal spring; Parkei- i s  experiencing 
delays w i t h  t h e i r  molding equipment, however, and the "Geopak" i s  n o t  the 
f i r s t  seal i n  l i ne  f o r  fabrication once production is  p u t  "on l ine" .  

Terra 

R. Hendrickson reviewed the geothermal lubricant t e s t e r .  This i s  a 
block-and-ring t e s t e r  similar t o  the Alpha LFW-I, b u t  dekigned f o r  ser-  
vice to  800°F. I t  is exactly as described I n  the proposal f o r  this year ' s  
contract. A t  the present time there i s  very l i t t l e  information on l u b r i -  
cant performance a t  temperatures much above 4OO0F, and very l i t t l e  consen- 
sus from lubricant experts on how extensive a problem H.T.  l u b r i c a t i o n  
will be. Completion and operation of  the t e s t e r  i s  scheduled f o r  November. 

The f inal  discussion centered around proposed modification to  the 
geothermal we1 1 bore simulator. Design changes had been in i t ia ted  prior 
t o  the MK I1 b i t  t e s t s  t o  increase the simulator's capacity from 6-3/4" 
out to  8-3/4" so t h a t  two of the M K  111 b i t s  could be lab-tested prior 
t o  t a k i n g  the remaining six to  the Geysers for  tes t ing.  However, the 
MK I1 b i t  tests, w i t h  the i r  frequent cone lockups, indicated t h a t  some 
form of f lu id  circulat ion i s  needed t o  flush wear par t ic les  from the b i t .  
T h i s  i s  a formidable engineering task w h i c h  we are  now working on. 
most promising solution discussed so f a r  would u t i l i z e  a positive-displace- 
ment pump inside the vessel (such a s  a gear  pump) driven by the d r i l l  shaf t .  

The 
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The pump would draw water i n  through a porous bronze f i l t e r  and  down 
through the lugs t o  provide the flushifig ac t ion .  
one hour wear-in procedure, should al low long  d u r a t i o n  geothermal well- 
bore simulation tests. 

This, coupled with the 

The following conclusions and agreements were reached prior t o  the 
close o f  the meeting. 

1. Reed Tool would p rov ide  B i l l  Leslie w i t h  drawings o f  the p i l o t -  
p i n  bushing f o r  b o t h  the tungsten carbide and  the tool-steel versions of 
the MK I 1 1  bits. 
proceeding w i t h  the purchase of  t h i r t y  o f  each type.) 

(Bill informs me these have been received, and he i s  

2. Harry Mauzy would l o o k  i n t c i  h a v i n g  Reed do a complete inspec- 
tion on all  d r i l l  bits t o  be run i n  the field tests: b o t h  the research 
type and conventional units. 
inspect, i.e. measure, the research bits,  b u t  that they need a firm order 
for the conventional bits from Union Oil before considering inspection 
of those.) 

(He has since informed me t h a t  Reed would 

3. Bill  Leslie will procure three types o f  carbides, probably 
G.E. # I s  248, 90 and 231 for fracture toughness testing by Lynn Barker 
of Terra Tek. 
pilot bushing, and other rows of drilling inserts. 

These are the grades t o  be used i n  tbe gage row inserts, 

4. Larry Matson will do a detailed investigation i n t o  the face 
seals currently on the market, w i t h  the goal of a d a p t i n g  them for high- 
temperature service. 
from Reed on the maximum amount o f  space t h a t  can be usurped from the 
rest o f  the dril l  b i t ,  should the need arise. 

Larry also agreed t o  get some exact specifications 

5. Dick Winzenried agreed t o  pursue modifications t o  the seal tester 
which would include a system f o r  bearing purge action, as well as enlarge- 
ment t o  the 8-3/4” size. 

