
.

-——
SPE 29785

PERFORMANCE OF (UNS 8028) PRODUCTION TUBING MATERIAL IN SOUR
SERVICE ENVIRONMENT OF KHUFF GAS FORMATION

Moh’d A1-Maslamani
Qatar Generai Petroleum Corporation

@Ywlw$+qd~ En@woI’s, Inc.

llIbpqIwwaa fxepu6d fwpremnmtbnalOw SPE MkMb EnffXShuw hddin Sahrain, ll-14March 1995.

Tiliipmperwa ~fOf WWnfaiOflwmsPE- oammnmDfOflOWm*Of~bnCmlhhmd
-~,ktibwn~

Inmabmmcf wlmiita dbytfwmffw(s). CzInt0nt90f llmpqwr,
by fh@&ddyof PumbmEn oIMoNMc IaraB@ecfto

~ d ffw 00ckfY of Pdmhm Enoh=m Wafffwm w
cumcfbnbyth# Mf10f(8). m*d. npmOmul, dOmlnOl n9aa9rlly Nf10cfany

~.P~~tism~m~@@**wwti*-dtbm
of Pafmbum EnEInmm Pumia@m toqlarwMcful Iom~dndmofafhan WOrmr&i.lHwtrdbM nwymtbsmpbd. Th0abdm4sh00hicmfalncen@w0wdmwWwmf
OfWllWO alNlby WhcmffW p8pWi8pf0nnt0d wdtOl.bruhn, oPE, P.o. sOxaosSsS, RkrWdaOn, Tx7som-sw6, U.S.A., Wm. 16S24S SPEUT.

ABSTRACT

Khuff gas formation is one of the largest
reservoirs of non-associated gas in the wor}d.
Recent developments in exploration and
production from Khuff gas formation at the
Qatar North Field required materials of
construction with long periods of production
without work over and chemical inhibition.

Gas produced contains corrosive constituents
such as 1°/0 H2S, 4°/0 C02 and brine at
pressures exceeding 300 barg (CITHP).
For operational reasons, two of the 16 wells
drilled were needed to work over after 2
years of service and showed evidence of
crevice pitting corrosion and thread galIing
on the Corrosion Resistance Alloy (CM)
tubing material. Full inspection and analysis
Ofthe probheni are addressed in this paper.

