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Abstract: The gathering pipelines of a gas field in the Northwestern region suffered from severe
corrosion risk, hence a comprehensive technical countermeasure was then postulated covering the
identification of corrosion factors, the prediction of corrosion-rate, and the optimization of
prevention strategies. Herein, the corrosion behavior of the gathering pipeline steel was assessed

via a simulation set of the corrosive environment for the pipelines of the gas field in this region, as



well as an orthogonal experimental arrangement combined with the entropy-weight rank-sum ratio
method. It was revealed that the CO; partial pressure, the chloride concentration, and the SRB
activity were the main controlling factors for uniform corrosion and local corrosion, but the
influence weights of these factors on the two types of corrosion were different. Further, a modified
De Waard95 CO; corrosion model was developed by introducing correction terms for CI-
concentration and microbial activity, which significantly improved the corrosion-rate prediction
accuracy and achieved a determination coefficient (R?) of 80.98%. Considering the main corrosion
factors in the gas field, an OED/BKC composite inhibiting biocide system was developed. In the
simulated conditions, the corresponding inhibition rate for uniform corrosion reached 94.25% and
that for pitting corrosion was 90.74% at optimal concentrations of 150 mg/L OED and 50 mg/L
BKC, with nearly 100% effectiveness for sterilization. The proposed methodology provides a
reliable technical basis for corrosion warning and prevention in this gas field.

KEY WORDS: Gas Filed, Gathering Pipeline, Corrosion Factor Weight, Corrosion Prediction,
Inhibiting Biocide.
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Table 1 Analysis results of produced water from the gathering and transportation pipelines
provided by the gas production plant

K* and Ca?* Mg**  CI S04 Total Microorganisms
Na * (mgll) (mg/l)  (mgll) (mg/l)  Mineralization  (per mD)
(magll) (mall)

3600- 1183- 25- 7491- 4-3674 13432-25613  11000-20000

46592 3511 308 16590

FT AL 2R A N T R DU i (4l 98%) « EhER (g4l |« LA (O
ai) . LS R LSRR T R (i gl LUK CEERITRER (3R ATalD .
JEEhRE IR PR VR BC 1 A 2 7 o/l 750 PR EE DU Z (¥ 15% 3R RVAWE,  F T I8 k= )i o .

Jig R Pk FH AR 2 I 2075 AN RL,  RST28 50 mm<10 mm>3 mm, 5 it TH il
AL, BTl fE R 5 E .

I FH vl v S I S AR AL AR A A 2 N RS TR B, R bl st . IR R PARIZ IR
BEZE 20007, N4 X BTG K OGEMAEIATES KM CHEE, BT TEahg
F o W JE o i e 3570 JOB B RE S B BIE E, N 2 L SRH /KBS Rk BE AR K
R, ARIEVIEERS TR, (HEEERERIN NaCl DUA R SRIRER M CHREEE,

3



W 2. SEBNEEBREI NN 12h, BEEMRKUGEN COa No F 1 5E MR /7
IREEFIRE . LI A 14 K. RS wE, PRI L2 87K 5 ToK CREE 5,
FRL R T-Ab B, B 5 AT R SR sl g, AT S S s e . R 0 T S iE
RO R A BT RAE, WS RS R T SO ST, R4 H 505 30 g ok =2,
NI Z5E PPAS S [ FE AT 9 T IRIARE R RURRALE

P B o 0 DA R ik o v A NS B hniE (il R /K A 2 ik 7 PR R VT 572D
SY/T 5273-2014 4T »

B S5 SR o R 5 A R

876 X 104>< (mo _ml)

— D)
#927 SXtXp

A Vo ARSI B A, mm fa; mo A1 my YARE R GG iR SRS S IR B R, gs S
KR E TR, cm?; tONJEPRITE], hs p JyRESNEFEE, HU7.859/cmd .
JRI P s A B A 0 R

8.76 X 103 x h
R = — (2)
R, R RIS, mmias hMECK SGUAIE, mm.
JE R R p tH AR
Vo — V1
n= X 100% (3
Vo

AP, pRREMRCER, %; vo il vi 2 il AN N G2 Ph 5 AN S N 22 i 75 5 i S ks R, mm/a.
SRR R R R R W E Sk B T2 mEEE )RR E RS, ENRIER, ZR
25k JELN &9 [ 3-100 mm, M EREEE 0.01 mm, R EEVEH -30~70°C. BN SR FH A

