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In Augustvi986' tﬁe'niping which served as the well casing for the Salton

“et Sea Drilling Project was found to be broken off at the 10th junctiono- Sanples

'BACKGROUND . .

’”’of the well casing and collar were cut from the pipes at ‘each of the three Junc«

o tions and sent to BNL for investigation as part of our continuing program f

“Metallic Materials for Geothermal Systems.” Tnis investigation consisted of‘i
the following activities- L ' Ll T : ,

' ;la cataloglng and photographing the samples as received"‘

2. visual and ‘as necessary, dye penetrant inspection to determine rhe
locations of any of the cracks in- the »omponents received;

3. 'metallographic examination of the cracked components,
4. determlnatlon of the mechanical prOperties of the collar and the caang

pipe as well as an estimate of their chemical composition.

. BACKGROUND INFORMATION ON LINER FAILURE ON SSSDP -

 We include this background section so received from Bechtel National,,Inc.,
since these details‘are‘pertinent to the environment and history of the failed .

casing.

The or1g1na1 criteria for the well stated that the well WOuld only have to

‘stay open for six months after completion. - Based on this and on c331n0 costs

it was felt that the N-80, round thread, 29 1b/ft LIC casing would be. adequate

since»N-80‘is recommended forvﬂzs-environments‘above 150°F.

(5;0)."



" Another decision made just prior'to the-installation of the liner was that
the liner guide shoe would be drilled out and a 6 l/8—1n. hole would ‘be. drilled
below the existing 8 1/2—in. hole at. 10,475 ft to ensure a connection with a
suspected lower flow zone. - To ensure that the uncemented liner would not back
E off during drilling operation, the casing makeup torque was iIncreased. above the

“optimum 5,970 ft lb. However, it was kept below the maximum recommended ‘torque

" .of 7,460 ft 1b.

 BISTORY
. .. On March 16,31986‘the 7?in;'1iner:was‘installed after'repeated attempts 7
- were made to deepen the 8 1/2-in. hole. below 10,475 ft. These attempts falled

o due to loss of circulation problems encountered at the bottom of the hole. The

" liner _was run and set from 5 735 ft to 10,136 ft without 1ncident. As mentioned-‘fi

"prev1ously, the casing was made up to higher than optimum torque values ro

o minimize chances of a backoff_during drilling operations to_deepen the hole.

On March 17, 1986 the 7—in. guide shoe was drilled out and a 6 l[8’-=in. hale
was drilled from 10 475 ft to 10 ,564 ft without circulation (blind).

. On March 20 1986 the second flow test was initiated. The well flowed for
.approximately 38 hours producing 1.1 million gallons of brine. Estimates of
downhole temperatures and pressures at 10,440 were 6679F and 4,287 psi, respec—
tively, which were based on the Kuster tool runs. Flow rates ranged from
300,000 to 500,000 1b/hr with a maximum of 700,000 1b/hr. The highest well head.
.. flowing temperature and pressure were 486°F and 500 psi, respectivel}s Surfaceg
analysis for H3S indicated from 7-7.4 ppm. Reservoir HyS was estimated by one

_observer .at 50-70 ppme. However,fno confirmation of this is presently available.

.Production was'assumed to come fron all'the major loss 2ones_behindvthe
liner as well as below the.liner.‘_These zones were indicated as temperatire
:_reversals on the USGSftemperaturenlogs.. The zone at 6,119-6,133 ft was associ- -
ated with the“first flow test and is adjacent to the area where the liner
.initially parted. | EE ' ' |




. &

From March 26-27, 1986 the brine was reinjected iato the well.. This com

" tained oxygen'to the extent it could be absorbed from the air during the few .

days it sat in the ponds. However, no measurements of oxygen level were made.

~ The final brine inJected was displaced with 500 bbl of fresh water containing an

oxygen scavenging agent._ During the 4 days between the flow test and reingec~

_tion, logging and fluid sampling operations were performed.m Logging was con—
o.ducted for four ‘days after the reinJection.vﬂ_» B S

_ . Onm April 1, 1986 USGS ran the final temperature survey for the beginning of
L the shut—in and temperature buildup periodovv,,::

On April 22, 1986 the third temperature log was run without 1ncident. This

ﬁ_was 38 days after installing the liner._

- the day.

