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Available Models:
CPT50/Q40 — 6-65m3/hr Flow Rate
CPT50/Q65 — 10-100m3/hr Flow Rate
Connection: DN50 Wafer Pattern Connection
Pulse Output Standard with Meter
CPT80 Ju. e

Available Models:

CPT80/Q100 — 8-160m3/hr Flow Rate
CPT80/Q160 — 13-250m3/hr Flow Rate
Connection: DN80 Wafer Pattern Connection
Pulse Output Standard with Meter
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CPT100 Jus

Available Models:

CPT100/Q160 — 13-250m3/hr Flow Rate
CPT100/Q250 — 20-400m3/hr Flow Rate
CPT100/Q400 — 32-600m3/hr Flow Rate
Connection: DN100 Wafer Pattern Connection
Pulse Output Standard with Meter

CPT150 Jus

Available Models:

CPT150/Q400 — 32-600m3/hr Flow Rate
CPT150/Q650 — 50-1000m3/hr Flow Rate
CPT150/Q1000 — 80-1600m3/hr Flow Rate
Connection: DN150 Wafer Pattern Connection
Pulse Output Standard with Meter

Colo s aJ)‘gT ﬂ) BE) [ cwau.s.) S U'~'~‘ J&J

DMS 5,5 EQZ s, T A=Y S
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EQZ40 Jus

Available Models:

EQZ40/Q16 — 3-25m3/hr Flow Rate
EQZ40/Q25 — 4-40m3/hr Flow Rate
EQZ40/Q40 — 5-65m3/hr Flow Rate
EQZ40/Q65 — 6-100m3/hr Flow Rate
Connection: DN40 1.5 Screwed Connection
Pulse Output Standard with Meter



EQZ50 Juo o

Available Models:

EQZ50/Q16 — 3-25m3/hr Flow Rate

EQZ50/Q25 — 4-40m3/hr Flow Rate

EQZ50/Q40 — 5-65m3/hr Flow Rate

EQZ50/Q65 — 6-100m3/hr Flow Rate

EQZ50/Q100 — 10-160m3/hr Flow Rate

Connection: DN50 2” Screwed Connection
PN16 Flanged Connection

Pulse Output Standard with Meter

EQZ80 Ju o

Available Models:

EQZ80/Q65 — 10-100m3/hr Flow Rate
EQZ80/Q100 — 12-160m3/hr Flow Rate
EQZ80/Q160 — 15-250m3/hr Flow Rate
EQZ80/Q250 — 20-400m3/hr Flow Rate
Connection: DN80 3” Flanged Connection
Pulse Output Standard with Meter

EQZ100 Ji. e

Available Model:

EQZ100/Q65 — 13-160m3/hr Flow Rate
EQZ100/Q100 — 15-250m3/hr Flow Rate
EQZ100/Q160 — 20-400m3/hr Flow Rate
EQZ100/Q250 — 25-650m3/hr Flow Rate
Connection: DN80 3” Flanged Connection
Pulse Output Standard with Meter

Ix & Gx Jos o

G o GX 5 5405 g mdw 5,8 Slube 0L > (6,8 o3Il gl o Lx Joe dadde o0l oo 5l

sl 035 5] B LQG'ML}_.,: S ol JSKas 55 e el L3 Gl



DMS QSJ,.ZLX&GXL;JMG'M&M\\-YJ&.Z

TBX & TBZ Jo. e

Caslods 03551 25 03 b 23 6 e sla 15

DMS =52 TBZ (6 s g 23 N V-V S

DMS =52 TBX (o oo g3 7Y S



1

535S Sl Il b

EmersoncsS o .Y

S g S b 58 (5 S eIl lagtms el 3 45 o =6l SleS & Emerson &S %

B3 s CS il amdgs Slasie Ll s ube s amd YO gl oS s

Emerson U.S. and World Headquarters
Emerson Electric Co.

8000 West Florissant Avenue, P.O. Box 4100
St. Louis MO 63136

United States

Phone: +1 314 553 2000

Web: www.emerson.com

Emerson Middle East Corporate Headquarters
Emerson Electric Middle East

P.O. Box 17034, Jebel Ali Free Zone

Dubai

United Arab Emirates

Phone: +971 4 883 5828

.CAM‘°M°J))T
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Daniel® Gas Turbine Flow meter g, e

Ceslodls o3ls Ji:’ 35 Jde gl clasin

Key features/benefits:
e Wide rangeabillity

Fewer moving parts

e External lubrication system
Key industries/applications:

e Custody transfer

e City gates

e Power plants

e Distribution

maintaining accuracy with different flow rates

providing lower maintenance and downtime
Two standard independent pulse outputs



VYV ))S;S;.)B;L"\)\J'é‘rjjfbb

Emerson .S .5 Daniel® Gas Turbine T NE-Y JSM

Daniel® Mini Gas Turbine Flow meter g ,.. ®
Cslodls ols Ji': 33 Jde gl clasie

Key features/benefits:
e Small size
light weight
easier installation in limited space applications
High resolution
High repeatability
High rangeabillity
Vertical or horizontal installation

Key industries/applications:
e Qate stations for measuring lowest peak loading
e Compressor stations
e Fuel gas

Emerson S .5 Daniel® Mini Gas Turbinec'w s VoY JKM
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IMAC <S5 f.r.Y
b3 s Ol Slasein il e 38 L;LAG:MQ{: Cotles ey s QJK;JJ S LE K 'IMAC

Cewlo s ab‘)}T

IMAC is a stocking distributor of American Meter Gas Meters. Large Quantities are
kept in stock at all times.

History:

IMAC Systems, Inc. was established in 1978 by Donald E. Kohart Sr. with the help of
Junius (Jay) Wilson, William Somers and Robert Calhoun. Five expansions and 25+
years later IMAC Systems, Inc. owns and occupies a modern 33,000 square ft. facility

on the Delaware River in Tullytown, PA.
http://www.imacsystems.com

355 o b yxa N LISE RGNy Lgl.aaéw;u_g; C‘f‘
American Meter Turbine Gas Meter e
Colo s 63l J—:5 55 Jdde gl el Clasiia

e (Capacity: 500-140,000 scth
e Max Operating Pressure: 175 PSIG
e Applications: Indoor or outdoor use

—

IMAC 5,5 American Meter Turbine Gas Tt A-Y J.{w

Q-Series o
elod osls L3 53 Jde pl ol Clasiis

High capacity 4" or 6" turbine gas meter
Environmental temp. range 20°F to140°F
Gas temp. range 0-120°F

Heavy duty construction

! International measurement & control system
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ANSI 150 flanged connections

No-load magnetic coupling

Maintenance free

Mounts in vertical or horizontal orientation
Dual low frequency pulse output

Q-400 Gas Meter:
e (Capacity: 1000-25000 scth
e Max Operating Pressure: 175 PSIG
e Applications: Indoor or outdoor use

IMAC 5,5 Q-Series T s AV-Y S
SZ Series e

ol o3l J.:.) B JJ..A U’l‘ L;\.a\ Slasin

Maintenance free

Lightweight, aluminum construction

Operating Temp. 0°F - +140°F

Rangeability 20 - 1

Permanently lubricated bearings

Low frequency / high frequency pulse output standard
Rugged mechanical index rotatable through 360°
Self Supporting Line Mount Design

Mount in Any Position

Capacity: 70-15,000 scth

Max Operating Pressure: 175 PSIG
Applications: Indoor or outdoor use
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IMAC 5,5 SZ Turbine Gas T AA-Y L}KM

High Capacity Turbine Meters e
o eals J.:.D BE) Jde U'l‘ LSL‘a\ Olascin

e Capacity: High
e Max Operating Pressure: N/A
e Applications: Indoor or outdoor use

IMAC s . High Capacity Turbine pew > :V4-Y I

Rebuilt Turbine Gas Meter e

eslodd sl L3 5 Jue ol Lol Glasiie

e American Turbine Meters in all sizes

e Sensus (formerly: Rockwell / Equitable / Pittsburg / EMCO / Invensys /
Equimeter)

e Capacity: 500 to 140,000 SCFH

e Max Operating Pressure: 175 PSIG

e Applications: Indoor or outdoor use
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IMAC 5 . Rebuilt Turbine Gas T AEEnT Ji.w

FMC oS 5 b.y.Y
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Headquarters

FMC Technologies

1803 Gears Rd

Houston TX 77067

Phone: 281 591 4000

Fax: 281 591 4102

Email: corporate.info@fmcti.com

Chicago Office
200 E Randolph
Chicago IL 60601
Phone: 312 861 6000
Fax: 312 861 6176

Email: corporate.info@fmcti.com

Features:

Three Rotors
One Body suits
more applications

ease of maintenance.

long service life.

Cslo s
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without reduction or expansion fittings.
One Piece Cartridge Internals with integral flow straighteners

Tungsten Carbide Bearing System

Stainless Steel/Tungsten Carbide Construction
corrosion-free service
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Excellent Performance

FMC &S 12 GT (6 o i g Y)Y S
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Features/Benefits:

Options:

Rotor Supports - have up and downstream flow straightening vanes to
enhance accuracy.

Helical Cast Rotor - in a heavy duty stainless steel (CD4MCu) design for
durability and long service life.

Journal Bearings and Thrust Balls - are Tungsten Carbide and provide
long service life in severe applications.

Stainless Steel Body and Wetted Parts - provide years of corrosion free
service.

Rulon Bearins - for highly acidic or caustic solutions.

Extended Temperature Range - from -200°F to 800°F (-130°C to 426°C).
Process Connections - available include flanged MNPT (1/2” and 3” only),
grooved (victualic), BSP, Wafer, and others.

General Specifications:

Linearityl,2: +0.5% Over-stated Range.
Repeatability 1,2: +0.05%.
Maximum Over range: 125% of flow rate for intermittent periods.



Yy oS Sl lgle b b

L\

Unsurpassed Service Life :

FMCCs oW (g T Y-V IS

WC/WG s e @
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Linearity:
e WC:+0.5%
e WG: %1%

Repeatability:
o +0.05%

Pressure Rating:
e 3/4" NPT 7,500 psi 1.0" - 2.0" NPT 5,000 psi *Flange Class determines
rating for flanged meters.
Temperature Rate of Bearing:
e Tungsten -40° F to 300° F (-40° C to 149° C) Rulon -40° F to 250° F (-40°
Cto 121°C)
e High Temperature -200° F to 800° F (-130°C to 426°C)
Connections:
W3 - Threaded
W4 - Flanged ANSI Raised Face
W6 - Grooved
W9 - Wafer (2" only)

FMCcs & WC/WG (g T YT e
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Features/Benefits:

e Rotor Supports — heavy-duty upstream and downstream flow straightening
for increased accuracy and durability.

e Helical Cast Rotor — cast from a highly wear-resistant stainless steel for
durability and long service life.

e Journal Bearings and Thrust Balls — Tungsten Carbide bearing surfaces are
extremely durable and reliable.

e All Stainless Steel Construction — All wetted parts are highly corrosion
resistant stainless steel ensuring years of corrosion free service.

e Also available in wafer style.

