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FAILURE MECHANISMS OF POLYCRYSTALLINE;DIAMOND COMPACT
DRILL BITS IN GEOTHERMAL ENVIRONMENTS

Ed R. Hoover
Larry E. Pope

ABSTRACT

. Over the past few years the interest in polycrystalline diamond
compact (PDC) drill bits has grown proportionately with their successful
use in drilling oil and gas wells in the North Sea and the United States.
This keen interest led to a research program at Sandia to develop PDC
drill bits suitable for the severe drilling conditions encountered in
geothermal fields. Recently, three different PDC drill bits were tested
using either air or mud drilling fluids: one in the laboratory with

hot air, one in the Geysers field with air, and one in the Geysers field

with mud. All three tests were unsuccessful due to failure of the braze
joint used to. attach the PDC drill blanks to the tungsten carbide studs.
A post-mortem failure analysis of the defective cutters identified three
major failure mechanisms: peripheral nonbonding caused by braze oxi-
dation during the brazing step, nonbonding between PDC drill blanks and
the braze due to’contamination prior to brazing, and hot shortness. No
evidence was found to suggest that the braze failures in the Geysers
field tests were caused by frictional heating. 1In addition, inspection
of the PDC/stud cutter assemblies using ultrasonic techniques was found
to be ineffective for detecting the presence of hot shortness in the
braze joint. ' ' . .
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INTRODUCTION

During the past few yéars drag-type drill bits utilizing poly-
crystalline diamond compact (PDC) cutters have met with considerable
success in drilling oil and gas wells in both the North Sea and con-
tinental United States [l1]. To date, these drill bifs have been most
successful in relatively soft formations such as shale, claystone, and
siltstone. AHowever, the drilling industry and the Depaftment of Energy,
(DOE) have recognized the ﬁotential of PDC drill bits for significantly
reducing the cost of drilling geothermal wells via increases in the bit
life and penetration rates.

This interest led to a research program to develop PDC drill bits
suitable for the severe conditions encountereé/in drilling geothermal
wells. The research has included both analytical studies and single-
point cutter tests as well as full-scale drilling tests'in both the
laboratory and the field [2,3].

Recently, two different GE/Smith PDC drill bits were tested using
air as the drilling fluid--one in the laboratory and the other in the
field in northern California at the Geysers geothermal field. Another
PDC drill bit built by the Strata Bit Corporation was tested on a tur-
bine at the Geysers using mud as the drilling fluid. Both bits tested
at the Geysers were unsuccessful. A post-mortem failure analysis of
the PDC cutters was conducted at Sandia to identify the critical mech-
anisms that caused these bits to fail prematurely.

This paper describes thesevfull-scale bit tests, presents the
conclusions of 6ur failure analysis, and makes corrective recommenda-

tions.



SUMMARY OF DRILLING TESTS

To avoid damaging thefproddcing formation in geothermal areas such
as the Geysers, air is normally bsed as the drilling fluid in the lower
portion of the well, where bottom-hole temperatures often exceed 500°F.
Therefore, in order to evaluate ‘the performance of PDC b1ts in this
type of drilling env1ronment, ‘a GE/Smlth dr111 bit was tested in the
laboratory under atmospherlc cond1t1ons u51ng preheated air as the
drilling fluid. Subsequently, two other b1ts were tested at the Geysers

using air and mud as the drill fluid.

:GE/Smith Laboratory Test

The full-scaleilaboratory drilling’test was performed at the
Drilling Research Laboratory in Salt Lake City in February 1980. Using
an air flow ofﬂQOO“cfm,and‘a gas;fired heat exchanger, the inlet air
‘temperature wasﬁmaintained_at approximately 480°F.

The stud-type 8 1/2 inch diameterﬁPDC drill bit used in this
experiment was successfully f1e1d tested in October 1979 in the Baca
geothermal f1e1d11n nortbern New Mex1co [41. Or1g1nally, all of the
PDC drill blanks were mounted on -20° back rake tungsten carbide (we)
studs using the General Electric developed LS brazing process (see
Figure 1). Prior to the hot:air.laboratory test, f1ve of these cutter
assemblies were replaced‘beoause they had significant wear. On three
of the new assemblies the PDC drlll blanks were LS brazed to -25° WC
~studs. On the other two the PDC- dr111 blanks were mounted on. 25° steel
‘studs using a diffusion bond1ng proceSS‘developed at Sandia [5]. The

locations of these cutters are shown in Figure 2.
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ANGLE PDC DRILL BLANK

Figure 1. PDC/Stud Cutter Assembly

(Note: The PDC drill blank consists of a
10 mil thick diamond layer bonded
to a cemented carbide substrate.)

