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90

80

70

60

50

(e y=lk

40

30

20

10

0

HEAER, HK
BrRfEReEs

0°~EH R A

IKFHEE

1

0

200 400 600 800 1000 1200 1400
RIRE T E/(10%ft3/d)

3 IEFAERHRENXR

Fig. 3 The relationship between the critical angle and the output flow

15t fare

10

RBIEL TR~ —
MELURR B E
0°~10°
IKFRER /
IR E
100 200 300 400 500

KRR E/(108F3/d)

600



464 AFRETER 2016 4F 12 7 55 1 455 3 1)
30
20 A
o | | A
&
Moo
fir
-10
-20
30 . . . .
0 5000 10 000 15000 20 000 25000
EE B /ft
B4 SEINEE
Fig. 4 Elevation profile
30
20 |
BitmE  —
10 E;:::::]
& I
S oo WWWWT epee] .|ML
=
-10
-20 -~ hi@Edt
-30
<t © 0 - - O~ MO ¥ S O 0 N O O I AN T 0NN O N« N O
D 0O N © O MO N - @ 0 O W W < O v« F O O ¥ O N I 0 N M~ v« O™
~ 0O O M N 0O O O O~ I O M U «—~« © O L O 0 W 0O © 0 © O o <
~ N MO MO < 0O O N~ 0 O O - N N N O MO I 0 © 0 0 OO O —
rrrrrrrrrrrrr N N N
EEES/ft

Bs5 tEMSEEMAEE
Fig. 5 Calculated elevation angle profile

TSR R Ry A B ] P A 39 s ARl 8 I et A3k
FEAR I A A AL, —ROKFRER W i R 4 v]
BE &, T —A 1= A LU A EEFE 22 740 ft(6 931 m)
A7 B (0.1 MBRA ), AT Bk A7 B, AIRE
SHRMITRE SR B /M 222 525 fi(6 866 m)
Abo MSZERAGIL S A, TE 22 525 ft(6 866 m) i B %A
Ji& bt B D0 FE 22 455 f1(6 844 m) & 22 885 (6 975 m)
Ab AT BE W B iy i, X B T A A
430 (131 m) BeARZS Gy kil , SR, 3@ 2 e A
75 K62 (Ultrasonic Testing, UT) 126 A6 & BRI 1ok Y
TARRRIME, XTI, RIS AL Bk

I RRIRAR AR NI ) FE05 LU A i 2 — A8
] LR [R] — A48 TE AN R i 7 1o PO 4 ARl 53¢ £
HETERXRTER —B ERs, 8 s, alkigy
B il ST B AN TR DT 1] B 28 54, R] DL TR
SRCLE S o i 6 ] JE ok A T REAR SR AR TR, AT i
H Bt .

X TR ERE BORIE, ICDA I LRI RJEET
XHFEREA R EABEREA T AR I A4 TEHEA T IEANY, R
A BRAE BERR I N A B PR, BIE B T RE
KA B DA A IS TE R, A EIEN SE AL,
DU RN TE 1) SRR DRAIE . BV Tl 7 T LA 7 Bk



I A ot L PP AR S ]

465

18

16

14

12

10

Syl

196
885 h
1821 [
2 361
3234 o
3839 F
4927
5913
5990
7784
8 504
9680

—_ - e o v v e v v e = e

6 SEMIcEEiRI R A
Fig. 6 Flow angle profile of gas from the north to the south

21812
22 430

5.0

4.5

4.0

3.5

3.0

25

Sy

2.0

1.5

1.0

0.5

21812
20671

7 SENEREHLRER AR
Fig.7 Flow angle profile of gas from the south to the north

KA, B SEUE, nTREAFAE Y R B0 B A
SERENE AT PEORIE, BV AEAE BT A A9 o B A B 1 J ok,
TEVRAE R SECAT, X8 Bk B B R R PG X T
FoAbpro TR, AT — R LA HE A AR
175k

22 Efl2
DA 5 — 2 A A i vl — 7 45 e ol — B g

9680
8 504
7784
5990
5913
4927
3839
3234
2361
1821

885

196

— - v v v v v o e = = - =

I BT EOE B e L m AR E, mTE9 R,
A BEAE 2 R PRl v R LA AT 174 15 28] S BB A T A v R
R I S

PL2011 4R 5, AR5 (12) 115 T 2011 A 1
Ry =12 A Gy s — i & RS B A,
IR, B12 4Hp+ B O kIG5 6.71° 4
2011 ARG AA G A A TE A 17 B BT
LTRSS T 8 Tl A7 B 62 &b, BnTEl 11 R



