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Oxygen Pipeline NPS12"

In-Line Inspection
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Introduction

Engineering Analysis for Inspection:

- Operating conditions calculation and optimization for Pre-Inspection, Inspection
and Post-Inspection.

PIG Flakes Removal Analysis:
- Saltation velocity and Pick-up velocity calculation;

- Blow-down strategy evaluation in terms of operating conditions and plant
mechanical modification;

- Blow-down simulations in order to evaluate the nitrogen velocity and pressure.

Mechanical Equipment Sizing:
- Pig Trap;
- Nitrogen pumping System.

04/03/2019



o __ _
@ S NCAM| \C

Engineering Analysis

OPERATIONS OPERATING CONDITIONS NITROGEN QUANTITY & TANKERS
OUTLET THLET
" § A Nitrogen " . Mumberof | Number of
Nt ¥ . Nitroy . Nit . t w Total
. . L " ogen Nitrogen | Nitrogen gen Pressure Nitrogen Darcy Mitrogen " rogen Pig vErnge Volumetric Nitrogen Tatal fregel PO | Tankers per | Tankers per
Htem Operotion Desoription Pig Velooity Wolwmetric Mass Volumetric . Pig Vaolwmes
X Preszure Density Loszes Preszure Tolerance Densicy Vielooity T Flowrate Adazses operohion day
Howrote Florate Flawvate welocity {Normal Cond.) 2 3
(Novmol Cond. ) [EEN ] f33m~)

[l [mdh) ] [kgfm3) [eash] [ear] [barg] 2] [eg'm3) [m3h] imfl] L] Ikm' [k M) [Pearn] L]
. Coryge pigselies: irsing with
" Kitropen
2 Weajugte pipaiina: pre s tyniton foom .00 1053 524094 200 1053 £500,00 56450.33 4848000 237 25

0o B barg
3 Fosen caliper pig launching 150 4100 8.00 1053 4335.35 058 .08 5.9% 1175 36834 135 14z 3750000 55532 S1130.00 240 15
4 Cleanieg pig laurdhing 170 48535 B8.00 1053 L0007 0.59 919 7.5% 1182 41109 150 180 AFE0.00 59556 S14E0.00 241 15
5 " hﬂ.“t PreEmeaiion from 20,00 456 D55 20,00 456 ES00.00 71T E4550.00 303 35
& o 20 Barg
B Inspasction pg lesnching 13 =1 r Ber) 20,00 456 L&730.13 169 34.19 11.1% .46 0204 1.B3 102 13700.00 143573 1333E0.00 5.7 &0
7 Cheygee plpaline dapmecastration g.00 1053 £00 1053 L5000
firom 20 0o 8 barg

8 BIDH pig haunching 170 48535 8.00 1053 L0207 0.Es .19 7.5% 1132 41105 1.50 180 ATE0.00 55356 S14B0.00 241 15
g BID pig launching 170 465135 B.00 1053 L5 0T 068 519 7.55% 11832 41105 150 180 AFE0.00 55556 S14B0.00 241 15
10 Ty Fipaling dape el 0.0 1lia Q.00 118 450000

from B to D Barg

Pipeline Inlet and Outlet Operating Condition

Nitrogen Quantity
Nitrogen Flowrate
Time Scheduling
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Pig Flakes Removal
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—— v saltation@P=1bara (UR)
- = v saltation@P=1bara (FOAM)

—— saltation@P=15bara (UR)
« = v saltation@P=15bara (FOAM)

Saltation Velocity

Saltation velocity

UR Flakes diameter FOAM Flakes diameter

[m/s]
10 m/s
15 m/s
20 m/s

[mm] [mm]

23 3+4.5
3+4.5 4.5+6.5

4+6.5 6.5+8.5

Viick-up
[m/s] 3.