General Specifications:
End Connection/Pressure Rating (CWP):
e I"NPT....coovvennen. 5000 psig (34,473 Pa) 1" & 2" wafer ............ as per
connection flange rating to ANSI 1500 Ibs

Temperature Rating:
e -40°F to 228°F (-40°C to 109°C)
*Limited by pick-up coil; consult factory for temperatures outside this range.

Linearity:

e +1.0% over stated range
Repeatability:

o +0.05%

Maximum Overrange:
e 125% of flow rate for intermittent periods

FMCcs 5 WH (g T Y-y S
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Iran

Pilary Co. Ltd.No. 47, Miremad St.Mottahary Ave.Tehran 15878-33113 Iran
P.O.Box: 15815-1135

Tel. +98 21 8875-5664 / +98 21 8875-6344

Fax +98 21 8875-1857

ACC & EI Co. 46 Keshavarz Blvd. Suite #2Tehran 14167 Iran
Moe Alizadeh

Tel. +98 21 892 1621

Fax +98 21 892 1620/+98 21 890 4755

info@elster.com

www.elster-instromet.com
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SM-RI-XJus @
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Meter type SM-RI-X
. mm 50 -750
Diameter inch 2-30
Flow range size G 40 -G 25000
Qmax m’/h 65 - 40000
cth 2300 - 1,400,000
p=0barg 1:20
Rangeability p=20barg 1:50
p=50barg 1:100
Max. error of reading (Qt -| 1barg(Qt=0.2 10.5 %
Qmax) Qmax)
Max. error of reading (Qt - > Sbarg 105 %
Qmax)
Repeatability % of reading <0.1 %
Upstream straight pipe 2 DN
Downstream straight pipe 2 DN
Type approval yes
Body material spheroidal cast iron (up to PN 16),
steel
Meter body length 3 DN
Flange ratings PN 10 - 100
ANSI 125 -900
MPa g 0-10
Pressure range bar g 0-100
psig 0- 1450
Temperature range ambient -10t0 +65 °C
p & process -10 to +65 °C
Ingress protection IP 44 /1P 67
Index standard multi-index
optional Encoder S1
LF-sensor standard 1
HF-sensor optional 2
standard oil pump
Lubrication optional automatical
optional oil injection

SM-RI-HT . @
elod osls b3 Jader s Je ol ol Dlasiia
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Meter type SM-RI-HT
Diameter ?121;1 ! 5% ) %00
Flow range size G 1000 - G 1600
Omax m3/h 1600 - 2500
cth 56000 - 88000
Rangeability p=0barg 1:20
Max. error of reading (Qt - 1 bar g (Qt=10.2 10.5 %
Qmax) Qmax)
Repeatability % of reading <0.1%
Upstream straight pipe 2 DN
Downstream straight pipe 2 DN
Type approval acc. ISO 9951
Body material spheroidal lcgl)itsisé); (up to PN
Meter body length 3 DN
Flange ratings PN 100
ANSI 600
MPa g 0.8 -8.95
Pressure range bar g 8-89.5
psig 115-1300
Temperature range ambient -10to 465 OS
process -10to +170 °C
Ingress Protection IP 67
LF-sensor standard -
HF-sensor optional 2
Lubrication oil pump
SM-RI-PJu. e

Elster =5, Series SM-RI (gla peis o3 :YO-Y S
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Meter type SM-RI-P
. mm -2
Diameter inch Sg ) 1%0
Flow range size G 40 - G 2500
Qmax m’/h 65 - 4000
cth 5800 - 141,000
p=0barg 1:20
Rangeability p=20barg 1:50
p=50barg 1:100
Max. error of reading (Qt - Qmax) 1 bar g (Qt = 0.2 Qmax) +0.5%
Repeatability % of reading <0.1%
Upstream straight pipe 2 DN
Downstream straight pipe 2 DN
Type approval yes
Body material steel ASTM A 350 LF2
Meter body length range dependant
Flange ratings PN 10 - 100
ANSI 125 - 600
MPa g 0-13
Pressure range bar g 0-130
psig 0- 1885
Temperature range ambient -10 to +65 ‘;C
process -20 to +65 °C
Ingress Protection IP 61
LF-sensor standard -
HF-sensor optional 2
Lubrication standard 2 x oil pump



Y4 s5S Sl lgle b
! W
o
i \ 1 ]
\ \ ' 39 )
} . r"-—‘
Elster oS 5 TRZ2 (g s s 23 Y=Y I
Cslod 0313 5 Jgdr 53 (S, pl ol Clasilo
Type TRZ2
. mm 50-150
Diameter inch 2.6
. metric G 65 -G 1000
Flow range size . .
imperial
Omax m3/h 100 - 1600
cth 3500 - 56500
Rangeability p=0barg 1:20 (1:30)
Max. error of reading (Qt - _ 0
Qmax) 1 bar g (Qt = 0.2 Qmax) +1 %
Max. error of reading (Qt - >5barg(Qt=0.2 o
+0.5 %
Qmax) Qmax)
Repeatability % of reading <0.1 %
Upstream straight pipe 2 DN
Downstream straight pipe 2 DN
Type approval yes
Body material spher01dal' graphite cast
iron
Meter body length 3 DN
Flange ratings PN 10-100
8¢ fating ANSI 150 - 600
MPa g 0-10
Pressure range bar g 0-100
psig 0-1450
Temperature range ambient -20 to +70 °C
p & process -20 to +60 °C
Lubrication stagdard permanent
optional oil pump
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Pressure ratings: ANSI 125 to ANSI 600 and ND 10 to ND 100. Higher
pressure ratings on request.

Nominal diameters: 50 mm (2”’) to 600 mm (24”). Larger sizes on request
Flow rates: Up to 25,000 m/h (900,000 cth) (line conditions).
Measurement range: 1: 20 at atmospheric conditions*.

Installation: Up to 200 mm (8”) both vertical and horizontal; over 200 mm
horizontal only.

Repeatability: better than 0.1 %.

Measuring accuracy: Between q and 0.2 q £2 %**Between 0.2 q and q £1
Yo**.

Temperature range: - 10°C to + 65°C / 150 F to 150 o F. Other emperature
ranges on request.

\ (% [
¥ | $*
¥ i
\
|
Elsters 5 Q75 6y geows 25 V=Y Js

Qo
Cowlodd osls |3 53 (g opl ol lasiin

Rangeability : 1 : 20

Flow ranges : 6 - 1,600 m3/h (210 - 56,500 ft*/h)
Diameters : DN 50 - 150

Pressure rates : PN 10 - 100, ANSI 150 — 600
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QA/QAe s v ®
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Rangeability: up to 1:20

Flow ranges: 1.6 -1,600 m3/h (56 - 56,000 ft*/h)

Diameters: DN 25 - 150

Pressure rates: PN 4, PN 16, ANSI 150

Gas temperature QA: -10°C to +60°C (14° to 140°F)

Ambient temperature QA: -20°C to +70°C (-4° to 158°F)
Ambient- / gas temperature QAe: 0°C to +50°C (32° to 122°F)

ElstereS .5 QA/QAe (g j e 25 YA S5

Flow Conditioners s ,. ®

Clod o3y L3 55 (6w cpl ool Clasils
Flow-optimized
Pressure levels: PN 10 - ANSI 600

Nominal diameters: DN 50 - DN 400

Gas-/ambient temperature -20°C C to +60°C
Two different designs
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—types K 2 and K 3 in a wedge attachment
—types BLN with 1 and 2 plates

e Type BLN can be supplied in a version which would be install- led in the

pipe any additional attachments in without using the pipe
e Simple installation
e (Can be mounted in any position In accordance with DIN EN ISO 5167-1
e Alternative: pipe bundle flow conditioners on request

Elsters ;.4 Flow Conditioners (g y peiws 3 Y=V S

BELL <S8 i V.Yr.Y
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Bell Flow Systems Ltd, registered in England and Wales, registered number 3386045
Registered Address: Unit 7 Swan Business Centre Osier Way Buckingham Bucks
MK,181TB,Great,Britain

44 (0) 1280 817304 Fl+44 (0) 1280 817185

Edmail@bellflowsystems.co.uk

PVC, PVDF, Nylon, Stainless Steel, :alax 31 b 3140 31 08 0 ol Cilisie glade

sk 4 sllbiad glas 8 gl s ede cpl sy Wledda L Aluminum and bronze

o & SS S pl S Sl A ol Sy esl Glakasee 53 el gl s
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GFT-Turbine-Gas-Meter-models e
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TXB-Digital-Turbine-Gas-Meter-models

Quantometer-Gas-Flow-Turbine-Meter-models e
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Bell =5 ,.5 Turbine-Gas-Meter calizes &Y gozmes V=Y J s>

(FIRWS SN game 31U
GFT-Turbine-Gas-Meter-models 19 Products
Screw Connection Gas Flow Turbines 7 Products
Flange Connection Gas Flow Turbines 7 Products
Wafer Connection Gas Flow Turbine 5 Products
TXB-Digital-Turbine-Gas-Meter-models 7 Products
Quantometer-Gas-Flow-Turbine-Meter-models 14 Products
CPT Gas Quantometers 14 Products

Cslo o L3 > GFT Gas Turbine la T ol Clasio
St/Steel 3l oul -l @

CFL2P 5l By 100 5 e bed) +/-20 % (Ut edsdee,n)ions @

(5 35 eslaws! Rate/Totaliser
+/-0.2 %: (Repeatability) s ,, 4, ,1 S @

- 30°C to + 120°C (350°C Option): s 63 5ms @

J3,> GFT-Turbine-Gas-Meter sladie (s w3l cilie OV gams lasiin Lo @

.C,...u‘a.l.AT
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Screw Connection Gas Flow Turbines

%" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
0.3-4.2 m3/Hr

1" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
0.5 - 7 m3/Hr

%" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
1 - 14 m3/Hr

%" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
2.5 - 35 m3/Hr

1" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
5-70 m3/Hr

1%" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
10 - 140 m3/Hr

2" BSP Gas Flow Turbine

St/Steel Construction, Screwed
Connections
18 - 252 m3/Hr

Flange Connection Gas Flow Turbines

%" Flanged Gas Flow Turbine

St/Steel Construction, Flanged
Connections
2.5-35m3/Hr

St/Steel Construction, Flanged

1" Flanged Gas Flow Turbine Connections
5-70 m3/Hr

St/Steel Construction, Flanged
15" PN16 Flanged Gas Flow Turbine Connections

10 - 140 m3/Hr

2" Flanged Gas Flow Turbine

St/Steel Construction, Flanged
Connections
18 - 252 m3/Hr

3" Flanged Gas Flow Turbine

St/Steel Construction, Flanged
Connections
35 - 490 m3/Hr

4" Flanged Gas Flow Turbine

St/Steel Construction, Flanged
Connections
70 - 980 m3/Hr

6" Flanged Gas Flow Turbine

St/Steel Construction, Flanged
Connections
140 - 1960 m3/Hr
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Wafer Connection Gas Flow Turbine