-25°WC STUD LS BRAZE -26° STEEL STUD DIFFUSION BOND

-25°WC STUD
LS BRAZE

-25°WC STUD
LS BRAZE

-25° STEEL STUD
DIFFUSION BOND

Figure 2. Modified GE/Smith bit which lost twelve
PDC drill blanks during the hot air
laboratory test.



After successfully drilling four 30 inch deep holesin Nugget sand-
stone (unconfined compressive strength of 18,000 psi), the bit was
cerefully examined. No measurable wear of the pochrystalline diamond
- compactsAwas found. However, many of the -20° back rake cutters on the
crown ofithe bit had significant wear on the:top)and outer edge of the
~carbide stud behind'the'PDCVdrill blank.‘,None of the -25° studs had
any top or side wear. This is mostviikely beceuse the -25° studs have
an end clearance angle of 25° mhile the ;20° studs have an end clearance
angle of only 5°. |

The GE/Smlth bit was then tested in S1erra White granlte which had
an unconf1ned compress;ve strength‘of>24,000 p51 and a relatively large
grain structure. After~drillrng the first 30 inch hole, examination
showed significant wear of many of the outerrcutters. In addition,
there ‘was some localized high frictional heating indieating’inadequate
cooling by the air dr1111ng fluid. The procedures used to drill the
f1rst hole in the granlte were repeated for the next hole. While
’ dr1111ng only 6 ft/hr at 50 RPM with a bit welght of 35,000 1bs, the bit
" failed catastroph1ca11y. Twelve LS brazed PDC drill blanks were de-
tached from their stud support structures. Eleven of these compacts
were recovered intact from the parklng lot, where the hot air exhaust
had eJected them.

The cutters that lost thelr PDC dr111 blanks are shaded in Flgure ®
2. Both of the diffusion bonded -25° steel cutters remained intact even
though they were worn severely. 7 -

In general, the a1r drilling performance of the GE/Smlth b1t in the
Nugget sandstone was very promlslng The b1t exh1b1ted almost no PDC
wear after- dr1111ng a total of 10 feet under very adverse. cond1t1ons.

At the t1me the hot air test in the granlte was- cons1dered to be "over-
'kill"~ Therefore, the dec151on was made to conduct a full-scale air

. drilling field test of a GE/Smlth PDC b1t prov1ded the -25° back rake
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studs were used instead of the -20° studs.

GE/Smith Geyser; Test

Oﬁ October 19; 1980 an 8 3/4 inch diameter GE/Smith PDC drill bit
was tested in a Union geothermal well at fhe Geysers field in northefn
California. On this partitular bit the.innermost‘fourteen PDC drill
bianks were:LS bfazed tor-20° back rake tﬁngsten carbide studs while
the-remaining 25 drill blanks were LS brazed to -25° back rake tUngsten'
carbiderstuds.

| At the time of this test the well was producing steam from the
highly fractured Graywacke sandstone formation (unconfined compressive
strength of 37,300 psi). The well depth was 6700 feet with a'bbttbm;'
hole temperature of approximately 480°F. An air flow of 2360-2400 cfm
was used for cooling and cuttings removal.

The new GE/Smith drill bit entered the hole smoothly and only had
to ream the last 30 feet. After touching bottom the rotary speed was
set at 55 RPM and drilling was commenced with a bit weight of 5000 1bs
in order to establish a new bottom-hole pattern. After rotating for
approximately 10 minutes without any measurable penetration, the bit
weight was increased to 25,000 1bs in 5000 1b increments. There was
still no measurable penetration. The rotary speed was increased to
80 RPM with up to 20,000 1bs on the bit withdut any noticeable improve-
;ent; hence, the experiment was halted.