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

Ap [mm?]

v pick-up@P=1bara v pick-up@P=15bara

Pick-up velocity

Velocities that lead to an
acceptable pipeline cleaning
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Blow-Down Simulation

- Maximising the velocity along
the line in order to guarantee Pig
flakes removal;

* Minimising the plant modification
and equipment movements.

e e e =
O O = N W B~ v

o = N W NN U1 OO N @

NiVay4
L/ /
N AVAV S -

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
t[s]

——Pressure PK21.4 ——Pressure PK25 ——Pressure PK30 ——Pressure PK35
——Pressure PK40 ——Pressure PK45 ——Pressure PK48

75
70
65
60
55
50
45
40

35

50 |
25
20

NI
10 W/\\
5 L

Velocity [m/s]

0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
t[s]
—Velocity PK21.4 —Velocity PK25 ——Velocity PK30 ——Velocity PK35
——Velocity PK40 ——Velocity PK45 —Velocity PK48

Velocity & Pressure Trend
from simulations
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Trap Sizing

GE Qil & Gas

Pll Pipeline Solutions
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Tool & Trap Data Sheet

12" New NMagneScan - Mapping
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Tool Specifications Pipeline Parameters

Spacification

Total Length 2B830.0 mm /928 ft Min pipeline bend radius 150 Back-to-back bends 907
wmm&m 27Tkg /611 1bs Max nominal bore 315mm/1241in
LTI 3 - Min nominal bore 276 mm/ 1087 in
W for full max 16.0mm IPE.Drnis-‘U.GS_ndms@IBAMs = — = = ==
WT for full spec {min speed) | 20.0mm @0.3 m/s / 0.789inches @0.98ft's — -
Mini wall th m 017 Max Local Restriction 262 mm / 10.32in
i 540 Km / 336 Miles Tees and Off-takes
Run time 53.0 hrs Max barred 324mm/1275in
Sensor Tracks 144 (%3} Max. 194 mm / 7.65 in
10/OD Sensors adjacent
48 T 125|780 mm/30.70in
Calliper Sensors 48
Operating Parameters ialves
- Min ball valve bore 262 mm/ 10.32in
Min gate valve bore 262 mm/ 10.32in
Maximum Pressure 220 bar / 3191 psi -
Temperatura ranga 2010 70°°C / -4 to 158°F Mo = AOvRaLEH o
20t to
Speed for full Spec 03-5.0m/s /0.67-11.18 miles/hr Gauge plate diameter R
this partioular For pipoing coe L, to
evaliate stornate tutids of 100l for specific wall thickness, run Bme o
1 | 2 3 i | 5 g

NOTES:
AL DIMENSIONS IN MILLIMETRES

CIRCULAR BRUSH
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[MATERIALLIST  CONNECTIONS _ - — -
_ SERVICE DLAM. | CONNEC, | RATING | FACING | THICE. MATERIALS BRANCH
(inch) {mm})
Ni | OXYGEN PIPELINE CONNECTION | 12 | FLANGE | 3002 RF 535 | ASTMAL05Gr B
[H KICKER LINE T | FAnGE | 3002 RF 516 | ASTMA 105 Gr. B HOLD
TE! BALANCE LINE T" | FLANGE | 300% RF 338 | ASTMALSGrnB | LWN iZAT
e TNSTRUMENTATION PLFT T" | FLANGE | 300% RF 338 | ASTMAI05GrB | LWN iKD"
NS PIG SIGNALLER HOLD
NG STACK " | FLANGE | 3008 RF 338 | ASTMALO5GrnB | LWN16XT
N7 DRAIN T | FANGE | 3002 RF 391 | ASTMALOSGrB | LWN 6%
B MAJOR BARREL & | BW 300 752 | ASTM A 106 Gr. B
5 ECCENTRIC REDUCTION A BW 300 753,635 ASTM A 106 Gr. B
T MINOR BARREL T | BW 3005 535 | ASTMAL0GGrE
M1 TLOSURE % | BW 3008 | HOLD | 7892 | ASTMAI05Gr. B

04/03/2019




o __

Nitrogen Pumping System

= > >
A combined and redundant =
hitrogen pumping system was &E_@E é é é
implemented to ensure both the e 1490
maximum operational reliability E_WJ% R T )
and reduction of LIN consumption. B8 WT% e =

Volumetric Flowrate [Nm3/h]
0 21000

T — | - Sulzer centrifugal compressor at

— plant;

———————-| - Liquid nitrogen vaporization
: system;
- Rivoira pumper;
- Air Liquide pumper (in cold back-
aaaaaa up).
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