%" Wafer Style Gas Flow Turbine

(43 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
2.5-35 m3/Hr

1" Wafer Style Gas Flow Turbine

(52 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
5-70 m3/Hr

15" Wafer Style Gas Flow Turbine

(73 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
10 - 140 m3/Hr

2" Wafer Style Gas Flow Turbine

(92 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
18 - 252 m3/Hr

3" Wafer Style Gas Flow Turbine

(127 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
35 -490 m3/Hr

slodd o303 i3 53 4 gad (s1,24" BSP " BSP, (sla e |3

Bell 5,5 2" BSP, %" BSP.LgLaG'M‘_ﬁ; il gladae YV-Y IS

\slodd 6303 13 53 4 gad (515 2" BSP, 1%" BSP, 1" BSP (sladde |2

Bell «5,% 2"BSP, 14" BSP, 1" BSPLSLaG'MJp cae gladie FY-Y (IS




a o35S Sl Ble 5 b
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Bell =s & TXB-Digital-Turbine-Gas-Meter ikizes &Y gozmes A=Y J sl

3/4" Screwed Digital Gas Flow Turbine Qmin 1.5 Qmax 30 m3/h
Record flow rates less than 0.05m3/h

Aluminium Alloy Construction

1" Screwed Digital Gas Flow Turbine Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

1 1/4" Screwed Digital Gas Flow Turbine Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

1 1/2" Screwed Digital Gas Flow Turbine Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

2" Screwed Digital Gas Flow Turbine Qmin 10 Qmax 100 m3/h
Aluminium Alloy Construction

2" Flanged Digital Gas Flow Turbine Qmin 12.5 Qmax 150 m3/h

Aluminium Alloy Construction

3" Flanged Digital Gas Flow Turbine Qmin 30 Qmax 300 m3/h

St/St Construction




™V ))S.'S gl;'d.?\ )\J'é‘rj.} f‘)ﬁ
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SKU: CPT50G40
Quantometro Mechanical Gas Meter 50mm Qmin 6 Qmax 65 m3/h

price: UK£825.00

Quantometro Mechanical Gas Meter 50mm

SKU: CPT50G65
Qmin 10 Qmax 100 m3/h
price: UK£825.00

Quantometro Mechanical Gas Meter 80mm

SKU: CPT80G100
Qmin 8 Qmax 160 m3/h
price: UK£908.00

Quantometro Mechanical Gas Meter 80mm

SKU: CPT80G250
Qmin 20 Qmax 400 m3/h
UK£908.00

Quantometro Mechanical Gas Meter 80mm

SKU: CPT80G160
Qmin 13 Qmax 250 m3/h
UK£908.00

Quantometro Mechanical Gas Meter 100mm

SKU: CPT100G160
Qmin 13 Qmax 250 m3/h
UK£1046.00

Quantometro Mechanical Gas Meter 100mm

SKU: CPT100G250
Qmin 20 Qmax 400 m3/h
price: UK£1046.00

Quantometro Mechanical Gas Meter 100mm

SKU: CPT100G400
Qmin 32 Qmax 650 m3/h
price: UK£1046.00

Quantometro Mechanical Gas Meter 150mm

SKU: CPT150G400
Qmin 32 Qmax 650 m3/h
price: UK£1574.00

Quantometro Mechanical Gas Meter 150mm

SKU: CPT150G650
Qmin 50 Qmax 1000 m3/h
price: UK£1574.00

Quantometro Mechanical Gas Meter 150mm

SKU: CPT150G1000
Qmin 80 Qmax 1600 m3/h
price: UK£1648.00

Quantometro Mechanical Gas Meter 200mm

SKU: CPT 200G1000
Qmin 80 Qmax 1600 m3/h
price: UK£2960.00

Quantometro Mechanical Gas Meter 200mm

SKU: CPT 200G1600

Qmin 130 Qmax 2500 m3/h

price: UK£2960.00

Quantometro Mechanical Gas Meter 200mm

SKU: CPT 200G2500

Qmin 200 Qmax 4000 m3/h

price: UK£2960.00

Ceslodd osls 5 5 aiged cpl 31 pladde K4
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Flow Technology S ;& A.Y.Y

Glaes, 55 oS5 ol Vg S cl S 6l SleS K Flow Technology <
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Tempe, Arizona one block south of Warner Road( the nearest major intersection is arner

Road and Priest Drive. The facility is half a mile east of I-10 and the Warner Road exit)

By Phone:

Telephone: +1 480 240 3400
Fax: +1 480 240 3401

By Mail:

FTI Flow Technology Inc.
8930 South Beck Ave

Suite #107 Tempe, AZ 85284
http://www.ftimeters.com
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Designed for a wide range of liquid and gas applications

Accuracy: £0.25%

Repeatability: £0.05% (liquid) and + 0.1% (gas) of reading.
Excellent speed of response

Linearity: £ 0.1% (100:1) with linearizing electronics

Liquid Flow Rates: 0.03 to 1,500 GPM (0.11 to 5,677 LPM)

Gas Flow Rates: 0.09 to 1,500 ACFM (2.55 to 42,480 ALPM)
Materials of Construction: 316 SS housing and 430F SS rotor

End Fittings: NPT, AN (MS), Hose Barb, ANSI Flanges, SAE, Tri-Clamp
Max Pressures: 2000 Bar (30,000 psi), dependant on size and fitting
Custom Engineered Solutions Available on Request
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Low flow instrument grade flow meter for both liquid and gas
Accuracy: £0.25%

Repeatability: £0.1% of reading

Linearity: £0.1% (100:1) with linearizing electronics

Liquid Flow Rates: 0.001 to 2.0 GPM (3.78 to 7,570 mLPM)
Gas Flow Rates: 0.0015 to 0.3 ACFM (2.55 to 510 ALPH)
Materials of Construction: 316 SS housing and 17-4PH SS rotor
End Fittings: Female NPT, AN (MS), and ANSI Flanges
Bearings: Pivot (sapphire jewel), ball, and journal

Compact Size: 3 inch face-to-face with NPT and MS connections
Custom Engineered Solutions Available on Request
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Tancy Investment Group J,« ary

sitke DY sl 755 LIy Sl s oS04 G Tancy Investment Group Co., Ltd

C,.«.»:\OJAT L}i) L C,.SJ.\.:' U'i‘ C)L@L&.& C,«.»:‘

Company Name: Tancy Investment Group Co., Ltd.
Street Address: Roadl.Industry Zone.Lingxi Town.Cangnan
City: Wenzhou
Province/State: Zhejiang
Country/Region: China
Zip: 325800

Telephone: 86-577-64839680

Fax: 86-577-64839090

Website: http://www.alibaba.com,

http://tancyinstrument.en.alibaba.com/

Lo B s 5> S8 0l S8 oS Sl 0
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New Hope, MN

5104 Hillsboro Avenue North, New Hope, MN 55428

Tel. 763-531-2222, Fax. 763-31-9278

Cedar Rapids

520 50th AVE DR SW, Cedar Rapids, IA 52404, Tel. 319-365-1196, Fax. 319-365-923
Website: http://www.muellersales.com
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Hoffer Flow Controls, Inc. 107 Kitty Hawk Lane, Elizabeth City NC 27909

Office: (252) 331-1997 ~ 1-800-628-4584 ~ Fax: (252) 331-2886 ~ Email:
info@hofferflow.com, Web site: http://www.hofferflow.com
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RMG &S 5 TRZ 03 (5 yo Slaaseiio sl V=Y i

Max. service pressure
pmax

100 bar

G 40 to G 16000

Meter sizes (from Qmax 65 m*h to Qmax 25000 m*/h)

Max. measuring range H 1:50
DN 50 to DN 600
flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN
Connections 100
and

flanged to ANSI 150, ANSI 300, ANSI 600

RMG 5,2 TRZ03 (g ,w ENpYY L;;Kéuéw&;;oo_y J_(_\;

TRZ 03-TE/L ¢, ®
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RMG &S 5 TRZ 03-TE/L (5 yu Slaaseio slu VY=Y i

Max. service pressure
pmax

100 bar

G 100 to G 16000
(from Qmax 160 m3/h to Qmax 25000 m3/h)

1:50 |
DN 80 to DN 600
flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN 100

and
flanged to ANSI 150, ANSI 300, ANSI 600

Meter sizes

Max. measuring range |

Connections
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Max. service pressure
pmax

100 bar

G 40 to G 10000

Meter sizes (from Qmax 65 m*h to Qmax 16000 m*/h)

Max. measuring range || 1:50
DN 50 to DN 600
. flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN 100
Connections and

flanged to ANSI 150, ANSI 300, ANSI 600
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Accuracy: + 0.5% uncertainty
Diameters: 2", 3" 4" 6", 8", 10", 12", 16", 20", 24", 30"
Flange Ratings: PN10 - PN100, ANSI150# - ANSI600#

Frequency Transducer:

1 or more proximity probes

Index: Multi index with LF pulse output
Pressure: up to 100bar (1,450 psi)
Ranges: 3,500ACFH - 900,000ACFH

Turn-Down Ratio:

1:20 at atmospheric pressure (larger range at higher
pressures)

Spec. Sheet / Brochure:

Turbine Gas Meter Type Q Brochure
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Instromet .5 & X-XIC (g o Solasein ) 0-Y J i

Accuracy: +.5% uncertainty (+.25% for larger at high pressure)
Diameters: 2" 3", 4", 6", 8", 10", 12", 16", 20", 24", 30"
Flange Ratings: PN10 - PN100, ANSI150# - ANSI600#
" Built-in X4X®, fulfills ISO 9951 with only
Flow Conditioner: .
2D upstream piping
Frequency Transducer: 1 or more proximity probes
Index: Multi index with LF pulse output
Pressure: up to 100bar (1,450 psi)
Ranges: G40 - G25,000
Turn-Down Ratio: 1:20 at atmospheric pressure (larger range at higher
pressures)

Spec. Sheet / Brochure: Turbine Gas Meter Type X Brochure
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i-Meter =S 5 IMTM- CT (5 ;o0 Sluasidia sl V=Y i
Media: natural gas, town gas, propane, inert gases.
Applications: Industry: Gas supply, heating manufacturers, chemical

industry

Pressure ratings:

Pressure ratings for PN10/16 and ANSI 150.
Various flanges are available on request.
(DIN Flanges, ANSI Flanges, JIS Flanges and others

Nominal diameters:

50 mm (2”) to 200 mm (8”). Larger sizes on request.

Measuring range:

20: 1 minimum or better at atmospheric conditions up to
50: 1 at higher densities.