INTRODUCTION

The North Gas Field in Qatar is considered
to be the largest single non-associated gas
reservoir in the world; its proven reserves
~~~@_~ ~~~ tm”llinnP@- r-+ ~+-~--~ ~+...aansvnaw UIWA-b \buL)allu Its

total resetves are put at 500 tcf It covers an

area of more than 6,000 square kilometers
which is nearly half the size of the State of
Qatar land area.
In view of the massive reserves of the North
Field and the merits of natural gas as clean,
safe and reliable source of energy, QGPC has
initiated a prograrnme for strategic
development and utiliition of the North
Field. The first stage of this plan aims at the
production of gas for local consumption and
its onshore industry. QGPC completed the
first stage of the North Field Development
project in 1991. ‘Ilk stage produces 800
million cubic feet per day of gas for domestic
and industrial use in addition to up to 40,000
bpd of condensates and natural gas liquids
for export.

The cieilgn life of the offshore production
complex is 50 years. 16 deviated wells were
drilled. The wells were spudded in early
1988 and were My completed by mid 1990.
The wells are in Khuff K-4 Formation
(F@re 1) with reservoir depth of up to
11,000 feet and pressure up to 5,200 psi
(350 B~i@. NE pidu~~d fht COiiSktSOf

gas and condensate (see Appendix 1).
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DESIGN CRITERLA

The economics of using CRA production
tubing material is easily demonstrated for
deep sour gas wells where the conventional
corrosion coritrd ~,~~~~= ~r~ @w~~~.~&

expensive or not workable at all considering
factors as the H2S, C02 and PH levels,
minimum workover and maintenance of the
uhimate production rate all- the time.
The traditional carbon steel tubing is
protected either by coating or inhibitors
which are not adequate. Since the early
1970’s the high N1 austenitic stainless steel
alloy OCTG are used (Table I). They are
usually strengthened by cold working and
their high corrosion resistance against
general corrosiow localized corrosion and
SCC is due to the surface passivation film
produced as corrosion products. Therefore,
it is necessary to have stable austenitic single
phase composed from high content of Cr, N1
Mo in sour service environment when
using CRA Cr > 18Y0, Ni z 28V0 and
MO > 3%. are r~quired to prevent SCCat
1500C at least~. In 1987 the selection of
material as the UNS 8028 for the North field
were the ultimate technology. All tubulars
and accessories connections featured high
qudlty gas tight construction coupled with
premium connection characteristics and they
met the additional requirements which were:

. 100% minimum tensile strength
efficiency.

metal to metal seal on low angle taper
mechanically energized by torque
shoulder.

anti galling surface treatment with pin
threads blasted and box threads
(coupling) copper plated.

optimized stress distribution and
jump out resistance design.

The design mechanical and chemical
properties were to be in accordance to
ASTM B 668 (Tables 2 and 3).

WORK OVER AC TWITIES AND
FIELD INSPECTION

Although the selection of CIU tubing
material was supported by minimizing the
workover to the completed wells, two gas
wells were subjected to workover activity
caused by leaking control lines of the sub
sutiace control valve (SSCV). Retrieval of
the existing completion was carefblly carried
out following the agreed drilling sequence
procedure the tubing to be pulied out on a
standard basis consisted of 3 joints of 37 feet
each. Rig elevators and power tongs to 5
1/2” tubing were used and as recommended
by the manufacturer stabbing guide, drifl
mandrel, thread protectors and the make-up
monitoring systems were carefilly utilised.
Once the connection was broke% a brief
inspection of the seal and threads of both pin
and box (coupling) was conducted. Fresh
solvent and clean rags were used to clean the
connection and particular attention were paid
to the seals for evidence of def~ts threads,
galling or tearing. The outside surface of the
tubing were inspected for damage caused by
the power tong or backup tong dies and any
foreign material in the threads. Any
questionable connection or tube were laid
down for through inspection. The
manufacturer inspection guideline criteria for
visual thread inspection and repair was
adhered to (Figure 2).

INSPECTION ACTIVITIES

Good general appearance was evident on the
CRA tubing. No sign of general corrosion
was noticed on the tubing. All pin threads
were broken within the manufacturer
recommended torque. Torque - Turn graph
(Figure 3A/B). The chemical cutting fluid
(Bromine triflouride) was used, severe
external attack by this chemical to the tubing

AL.. ... --4: Am:nhmlawere reported to me UUL=uofi anu ~lluJul-

150



two fet above the cutting area were also
observed.

The 1st well inspection data (Table 4).
Generally the threads were even clean and
.-- A:A.L_A T...- l-\ --11: -.. .-.,4 4A..0L.’.unumum.wu. 1Wu (A) ~alllllg Ullu Lf=ulIll&

cases on the 5 1/2” tubtng were reported
(F@re 4). The coupling connection
generally had a sound copper plating with
one (1) case of disbanding. -
The power tongs used had created
permanent marks on the outside surface of
the tubing. This can be considered as stress
raisers and initiator of surfiwe corrosion.
Wkeline scouring or abrasion to the internal
surface of the tubing were reported and
measured 0.7 mm = 10?! wall thickness of
the tubing.

The 2nd well inspection (Table 4) datq the
threads’ condition can be divided into two (2)
partg above the SSCV valve and below.
Five (5) joints above the SSCV valve
indkated severe localized attack by crevice

.. ..pmmg corrosion at the main seai and the
;-*--.1 .kw.lAa. .m.lm:kn..m <\lllLG1Ina SLNJUIUG1aGEJ\ml~ulG a).

All the joints inspected below the SSCV
valve showed even, clean and undisturbed
pin and coupling threads condition.

I.ABOIWTORY FAILURE
INVESTIGATION

The tube joint attacked by the crevice pitting
corrosion were removed and were subjected
to detailed failure investigation analysis.

Evidence of crevice pitting corrosion was
observed at the tangent point main seal and
the internal shoulder seal were found to have
widely spread deep pitting (2 -5 mm) to the
ream of the tubing @@re 2). No
longitudinal or transverse cuts were noticed,
threads have been found to be free Ilom
bums, tear, cuts or rust. On coupling side
corresponding massive crevice corrosion
attack was obsemwd at same locations.

The copper plating on the threads was found
to be fke from any apparent damage except
at the attacked area.

. .
e Tes~.

Sub scale round tensile samples were
machined fkom the joint, four samples from
each of the tubing and the coupling. -
The locations are shown schematically in
(F@re 6A). All samples were taken in
longitudinal direction and the results are
shown (Table 2). The testing revealed that
the mechanical properties of the joint
material and coupling are meeting the
specific requirement of corrosion resistance
alloy CRA type (UNS 8028) in cold worked
condition.

Two samples from each tubing and coupling
were evaluated (F@re 6B). Rockwell
testers were used for the survey,
TL- . ------- -._l---- --- -L --- tw-Ll - m\
I ne average values are gwen [ I ame z). ‘flit?
~~~~~g+~~walllmc W~T~ withk tha anm+ir,e. ”w” .,-. “ . . ...*.. . . .. “y-...”

requirement and did not exceed maximum
level of31 Rc.