Inspection of the bit revealed that 14 of the outermost -25° studs

had lost their polycrystalline diamond compacts and were severely worn.

The tungsten carbide studs of the nine outermost cutters were actually

worn flush with the steel bit body (refer to Figure 3). vThe_other five
studs were worn progressively less toward the center of the‘bit. None
of these 14 studs appeared to have been fractured or broken. In addi-
tion, three of the four gauge trimmérs mounted on the side of the bit

had also lost their PDC drill blanks;



Figure 3. GE/Smith bit after the Geysers air test

Strata Bit Geysers Test

On November 7, 1980 a 12 1/4 inch diameter PDC drill bit manufac-
tured by the Strata Bit Corporation was tested at the Geysers in the
upper portion of Union's Angeli #2 geothermal wéll. All of the PDC
drill blanks on this bit were LS brazed to the 520° back rake carbide
studs. In general, the bit's. de51gn (body profile, materlal, etc.) was
very similar to the GE/Smlth b1t p1ctured in Figure 3.

The bit was run on a 7 3/4 1n¢h,d1ameter Eastman doﬁnhole turbine
using a 9. 1 1b/gal mud inéfead'of7air‘as‘the driiiing fluid. A 2° bent
sub located just above the turb1ne/dr111 b1t assembly was used to orient
the bit in the proper d1rect1on.wf 7

 The drill bit reached bottom in the greenstone formatlon at a total
depth of 1600 feet. 'The bottom-hole temperature at this depth was below
150°F. After orienting the bent sub and setting the flow rate at 550
gpm, the bit‘was'eased on bottom with a bit wéight of 5000-10,000 1bs.
After 15 minutes without any'measurable penetration, the entire drilling

assembly was rbtated from the surface at 40 RPM to enlarge the hole and
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allow the turbine to begin to run freely. A total of four feet was
drille&; however, since the turbine was unable to drill any footage
without rotating fhe entire drill string, the test was terminated.
Apparently, the turbine béarings and hole were too tight to drill using
this particular drill bit. | o
Initial inspection of the Strata Bit PDC drill bit revealed that
fourncutters had lost their PDC drill blanks while the other cutters
appeared to be in excellént'qondition with very littlg spalling or
- wear. Later, in the laboratory, all of the remaining cutters were
 examined ultrasonically to evaluate therbraze jdint integrity; five
braze joints were suspected to be weak. Two of these suspect bonds
were so poor that the PDC drill blanks were easily removed using a pair

of vise grips. The locations of these cutters are shown in Figure 4.

" PDC DRILL BLANKS LOST DURING TEST
§§ PDC DRILL BLANKS PULLED OFF IN LAB

é% PDC DRILL BLANKS WITH SUSPECT BONDS

Figure 4. Location of cutters on Strata Bit Corp. drill bit
lost or damaged during the turbine test at the Geysers.

14



POST-MORTEM FAILURE ANALYSIS

Low magnification visual exahinations<and ultrasonic testing were
used tQ select PDC cutters and studs for diagnostic evaluations. Elec-
trical :discharge machining through the:Stud, which preserved the'inte-,‘
grity of the braze joint, was used to detadh studs and cutter elements
from the bits;, Failufe surfaces were characterized using the light
micros;ope and the scanning electron microscopev(SEM). Information
gained .from these tests and drilling histories was used to identify

failure mechanisms.

GE/Smith Laboratory Test

Six of .the eleven PDC drill blanks récovered after the drill bit
failed catastrophically were examined at low magnification in the lighf
microscope. Five drill blanks- showed extensive plastic deformation in
the cemented carbide substrates beneath %he_polycrystalline~diamond
layers, while the sixth sample had a fractured edge negating any plastic
flow determination--the deformation layef had probablyfspalled'off.

The piastically deformed cemented carbide léyers extended 0.15 to 0.30
inches beneath the wear flat surfaces; distances which are rather large
for cemented carbide cutting tools. 'Temperatures above 1550°F are re-

quired before plastic deformation of this magnitude is to be expected.