Flow rates:

8 m3/h up to 4000 m3/h

Repeatability:

better than 0,1 %

Measuring accuracy:

0,2 Qmax to Qmax : + 1 % or better
Qmin to 0,2Q max : = 2 % or better

Temperature range:

Standard : -25°C to + 60°C
On request : -40°C to + 80°C

i-Meter ¢S 4 IMTM-CT (g, il gla b Olasein (VWYY J i

Pipe Size Measurement | Height | Overall
- G-rating | Range (m3/h) | Frequency | Lenght Pres§ure BOd}.’
mm | inch Qmin-Qmax (Hz) (mm) Rating Material
G40 13-65 Aluminium
50 || 2" G65 10-100 200-400 150 DIIIA\II\;SI\II 11‘?)(/)1 6 GGG40
G100 16-160 Carbon Steel
G100 16-160 Aluminium
. I G160 25-250 ANSI 150
800 3% 1 Gaso | 20-400 | 290-300 1 230 4 g pN10/16 | 90040
G400 32-650 Carbon Steel
G160 25-250 Aluminium
. | G250 20-400 ANSI 150
100) 4 G400 32-650 200-300 300 DIN PN 10/16 GGG40
G650 50-1000 Carbon Steel
G400 32-650 Aluminium
. | G650 50-100 ANSI 150
150) 6 G1000 80-1600 100-200 450 DIN PN 10/16 C g)GSg? 1
G1600 | 130-2500 arbon Stee
G650 50-1000 Aluminium
+ | G1000 80-1600 ANSI 150
2000 8 G1600 130-2500 75-150 600 DIN PN 10/16 C g)GSg? 1
G2500 | 200-4000 arbon Stee
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Gas Physical Property

nstrument Specifications———

|Clean Gas vI Pipe Size (Inch) |3

|D E
Accuracy of |1 5
Full Scall

Gas Flow Specifications

il |1 3
Minimum Bound Hominal Maximum Bound Rangeability

Flow Bound SOFD = 500 6000 |?DU
Pressure Bound |F's|g - I 1 |?
|50

5
]

Temperature Bound |F = I 1 2

<< Main Mest »» |

s Slles Dedbl sy, s amio NE-Y S
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= Flow Meter [ype Selection

Calculation for this flow meter based
on, Flow, temparature and pressure
in previouse page
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Flow Meter Type Selectiona=io 0-Y &
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- DS Spacification

Specihication

DHED 3 inch. Flanged Connection

ﬂparnﬂun temperature range:
gas temperature: =10°C up to +60°C ,
ambient temperature; -20°C up to +70°C

Avadabls Models Flow tahe [mil/h)
EQZ100/065 13 - 160
EQI100/0100 15 . 250
EOZ100/0160 20 - 400
EGZ100/0250 25 - 650

o]

DMS =8 ;3 EQZ s st s 23 Slos ot 78T IS
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{ alculation Specifications of the Gases E T

The equation te determine the gas velocity in a pipeline is obtaine
follows:
Us=Qs/A
Where
Us = gas velocity at any section
Qs = gas flow rate at any section
A= eross sectional area

At steady state: Qb % pb=Gs % ps

And
p=PxMI{Zx=xRxT)

Pb =base pressure, 14.7 psia
Th = base temperature, 520 oR
Zb = base compressibility, 1

So 2
Us=000144 x Qb x Zx TFIP /D

Us = gas velocity at any section, ffsec

Qs = gas flow rate at any section, ftthr

P = pressure at any section, psia

Tf =flowing gas temperature, oR

Z = gas compressibility factor at any section
D = pipeline inside diameter, inches

558 a Jlasl dg) 5o 58 s anlme o g5 amio VV-Y IS

sl 288 gl «(PPC) Sl ou [Lis (TPC) Ll ow slos drwloms 090 0501 uoman

sl )\J-M(aj' sl et 53 (2) 38 sk VS‘J': 2 3 (PPR) 4l als,lis (TPR)
K o dindls lAae il b aS 5 s Canlods 05,91 VY=Y IS s i U Y
&“"LW-’F&‘ wbv.a )K u_:\fUJL.IJ)L}qu LgLaJ )‘.,\.a.a ‘.,\.';:\ Y8 e 45\)\ b‘j)b)lf
anle a8l fals s 5 al fals gl Olpe o Shle « Sle JL3 5 Ly ik
VS‘J: ;,;_.J..,o E) )\Jus.a ol 45‘)\ C,.oU “"’.’.‘j“" E) aJslze )\ oslaul Ls ‘Ll;-f U’-‘~| )‘ e "’DJ;L;‘
Cowlodd ol QLA oddas) )] alolas 3 1S 65 gdoes amein Ll 5o Al Al gt s 58 g

Dy a5 eSSl e Ll S



\43

Psendo critical Properties of Gases

If the gas composition is not awailable, the below comrelation can be used to

determine the pseudo-critical properties ofthe gases.
Tpe = 160, 2+ 3405 3 yo— 74 2 p 2

P =756.8 - 131 = p— 3.6x 3.2

In abowve correlations, vz is gas specific grawvity, Pressures and tetrperatures are in
psia and R respectivel v,

Pseudo - reduced temperaiure and Pseudo — reduced pressare
Topr=T ¢ Tpe
Pax=F /Pp

Determining the Z factors by Dranc lmk — Abu Kassem W ethod

z=1+ [Al+T—+ A + “ + 4 ],ow+[‘45+i+ 4 1.7 —

Fas Tjwz Tjw“ Tprs j;r j;’rg
i 5 1 2y Feps[— 2
AL+ 251 + Al + A, ) Epl-A.0,7]
o r

Where

027 =]
T = 0272

4 ZT,

A =0.3265 A =-107 A4 =-0.5339 4, =0.01569
A =-005165 A4 =0.35475 4, =-07361 .4, =01844
4 =0.1056 A,=06134 4, =0.7210

The range of applicability is 0.2 = Ppr < 30 for 1.0 < Tpr = 3.0 and
Ppr< 1.0 for07 < Tpr< 1.0,
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Gas Physical Prope nstrument Specifications—————

Tpc (R) I 352.26 Tpr I 1.48
Gas Type ICIaan Gas vl Pipe Size (Inch) I 3 Ppc (Psia) 763 Ppr IT
1

Gas Gravity 0E Accuracy of full Scall I 1 %

Z (Compressibility) I 0.961

Fp | 18,006 t |
Environmental Pressure 14615
1/ Z (Compressibility factor) I 1.0406
Total factor of meter I 18.737

Q actual ( CMh) I 200.004
Minimum Bound Hominal Maximum Bound

Q Min ( CMh
Flow Bound ISCMh vl I 7362 I 3747 4 I 4658425 L L 3

Q Max ( CMh) 250

Pressure Bound IPsig 'l I 025 I 250 I 300 Rangeability (MHP) E363
Temperature Bound IF -I I 1 I €0 I 0 S 1

Gas Velocity 1z« 33.933
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Gas Flow Specifications
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f " Flow Meter Type Selection ‘

il v Flow Meter ass Flow Meter

Variable Aria Flow Meter ———————————————————— Unknown )

Wartex Shedding Thermal Dispersion  { Unknown )

td aterial Yortex Precession { Unknown } Coriolis Type { Unknown }
( Unknown )

Turbine Flow Meter Positive Displacement Flow Meter

Turbine { Unknown )
_Differential Pressure Flow Meter ] Positive Displacement Unknown )

Segmental Edged Orfice { Unknown )
trasonic Flow Meter

{ Unknown }
Segmental Wedge Driice tnknown

Transient Tirne: (_Unknown )

( ) Diaphragm Flow Meter
Wenturi Unknown Diaphragm Flow Meter

{Un known}
Flow Mozzle and Tubes { Unknown )
Target Flow Meter ——————————————————— Calculation for this flow meter based

Pitol Tubes Unknown on, F\o_w, tempetature and pressure
in previouse page
Target { Unknown )
Elbow ( Unknown )
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G-rating Pipe Qmax Qmin(m3/h) Qmin(m3/h) Qmin(m3/h) Qmin(m3/h)
Size (m3/h) ,B=30 ,B=20 ,B=10 ,B=5
G 16 2" 25 - - - 5
G25 2" 40 - - - 8
G 40 2" 65 - - 6 13
G 65 2" 100 - 5 10 20
G 100 3" 160 - 8 16 32
G 160 3" 250 8 13 25 50
G 160 4" 250 - 13 25 50
G 250 3" 400 13 20 40 80
G 250 4" 400 - 20 40 80
G 250 6" 400 - 20 40 80
G 400 4" 650 20 32 65 130
G 400 6" 650 - 32 65 130
G 400 8" 650 - 32 65 130
G 650 6" 1000 32 50 100 200
G 650 8" 1000 32 50 100 200
G 1000 6" 1600 50 80 160 320
G 1000 8" 1600 - 80 160 320
G 1000 10" 1600 - 80 160 320
G 1600 8" 2500 80 130 250 500
G 1600 10" 2500 80 130 250 500
G 2500 10" 4000 130 200 400 800
G 2500 12" 4000 - 200 400 800
G 4000 12" 6500 200 320 650 1300
G 4000 16" 6500 - 320 650 1300
G 6500 16" 10000 320 500 1000 2000
G 6500 20" 10000 - 500 1000 2000
G 10000 20" 16000 - 800 1600 3200
G 10000 24" 16000 - 800 1600 3200
G 16000 24" 25000 - 1300 2500 5000
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Gas Flow Meter Setup

92 Gas Flow Meter Setup

@ Welcome o the Gas Flow Meter installation program.
=

Setup cannat install system files or update shared files if they are in use,
Before proceeding, we recommend that you dose any applications you may
be running.

Exit Setup |

5 5101 3 a8 s4i e Obl ludr amin OK 4aSs (g5, » SIS Loy > 0 3

(VA=Y IS8) 555 00 ok 2 358 o Al o 158l 5 4S5 (6 e



ick this button to install Gas Flow Meter software to the specified
stination directory,

Z:\Program Files\Project1), Change Directory

Exit Setup

o pls LVASY IS8 55 4 aed 6y SIS Ll e 0L VU IS s oS shiles
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A=Y J55)

Gas Flowr Meter Setup

Gas Flow Meter Setup was completed successFully,
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Flow conditioners are recommended for meters supplied by headers.
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Gas Pipelines”, the Pennsylvania State University, Petroleum and Natural Gas
Engineering, GRI-PA 16802.