On May 28 1986 approximately 74 days after running the liner, another

_temperature log was attempted. ‘The tool would go no deeper than 6 380 ft going
" in and hung up at'6 195 ft coming out of the hole; ‘thus suggesting that the
,liner had parted at 6, 195 ft. The temperature tool was safely removed later ina

From June 24—26 1986 dlagnostlc logs were run wblch 1ndicated the casing

:had parted at a coupling at 6,181 ft and an open hole.exlsted below this point

to 6,422 ft. The logs also showed that there was little or no corrosion of the

‘iexisting liner and that nlnevjoints of casing were still in place below the

.’hanger. o

On August 7-12 1986 the dtlll rig was mobilized for remedial work to

.frepalr the damaged liner. The objective was to remove the liner hanger and

attached 1iner, replace it with a new hanger and liner sufficient to reach and

l;-tie.into the'lower,string of original liner._ This was intended to reestablish:
l.'f continuity to the bottom of the liner permitting measurement of the bottom hole

temperature.

On August 13 1986 the ‘liner hanger was speared into and Jarred loose. The:
- jars were ‘required to unseat the 11ner. ‘While pulllng the liner hanger through '

the expansion spool, the slip segment lodged in the expansion spool and Jammed.

-1
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On August 14 1986 a ‘cement plug was pumped downhole and allowed to set: up
before disassembling the expansion spool and removing the slip segments. -OnLy
~.four Joints of the casing were‘recovered. ~The coupling on . the bottom of the -
fourth joint (Junction 2) was badly cracked. The Jarring action to recover the:

' liner evidently dislodged the bottom five Joints of caSing._

On August 15 1986 the BOPE was reassembled the cement plug was drilled

,.out, and the remaining five Joints of liner vere fished from ‘the hole.v‘

" 0n August 16, 1986 a 6 1/8-in. tapered mill was run to 8, 000 fr where
an obstruction was encountereda Efforts to mill_through the spot were
'-iunsuccessful.r ' L - : AR o '
On August 17 1986 the top of the lower section of liner was dressed off

i _with a pilot mill and- a piggyback liner was installed. The new liner was LfSO
 buttress thread 29 lblft LTC.- - - R

OBSERVATIONS:

Observations of the liner‘at‘the jobsite after the liner was‘recovered:éref

as follows:

""oA Theiliner_henger showed'signs of erosion on‘the outside body indicatingj'
the seals had leaked. 'Exemination of the seals showed that they were
'Aall'in place but bedlv charred. The slip segments had come off the
‘ drag springs because the Allen bolts holding the slips to the drag
"gsprings had completely corroded.. Although the liner hanger was =
designed for geothermal the fasteners for the ~segments apparently weree'
" not. InSpection of the polished bore receptable (PBR) showed a high

' degree of pitting on the inside bore..*;

o ViSual cracks were noted in the couplings with extreme cracking inrthe.'
v coupling on the bottom of the fourth Joint (Junction 2 in this BVL
Report). ' ' ‘ ' RS

e No cracks were observed in any of the recovered caSing, confirming
“'the subsequent BNL finding that there were no cracks observed in the

sections of casing that were received.




. Both the collars and the casing showed signs of corrosion. -

ADDITIONAL FACTS' o

1)

gy

The well path. was not always vertical.‘ Well surveys were made,' Th&.?'c

- well was noted to have about a 5° dogleg near the location of the

toirial separatiOn. This is expected to have increased the stressli.:
level in the liner joints. : L : - . N ‘

Temperature'surveys were made as noted above- - These indicate

. temperature following the injection of the fluid. -

- 3)

The geothermal brine is a high temperature saturated brine. It is inn:

" the order of 300 000 ppm with about 180, 000 ppm being chlorideso_'

.,.43>

- Jars caused an_impact force. - How much ‘of the cracking noted on

Jars were used to ‘remove the nine joints of liger (see August 14).