Diamond layers,; at least on the wear flats, would have been heated

to a temperature of the same magnitude as that«requifed to produce the
observed plaStic‘deformation in the cemented carbide. Thermal damage.
in the diamond layerS'was evaluated usingrultrasonic and silicon carbide
grit biast tests [6]. No bulk thermal damage was found; however, the
wear fiat surféce had a seVérély thermaliy~degraded~diamond layer, seg,
Appendix A for more details and phdtomicrographé.r'Bu1k~diamond layer

temperatures must have been less than the maximum safe temperature,

15§
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nominally 1300°F, whereas frictional heating had raised the wear flat
temperature significantly above 1300°F, Temperatures above 1300°F
cause the binder phase in the diamond layer to degrade resulting in
binder phase erosion, diamond crystalline pullout and a very rapid wear
rate. Large wear flats had been formed even though only 50 inches of
Sierra White granite was drilled.

Three PDC drill blanks were selected for evaluation in the SEM. -
One specimen showed poor periphery bonding in excess of 15%‘of7the total
available area, but this was not considered to be a significant factor '
in the failure of the drill bit. The primary failure mode was hot
shortness within the braze; extensive hot-short regions were found on
each Qf the three PDC drill blanks. Hot shortness occurs when liquid
films are formed along some of the grain boundaries resulting in an
instantaneous loss of strength. Grains slide on the liquid film and
the part separates. Cracks are developed at the grain boundaries.
Typical photomicrographs illustrating these points are shown in Figﬁre
5; Figure 5(a) shows the extensive nature of the hot shortness, and
Figure 5(b) shows cracks at the grain boundaries. A less common but
still typical hot shortness region is shown in Figure 6. Nodules
approaching ‘a spherical shape are dispersed across the surface, see’
Figure 6(a). At higher magnification, Figure 6(b), the nodules are
identified as liquid droplets extruding out of grain boundaries. Little
evidence was found of high temperature ductile rupture.

A commercially available cdpper-manganese-cobalt braze alloy [7]
was used to bond PDC drill blanks to cemented carbide studs. The listed
solidus and liquidus temperature is 1645°F and 1830°F, respectively.
Analysis of braze constituent binary phase diagrams [8] suggests that a
low melting phase field existed in this alloy, a concept which was
supported by energy dispersive spéctroscopy (EDS) data. - Composition

inhomogeneities were rather severe when grain boundaries and bulk regions



Figure: 5.

Figure 6.

(ay- S S - (b)

Typical hot shortness observed on PDC drill blanks used in-
the hot air laboratory test; (a) 200x (b) 10,000x.

Less common hot shortness observed on PDC drill blanks in
the hot air laboratory test; (a) 200x (b) 1000x

17



18

were compared. Similar differences existed between nodules and the
matrix near the nodulés.. The rather wide meiting~range (185°F) and the
low melting phase field coﬁld cause hot shortness. Hot shortness -has
been documented in é similar alloy where nickel was substituted for the
cobalt. [9]. 7

The PDC bit tested in the laboratory with hot air failed cata-
strophically due to grain boundary meltihg,'i.e.; hot shortness. The
existence of extensive hot-short regions precludes the poss1b111ty that
these hot-short regions existed prior to testlng, the bit would not have
sqrv1ved the 1n1t1a1 test cycles and regions of ductile failure would
have been found where bit integrity hadAexisted, .The test was considered
a success in that it defined drilling conditions and strata where the
bit performed well. Drilling conditions used for Sierra White granite
pushed the bit beyond its temperature capability, which helps define
regions where PDC cutter bits using copper-manganese-cobalt brazes will
not perform well.

1

GE/Smith Geysers Test

Fourteen PDC drill blanks were lost during the Geysers air test.
An unaided eye examination indicated that the gauge row cutters were
most probably lost first with other cutters being lost sequentially from
the outside toward the inside of the bit. No evidence of stud fracture
was found. Wear flats on intact PDC cutters and on stﬁds which had lost
PDC drill blanks were typical of that produced by an abrasive grinding
action. Based on the PbC drill blank loss pattern the next four intact
cutters, which would have been lost had the drill test continued, were
removed for evaluation. Two studs which had lost PDC diill blanks were
also removed for evaluation. A