[2] Tentis E., Margaris D., Papanikas D., (2003), “Transient gas flow simulation
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1. KROHNE
1.1, Flow meters KROHNE
1.4, Glass / Metal type Variable Area Flow meters
112 Electromagnetic Flow meters
11:3; Ultrasonic Flow meters
114, Mass Flow meters
1.15. Flow Controllers

1.2 Level Measuring Instruments
1.2:1; Radar Level Gauge
1:2.2, Ultrasonic
112.:3; Float Type
1.24. Displacer & Level Switches
13. Metering Systems
1.4, Communication Engineering
1.5, Tank Management Systems
1.6, Leak Detection Systems

2. HACH ULTRA (Polymetron) ULTRA
2.1, Liquid Analyzers ANALYTICS
211 pH, Redox, Conductivty polymetron

2.1.2. Turbidity, Dissolved Gases

2.1.3. Concentration, Total Hardness, Sodium

214 Silica phosphate, Hydrazine, Chlorine

2.15. Suspended Solid, T.0.C. (Total Organic Carbon)
2.1.6. T.C. (Total Carbon)

3. Honywell Analytics (Sieger) Honeywell
3.1, Fire & Gas Detection
3l Flame, Smoke, Heat Detectors
312 Combustible & Toxic Gas Detectors
il Control Systems...
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3.1.4. Portable Gas Detectors
4. ARCA Rc
4.1 Control Valve (globe style) (signal/double seated)
4.2, Three way control valve VALVES
4.3, Steam conditioning and pressure reducing control valves
4.4, Butterfly Valves
4.5, Valve accessories such as intelligent positioner,...
5. GEORGIN
5.1 Pressure and Temperature Transmitters
5.2, Switches for Ex and None Ex Areas
5.3. Remote I/O
5.4. Relays
5.5. Barriers
6. FISCHER FISCHER
6.1, Pressure Instruments A-m-n-m-wrw
6.2, Temperature Instruments
6.3. PID Controllers
6.4. Differential Pressure Instruments
6.5, Different Electronics: Buffer Amplifier & Signal Converter
6.6. Mini =PLC ( FICON-M)
7. NET SAFETY
7.1, F&G Control Systems NET * SAFETY
72 Flame Detectors MONITORING INC.
7.3. Gas Detectors
7.4, Smoke Detectors
7.5 F&G Calibration Accessories

8. IFTG (Indutrade Flow Technology Group)

Package supplier of Valves, Pumps and Field Instruments
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195 Corilois flowmeter
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ACS | Approved Coating System
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ACS-4A | Coal tar enamel coating for line pipe BS 4164 & BS 7873
ACS-4B | Bitumen enamel coating for line pipe BS EN 10300
ACS-5 | Hand applied 3PLY tape IGS-M-TP-014-2-C
ACS-6 | Hand applied laminated bituminous tape IGS-M-TP-014-5
ACS-7 | Hand applied laminated tape IGS-M-TP-014-4
ACS-8 | Shop or field applied two-component EP NACE RP 01 05
ACS-9 Shop or field applied two-component PUR IGS-M-TP-020
High temperature 3-Layer heat shrinkable
ASC-10 | sleeve system for service temperature up to IGS-M-TP-014-3(1)
80 C.
3-Layer heat shrinkable sleeve system (hot
ASC-11 | melt adhesive) for service temperature up to IGS-M-TP-014-6
60 C.
2-Layer heat shrinkable sleeve (mastic
ASC-12 adhesive) for service temperature up to 50°C. IGS-M-TP-014-7
ACS-13 | Polymer modified bitumen membrane IGS-M-TP-014-2-A
ACS-14 | Hand applied petrolatum tape IPS-M-TP-317
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GAS FLOW RATE MIN, REQUIRED  NET
SCM/H ABSORBED HEAT DUTY
(1000 Kcal/h)

1,200 20.3

2,000 34

3,000 51

5,000 84

7,500 127

10,000 169

15,000 253

20,000 337

25,000 422

30,000 507

40,000 675

50,000 844

60,000 1010

YAY
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COMPONENT PROCESS GAS FUEL GAS

MOL% MOL%
Methane 84.98 97.534
Ethane 8.96 0.801
Propane 3.26 0.149
Iso butane 0.32 0.039
Normal butane 0.59 0.074
Iso pentane 0.10 0.043
Normal pentane 0.09 0.053
Hexane plus 0.04 0.355
Nitrogen 1.33 0.792
Carbon dioxide 0.33 0.161
Hydrogen 9 ppm 5 ppm
sulphide (max.)

H20 7 1b/mmft® 7 1b/mmft?
TOTAL 100 100
5Ka § Ol 5 Ly amiw ¥ Jsdr

DATA SHEET
NIGC SUPPLIER
Inquiry No: Name :
Item No: Quotation No:

No of units required:

Date:

YAO

No of units offered :

Date:
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Gas flow rate SCM/H
Inlet press. Bar min. ( ymax.
(70)
Min . inlet temp. °C 10
Outlet temp. °C 38
Net absorbed heat duty Ref. To app. “A”
Kcal/h
Max. bath temp. °C 88
Max. gas velocity in coil 20
M/sec
Max. press. Drop in coil har 1.75
Design press bar 72
Design temp. °C 100
End connection size inch
Fuel gas supply pres. Bar 417
Ambient temp °C Min.( )max. ( )
Max. wind velocity
Km/h
Max rain fall
mm/year
Relative humidity %
Max. snow loading mm
Earth quake zZone
OBCIV
Elevation above sea level M

YAS
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Gas flow rate Scm/h
Inlet press. Bar
Min. inlet temp. °C
Qutlet temp. °C
Net absorbed heat Kcal/h
E duty
= Gross heat duty Kcal/h
% Overall thermal %
© efficiency
5 Max. bath temp. °C
% Max. gas velocity in M/Sec
@ coil
Max. press. Drop in Bar
coil
Fuel gas scm/h
consumption
SOle by # J e
£ Type
E Class
- £ Inlet and outlet size Inch
g 8
Material
Outside and inside mm
diameter
No. of flow paths
— No. of passes per flow
8 path
Total coil outside surface
area
Design press. Bar
Design temp. °C
Material
Diameter Mm
g Length Mm
Insulation material and Mm

thickness

YAV
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Gas

temperature

controller

Temp. range

°C

Type

Manufacturer

Water bath

temperature

controller

Temp . range

Type

Manufacturer

level

Water

controller

Type

Manufacturer

shut off valve

Type

Size

Inch

Manufacturer

Set pressure

Bar

M | Gas high pressure

Type

YAA
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A MATLAB Simulink Library for Transient
Flow Simulation of Gas Networks

M. Behbahani-Nejad and A. Bagheri

Abstract— An efficient transient flow simulation for gas pipelines and
networks is presented. The proposed transient flow simulation is based on the
transfer function models and MATLAB-Simulink. The equivalent transfer
functions of the nonlinear governing equations are derived for different types of
the boundary conditions. Next, a MATLAB-Simulink library is developed and
proposed considering any boundary condition type. To verify the accuracy and
the computational efficiency of the proposed simulation, the results obtained are
compared with those of the conventional finite difference schemes (such as TVD,
method of lines, and other finite difference implicit and explicit schemes). The
effects of the flow inertia and the pipeline inclination are incorporated in this
simulation. It is shown that the proposed simulation has a sufficient accuracy and
it is computationally more efficient than the other methods.

Keywords— gas network, MATLAB-Simulink, transfer functions, transient
flow.
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1. INTRODUCTION

NATURAL gas transportation and distribution are
commonly accomplished in many countries through the
gas pipelines and networks. Due to the on-line networks
controlling and reasons that are incidental or/and accidental to
the operation of gas transmission pipelines or networks,
transient flows do commonly arise. Thus, pipeline operations
are actually transient processes and in fact steady state
operations are rarity in practice. The governing equations for a
transient subsonic flow analysis of natural gas in pipelines are
a set of two nonlinear hyperbolic partial differential equations.
Many algorithms and numerical methods such as implicit and
explicit finite differences, method of characteristics and so on,
have been applied by several researchers for transient flow in
gas pipelines Error! Reference source not found.—Error!
Reference source not found., but unfortunately, almost all of
these conventional schemes are time consuming especially for
gas network analysis.

Some of investigators Error! Reference source not
found., Error! Reference source not found. have neglected
inertia term in momentum equation to linearize partial
differential set of equations. However, it will result in loss of
accuracy. Yow introduced the concept of inertia multiplier to
partially account the effect of the inertia term Error!
Reference source not found.. Osiadacz et al. simulated
transient gas flow with isothermal assumption without
neglecting any terms in momentum equation for gas networks
Error! Reference source not found.. Kiuchi used an implicit
method to analyze unsteady gas networks at isothermal

A
Fig. 1: A control volume in a general gas pipeline
conditions Error! Reference source not found.. Also,
Dukhovnaya and A. Michael Error! Reference source not
found., and Zhou and Adewumi Error! Reference source
not found. did flow simulation with the same assumptions and
using TVD schemes. Tentis et al. have used an adaptive
method of lines to simulate the transient gas flow in pipelines
Error! Reference source not found.. Ke and Ti analyzed
isothermal transient gas flow in the pipeline networks using

the electrical models for the loops and nodes Error!
Reference source not found.. Recently and in a new work,
Gonzales et al. Error! Reference source not found. have
used MATLAB-Simulink and prepared some S-functions to
simulate transient flow in gas networks. At their work, two
simplified models have derived containing Crank-Nicolson
algorithm and method of characteristics.

Reddy et al. Error! Reference source not found. have
proposed an efficient transient flow simulation for gas
pipelines and networks using the transfer functions in Laplace
domain. They derived the equivalent transfer functions for the
governing equations and then, using the convolution theorem,
they obtained the series form of the output in the time domain.
In the present study the transient flow transfer functions are
employed with another efficient approach. The object of this
paper is to prepare a MATLAB-Simulink library in order to
simulate the transient flow in gas pipelines and networks. For
this purpose, the transfer functions of a single pipeline are
derived and applied to develop a MATLAB-Simulink library.
Next, this library is used for a gas pipeline transient flow
simulation and its accuracy and efficiency is compared with
those results obtained by an accurate implicit nonlinear finite
difference scheme. The idea is then extended for a typical
network simulation. The results obtained show that proposed
simulation has a sufficient accuracy and is more efficient than
the other methods.

1. MATHEMATICAL MODEL

The set of partial differential equations describing the
general one-dimensional compressible gas flow dynamics
through a pipeline under isothermal conditions is obtained by
applying the conservation of mass, momentum and an
equation of state relating the pressure, density and the
temperature. For a general pipe as shown in Fig. 1, these
hyperbolic partial differential equations are Error! Reference
source not found.

9p , O(pu)
op =0 1
ot * oz M
d(pu) O(pu’ +P) pulul :
=— — pgs 2
ot om op | T Posine @)
P=pZRT 3)

where p is the gas density, P is the pressure,  is the gas axial

velocity, g is the gravitational acceleration, o 1is the pipe
inclination, f is the friction coefficient, Z is the gas
compressibility factor, and D is the pipeline diameter.

The governing equations in matrix form are

OU (OF g

ot o @

where
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pu 0

Tlput+ P R= pulul (5)
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Another form of the relatlons (1) and (2) versus the gas
pressure and the mass flow rate can be written as Error!
Reference source not found.

of | 1om_ ©
ot (1+15P)RT A oz
6i laﬂ_RTi 1+I;Pm2
ox A Ot oz ™
- f2 ‘m‘<1+kP)RT7 AP
2DA> P L <1+kP)RT

where 7 shows the mass flow rate and & is an experimental
parameter which is used to compute the compressibility factor,
ie.

