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Abstract The corrosion rate and characteristics of several kinds materials are studied under the in situ conditions of high pressure and
high temperature in the stirring aqueous solution in a nickel-based alloy autoclave. The test results show that the corrosion rate and
characteristics under different well conditions are different, the highest corrosion rate is 5 times greater than the lowest one. And in the
same well, the corrosion rates of different materials and sections of a well are also different under the simulating test conditions. The
differences come from the joint effects of multi—factors in different degrees. In different sections of a well, different corrosion characteristics
of the same material are observed. As can be seen from the topography of the corrosion scales, the binding force of the corrosion scales
with the base metal and the corrosion rate itself, the most serious corrosive section is at a depth from 1500m to 3500m, with the top
1500m part slightly corroded. At the bottom of the well, the corrosion is also gentle according to the formation of corrosion scales and the
excellent binding force which would obstruct the corrosion process. Therefore, many factors should be considered when studying the CO,

corrosion characteristics of tubing materials in deep or super deep wells, such as the tendency of the corrosion rate, and the conditions of
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the well. The temperature, the pressure and the flow rate of each well in different sections should also be tested and calculated to find out

the most serious section under the corrosion, conditions and the effects of different factors are not the same on the corrosion rate.

Therefore, the joint effects of all factors should be considered when studying the CO, corrosion of tubing.

Keywords CO, corrosion; tubing; deep or super deep well; synergistic effect
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Table 1 Test parameters for different sections of 6 wells

H T 1500m
e . ok it
BE/MPa HE/C pHH HET/(100mg- L) B LE/(10'mg- 1) CO, ¥ JE/% CO, 55 JE/MPa
/(mg-L™") /(m-s™)
1 15 84 6.0 15.7 272 1.19 0.18 143 0.563
2 16.7 80 5.7 3.08 5.2 25.4 4.24 50 0.796
3 14.9 75 5.7 11.9 19.5 1.28 0.19 100 0.183
4 17.5 79 6.0 11.9 19.5 1.08 0.19 100 0.850
5 15.37 101 6.7 12.5 20.6 0.34 0.05 2.57 0.200
6 21.8 102 6.4 3.37 5.6 0.34 0.07 3 0.500
H T 2500m
1 24.7 93 6.0 15.7 27.2 1.19 0.29 143 0.564
2 25.8 93 5.7 3.08 5.2 25.4 6.55 50 0.799
3 23.5 90 5.7 11.9 19.5 1.28 0.30 100 0.184
4 24.25 88 6.0 11.9 19.5 1.08 0.26 100 0.785
5 23.9 109 6.7 12.5 20.6 0.34 0.08 2.57 0.182
6 29.7 111 6.4 3.37 5.6 0.34 0.10 3 0.470
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Table 1 Test parameters for different sections of 6 wells (continued)
JF 3500m

Einc A \ N ) \ EES i

BE/MPa WRE/C pHAE  HET/(100mg L") BHLE/(10'mg L") CO, #E/% CO, 43 E/MPa i i
/(mg+L7")  /(m-s™)
1 35 103 6.0 15.7 27.15 1.19 0.42 143 0.560
2 355 106 5.7 3.08 5.19 254 9.02 50 0.800
3 32 105 5.7 11.9 19.5 1.28 0.41 100 0.186
4 31 97 6.0 11.9 19.47 1.08 0.33 100 0.750
5 325 118 6.7 12.5 20.55 0.34 0.11 2.57 0.175
6 37.7 119 6.4 3.37 5.59 0.34 0.13 3 0.460
iR
1 50.1 115 6.0 15.7 27.2 1.19 0.60 143 0.560
2 479 141 5.7 3.08 5.2 254 12.17 50 0.800
3 41.6 121 5.7 11.9 19.5 1.28 0.53 100 0.186
4 46.5 110 6.0 11.9 19.5 1.08 0.50 100 0.729
5 58.2 135 6.7 12.5 20.6 0.34 0.20 2.57 0.169
6 57 135 6.4 3.37 5.6 0.34 0.19 3 0463
®2 6 DABFAFEMNTRIAREST (BAL.g/L)
Table 2 Solution formula of the corrosion media for 6 typical wells (unit: g/L)