6. Lynn Barker agreed t o  do fracture toughness tests a t  temperature 
on three samples o f  tungsten carbide. I n  a d d i t i o n ,  Lynn agreed t n  attempt 
a measurement of the core toughness of the CBS-600 steel ,  providing t h a t  
B i l l  Leslie could provide three samples of a t  least 2”  diameter x 3” long. 
Bill also agreed t o  prepare the samples t o  the proper heat treat in his 
lab. 

8 
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7. Jon Barnet te  requested t h a t  Terra Tek provide him w i t h  a monthly 
progress l e t t e r  r a t h e r  than a bimonthly repor t .  
w i t h  S id  Green, and we w i l l  now prov ide a monthly l e t t e r . )  

( I  have discussed t h i s  

Sincerely, 

*&.ea*. 

Robert R. Hendrickson 
Pro jec t  Engineer 

RRH/ j 1 g 

Enclosures: L e t t e r  t o  P. W. Schumacher, 8-18-77 
L e t t e r  t o  C. Carwile, 9-7-77 

cc: C. Carwile, ERDA 
M. M. Newsom, Sandia 
W. C. Les l ie ,  U n i v e r s i t y  o f  Michigan 
Dewey Thiessen, Reed Tool 
P. W. Schumacher, Reed Tool  
Terry  Mayo, Reed Tool 
Harry Mauzy, Reed Tool 
S. J. Green, Terra Tek 
A. H. Jones, Terra Tek 
L. M. Barker, Terra Tek 
B. 3. Sakashita, Terra Tek 
R. W. Winzenried, Terra Tek 
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September 7, 1977 

Plr. C l i f t o n  Carwi le 
P ro jec t  Manager 
Explorat ion Techno1 ogy Branch 
Energy Research and Development 

Admi n i  s t r a t i  on 
20 Massachusetts Ave., N.W. 
Washington , D.C. 20545 

Subject: Hydrogen Su l f ide  Embrit t lement 

Dear C l i f f :  

P r i o r  t o  se lec t i ng  the  s tee ls  f o r  t he  th i rd-generat ion d r i l l  b i t s ,  a 
thorough inves t i ga t i on  was made i n t o  the  nature of hydrogen embri t t lement 
as i t  r e l a t e s  t o  o i l f i e l d  products i n  general, and geothermal b i t s  i n  par-  
t i c u l a r .  This was i n  response t o  questions ra ised by Bob Reeber of ERDA, 
and several people from the  d r i l l i n g  indust ry .  We ta lked  w i t h  Prof. A. R. 
Troiano o f  Case Western Reserve, and a l so  w i t h  key people i n  the me ta l l u rg i -  
ca l  departments o f  th ree  o f  the b i t  manufacturers. 

We have s tud ied two recent comprehensive reviews o f  hydrogen e m b r i t t l e -  
inent i n  steels.[1,2] Although i t  must be c l e a r l y  recognized t h a t  no high- 
s t rength f t e e l  i s  immune t o  hydrogen embrit t lement, we have selected s tee l s  
t h a t  have no h i s t o r y  o f  such embrit t lement when used i n  d r i l l  b i t s .  

The Basic Problem 

exact mechanism o r  mechanisms o f  hydrogen embrit t lement. 
genera l ly  agreed t h a t  the  process i s  g r e a t l y  accelerated i f  the  H2S i s  
d issolved i n  water. 
the  sulphur, the  hydrogen ions o r  "a tan ic  hydrogen" can then f ree l y  penetrate 

There i s  no general agreement i n  the me ta l l u rg i ca l  comnunity as t o  the  

Since t h i s  al lows the  hydrogen ions t o  d issoc ia te  from 

It i s ,  however, 

1. C. S. Carter and M. W .  Hyatt,  "Review o f  Stress-Corrosion Cracking i n  
Low-Alloy and Low-Strength Steels," Proceedings Firming Conf. , Stress 
Corrosion Cracking and Hydrogen Embrit t lement o f  Iron Base Al loys,  
June, 1973. 