Z=1+kP ©)

I1I. FINITE DIFFERENCE SCHEME

The implicit Steger-Warming flux vector splitting method
(FSM) in delta formulation has been used as the numerical
scheme. This method is chosen, because it doesn't have the
problem of numerical instability Error! Reference source not
found.. The finite difference form of the governing equations
is

it AT AU, 1+<’I+%(A+ A7)~ AtBY;}AUj
+ %AZHAU@H = 9
ii {(F+ F )+ (R - F )} +AtR;
where
AU _ Un+1 _ UIL (10)

and subscript i indicates the spatial grid point, superscript n
indicates the time level, and moreover

c? —u? uw+c
AT = 2¢c 2¢c
(utcfle—u) (utcf|
2c 2¢c
u? —¢? c—u
— 2c 2c
ATl —wr e—up (an
2c T2
plu+ ¢ plu-c)
+ 2 - 2
S VO R PO
2 2

where c is the speed of acoustic wave in the gas flow. When
(9) is applied to each grid point, a block tridiagonal system of
algebraic equations will be obtained. This equations system
can be solved at each time step using Thomas algorithm,

which results in AU. Next, U at the advanced time level can be
calculated using (10).

1V. FLOW TRANSFER FUNCTIONS

To obtain the flow transfer functions, Py, T, Ay, and p, are
considered as the reference values and the nonlinear partial
differential equations (6) and (7) are linearized about them.
Moreover, these reference values are also considered to define
the corresponding dimensionless variables expressed as

X
71

P
L
* * P
P =p =— 12
P =7 (12)
' =mc/P,A,
Yo

C
where u, is the average gas velocity in the pipe and is

calculated as Error! Reference source not found.

o =

mn out

Uy =

When the governing equations (6) and (7) are linearized and
the nondimensional variabales are wused, with some
mathematical manipulations one obtains Error! Reference
source not found.

oAm"  OAP"
o 14

23 ot (19
l *ZPAP* OAm «OAP

l-u |——= — +2u — —

23 ot ot
L Ah (15)
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where
AP =P —p’
A =m' —m,
Since for the practical subsonic transient flows

u =u,/c< 1, one can omits u"*at the left hand side of

(15). Taking the Laplace transform of (14) and (15), yields the
following two coupled linear ordinary differential equations

Mg—é(‘” AP (9 (17)
—OAgg ) _ —“u*|fL* + S}Am* (8 +
(18)

‘,ﬂ
Cc

*
fiu* u*
2

After imposing the boundary conditions, the above system
of ODE can be solved. For example, if the gas pressure at the

+ 2u*s] AP (s)

¥4



inlet and the mass flow rate at the pipe outlet are specified as
functions of time, the above system of ODE results in

2b

2b cosh (b) —  sinh (b)
2asinh (b)

~ 2bcosh (b) — ysinh (b)

AP, (9 =¢V/? AP, )+

*
AMout (€))

19)
243 sinh ()
2b cosh (b) — ~sinh (b)
—/2 2b
20 cosh (b) — ysinh (b)
where a, B, b and y are defined in appendix A. After Taylor-
expansion of the hyperbolic terms in (19), the simplified
transfer functions are

* *
AM;, ()= APy, )+

*
+e AM ey (9

APy ) =Fp p ARy O+ Fy  p AM,, )

* ) . (20)
AM;," ($) = FMm ‘PmAPm (s) + FMWMoutAMgut ©)
where
F, )=k S S
Pou,t’ in 1 1 + @S + (1282 (21)
S + 0252
F &) =—T—"" 22
Mm”Pm 1 + dls —+ d252 ( )
1+ bys + bys”
F 8 = ky — 12 23
P0ut7M011,t kQ 1+ &ls =+ @282 ( )
F (&) = S
Min’Mout 1+ dls + dZSQ (24)

The coefficients of the above expansions are also presented
in appendix A. For other types of the boundary conditions,
similar relations can be obtained.

V. MATLAB SIMULINK MODEL

When the flow transfer functions are obtained, they can be
used to make a MATLAB-Simulink model for transient
analysis. Fig. 2 shows a Simulink model for a single pipe when
the gas pressure at the inlet and the mass flow rate at the outlet
are known. For other boundary conditions, similar models can
be made.

F_Pout_Pin

del P_in
@ . ;
del P_out
h.
F_ Pm_Mm- -F_ Pour_ .
(2)
del M_out

Y
del M_in

F_Min_Mout

Fig. 2: A simulink model when the pipeline inlet pressure and the outlet gas
flow rate are known

At the present work, a Simulink library for each type of the
boundary conditions is made in the MATLAB-Simulink
browser that is called as shown in Fig. 3. In this library each
block has two inputs which are known from the boundary
conditions, and two outputs as the results of the transient
simulation. Then, the proposed approach is extended to
simulate a gas network. A typical network which has been
studied by Ke and Ti Error! Reference source not found. is
considered and simulated with the proposed approach. Fig. 4
shows a schematic of this network and its Simulink model is
illustrated in Fig. 5. The accuracy of the obtained results and
the computational efficiency of the proposed simulation are
discussed in the next section.
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Fig. 3: The present MATLAB-Simulink
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Fig. 4: The gas pipeline network

The pipeline transports natural gas of 0.675 specific gravity at
10°C. The gas viscosity is 1.1831x10™ N.sec/m’ while the
pipeline wall roughness is 0.617 mm and isothermal sound
speed equals 367.9 m/s. At the pipeline’s inlet, the gas
pressure is kept constant at 4.205 MPa, whereas the pipe’s
mass flow rate at the outlet varies with a 24-hour cycle,
corresponding to changes in consumer demand within a day as
is depicted in Fig. 6.

H

» AP(in)
Demand 2
‘/X“T
AN (onst) : " @ M—' - \‘ AM{iﬂ)
: v Demand 2
: Seope Flow Rate Q (m3/s) Demand 2
Gas Duct 2 .

Station
Pressure Changes
(Bar)
GasDuct 3
Demand 3
A,
‘/ 1
AMout) ‘ AMin)
Scoped Demand 3 ¥
Flow Rate Q (m3/s) Demand 3 -

Gas Duct 1

Fig. 5: Simulink model of the gas pipeline network
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VI RESULTS AND DISCUSSIONS

The results of the proposed transient simulation are compared with those of the implicit FSM as an accurate
nonlinear finite difference scheme. In order to verify the accuracy of the present implicit FSM, a 72259.5 m long
pipeline of 0.2 m diameter was considered as a test case. The test case which its experimental results are available,
has been studied by Taylor et al. Error! Reference source not found., Zhou and Adewumi Error! Reference
source not found., and also by Tentis et al. Error! Reference source not found..

Fig. 7 illustrates the present results of FSM for pressure time changes at the pipe outlet, along with those of the
others Error! Reference source not found., Error! Reference source not found., Error! Reference source not
found. and the experiments. There are some differences between the present nonlinear FSM results with those
obtained by the others. However, when they are compared with the experiments, it seems that all of the numerical
methods have the nearly similar differences with experiments. The interesting point is the accuracy of the results of
the proposed transfer function model. As it is seen in Fig. 7, the present transfer function model can predict the
transient behavior of the outlet pressure as nearly accurate as the nonlinear finite difference models.

2.2E+04

2.1E+04

2.0E+04

1.9E+04

1.8E+04

Flow Rate (S-m3/Hr)

1.7E+04

1.6E+04 L 1 L 1 L 1 L 1 L 1 L

Time (Hr)
Fig. 6: A 24-hour irregular flow imposed at the pipe outlet
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6 | | | | | | | | | | |

0 2 4 6 8 10 12 14 16 18 20 22 24
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Fig. 7: Comparison of pressure time history at the outlet

A harmonic demand as shown in Fig. 8 was imposed at the pipe outlet as another test case. From Fig. 9, it is
observed that the present transfer function model can well follow the results of the implicit FSM after a few minutes.
The relatively large errors at the initial times are expected because at these times the outlet pressure does not achieve
its purely harmonic behavior.
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Fig. 8: A periodic demand imposed at the pipe outlet
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Fig. 9: The gas outlet pressure predicted by the present simulation and
implicit FSM

Finally, a typical network as shown in Fig. 4 was considered to confirm the results of the present gas network
simulation. The geometrical data of the network is introduced in Table I and the gas demand at the nodes 2 and 3 are
illustrated in Fig. 10. The pressure source in the network is node 1 which is maintained at a constant pressure of 50
bar. The gas specific gravity is approximately 0.6, the operational temperature is 278 K, and the friction factor is
considered to be constant and equal to 0.003. The present simulation results are compared with those obtained by Ke
and Ti Error! Reference source not found. in Figs. 11 and 12. As is shown in the figures a good agreement is
observed although some differences exist at the sharp points. This behavior implies that the transfer function model
results in the sharp changes in the outlet pressure if the demand at the outlet is sharp.
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35
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15
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————— Demand from node 3
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I I NN (N SN NN N M NN BN
0 2 4 6 8 10 12 14 16 18 20 22 24
time (Hour)

0

Fig. 10: demands versus time for nodes 2 and 3 of the simulated network

Table I: pipe geometrical data for the related network

From To Diameter Length

Gas Duct ID node node (m) (km)
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The computational efficiency of the proposed simulation is compared with the implicit FSM through the results
presented in Table 1I. It is observed that the proposed simulation is extremely efficient than the conventional finite
difference methods.

04T T T T T T T T T 1

50 ————— present Transfer Function library—
————— Ke and Ti (1999)
49.6 - =

49.2

48.8

Pressure (bar)

4841 -

I NN [N [ NN SN (N (NN N N |
47'60 2 4 6 8 10 12 14 16 18 20 22 24
Time (Hour)

Fig. 11: Outlet pressure results for nodes 2

Table II: Speed comparison between used methods

method CPU time (s)
transfer function 118
(current study) '
implicit method 34.52

VII. CONCLUSIONS

The proposed simulation can be applied to analyze the transient flow of natural gas in pipelines and networks with
a sufficient accuracy. Since the proposed simulation is used the transfer functions of the transient gas flows, it is
more computationally efficient than the other finite difference methods. On the other hand, it is an easy task to
analyze the transient flows with any boundary condition types using the proposed MATLAB-Simulink library.
Moreover, one can assemble the transfer functions of all the network pipes to simulate the dynamic behavior of a
gas network. The present study is shown that the proposed simulation extremely reduces the computational time
comparing the other numerical schemes. However, because the present simulation is based on the flow transfer
functions it only gives the endpoints results and not those distributions along the pipelines.
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Fig. 12: Outlet pressure results for nodes 3

APPENDIX A

In this appendix, the algebraic expressions of the parameters used in (19) and (21)-(24) are presented. o, f, y and b
which are used in (19) are stated as Error! Reference source not found.
a(8) = o) +a,s

ﬁ(s) = ﬁls

) =% + s (A-D
b(s) =+ +4aB /2
where
o =\ fl'y a,=L/c, B, =L/c,
L o o gAh . (A-2)
71_Luu_927 v, =2ul/c
2 c
The other parameters which have been used in (21)-(24) are Error! Reference source not found.
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Reduced Order Modeling of Natural Gas
Transient Flow in Pipelines

M. Behbahani-Nejad and Y. Shekari

Abstract— A reduced order modeling approach for natural gas transient flow
in pipelines is presented. The Euler equations are considered as the governing
equations and solved numerically using the implicit Steger-Warming flux vector
splitting method. Next, the linearized form of the equations is derived and the
corresponding eigensystem is obtained. Then, a few dominant flow eigenmodes
are used to construct an efficient reduced-order model. A well-known test case is
presented to demonstrate the accuracy and the computational efficiency of the
proposed method. The results obtained are in good agreement with those of the
direct numerical method and field data. Moreover, it is shown that the present
reduced-order model is more efficient than the conventional numerical
techniques for transient flow analysis of natural gas in pipelines.