Junction'z can be attributed to this is not certain..

RECOMMENDAIIONS'

Bechtel talked with tubing suppliers. Several recommendations have been :-'

made on ways to minimize ‘the problem. »Some of the suggested solutions aret .

)

2)
3).

Use buttress thread c351ng
Use lower torques on the casing

In zones of high doglegs, heavier weight casiag and couplings

. should be considered.-
4)-

Use L-80 grade -casing, -which is recommended for use in HyS
environments at all temperatures.f It also has a maximum
hardness of Rc23 which falls w1thin the recommended NACE

-~ standard for HpS usage.
5y

Consider using a premium Joint connection such as Hydrll which

- seals the threads from exposure to corrosion.



All these recommendations should ‘be con51dered in llght of the criterla

stated in the background i.e., ‘six months life..

'EXAMINAIION OF THE PIECES RECLIVED AT BNL

The spec1mens sent to BNL as 1dent1fied by the sender (Bechtel) are listed
in Appendix A. The piping received as 7-in. diameter, 29 #N~-80 LT&C R3
seamless steel casing.v "Photographs of the sections of the pipe and coliats, as.
received at BNL, are_showe in'Figures 1 through 4 (Junctionmnumbers t, 2, and 3,
together with specimen 4 ﬁhich is from a jaw assembly located above items 1, Z,
and 3. As can been seen, ‘the extent of general corrosion on 1, 2, and 3 appears .
to increase with depth. Note, however that specimen number 4 was also severely
corrcded. A major branched crack is_also visible in the erack in the collar of

- gection 2. .

VISUAL AND DYE'PENETRANT EXAMINATION OF THE SPECIMENS
In addition»to'the through wall crack showe on the collar on specimen two,

; eecond (and poesibiy third) crack is visible on the photograph (Figure 2).

Dye penetrant examination also revealed a short, longitudinal crack on the outer

surface of the collar on the first junction. 'No cracking was seen on any of the -

casing pipe specimens received. No collar was received on specimen 3. The

. second mejor‘failure'appears to have occurred on the secend collar, the first
being the eollar_from‘section 3, which was the‘original problem since the liner
“ parted at this collar. The smaller crack in junction number 2 and the part
through~wall crack from junction number 1 were seiected for further metello-

-graphic examination. .

The Crack in Collar Number 2

The cross sections of the secondary crack from collar number 2 are shown in
Figures 2 through 7. 'The surface of the main crack is seen to be heavily
. corroded and a number of secondary cracks emltting from the primary crack are
evident. The structure of the .alloy is heavily martensitic, with no tendency
for the crack to follow any of the martensite grain boundaries. Attempts to

etch the specimens to tuy to brlng out the original austenitlc graln boundaries

L




ﬁeré unsuccessful. However, the.micrdgraphs of these cracks in the unetched
.condition show sone of the martensitic grain structure in the vicinity of'the
cracks, suggesting that some penetration along the martensite’ graina may have
_occurred. Figures 8 and 9 show the fracture surface (in scanning electron
micrographs) of two of these cracks after they were opesed up in the laboratory-'
1 On the first, a through wall crack one can see deposited crystals which from
'_he EDS charts appear to be high in silicon,‘suggesting these crystals grew_
from the brine solution either nuring evaporation of the brine or as it flowedi’
through the crack; An EDS spectrum of the second crack showed significant
'amounts of caleium'and silicon present on the crack surface. There is no -
~strong evidence of an intergranular type cracking phenomenon, however, or of

."any ductile rupture occurring in these cracks.

.COMPARISON OF THE COLLAR AND CASING MAIERIALS

 The microstructure of ‘the casing and collar materials are shown in Figure

10 at 400 x magnification, by comparison with the coarse-grained acicular struc— -

ture of the collar, the casing is seen to be finer graimed, but still marten—
sitic. “The slight rounding of the particles, however, suggests that some _f

tempering of the martensitic had occurred.