The intact PDC cutters had relatively large wear flats which ex-

tended past the braze joint into the carbide stud. Considering the



short duration of the test and the large amount of wear, it is doubtful
that the diamond material wasvremoved solely by an abrasive wear mech-
anism. Although ultrasonic testing of two intact PDC cutters showed

no bulk'thermdl damage [6], some damage on the diamond wear flat was

| found using the SiC grit blast test, see Appendix;A. However, the
;damage‘observed'was significantly different than that obserfed for the
hot air 1aborat6ry tesfg.cdhparelFigure li(b)"with Figure 12(b) in
Appendix'A.f The rapid wear_réte observed in‘this drilling test may have
'Beenﬂéaused in part by this localized damage. The_cfacks on the diamond
wear flat éduld have'been caUsed by ffittional'heating, cyclic fatigue,
or impatt loading. |

Two‘observatiohs'help define the temperature of the braze joint
during driliing. iFirst; no cemenfed carbide plastic deformation was
found on the studs which had lost PDC driil blanks, nor was any evidence
found that deformed layers had spalled off. Second, a SEM examination
of the failure surfaces of the two removed studs found no areas bfvhot
shortness. It is estimated that the braze temperature during the Geysers
air test was less than 1500°F, which is significantly less than the
braze solidusrtemperature of 1645°F. - It is éuggested, therefore, that
the origin of damage on diamond layer'wear flats was cyclic fatigue and
impact loading rather than thermal.

TheiSEM examination of the two studs also revealed three charac-
teristic areas on eéch faiiure surface: (1) a periphery fegion where
no bonding had occurred between the braze and the stud, on the average
23% of the bond area, (2) a ductile failure region within the braze
which had‘a sgt of parallel lines remarkably similar to thé ground sur-
face finish of an unbonded cemented carbide stud, on the average 25% of
 the bond area, and (3) a relatively smooth region with little evideﬁce
of ductility which is fypical of braze joints which had not bonded

because Qf surface contamination, on the average 52% of the bond area.
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Figure 7(a) shows a periphery region while Figure 7(b) shows a ductile

area surrouhded by the smodth unbonded région.

(b)

Figure 7. Failure surface of studs which lost PDC drill blanks during
the Geysers air test. (a) 10x (b) 200x

Two of the four intact cutters were cross sectioned perpendicular
to fhe braze, polished and examined metallographically in the light
microscope. A region of nonbonding existed along one or both braze-
cemented carbide interfaces at the periphery. If the assumption is made
that the cross section planes were representative, then 12% and 35% of
the potential braze joint areas were lost for these two cutters due to
poor peripheéry bonding. These results are consistent with that observed
in the SEM.

Braze alloys containing manganese are susceptible to oxidation, and
braze joints’must be made in nonoxidizing étmospheres. The darkvcolor
of the braze around the periphery and the uniformity in depth of the
nonbonding periphery region as observed in the SEM suggest that the
protective atmosphere during brazing was insufficient. The braze ailoy

oxidation would preclude a bond between the braze and the stud around



‘;thé periphery. It is possible that a higher than intended braze tem-
perature existed which resulted in an increased oxidation depth.

‘ Prématuré failure of the GE/Smith Geysefé'bit‘is attributed to

two factors: (1) the lack of bonding around tﬁe periphery, most

- probably due to oxidation during brazing, and»(Z) large rggions where

" the braze did not bond to fhe«cemented carbide substrate of the PDC
driil bianks, moét probably due to contaminated surfaces. For the two
studs examined these two factors reduced the load carrying capacity to
20%-30% of the/normal valﬁe. Since the Geysers test occurred in a
:stéam producing well, it can be presumed that the formation was frac-
 turéd. Impact loading could easily deta;h one or both of these cuttefs,
and loss of a PDC cutter would result in rapid wear of the carbide stud.
Remaining cutters would be loaded nonuniformly to ever intreasing mag-
nitudes untii, one by one, fourteenuPDC drill blanks were lost sequen-

tially from the outside toward the center of the bit.