Keywords—Eigenmode, Natural Gas, Reduced Order Modeling, Transient Flow.
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I.  INTRODUCTION

HE dynamic behavior of long pipelines is characterized

by large time constants, sometimes of as much as
several hours, due to the resistance to flow in pipes and the
large storage capacity of the pipelines. Transients in such
complex and large scale systems can be satisfactorily
described by the nonhomogeneous, nonlinear hyperbolic,
inviscid Euler system of conservation laws in one
dimensional form Error! Reference source not found..
Under isothermal conditions the continuity and momentum
equations together with an equation of state constitute the
governing equations describing transient flow in natural gas
pipelines.

Traditional methods for the numerical analysis of system
of governing equations are the Method of Characteristics
(MOC) Error! Reference source not found. and several
finite difference schemes such as explicit finite differences
Error! Reference source not found. and implicit schemes
Error! Reference source not found.. Recent relevant
studies used higher resolution explicit TVD Methods for the
solution of sharp discontinuities fronts Error! Reference
source not found.. More recently the Method of Lines has
been used with an adaptive mesh for solution system of
governing equations of transient natural gas flow Error!
Reference source not found.. However, one prefers a
numerical method which is not only accurate but also with
low computational cost.

Reduced-order modeling (ROM) is recently known as a
computational efficient technique for analysis of unsteady
flows. Eigenmodes of the flow are used to construct
reduced-order models similar to the normal mode analysis
commonly used in structural dynamics. The advantage of a
modal approach is that one may construct a reduced-order
model by retaining only a few of the original modes. This
method has been used for unsteady aerodynamics and
aeroelastic problems by several researchers [6] — [14].

Although ROM based on the flow eigenmodes is a well-
known numerical technique, it is not yet applied for
transient compressible flow analysis in the pipelines. In the
present work this approach is chosen to achieve an efficient
computational scheme for natural gas transient pipeflows.
The nonhomogeneous Euler equations under isothermal
condition are numerically solved using the implicit Steger-
Warming flux vector splitting method (FSM) and their
results are compared with the available experimental results.
Next, they are linearized about the steady state condition
and the linearized flow results are compared with the
corresponding nonlinear ones. Then, the eigensystem of the
linearized transient flow is derived and the eigenvalues and
eigenvectors are calculated. Based on the above
eigenanalysis, a few dominant eigenmodes are used to
construct a reduced order model. Next, the results of the
present ROM are compared with those of the direct
numerical schemes and its accuracy and efficiency is
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discussed. Finally, the paper is concluded with some
comments about the present eigenanalysis and ROM for
natural gas transient flow in pipelines.

1. GOVERNING EQUATIONS

Under isothermal conditions the Euler equations along
with a source term due to the pipe friction effect are
governed the dynamics of the natural gas in a long
pipeline Error! Reference source not found.. In
conservative form they are

s (R &
where
o=
pu
pu
BQ) = pu* +c’p 2
0
H(Q) = B pfyulul
2D

In the above equations ¢ is isothermal sound speed,
p is the gas density, u is the axial gas velocity, D is

diameter of the pipe and f;] is the pipe friction factor.

1l. FINITE DIFFERENCE SCHEME

The implicit Steger-Warming flux vector splitting
method (FSM) has been used as the numerical scheme.
This method is chosen, because it doesnt have the
problem of numerical instability. In delta formulation, the
finite difference form of the method is Error! Reference
source not found.

At 4
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+(I+A—x(Aj fAj)fAtBj)AQj

AL )

+[EAj+1]AQj+1:
_Atig+ gt -
AI(E]. El | +Ej
where subscript 7 indicates the spatial grid point,
superscript 7 indicates the time level and

E; )+At H,

In relation (3), I is the identity matrix, A and B are
Jacobean matrices which are defined as

OE
Q ’
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A 2
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Moreover, A" and A are respectively the positive and
negative parts of the Jacobean matrix A , hamely
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u - 2 c-u
- 2c 2c
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(u+c)(c- u)2 i (c- u)2
2c 2c

In addition, E*and E~ are the positive and negative
parts of the flux vector EE which are represented as

plu+0)
e 0
2

When equation (3) is applied to each grid point, a block
tridiagonal system of algebraic equations is obtained. This
equations system is solved at each time step, which results
in AQ . Next, Q at the advanced time step can be

calculated using Eq. (4).

V. LINEARIZED FINITE DIFFERENCE EQUATIONS

To do the eigenanalysis and construct an eigenmode based
reduced order model, it is necessary to linearize the
equations. For this purpose, the flow field variables at each
time step are considered as

Qn+1 — Qn + ©71+1 (8)

where ()’ is the corresponding steady state value and Qis a

small perturbation about it. Substituting equation (8) into (3)
and doing some manipulations yields

At -
7(MA07—1)QT{1 +
At o+ 0- o An+1
I+ E(A.f - AJ‘ ) - AB J Q] (9)

At . .
+ (E A% )Qﬁf =Qj

The above linearized equation can be represented as
W0Q7m — IQn + AVAR (10)

where Vis a vector consisting the imposed values by the
boundary conditions and W is made by the left hand side
factors of Eq. (9).

V. EIGENANALYSIS AND ROM

For zero forcing function,V, one can set

Q. = x,exp(\t)and 2z = exp(\,At)to obtain the
following generalized eigenvalue problem

z,W’x, = Ix; (11)
where \; and z, are i eigenvalues in \-plane and

z-plane, respectively, and X, is the corresponding
eigenvector. More generally Eg. (11) can be written as

IWX = IX (12)

where Z is a diagonal matrix containing the eigenvalues

and X is a matrix with columns that are the right
eigenvectors. On the other hand, the left eigenvectors
satisfy the following relation

(W°)Y'YZ = 1Y (13)

where Y is a matrix with rows that are the left
eigenvectors. If the eigenvectors are normalized suitable,
they satisfy the following orthogonality conditions

Y'WX =1
Y'IX =Z

The dynamic behavior of the fluid can be represented
as the sum of the individual eigenmodes, that is,

(14)

Q= Xc (15)

where c¢ is the vector of normal mode coordinates.
Substitution of (15) into (10), premultiplying by Y’ ,
and making use of the orthogonality condition gives a set
of N uncoupled equations for the modal coordinates ¢,

Cn,+l — ZCM + YTVIH»l (16)

Now, one may construct a reduced-order model by
retaining only a few of the original modes.

VI. RESULTS AND DISCUSSIONS

A 72259.5 m long pipeline of 0.2 m diameter is
considered as a test case to verify the results of the
present method. Figure 1 shows the test case
schematically. The above test case which its experimental
results are available, has been studied by Taylor et al.
Error! Reference source not found., Zhou and
Adewumi Error! Reference source not found., and also
by Tentis et al. Error! Reference source not found..
The pipeline transports natural gas of 0.675 specific
gravity at  10°C. The gas  viscosity s
11.84x10" kg/ms Wwhile the pipeline wall roughness is

0.617mm and isothermal sound speed equals 367.9 m/s.
At the pipeline’s inlet, the gas pressure is kept constant at
4.21MPa, whereas the pipe’s mass flow rate at the outlet
varies with a 24-hour cycle, corresponding to changes in
consumer demand within a day as is shown in Fig. 2.
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Fig.1 Schematic of the pipeline and its B.Cs.
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Fig.2 Imposed mass flux at the outlet

Figure 3 illustrates the present results of FSM for
pressure time changes at the pipe outlet, along with those of
the others [1, 5, 16] and the experiments. There are some
differences between the present nonlinear FSM results with
those obtained by the others. However, when they are
compared with the experiments, it seems that all of the
numerical methods have the nearly similar errors. The
interesting point is the accuracy of the results of the present
linearized FSM. As is shown in Fig. 3, the linearized FSM
can predict the transient behavior of the outlet pressure as
nearly accurate as the nonlinear models. Thus, one can
construct a reduced order model based on the linearized
equations to estimate the transient gas pipeflows more
efficiently. In figure 4 the gas pressure at some different
points are presented and compared with those by Zhou and
Adewumi Error! Reference source not found.. It is
observed that the present results are in relatively good
agreement with those obtained by the above authors.
Moreover, Fig. 4 shows that the present linearized FSM
results in the gas pressure as accurate as the nonlinear
model.

Pressure (MPa)

AR

2.8

[ Expriment
IN Taylor et al
26 ° " Zhou and Adewumi
oo o o Tentis et al
2.4 ° » — — — — Linearized FSM

Flux spliting Method
2.2

Pressure (MPa)

RN PN FUNTY NRREN SRETE FRUTE FRNEE PR FRNT] FRNE) AN A
2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig.3 Comparison of pressure time history at the outlet

5
- FSM
- o Zhou And Adewumi
45 - X/L=0.0 —-—-—-— Lineraized FSM
oF
35F

RN RREEN FNNEE SRR EREE SNNEE SRREE RREE SN SRREN RRNE E
2 4 6 8 10 12 14 16 18 20 22

time (hours)

o
(32
oSprTTT

24

Fig.4 Pressure time history at different points of the pipe

Next, the results of the present eigenanalysis are
discussed. The eigenvalues of the present method are
shown in Figs. 5 and 6 inX\-plane and z-plane,
respectively. In addition, the first 60 eigenvalues in A-
plane are illustrated in Fig. 7. As is shown in Fig. 5, this
eigensystem has no any zero eigenvalue in the z-plane.
Behbahani-Nejad et al. [17] have been shown that when
there is no zero eigenvalue, there is no any quasisteady
eigenmode and thus, it is likely to construct a reduced
order model without the static correction requirement. On
the other hand, Fig. 6 illustrates that the real part of all
eigenvalues are negative. In physical point of view, it
means that the present numerical technique is stable.
Moreover, as is shown in Fig. 7, a few first eigenvalues
corresponds the dominant eigenmodes, because their
absolute real and imaginary parts are relatively small and
therefore they are activated before the other eigenmodes.
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The eigenvalues discussed in the preceding paragraph are
used to construct a reduced order model. As there is no any
zero eigenvalue, it is expected that the present reduced order
model for natural gas transient flow gives satisfactory
results without the static correction. Figure 8 shows the
pressure time history at the pipe outlet. It is observed that
the results of the present ROM with only 4 or 5 eigenmodes
are in excellent agreement with those obtained by the direct
numerical method. The similar results are obtained for the
pressure time changes at the other points along the pipe and
are shown in Fig. 9. Finally, the efficiency of the present
ROM are confirmed when its CPU times are compared with
the direct numerical method. Table | indicates the
computational times for the present ROM and the direct
method. It is declared that there is about 70% reduction in
CPU time when the present ROM is used.
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Table I CPU times for the present ROM and the direct

method

Direct ROM 4 ROM 5

Method . )
eho Simulation Modes Modes
CPU TIME

253 s 73s 83 s
Time
saving 71.14% 67.2%

VILI. CONCLUSIONS

The present ROM can be used to analyze the transient
flow of natural gas in pipelines, efficiently. Since the
linearized forms of the governing equations can give
satisfactory results with an enough degree of accuracy in
many natural gas transient pipeflows, they can be used to
construct proper reduced order models. The present
eigenanalysis show that there is no any zero eigenvalue in
the z-plane and therefore it is likely to construct reduced
order models without the static correction requirement. It is
indicated that the proposed reduced order model can
efficiently gives satisfactory results for natural gas unsteady
flow problems as accurate as the other direct numerical
finite difference methods.
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Comparing BEM and Equivalent Circuit Method in
Numerical Modeling of Pipelines CP Systems

Abstract

Two different approaches for numerical modeling of pipeline’s cathodic
protection (CP) systems are presented. The first approach is the boundary
element method (BEM) and the other is a simpler one which is named here as
equivalent circuit method (ECM). Impressed current which is needed to protect
the underground pipe is calculated with the both methods. The nonlinear
polarization curve has been used in BEM and the linearized one in ECM. The
results obtained are compared with each other and advantages and
disadvantages of each approach are discussed. It is concluded that ECM results
depend strongly on the linearization of polarization curve. On the other hand,
ECM can be applied when the anodes are placed far from the cathode,
sufficiently.