466 AREE 2016 4F 12 H 25 1 555 31

150 X 3 2000
: 1500

100 1000
& -2 500

5 _.—-M——-——/"" M : c
% RIS — io =
B o :

—50 $ ;

PEE L EEE /mile
AR AMIEEE) - MR AMIEER) - MR AMERLL)  — B — B#HE2 - RF8 = 52

B8 ERAEEREAEE
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Fig. 9 The elevation profile from Shenmu to Fugu transmission station
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Table 1 The transport data from Fugu to Shenchi

£ ER 2 AWREA/mm  F/NES/MPa FIIERE/°C B HSEE SR (T IR) AR
2011 1 MORIEEEE NATESS 660 3.98 1036702 771.947 4 6.17
2011 2 MORVEES ARSI 660 4.10 7257189  779.641 6 6.05
2011 3 MORWEEE NAESEE 660 4.00 7.766 4 784.434 8 6.30
2011 4 MORWEEE ARSI 660 4.30 9.701 556 492.605 1 2.13
2011 5 MORVEEEE ARSI 660 4.10 11.769 14 494.499 7 227
2011 6 MARIEEE AESE 660 4.07 1625354  494.959 3 2.36
2011 7 MURIEEU FEESE 660 4.83 18.22447  495.043 5 1.97
2011 8  MURIEEIE NS 660 3.66 19.72036 4947170 2.70
2011 9 MOARTEE M RS 660 4.06 18.509 24 494.4199 2.41
2011 10 MARTEE S A ESGE 660 4.00 155733 792.715 7 6.71
2011 11 MORWEES ARSI 660 4.15 13.748 783.356 6 6.26
2011 12 MUOKWEESE ARSI 660 3.93 9325059  773.944 4 6.27
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Fig.10 The sensitive location of the critical angle and internal corrosion from Fugu to Shenchi in different months
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Fig. 11 The relationship of position between elevation and slope (The red line is critical angle value for this year and the blue

line is the slope. When the blue line is above the red line, it indicates that there is the accumulation of water)
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The grid for wall thickness measurement

Table 3 Original data table for wall thickness measurement of excavation point

e R R
2 3 4 5 2 3 4 5
7.21 7.16 7.21 7.23 721 7.19 7.22 7.17 7.20 7.22
12 45 -1 1 7.22 7.24 721 722 7.23 721 7.20 7.18 7.24 7.23
7.18 7.26 7.20 7.26 7.22 7.23 7.20 7.15 7.21 7.18
721 7.20 7.19 7.23 7.21 7.20 7.19 7.24 7.20 7.20
1 -2 5 7.20 721 7.22 7.22 7.20 6 417 1 7.19 7.20 7.23 721 7.22
7.16 7.23 7.23 7.26 7.19 7.21 7.20 7.21 7.24 7.20
7.23 7.23 7.19 7.19 721 7.23 7.22 7.23 7.20 7.22
2 53 45 7.20 7.24 7.20 7.23 7.26 7.20 7.22 723 7.23 7.22
7.30 7.20 7.17 7.24 7.25 7.20 7.24 721 727 7.21
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Abstract ICDA(Internal Corrosion Direct Assessment) technology is used for evaluation of the integrity of pipeline systems
which are transporting dry gas with exposure to moisture or free water (or other electrolyte) in short-term, especially for
pipelines on which ILI (In Line Inspection) cannot be carried out. There are four steps: pre-assessment, indirect detection and
direct detection and post assessment. Through ICDA, the potential of water accumulation and internal corrosion in pipelines
can be evaluated to identify the most probable corrosion area. If no corrosion is found in this area, it is unlikely that water will
accumulate at other downstream sites. In this thesis, the method and steps of ICDA are presented and it was carried out on the
pipeline section between Shenmu to Fugu valve of the Shan-Jing natural gas pipeline in Shaanxi Province. The total length of the
pipeline is 52.09 km. According to different natural gas transportation modes in winter and summer, the critical angle for water
accumulation in the pipeline is 6.17° in January and 1.97° in July. The data of the elevation along the pipeline is analyzed, and
the elevation angle profile is obtained. Through the excavation of the high risk area with bigger inclination (larger than critical
angle), there is no significant wall thinning and the pipeline is in good condition. The internal condition of the pipeline can be
further determined by ICDA, which is significant for assessment of the pipeline safety status where it is not possible to carry out
the ILI and in unpiggable pipelines.
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