Full chemical tests of the tubing material
were done to conilrm adherence to the
manufacturing specification (Table 3).
The materials are within the required
chemical analysis of the standard (ASTM B-
668-84).

. ..O

lCE~.

Different samples of the tubing and coupling
were metallographically examined (F@re
6C). The microstructure revealed typical
cold worked austenitic stainless steel with
deformed grain structure (F@re 7). Thin
and uniformed copper plating averaging =20
- 30 ym in thickness, however 10pm were
observed at the internal portion of the
threads.
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The most common laboratory test for
determination of crevice corrosion are. — ->.
probably the chemical method 6% FeL13
test according to ASTM G-482. As crevice
corrosion is the most critical type of
corrosion in sea water and brine, for piping
system from austenitic stainless steel and
dup!ex material? The test revealed the
tendency of the UNS 8028 tubing material to
be affected by crevice pitting corrosion
(l@re 8). A density of 0.05 pitslm2,
average pitting opening of 2.0 mm2 and an
..,- . . A+ ~. th fif 1 6 mm were ITI@ISUfedav=185G ~lb “Wp...”. ..= ...... .. . . . .
as per ASTM G-464.

DISCUSSION

Investigations confirmed that the UNS 8028
tubing material adhered to the specified
mechanical and chemical property. Although
the general overall corrosion resistance were
excellent, it shows poor resistance against
crevice pitting corrosion. Wireline marks
were evident in most of the CRA tubing
along its length. This marks increased in
severity with the increase in the drilling angle
of the deviated wells. It’s worth to mention
that even the manufacturer make-up and
break out of the connection threads were
controlled by computerised monitoring
system. The metai to meta] seai area
suffered the wedge effkct (F@ure 9) this can
lower the seal integrity at very critical
location of tube connection and represent
vay suitable location and environment for
the crevice pitting corrosion attack.
Improvement in this area can be beneficial
for the fbture pefiormance of the CRA
tubing material.

CONCLUSIONS

1. The UNS 8028 revealed adequate
general corrosion resistance under
sour gas environment.

2. The UNS 8028 tubing material
showed crevice corrosion under
stagnant wet sour gas ccmdtion.

3. Chemical cutting method showed
.higil eiliciency. HUWGVGI imesa

----- .—

chemical can harm the surrounding
tubing and casing components.

4. Wkeline operation can cause
permanent and dangerous clef-s to
the production tubing.
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TABLE 1 CRA OCTG ALLOYS IN THEWORLD

UNs ALLOY CHEMICAL COMPOWITON MANUFACTURER
N 08028 hicro 28 28 Cr-32Nl-3Mo-l Cu Sandvik
N 08825 hXOIOY825 21 Cr-42Nl-3Mo-Cu, Ti INco

m N 06625 Inccmel625 22Cr-60Nl- 9Mo-3.5Nb INco
N 06985 Hastelloy-G-3 20 Cr-45Nl-7Mo-Cu, Nb CABOT
N 10276 Hastelloy- C -276 16Cr-58Nl-16Mo-3.5W CABOT
N 06975 SM2550 24 Cr-30Nl-6Mo-Cu SUMITOMO
N 09925 hlcoloy925 21 Cr-42N1-3Mo-Al, Ti INco