Specimens according to ASTM specifications were cut from both the casing

~ and the collar materials for mechanical property tests. The results are shown
in Table 1. :The yleld strength of the collar material that we tested is higher
. than that of the specimens cut‘from_the casing itself (91,500 vs.’82,500 psi
approximate'values)."This isvbelieVed quite significant because the oil indus—
try prefers to use material below 90,000 psi yield and ﬁc22 to help resist -
hydrogen cracking in sour oil wells, although these values are not absolute
'gthresholds. The observed difference is consistent with the untempered state of
the martensite in the collar. Both numbers, however, are probably within the
~ usual scatterbandiof NBC;_ The hardness measurements appear to correspond with
:.<the tensile properties-”nSignificantly, several readings‘obtainedkfrom the
collar (outside surface especially) were D>Rc22, while none from the casing were.
as high. The collar.material'is also’slightly less ductile, and both are less
ductile and somewhat lower strength than the mill ‘test report for the casing

steel, also ‘shown in Table 1.



A eample from each alloy was examined in the EDAX. .The patterns received
are shown in Figure 11 A and B. It is apparent these EDAX scans are essentially
identical and 1nd1cate no major differences in alloying constituents between,thev

',”collar and casing materials. :

Neither the collar nor the casing material showed any signlficant number ofA

: 1nc1usions, both were clean, good—quality alloys as judged by microstructure- Z,':.

' EXAMINATION OF CRACK FROM COLLAR AT JOINT NUMBER 1

:;As.noted'above;fduring dye penetrant examination,_a’small,1longirndinal,hli"
V“oart'through-wall crack was identified,in collar number 1.. A portion of this

' collar including theitrack was examined metallographically. The results are
shoﬁn in Figure 12>Axand B. It can be seen that this is a shallow crack that'
:'propagated at an acute angle to the surface and not in a dlrection in which it
:Vwould have.tended to penetrate ‘the piping. The appearance of this crack is A

' entirely consistent with "hydrogen blistering” although whether it was actuallyh
due to this phenomenon or to another stress corrosion phenomenon cannot be

.determined at present. i
DISCUSSION

In our opinion, all the ev1dence obtalned in thlS 1nvestigation suggests
that the cracking/failures were due to a stress corrosion and/or hydrogen:
embrittlement phenomenon, ‘accentuated by the presence of hydrogen sulfide in

4the water and the relatlvely high yield strength, and relatively low duccility,

. of the collar a110y., The increased tensile load on the collars from tightening

them would also have countributed to the environmentally assisted cracklng, '
although it is only thrOugh an increased stress and not direct mechanical damagew ;
during tightening, since we found no evidence of this type of failure. DOE
advised us that thefpipe'not only has been‘need:to withdraw hot geothermal brine
from the subsurface reSerVOir:but also to:recharge_brinevthat had been stored on
the surface (in the'air),'to the reservoir at a later date. Consequently, not -

" only was hydrogen snlfide present in the brine, but oxygen'was also present
during reinjection; vhether this can account for all the corrosion damage is not -

Vtotally certain, because this .was only for a few days. The increase in general




" corrosion with depth from'the“surfece could be due to an increase in temperature'
as this oxygenated brine flowed back into the geothermal reservoir. The fact

‘-that ‘the reinjection process lowered the temperature considerably suggests also -
that any hydrogen damage to the collar ‘steel would have ‘been greatest during: - |
this period, combined with an increase in corrosion due to the compositioﬂ of -

| 'the cold brine.

It was not p0331b1e to tell whether the cracks in the collar number z
originated from the inmer or outer surface of the collar. The crack on.the."
first collar; however,lwas'definitely shallow and only on the ekterior’surface.