Strata Bit Geysers Test

The two. PDC drill'Blanksrthat had been«removed with a pair of
vise grips were examiﬁed in fhe’SEM. Chemical analysis by EDS esta-
blished that failurés occurred'within the braze or at braze-stud
interfaces; no tungsten was detected. Many areas are present in
Figure 8(a) where the‘braze was smooth, which is characteristic when
no bond was formed between the braze and thé'stud, A higher magni-
fication photomicrograph of the upper part of Figure 8(a) shows a
well developed regioh of hot'shortness; see Figﬁre 8(b). Even regions
showing ductile shéar rﬁpture had nédules dispersed across the surface
with smaller afeasvwheré cracks had’developed at gfain boundaries,

and this is depicted in Figure 8(c).
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Figure 8.

(c)

Failure surfaces of the PDC drill blanks
Strata Bit Corp. drill bit after the mud
test at the Geysers; (a) 400x (b) 2000x

removed from the
cooled turbine
(c) 2000x



Failure was, therefore, due to hot shorpness and smaller regions
of defective bonding between the braze and the cemented carbide stud.
These defects reduced the load capacity of PDC cutters resulting in
loss of PDC drill blanks. The mud cooling fluid ehouldihave maintained
the brazejtemperature blow levels where hot shortness would have been
developed during drilling. Furthermore, small wear flats existed onr
PDC_éutters; so frictional heating'was minimal. Theee ﬁointsesuggest
‘ that hot shortness was deveioped during the brézing step. To support
“this suggeetion, an evaluation'of a second GE[Smith bit is included
here. This bit was,assembled‘but.had not beenvused in a drilling test.

On the unused bit, ultraspnic‘testingrwas pefformed on each PDC
cutter, No bad bonds Wefe iden£ified. Since concern existed that ultra-
sonicrtesfing may not detect all possible defects, a special fixture was
prepared which could be inserted individually over each PDC drill blank.
The fixture distributed an applied load uniformly over the PDC drill
blank loading the -braze joint primarily in shear. A two pound hammer
was used to impact the fixture thereby loading the braze joint. Four
out of four PDC drill blénks were detached. SuBsequently, a five pound
sledge hammer was used on several "good'" PDC cutter units without re-
moving the PDC drill blanks. |

PDC drill blanks removed in‘the hammer test were examined in the
SEM. EDS established that all of these failures occurred within the
braze or at braze-stud interfaees. No regions indicating lack of
wetting of the stud by the braze were found. The failure mechanism was
hot shortness which was spatially distributed throughout the braze.
Two typical photomicrograbhs afe shown in Figure 9. 4Hot shortness de-
creased the braze jqint load carrying capacity to levels that PDC drill
blanks were removed from the stud with a two pound hammer. The hot
shortness must have developed during brazing, since the drill bit had

not been tested. An improper time-temperature braze cycle can be

#
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responsible for the development of hot shortness during brazing.

. ¥ : o 5
(a) (b)

Figure 9. Hot shortness present on the PDC drill blanks
removed from the untested GE/Smith bit.

The reader is reminded that all of the PDC cutters were tested
ultrasonically before the hammer test. The supplier also 100% ultra-
sonically tests PDC cutters before delivery. Neither of these tests
found any defects; hence, ultrasonic testing does not detect hot short-

ness, even when the hot shortness is extensive.



CONCLUSIONS

The PDC drill bits tested in the laboratory with hot air failed
catastrophically due to hot shortness developed during testing; high
temperatures were generated by frictional heating. Drilling conditions
at failure help define regions where PDC drill bits using copper-.
manganese-cobalt brazes will not perform well. ,

~ The PDC drill bits field tested at the Geysers failed prematurely
due to braze joint deficiencies. Three failure mechanisms were iden-
tified:

1. Hot shortness developed during the brazing process.

2. Nonbondihg around the periphery due to oxidation of the braze

during the brazing process.
3. Nonbonding either between the PDC drill blanks and the braze
or the braze and the stud due to cdntamination,prior to brazing.
No evidence was found to suggest that the braze joint failures in the
field tests were caused by frictional heating.

The ultrasonic inspection technique currently used to screen the
LS brazed cutter assemblies does not detect hot shortness. Also, it
is probable that ultrasohic testing does not detect all types of non-
bonding -due to contamination prior to bonding, particularly if intimate

contact exists across the nonbondedrregions.
RECOMMENDATIONS
Hot shortness developed during brazing couldrbe eliminated either
by substituting a bféze alloy with a tighter melting range or by in-

corporating a température feedback loop in the braze cycle. Important

factors to consider in selecting a new braze are hot shortness ten-
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dencies, fatigue strength, impact toughness and oxidation resistance.