Bk GeiEiE, BEENNRSE RECF M, JFiEd GPRS Kl & 21z, BEF I
25 RN R 1K 2~ 508
d s
IR
Viw= ¢ “)
)

A, v BEE I MR, mmia; o ez NAHATPIR T INASIBEE 22, mm; ¢ o
3% N R I B P TR RS E], - @

X IR AR B KRR il RV E N KA 73 B 77 ik 4838 RREi) SYIT 0532-2012 47
TSR, B0 FKREB G MR BRI KR, IS SRB B SRR FRIE IO, 4T
5FRE, T RIGEEL i 3 AT SES

AERWHE AT

-B
x 100% (5)




X, € ONRER, % B ABNMREFIRKAE S EE, NmL; B ABINAEN R KRS
W, MmL.
1.2 IER LR

PLCO2 o k. Jii. . CHKRFEE. SRBIREE AR, il 6 KE 3 /K FHIE
AZEy, WK 2 PR. Hr B pHeoz BAJ pH s MEAIERZ LIRS, T2 N H T/
TRFTIAEAY . 6 IE 3 /KP4 IR ilBa Nz 729 4, H2 PR AR R A =y, £ESE
BrRaft e e LLIE B, B DL — R BUE A S ok it 1k A AR A&, Rehs B3 i ide
o, RN ORI R SEIR RO EEE S AT SE . S0, FAT1Z % T SPSSAU IERZEK T
Mt 2020 fiR, 1E 6 A& 3 KP4 T L8.3.6 IEAZSLL:, LR SLiniitl, SitfRkS
PR AT AT IR E BT 2 . 18.3.6 Bit I A & K R 3K 5 HAB R 2K F 2 H G
W 2-3 R, I ROE o EE R A BAER, RIERRE RS R0). SRR
IR IR R SO, MR SGREZX BTN R BEE e, BRIk K- RA E
LT 1B RERE B 35 i e B, SCREMEN S B B SE i A AR, T
AR X PR B 2 1 JE AR T AT

R 2 BRI LA B IE AT S SO E
Table 2. Orthogonal experimental parameter settings simulating gathering and transportation

pipeline environment

No CO2 partial Total Flow_ Temperat Solncentrati SRB content
? I\rj:;re pHco2 PHactual Z{j;zl; re \(/rl::/(;;tlty ;Jorg | on (cells/mL)
(mg/L)
1 0.05 4.05 5.85 1.00 0.5 20 7000 11000
2 0.05 4.09 6.10 2.00 1.0 30 12000 13000
3 0.05 412 6.34 4.00 2.0 40 17000 20000
4 0.10 3.94 6.10 1.00 0.5 30 12000 20000
5 0.10 3.97 6.15 2.00 1.0 40 17000 11000
6 0.10 3.90 597 4.00 2.0 20 7000 13000
7 0.20 3.75 5.85 1.00 1.0 20 17000 13000
8 0.20 3.78 5.77 2.00 2.0 30 7000 20000
9 0.20 3.82 6.24 4.00 0.5 40 12000 11000
10 0.05 412 6.09 1.00 2.0 40 12000 13000
11  0.05 4.05 5.74 2.00 0.5 20 17000 20000
12 0.05 4.09 5.66 4.00 1.0 30 7000 11000
13 0.10 3.97 6.11 1.00 1.0 40 7000 20000
14 0.10 3.90 6.62 2.00 2.0 20 12000 11000
15 0.10 3.94 6.05 4.00 0.5 30 17000 13000
16 0.20 3.78 6.42 1.00 2.0 30 17000 11000
17 0.20 3.82 6.11 2.00 0.5 40 7000 13000
18 0.20 3.75 6.08 4.00 1.0 20 12000 20000
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Fig.1 Analysis results of uniform corrosion rates obtained from orthogonal experiments
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Fig.2 Analysis results of localized corrosion rates obtained from the orthogonal experiments
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Table 3. Corrosion rates obtained from field wall thickness monitoring of gathering pipelines
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Fig.4 Relationship between predicted and on-site monitored corrosion rates
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Fig.5 Sterilization test with varied BKC concentrations in SRB test: (a) 0 mg/L, (b) 50 mg/L, (c)
100 mg/L
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Fig.6 SEM images of corroded samples exposed in simulated environment of pipeline No. 6 for 14
d: (a) blank sample, (b) sample treated with OED/BKC
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Fig.7 Optical images and corrosion pit distribution maps of corroded samples exposed in
simulated environment of pipeline No. 6 for 14 d: (a) blank sample, (b) sample treated with

OED/BKC
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