PH N 07718 Inoonel718 18Cr-52Ni-3Mo-5Nb, Ti
SM-PH3 23 Cr-52N1-4Mo-5Nb SUMITOMO

-.. . . . . .. . .
cw: -cola wonted

-r. m.-–,—!...:-—‘r’r--J--.i
rn - rreapuauonnamenca

TABLE 2 MECHANICAL PROPERTIESOF THECRA MATERIAL

ULTIMATE YIELD STRENGTH ELONGATION HARDNESS
TENSILE Rc MAX

STRENGTH

Design 115&l llotil-130ksi 11% 31

Laboratory Tubing 129 ksi 121 hi 27% 29

Coupling 128 I& 121 ksi 25% 28.5

TABLE 3 CHEMICAL ANALYSIS OF THE CRA MATERIAL

Nl Cr Mo c s P Cu Fe Si Mn
max max. max ma~

Design 30-34 26-28 3-4 0.03 0.03 0.03 0.6- 1.4 36bal. 1.0 2.5

Laboratory
Chemical 30.2 26.1 4.0 0.02 0.005 0.02 1.25 37.5 0.48 0.34
Analyais

TABLE 4 DATA LOG OF INSPECITON AND WORK OVER ACTIWHES

TUBE SIZE NO. OF NO. OF NO. OF NO. OF NO. OF
STANDS JOINTS DEFECTIVE COUPLING DEFECTIVE

JOINTS COUPLING
Well No. 1

5 1/2” 76 230 2 230 0

5“ 16 49 1 50 1

Well No. 2
5 1/2” 77 233 5 235 6

5“ 14 43 0 44 0
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Amendix. 1

n of produced Flui~

Co~onenl MQu

.-— —

.—

.—

H2S 0.85

c 02 2.5

N 3.5

c1 85.0

C* 5.0

c~ 2.0

cd 0.50

c~ 0.60

c~ 0.25

c, 0.20

c~ 0.20

Cfj 0.10
—--- —--- ---- —--- ----

Na +:73

C%=+ :28

Mg% 6

——. —-= ==-

PH@23°C:

Specific gravity:
-——- -—-— ——

—-

—-

Fe: 0.3

cc: 100

so: : 3

---- -

3.5 - 4

Gas: 0.667
---- -

-—- .-

----

.----

--

--

--

-.

154



NORTHF ELDsI TANDARD COMP LETIONFig.1

Em!
(m

1 Diatanoarotatv table to toD Item Description ID”T tuthgtmad.-tt

Tubing Hanger 5 1/3” 4.9 11

I

Tubing 5112” L892 5.50a

Flow Coupling 5 1/2” L6S2 5.050

*BA’ Nipple 5 1/2” X 4.56” ,.562 6039

R050Flow Coupllng 5 1/2”

Woduotion Casing: 7 5/6”
33.7 ,- ID=6.766”
Mt=5#4”(Pollsh joint ~
20’long on to~ apaoial
MM.57”) Uppar pan with
Uaw Vam oonnaotion OD
2oupling4A04’’Lower par
nflthVam FJL connactlon.

Tubing 5 1/2”, 17~
Drlft=4.767”
OD Coupilng =6.051

5.00

X-Ovsr5112W x 5“ 5.600

Tubing 5“, 15 #
Drift = 4.263” OD
Coupling = 5.563” .408 5.00

Flow Coupling 5“

‘AOFNipp105“ X 4.125”

B 5/6” Caalng Shoe at
ftbdt

Downhob EC@pMS1’lt

Matartal: Inoonal 718

5.56

.12s 5.62

Tubing 5“ + Pup joint (5ft) Mo6 5.00

Anchor aasl N22s whnst.aasl 2
aaal stacka#l FA48,0D: 5.5” !.675 4.66

Pennanant Packar 7“ Hydmulic
Set SIza 65 SABL+ 48 X 38
w/extendad uppar bon & 4 1/2”
pln bottom gulda

.675 5.875

oworlio-Brack and Unor 7“,3$$#
8QID~Q94”DrllW.WO-
lpaQial)NawVa4noonnacllonOD
mrpling=7.3Sl’’(spacialoiaaranco) !.920

=

pup jOhlt 4 l/2”,13.5~(20 ft)

Wm=

-J

-

‘AOFNipph4112”x3.68”

.820

.620

1.820

=

4.500
—

4*%

—
4*S8

Psrfomtsd Johlt 4 W3”(loft)
Drtft:3.786”, 0Dc:4.%1

‘R’ NIpp5s 4 1/2” X 3.588”

Pump ]olnt 4 l/2”,x13Sm (ZOft)
7“ Unor Shea at fl bdf
PBTD AT ft bdf WL EntrvGutd41/2”
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RELATIVELY EVEN THREAD SURFACE

RUST AND/OR PITTING

GALLING

LONGITUDINAL CUTS AND/OR SCRATCHES

RUST AND/OR PITTING

SEAL GALLING

RADIAL SCRATCHI!S, NICKS,DINGSOR
GALLING

RUSTING ANDIOR PITTING

DENTED AND MASHEDSBAL

OVER TORQUE

Fig.2 1NSPECTION GUIDELINES
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nuue 1 2 3

fW3B Field Malso-up Monltorhsg By8tem

TIME OF tlM(E UP 20:46:31

MXIPIUN TORQUE 6792 FT-LBS .

sHOULOER TORQUE 0 FT-LBS .

OELTA TORQUE 6792 FT-LES .

IWIKE-UP NW5BER ----->> R-171

(Tosquo-Tum Gmph).
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Figure 4- Evidence of permanent galling to the thread connection of the tubing,
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Fig.9 Schern of Wedge problem on Metal to Metal S881 system
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