The recommended GE braze procedure uses an induction heater power source.
A temperature control feedback loop to the induction heater, utilizing
for example an infrared radcometer, would give production consistency;
the effects of operator error, ferromagnetic coupling variations due to
shifts in cobalt content and changes in the bond joint configuration,

and power supply inconsistencies would be eliminated. All of these
factors can contribute to the development of hot shortness during
brazing.

Oxidation related poor bonding around the PDC drill blank periphery
could be improved by modification of the protective atmosphere delivery
system and by temperature control. If the cover gas was introduced at
two or three locations around the periphery, the atmosphere protection
gas could more efficiently purge the oxygen from the braze joint volume.
Temperature control would 1limit excessively high temperatures which
enhance oxide penetration.

Elimination of bond defects caused by contamination prior to
brazing can be accomplished by tightening the cemented carbide surface

preparation, braze and assembly procedures.



APPENDIX A

Thermal DegradationfTests'of Polycrystalline Diamond Layers*

Diamond layer surface damage on the wear flats of PDC drill blanks
can be detected byra SiC grit blast ef up to 4Siseconds‘with 200-230
—mesh SiC. The grit‘blast removes tightly adhering debris and diamond
mater1a1 wh1ch is not we11 bonded to the sintered structure, little
damage is produced by the SlC gr1t blast itself. Wear flats on selected
samples from the hot air’ laboratory, the hot air.Geysers tests, and a
control were subjected to the SiC grit-blast test. An 80 second grit
blast had minimal effect on the control as is shown in Figure 10. A
15 second grit blast was snfficient.torremove the glassy coating on the
diamond mear flats of PDC drill blanks used in the hot air laboratory
test, see Figure 11(b). Extensive thermal damage was observed on the
diamond layer. Grain boundaries were fractured and eroded away, and
diamond crystalipullout was cbmmon. A different type ofidamage was
~presentfdn samplesvfrom the hot air'Geysers'testj'see Figure>12(b).
A 45 second grit blast reyealed massive cracks and regions where diamond
-material was pulled out;from?the surface. This type of damage could

have a thermal or a cyclic fatigue and impact loading origin.

The photomlcrographs in this section were provided by the GE Research
and Development Center, Schenectady, New York.

27



28

Figure 10.

Figure 11.

(a) (b)

Effect of 80 second SiC grit blast on the polycrysfalline
diamond layer of the control PDC drill blank; (a) before
grit blast (b) after grit blast '

(a) (b) .

Effect of 15 second SiC grit blast on the polycrystalline
diamond layer on the wear flat of a PDC drill blank used

in hot air laboratory test; (a) before grit blast (b) after
grit blast '



Figure 12.

(@) (b)

Effect of 45 second SiC grit blast on the polycrystalline
diamond layer on the wear flat of a PDC drill blank used
in the Geysers air test; (a) before grit blast (b) after
grit blast '

29



"~ 30

REFERENCES

R. Powell, G. Cooke, A. H1ppman "The Versatility of the Turbodrill
in North Sea Drilling," European Offshore Petroleum Conference and
Exhibition, London, England, October 21-24, 1980.

C. F. Huff and S. G. Varnado, "Recent Developments in Poiycrystailine
Diamond GCompact Drill Bit Design," SAND79-1592C, (Albuquerque:
Sandia National Laboratories, May 1980). :

S. G. Varnado, C. F. Huff, and P. Yarringtoﬂ, "Polycrystalline
Diamond Compact Bits for Geothermal Use,” World 0il, March 1980.

S. G. Varnado, "Geothermal Drilling and Completion Technology
Development Program Quarterly Progress REport: October-December
1979,"™ SAND79-2398, (Albuquerque: Sandia National Laboratories,
September 1979). -

C. F. Huff, J. L. Jellison, and S. G. Varnado, "Bonding Technique
Attaches Stratapax to Drill Bits," 0il and Gas Journal, February 8,
1979.