The nature of this crack is quite suggestive of that for hydrogen blistering as

described by others, as cited above. It is interesting to note that the highest o

Q”hardness was consistently observed on the outer surface of the collar and that

4v1t consistently exceeded the (nominal) borderline (Re22) associated with 011
industry applications. N ST |

Embrittlement due to hydrogen or hydrogen blistering tends to peakebelow
100°C. The temperature of these junctions are believed to have been higher Lhan
‘that during flow tests, but,,asvelso stated above, must have been lowered during
‘recharge so that it can be speculated that the cracks have formed during the - A
latter stage. At that time, the lowest ‘temperatures would be expected closer to
- the surface, and oxygen (increased corr051on) was also introduced as dissolved

in the reinjected liquid.
o CONCLUSIONS (See also earlier recommendations provided by Bechtel)

, “The collars probably failed by a stress corrosion/hydrogen embrittlement
mechanism caused by the susceptibility of a martensitic structure at a marginal
strength level and, the high hardness, especially on the outside surface to
_stress corrosion and/or_hydrogen embrittlement. The cracking resulted from a
combination of this Susceotibility'with high tightening tensile stress, and_thex
presence ofAHZS in'the environment‘es well as the introduction of 0y and the
lowering of'tenperature during reinjection of brine. Tempering the nartensitic
collar material to increase its ductility'and'decrease'its hardnels and yield .

. strength would be expected to substantially reduce the tendency of this material

to crack in the environment to whlch it is exposed. There appears to be no



CONCLUSIONS ~ cont. : .

. significant difference in the materials uéed for the pipiﬁg and theicollars in
 terms of chemical composition, number of inclusions, or microstructure.othet' A
" than that brought' about by the difference in heat treatments of the two. Both -

appear to be good quality material. The sigﬁificaﬁt differenées‘are believed to:
>'bé the higher strength of the collar steel, and crackiag susceptibility is

. believed to have been enh#ncgd by tightening during assembly as well as some

unte&pered martensite in tﬁe collar steel. ,waever, it should be noted that we

found no evidence of oﬁertightening in the'sén$¢4of.actual mechanical damage to

“the pleces we examined.

- 10 -~
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TABLE -1

Mechanical Properties of Collar ‘and Casing Aloys Cut from Joint #2

R A © 0.2% offset | o o
Collar _ Yield stress, psi = ' Hardness (Rc) %2Elongation

Sample 1 ~ .~ 91,200 - . .  20.5, 24.5 o 15.0

o sample 2. . . U0 91,650  19.5, 20,5 -

' Casing
" Sample 3 - ..~ . .82,400 - . . 34,35, 36 - ,
o . S~ 35,35,35 19.3

Sample 4 | o s2,700 . - - 18415

" Casing steel R 94,940 ' : - ‘ - 23.0
test report, N-80, T 93,140 - S 23.5
quench and tempered o x '
.condition :
(duplicate specimens)




Junction I, as_receivchat BNL.

Figurc 1.

as received at BNL.

Figure la.

Junction 1



as received at BNL.

.Figuretlb.

Junction'l




as received at BNL.

Junction 1

Figure lc.



as recéived at BNL .

Junction 2,

4Figure,2.

!

untficwxﬁj.;v

o

asvreceiyed_at,BNL.

Junction 2

Figure 2a.




Junction 2, as received at BNL

‘Figure 2b
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» a8 received at BNL.

Junction 2

Figure 2¢.-
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" Figure 3.

%igure 3a.

1

Junction 3, as recejived at BNL.
Casing only - no collar. Bottom.
end damaged by falling 330 feet
and impacting 7" liner at the

bottom of the hole.

Junction 3, -as received at BNL.
Casing only - no collar. Bottom
end damaged by falling 330 feet
and impacting 7' liner at the
bottom of the hole.




a at BNL.

lfigure 3b.-

— .
as receive

Casing only - no tollar.

Junciion 3,

Bottom

end damaged by falling 330 feet

and impacting 7"

liner at the

bottom of the hole.




as received at BNL.

Junction 3,

‘Figure 3c.-

" Bottom

Casing only -~ no collar.

end damaged by falling 330 feet

and impacting 7"

liner at the

bottom of the hole.



Junction 4, two segments of ﬁhe casing pipe.

’Figuie 4.

ing pipe

Junction 4,

-Figure b4a,

tvo segments of the cas

outer surface,




4b.