i NaCl NaS0, NaHCO*  MgCl,-6H,0 CaCl, KCl1 FeCl, FeCl;- 6H,0 pH 1

1 246.00 12.90 0.18 3.50 8.63 1.82 0.24 0.18 6.0

2 45.11 0.41 0.94 0.05 4.63 0.58 0.23 0.14 5.7

3 131.00 0.24 0.23 5.20 18.19 1.91 0.23 0.14 5.7

4 157.58 0.08 0.08 5.42 3291 0.64 0.23 0.14 6.0

5 166.98 0.08 0.08 11.55 3291 0.64 0.23 0.24 6.7

6 40.73 2.13 0.17 15.90 444 0.83 0.23 0.14 6.4
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Table 3 Macro—topography and structure of corrosion scales for Well 1 in different section
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Fig. 1 Macro—topography of dynamic corrosion in
different section of Well 2
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Fig. 2 Macro-topography of the pitting in the sample

after removal of corrosion scale in Well 3
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Fig. 3 Dynamic corrosion rate of 6 typical wells at 2500m
section in simulating condition
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Fig. 4 Dynamical corrosion rate of tubing material
No. 1 in different depth of the well

WL FARRRAE £ Z AT CO, JE U SRR I R LR G
P 25 5L 3 2 52 [N 28 22 (W) A B AH 1) 249, A B R AE 4
HE B — o — P Z AR N 5 Al 3 2 A DDA DG, L
W, CO, 43 He 38 K23 41 0 J ol s & Jé R CO, 43 R 4 1= B 43
A v BT A A T Ak RS O D R AR AN R R
AN I 0BG ORE S I B 23 3R B A TR) (9 T o e 2
P R A 1S JF, 7E 1500m 1 2500m HHBE, HORE N
84°CH 93°C.,CO, 43 43 ] 4 0.19MPa il 0.29MPa, i i £
0.56m/s LA, IEANTE B 5y KA CO, JE Tl vy SRR B3 [ 2
P T il R SR AR 3 5 R I CO, R S 1 SR
I, {H 1500m 40 3R HA 75°C, i ) S AK , HAT 0.183m/s,
A ik R LG 15 N,

FEIEIR B, i o SRR Y SR 3 A TR R
L, Ao E A B AR AU A 0 R A  JEE h y BE k Fea
AL RSREAS T i it — 20 R R, W@ Em i 2 S 1S
I, HIRMIRE A 110CUL L2 SHHFREE L F 141C,
Ty A0 A R L P DOk B A A 1 T S

WAt B IR HT WASHER A 1 45 R (W) 3h 25 6 ol ek
SRMNA LS SR AR 22 BRI AR iE AT 3h 3 I b g il
R PR 20 B B ST I TG < LASR O I DL T 4 S il R
SR A T A N A Ak X AR PR TV R B R R
I it S SRAR 5 AR 9 B R A O R R b B
JUAH R 2 A AN Ak 7 o BE 5 0 Ji ok o 2R B9 T L 22 P, BT LA



] jcmik

# 5  2012,30(36)

538 32 (Articles)

FLERE AR R G5 2R 32 30 B8 o 35 T 1

3 itig

AR S5 R B Ay M T LA Y, I CO, W)
i AR R S 2 R SR AR A R R A R EHA K
— B, (TR HL A SR b o PR 2ok R VR B R T
B IR AT R A RS EE W AR, 1
SO, H U A Tl e ™ 1 Y T B A AT BE AR 2400—4000m 2
[F], 763X — B, AN 2 B — i o A B DR A R B R 4 1Y
W CO, 4 FERE VA IR K H 78 3% — I B, oA B i 5 ) 2
K COy I b S5 SRR 1 X8k AR 4l S0 F o 45 R I R 2R
IR CO, 43 FE T AR A5 e ) =S &R iR
P 3 — I B Ik e R o R R T T A S i, R
T N RE B JE ok PR BRSO RO s VR IR TR 19 COo,
Jig ik T A X 25 T T ) BLACIR B B COo, BT & R R R
MRS, S — 0 BRI R IR CIRE R
J3 B B IR ST, $R AT A T CO, A
B, M R BRORH 7 (7 Bl 4 485 it