2. I. M. Bernstein and A. W. Thompson, "E f fec t  o f  Me ta l l u rg i ca l  Var iables 
on Environmental Fracture o f  Steels," I n t .  Met. Rev., 21, p .  269, 1976. 
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the  c r y s t a l  l a t t i c e  of the  s tee l .  One theory holds t h a t  the atomic hydrogen 
c o l l e c t s  i n  micro-voids w i t h i n  the  s tee l ,  where i t  recombines t o  form d i -  
atomic hydrogen, i.e. H2 gas, thereby producing a l oca l i zed  s t ress  and per-  
haps i n i t i a t i n g  a crack. The embri t t lement problem increases as the  s t ress  
on the s t e e l  increases, and i s  known t o  be worse i n  s tee ls  l ack ing  i n  f rac-  
t u r e  toughness. 

Prevention 

I n  o i l  and gas we l l  d r i l l i n g ,  H2S i s  a f requent problem which i s  
usua l l y  c o n t r o l l e d  w i t h  mud addi t ives.  
MudTech, the  usual chcAce i s  a mixture o f  zinc chromate or sodium chromate 
i n  combination w i t h  z inc  oxide o r  z inc  carbonate. Typical concentrat ions of 
these add i t i ves  are about 500 ppm by weight. This approach po in ts  up the  
fac t  t h a t  there  i s  no e f f e c t i v e  way t o  c rea te  a b a r r i e r  t o  hydrogen. rhere 
i s  no known e lec t rop la te ,  d ip ,  impregnation o r  o ther  coat ing t h a t  w i l l  s top 
hydrogen d i f f u s i o n  and which i s  a lso  reasonably r e s i s t a n t  t o  shock and abra- 
sion; g lass and t h i c k  rubber coat ings prov ide some pro tec t ion ,  f o r  example. 
Hydrogen embri t t lement can be minimized by con t ro l  l i n g  me ta l l u rg i ca l  v a r i -  
ables. The res idua l  s t ress  p a t t e r n  induced by carbur iz ing  r e s u l t s  i n  p a r t s  
which are l e s s  suscept ib le  t o  embri t t lement:  the  case i s  i n  compression, 
whereas the  embri t t lement crack usua l l y  o r i g ina tes  i n  an area of tension. 
Fine g ra in  s i z e  and a tempered martens i te  s t r u c t u r e  are bene f i c ia l ;  these 
are always present i n  conventional d r i l l  b i t  s tee ls .  

According t o  John Day o f  Maurer/ 

Coating amines may be used as add i t i ves  when d r i l l i n g  w i t h  mud o r  a i r .  
I n  mud, the  coat ing  a c t i o n  o f  the  amines provides some p ro tec t i on  from hydro- 
gen d i f f u s i o n  t o  the  d r i l l  p ipe  and casing. 
i t s  pr imary func t i on  i s  t o  surround the  abrasive cu t t i ngs ,  thereby reducing 
abrasion o f  the  t o o l  j o i n t s  and casing by the  c u t t i n g s  as they leave the  
uell. For example, a Union O i l  product known as Unisteam i s  i n j e c t e d  i n t o  
t:.s d r i l l i n g  a i r  a t  the  Geysers geothermal wel ls .  
o f  Union, Unisteam does conta in  amines and should provide some H2S protec-  
t i o n  fo r  t h e  d r i l l  p ipe and casing, i n  add i t i on  t o  reducing abrasion. How- 
ever, amines cannot prov ide s i g n i f i c a n t  p ro tec t i on  f o r  the d r i l l  b i t  due 
t o  the  constant scraping, whether d r i l l i n g  w i t h  mud o r  a i r .  

When used w i t h  a i r  d r i l l i n g ,  

According t o  Delber t  Pyle 

R l t i q a t l n g  Factors 

.Although t r u e  geothermal d r i l l i n g  muds are not  y e t  ava i lab le ,  the  
tludTech d i v i s i o n  o f  Maurer Engineering i s  developing t h i s  technology. 
Reamont, head o f  the MudTech group, s ta tes  t h a t  z inc chromate, sodium chromate, 
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zinc oxide and zinc carbonate chemistry should work well a t  geothermal temper- 
atures for  the neutralization of hydrogen sulfide. 