Junction 4, two segments of the
inner surface. '

casing pipe



figufe 5.  Branchingacraqks depérting from main‘cra;k,
‘ _collar #2 (on left). S :

“Figure 55.; Brénchiﬁg cracks departing:fromtmain crack;
collar #2 (on left). 50 X, unetched.

Figure Sb; ‘Branching crécks departing from main cfack,-
.collar #2 (on left). 100 X, unetgbed.‘
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Cracks shown in Figure 5b

Figﬁre 6.

100 X, etched.
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Figure 8.

- Figure 8a.

SEM picture of crack surface,
showing crystals grown from
geothermal brine. :

SEM picture of crack surface,
showing crystals grown from
geothermal brine. o

8b. EDAX of crystals.
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" Figure 9.
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Casing material -

‘Figure 10.,'

L]

Casing material 400 X 5Z nital etched

Figure 10a. -

Figure‘IOb. Collar material 400 X 22 nita

1 etched.



sapues sae Lena aLdil Ol casing alloy.
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Figure 11b. EDAX scan of collar alloy. -
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.FigUre 12. Surface crack found near collai #1.
' or casing, 200 X, unetched.

e ok

Figure }2a.. Surface crack found near collar 1
: .-, or casing, 200 X, unetched.:

Figure 12b. Surface crack found near collar #1
o or casing, 200 X, etched.



. A ~ Bechtel National, Inc

-Engnneers Construcmfs

lFiﬂy Beale Street i - :

SanFrancisco, California
Mail Address: PO Box 3965.5anFrancisco.CA94119

25th August, 1986 .
" Letter No. 16937-500- 287

Mr. John Weeks
Building 703

.- Brookhaven National Laboratory
Upton, New York 11973

Subject:»'-Transm1ttal of 7" Collars/Pins

=Dear-Hr. Weeks:

Informatlon spec1f1c to the three pieces ‘of casxng transmltted to you via
UPS 8-21-86, include: : . S .

- Sketch of recovered liner

R?"QQ(, X Collars
a Re— & _ . o '
b - ‘Material - 7", 29#/ft, L-80
c ' Hanger @ approx. 5, 730'
.3 S c - - Liner separation
e X&— ¥ i : o —~ collar @ pz
- : - - - pin @ #3
Damage to pin {#3 was caused by
¥ falling 330' and impacting 7™
9 ‘liner at the bottom of the hole
It :
e *3

Serv1ce - geothermal saline brine o
Temperature: - 1n excess of 400°F (less than 550°E)

If there are questions. please call me at (415) 768-9918.

‘Very truly yours,

D. T. Rabb
" Site Manager :
‘Research and Development

DIRIjai

cc: C. A. Harper
H. Lechtenberg (DOE)

A123E

11458
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SERVICE ORDER No. (o /7= 10510

o . R . WORK ORDER NO.._ /"/3/9
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gAs per APl Standa:d/{; 12.5% of Nominal- wall thxckness ,__Q_[__" Drift Diameter—API Standard LQS_?:'
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’ INSPECTION SPECIFICATIONS

Casp per Customer Specxﬁcauon

. . MATERIAL INSPECTED
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SUMMARY OF RESULTS

.Zi Lengths were found to be-free of mtemal &./or external surface defects exceeding ___/: 2 S % of nominal
wall thickness. T

“in " These lengths are identified by White Paint Band and Pacific stencil near coupling or box end.

Defective couplings were found on above lengths. ldentified by Red Paint Band.

Dcfcctxvc pins were found on above lengths. ldenufied by Red Paint Band.

-

Lcngths were found with mlcrnal dcfcct which could not be accuratcly mcasurcd ldcntxf’ ed by Bluc Paint Band.

Defective couplings identified by Red Paint Band
Defective pins identified by Red Paint Band.

3 Lengths contamed dcfccts exceeding _ 13, <‘ Yo of nommal wall lhxckncss ldcnuﬁcd by Red Paint Band.

Defective couplings identified by Red Paint Band. .
J Defective pins identified by Red Paint Band.
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