4 i

LR A 2 A AN i 4 2R T LUAT R T ik T A A
RS BR R A% PRI 0 Dl R AE HLAT A0 R LA

(1) FERL B T 00 058, SR 5€ 42 K A i iR 47 108 2%
PET, Sh AR EE oA R 22 1816 ok s A7 A BOR 22 501, v
{H 5 MR 2 ATk 5 AL L MR EE |, [/ — 1
AN TRIAA A ] B Tt o A2t A7 A 2253

(2) Al — B AR [ I B 1)l b4 6 JE8 ok 48 iE 35 B

SCIESCE & TECHAOLOGY REVIER

PR Y 22 55, 8 1l 7= W ) T 50 45 B AR B0 285 5 ) B o R
SF7 A A AR, L 1500—3500m B i A oy e
1500m A b Ji b A5 % i S JE 38 o7 1K 3 ThT B AR IR i B AT
B4 A 100 b e LA T i ) S

(3) A CO, B JE it , 2 22 Fh 52 i [N 2R 3k @] 15 1T B0 45
A 25 RE A A R /INA T 2 53 A RS il A ) T el
I, 5 R 5 R4 R N R B B RAE

£ 3% 3 #f (References)

[1] k2700, M, & R AU il 5 # I M]. 365 (2 Tl e
#t, 2000: 12.

Zhang Xueyuan, Di Chao, Lei Liangcai. Carbon dioxide corrosion and
control[M]. Beijing: Chemical Industry Press, 2000: 12.

[2] de Waard C, Lotz U. Prediction of CO, corrosion of carbon steel [R]//
European Federation of Corrosion Publications no 13, Predicting CO,
Corrosion in the Oil and Gas Industry. London: The Institute of
Materials, 1994: 30-49.

[3] Kermani M B, Smith L. M. CO, corrosion control in oil and gas
production: Design considerations[M]. European Federation of Corrosion,
Number 23, Leeds: Maney Publishing, 1997.

[4] Denpo K, Ogawa H. Fluid flow effects on CO, corrosion resistance of oil
well materials[]J]. Corrosion, 1993, 49(6): 442-445.

[5] ¥ or 86, #EEAE, WOUE. IACH 7 1K T CO, R HC O5— 3 fk 9 8 1
HYSEZ R[] ] KAR T, 1996, 24(8): 53-55.

Xu Liming, Dong Zehua, Fan Hanxiang. Natural Gas Industry, 1996, 24
(8): 53-55.

[6] Xia Z, Chou K C, Szklarska—Smialowska Z. Pitting corrosion of carbon
steel in CO,—containing NaCl brine]J]. Corrosion, 1989, 45(8): 636—641.

[7] Videm K, Dugstad A. Corrosion of carbon steel in an aqueous carbon

dioxide environment: Part 1 Solution effects [J]. Material Performance,

1989, 28(3): 63-70. (88 5F)

= R
‘B BLERTTEPRSNEX T

‘B-RAARIIBIRANHET 2013511 A15—17 AALEE T WRRLL
DYALAIBFTALNFALLIEPADRLIBILERAOAALD,

EHRAR REIBEADAVFE  REIFEYREAR, R AARIEBRBRA DRI KR
TRTIBERBDAN DRI RIRRIAIBERREIIEIRMLAR,
AXABAM:2013 548308,
B fou. 2@ Ptk 1239 SAFKE RTRAARDIRA.
? JF & 9 :softsoilcom@163.com.
A 4 A 38 :http/geonjut.42137.east—icp.cnvshow.asp?id=706.

51