The primary concern, therefore, i s  the air-drilled geothermal well. 
There are two factors here t h a t  work t o  our advantage. First, the dril l  
b i t  is  only exposed t o  steam as i t  passes through a steam entry po in t ,  or  
when t r ipp ing ,  since the drilling air  provides a constant purging action. 
Secondly, the H2S embri ttlement problem usually decreases with increased 
temperature (although i t  i s  uncertain as t o  whether this is  due t o  the 
greater mobility of hydrogen, or  t o  an increase in the fracture toughness 
of the steel). Brittle failure of dri l l  bits a t  the Geysers has been al-  
most non-existent, according t o  Kelsey Lumen of Union Geothermal. 

Material s Sel ect  ion 

The b i t  components exposed t o  the wellbore fluids are the cones and 
The lugs. Of these two, the lugs are generally more prone t o  cracking. 

material selected for the M K  I11 drill bit cones i s  4820 steel. Since 
this material has been used extensively a t  the Geysers, no problems are 
expected from the cones. The lug material selection wlas more cr i t ical ,  
since greater retained hardness is needed a t  temperature i n  order t o  
reduce bearing wear. Thus ,  the material selected had to have fracture 
toughness equal t o  o r  greater t h a n  t h a t  o f  the conventional 8620 steel. 
The material selected is  Timken CBS-600, which, according t o  C. F. Jatzcak 
of Timken, should meet these goals. The CBS-600 should allow a retained 
case hardness o f  Rc58 a t  6OO0F, b u t  w i t h  a core hardness in the area o f  
Rc30. The l u g  steel used on the M K  I and MK I1 dril l  bits, H13 tool steel , 
could not provide nearly as wide a core/case differential. - Vasco XZCVM 
carburizing steel (also considered) had hardnesses of about Rc58 case/ 
Rc50 core, al though i ts  retained hardness is better than  CBS-600 a t  800'F. 
The core hardness of 8620 steel i s  about Rc25 a t  room temperature. Un- 
fortunately, i t  i s  difficult t o  make fracture toughness measurements on 
steels as tough as 8620 or CBS-600; the required sample size is too large. 
Lynn Barker o f  Terra Tek has indicated t h a t  he may be able t o  devise a test 
t h a t  can a t  least provide relative fracture toughness measurements for 8620 
versus CBS-600, a t  temperature. 

We therefore conclude t h a t  the M K  111 dril l  bits should be no ROB 
susceptible t o  embrittlement failure t h a n  conventional b i t s ,  when run a t  
the Geysers a t  typical loads o f  25,000#-35,000#. I t  is hoped that frac- 
t u r e  toughness d a t a ,  t o  be generated a t  Terra Tek, will show the toughness 
o f  CBS-600 relative t o  8620 steel. I f  CBS-600 i s  tougher i n  the tenrperrturo 
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range of interest, we would then probably recomnend t h a t  the b i t  load be 
increased t o  the neighborhood o f  40-45,000 pounds i n  order t o  attain the 
higher penetration rates t h a t  these bits are capable o f ,  as exhibited i n  
non-geothermal applications. 

Sincerely, 

Robert R. Hendrickson Prof. William C. Leslie 
Project Engineer Consultant t o  Terra Tek 
Terra Tek, Inc. Uni versi t y  o f  M i  chi gan 

RRH-WCL/ j 1 g 

cc: 3.  Barnette,Sandia Laboratories 
M. M. Newsom, Sandia Laboratories 
W. C. Maurer, Maurer Engineering, Houston 
L. Reamont, Maurer Engineering, Houston 
S. J. Green, Terra Tek 
A. H. Jones, Terra Tek 
L. M. Barker, Terra Tek 
R. W. Wintenried, Terra Tek 
B. J. Sakashita, Terra Tek 
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