L. Hibbs, private communication, January 6, 1981.
GTE. WESGO, WESGO Division, Belmont, California.

M. Hansen, Constitution of Binary Alloys, McGraw-Hill Book Company,
New York, New York, 1958, pp. 470, 597.

B. Coat, GTE, GTE WESGO, Belmont, California, private communication.



~Attn: H, E. Mallory

V%
DISTRIBUTION | | ‘

TID-4500-R66-UC-66¢c (675)

American Coldset Corporation
P. 0. Box 615

Addison, Texas 75001

Attn: Mark Thompson

Amoco Production Company -
Research Center

P. 0. Box 591

Tulsa, Oklahoma 74102
Attn: T. Warren

Davis § Hicks, Inc.
P. 0. Box 7906
Midland, Texas 79703
Attn: K. Davis

Dresser Industries, Inc.

P, 0. Box 24647

Dallas, Texas 75224
Attn: J. W. Langford

Dyna-Drill

P. 0. Box C-10576

Irvine, California 92713
Attn: L. Diamond

General Electric Company
P. 0. Box 568

Worthington, Ohio 43085
Attn: L. A. Offenbacher

Halliburton

Drawer 1413

Duncan, Oklahoma 73533
Attn: D. Smith

IMCO Services

P. 0. Box 22605
Houston, Texas 77027
Attn: Tom Anderson

Loffland Brothers Company
P. O. Box 2847
Tulsa, Oklahoma 74101

-\

Los Alamos National Scientific Laboratory
Mail Stop 570

Los Alamos, New Mexico 87545

Attn: J. C. Rowley

Mobil Research and Development Corporation
Field Research Laboratory

P. 0. Box 900

Dallas, Texas 75221

Attn: W. Gravley

31



32

Distribution: (cont.)

NL Baroid Petroleum Services
City Centre Building, Suite 365W
6400 Uptown Blvd.

Albuquerque, New Mexico 87110
Attn: G. Polk

NL Petroleum Services
P. 0. Box 1473
Houston, Texas 77001
Attn: J. Fontenot

Otis

P. 0. Box 34380
Dallas, Texas 75243
Attn: W. D. Rumbaugh

Pressure Coring, Inc.
P. 0. Box 5551
Midland, Texas 79704
Attn: C. Huff

Phillips Petroleum Company

P. 0. Box 239 )

Salt Lake City, Utah 84110
Attn: E. Hoff

Smith Tool Company

P. 0. Box C-19511

Irvine, California 92713
Attn: J. Vincent

Strata Bit Corporation
2916 West T.C. Jester

Houston, Texas 77018

Attn: R. Radtke

Texas AGM University

College Station, Texas 77843

Attn: Professor M. Friedman
Dept. of Geology

Shell 0il Company
Two Shell Plaza

P. 0. Box 2099
Houston, Texas 77001
Attn: W. E. Bingman

Union Geothermal Division

Union 0il Company of California
Union 0il Center

Los Angeles, California 90017
Attn: D. E. Pyle



DISTRIBUTION (cont.)

U. S. Department of Energy

(4)

Geothermal and Hydroelectric Division

Forrestal Building

Washington, D.C.
Attn: R. Toms
D. Clements
J. Bresee
R. LaSala

U. S. Department of Energy
Geopressure Projects Office

20585

(2)

Suite 8620, Federal Building
515 Rusk Street
Houston,

Attn:

3141
3151
3154
4700
4740
4741

4741
4743
4746
4747
4748
4750
4751
5800
5830
5833
8214

F.

L.
w'
C'

*

Wow I GGy

V.
J.
R.
M.
L.
M.

Texas

77002

L. Goldsberry
K. Westhusing

J. Erickson (5)

L. Garner
Dalin

H

Scott

Granoff
Hommert

A

mManmaemay

. Bader

Dugan

(3)

(25) for:

K. Traeger
R. Kelsey
R. Hoover
C. Hardee

(10)
(10)

Tillerson
Claassen

Davis
Pope
Pound

(4)

DOE/TIC (Unlimited Release)

¥ U.S. GOVERNMENT PRINTING OFFICE: 1981-0-876-021/648

33



	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