Keywords: Cathodic Protection Modeling, Pipeline, Boundary Element Method,
Equivalent Circuit Method
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Accuracy and computational speed of various numerical
methods for analysis of natural gas transient flow

Abstract

In the present research two numerical methods are assessed for analyzing the
transient flow of natural gas in pipelines. Implicit Steger-Warmming flux vector
splitting method is applied to the governing equations as well as explicit Flux
Corrected Transport (FCT) method. Two real cases are analyzed by these
methods and their accuracies and computational speeds are compared.
Obtained results show that Implicit Steger-Warmming flux vector splitting
method is more efficient than the flux corrected transport method with
acceptable accuracy.

Keywords: transient flow, natural gas pipelines, flux vector splitting method,
flux corrected transport
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N.LG.C Nov. 2008 IGS-R-TP-024(0)

FOREWORD

This standard is intended to be mainly used by NIGC and contractors and
has been prepared on interpretation recognized standards , technical
documents , knowledge , backgrounds and experiences in gas industries at
national and international levels .

Iranian gas standards (IGS) are prepared , reviewed and amended by
technical standard committees within NIGC Standardization division and
submitted to the NIGC's "STANDARDS COUNCIL" for approval .

IGS Standards are subject to revision , amendment or withdrawal , if required
, thus the latest edition of IGS shall be checked/inquired by NIGC users .

This standard must not be modified or altered by the end users within NIGC
and her contractors . Any deviation from normative references and/or well
known manufacturers specifications must be reported to Standardization
division .

Any comments from concerned parties on NIGC distributed IGS are welcome
to technical standards committees and will receive serious attention and
consideration should a revision to standards is recommended .

GENERAL DEFINITIONS :

Throughout this standard the following definitions , where applicable |,
should be followed :

1- "STANDARDIZATION DIV." has been organized to deal with all aspects of
industrial standards in NIGC . Therefore , all queries for clarification or
amendments are requested to be directed to mentioned div.

2- "COMPANY™" : refers to national Iranian gas company .

3- "SUPPLIER" : refers to a firm who will supply the service , equipment or
material to IGS specification whether as the prime producer or manufacturer
or a trading firm .

4-"SHALL " : is used where a provision is mandatory .

5- "SHOULD" : is used where a provision is advised only .

6- "MAY" : is used where a provision is completely discretionary .

Website : http://igs.nigc.ir
E-mail : nigc igs@ nigc.org
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0. INTRODUCTION

The majority of gas transmission and distribution pipework and associated fittings
is buried and therefore needs to be protected against corrosion.

All metallic pipelines should be provided with an external coating and, for buried or
submerged sections, cathodic protection.

The possibility of external corrosion occurring shall be determined on the basis of
pipeline operating temperatures and the external conditions along the pipeline.
Typical environments which shall be considered when evaluating the possibility of
external corrosion include:

- Atmosphere (marine/industrial/rural);

- Sea water (tidal zone/shore approach);

- Fresh or brackish water;

- Marshes and swamps;

- River crossings;

- Dry or wet soil;

- Inside tunnels, sleeves or caissons.

- Human Interference

Environmental parameters which should be considered include:
- ambient air temperatures;

- resistivity, salinity and oxygen content of the environment;

- bacterial activity;

- water current (ground water depth);

- degree of burial;

- potential in-growth of tree roots;

- potential soil pollution by hydrocarbons and other pollutants.

The evaluation of corrosion measures should take into account the probable long-
term corrosiveness of the environment rather than be solely confined to the as-
installed corrosiveness. For a pipeline on land , due consideration should be given
to any known planned changes in the use of the land traversed by the pipeline
route which may alter the environmental conditions and thus soil corrosiveness,
e.g. irrigation of land previously arid or of low corrosiveness.

The possible effect of the PH of the environment and possible sources of stray and
alternating currents shall be evaluated for pipelines on land.

The types of external corrosion damage to be considered shall include:

- general metal loss and degradation;

- localized corrosion, e.g. pitting under deposit or crevice attack;

- microbiologically induced corrosion;

- stress-corrosion cracking , e.g. carbonate / bicarbonate attack.
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In a review of 50 years of literature on pipeline coatings, the following concepts
emerged:

Selection of a suitable coating and proper application of the coating both in
the factory and in the field are very important for the pipelines intended
service life.

CP must supplement the coating in underground applications to ensure
100% protection.

Field test results are more indicative of the long term suitability than
laboratory tests.

Results of adhesion tests do not correlate with those of cathodic
disbondment tests.

Cathodic disbondment tests are the best tests to measure coating
performance.

The current required for CP is the best measure of coatings performance
when buried.

Optimizing coating thickness is important.

Soil stress on the coating is one of the main problems associated with
buried pipelines.

Resistance to cathodic disbondment and soil stresses are very important
requirements of a pipe coating . For a pipe coating to be effective, it should
meet these criteria: adhesion, adequate thickness, low moisture absorption /
transfer, chemical resistance (especially alkalis from CP), and flexibility.

The initial selection of a suitable coating system is very important, and also,
perhaps the most important factor is that the coating system shall be applied
as per the required specification.
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1. SCOPE

This recommended practice defines the minimum requirements for selection of
external coating systems for buried steel pipeline and piping (including associated
fittings and appurtenances) and also gives guidance on the performance
characteristics of these coatings.

NOTE:

1 - This standard will refer only to coating systems which are known to be
successful when used by NIGC and major internationally well-known oil & gas
companies.

2 - Additions will be made from time to time to the information available in order to
cover products which are less widely used and new products which are considered
to be of sufficient interest.

2. REFERENCES

Throughout this standard specification, the following standards and codes that are
in effect at the time of issues of this specification (2008) shall, to the extent
specified herein, form part of this specification.

The applicability of changes in standards and codes that occur after the date of
standards that referred shall be mutually agreed upon by the purchaser and
supplier and / or manufacturer.

ISO 21809-2 Petroleum and natural gas industries — External
Coatings for buried or submerged pipelines Used in
pipeline transportation systems
Part 2: Fusion Bonded Epoxy Coatings

1ISO 13623 Petroleum and natural gas industries — pipeline
transportation systems

ASTM D 1000 Test method for pressure-sensitive adhesive-coated
tapes used for electrical and electronic applications

AWWA C 203 Coal tar protective coatings and linings for steel
water pipeline — Enamel and tape — Hot applied

NACE RP 01 05-2005 Liquid—epoxy coatings for external repair,
Rehabilitation, and weld joints on buried steel
pipelines

NACE RP 04 02-2002 Field —-Applied Fusion Bonded Epoxy (FBE) pipe
coating system for Girth Weld Joints: Application,
Performance, and Quality Control

3
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NACE SP 01 69-2007 Control of External corrosion on Underground or
Submerged Metallic piping Systems

BS 4164 Specification for coal-tar-based hot-applied coating
materials for protecting iron and steel, including a
suitable primer

BS 7873 Code of Practice for application and testing of hot
enamel external and/or internal coating of iron and
steel pipes

BS EN 10300 Bitumen hot applied material coating for external
coating

BS ISO 11359 Plastics — thermomechanical analysis (TMA)

IPS-M-TP-317 Hand applied petrolatum tape and primer

IPS-M-TP-311 Cold - applied laminated plastic tape as outer — layer
tape

IGS-M-TP-010-1&2 3 layer PE coating system
IGS-M-TP-014-2-A Polymer modified bitumen membrane
IGS-M-TP-014-2-C 3ply Cold applied plastic tape
IGS-M-TP-014-4 Hand applied laminated plastic tape
IGS-M-TP-014-5 Hand applied laminated bituminous tape

IGS-M-TP-014-3(1) High temperature heat shrinkable sleeves

IGS-M-TP-014-6 Heat shrinkable sleeves (hot melt adhesive)
IGS-M-TP-014-7 Heat shrinkable sleeves (mastic adhesive)
IGS-M-TP-016 Modified bitumen enamel coating system
IGS-M-TP-020-1 Polyurethane coating for pipeline rehabilitation

— Control of pipeline corrosion: A.W. Peabody
— Uhligs Corrosion Handbook
— FBE : Allen Kehr
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3. DEFINITIONS

3.1 For definitions, please refer to the relevant section of the standards referred in
section 2 above.

3.2 Abbreviated items:

ACS  Approved coating system
3LPE Three Layer Polyethylene
FBE Fusion Bonded Epoxy

CP Cathodic Protection

SCC Stress Corrosion Cracking

4. GENERAL REQUIREMENTS

4.1 The effectiveness in providing the required protection and the possible hazards
during application and service shall be considered when selecting external
coatings.

4.2 Parameters to be considered when evaluating the effectiveness of external
coatings include:
- electrical resistivity of coating;
- moisture permeation and its relation to temperature;
- ability to resist development of holidays with time(gouge resistance);
- ability to maintain substantially constant electrical resistivity with time ;
- ease of repair
- non-toxic interaction with the environment :
- required adhesion between the coating and the pipeline base material;
- required resistance to shear forces between the coating and additional
coating, insulation or environment;
- resistance to cathodic disbondment and soil stress ;
- resistance to ageing, brittleness and cracking ;
- possible detrimental effects on the pipe material ;
- possible thermal cycling ;
- UV resistance(for above ground pipelines or long term storage)
- low/high temperature bending
- impact resistance
- soil stress resistance
- CP shielding
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4.3

In addition to the above characteristics, the following typical factors should
be considered when selecting a pipe coating.
type of environment
maximum (upset) operating temperature
pipeline OD
ambient temperatures during application, storage, shipping, construction,
and installation
geographical and physical location
type of coating on existing pipeline(if any)
equipment and location(i.e. shop or field) required for coating
installation methods
costs
pipe surface preparation requirements
Logistics

4.4 The following typical factors should be considered when selecting a girth-weld

coating system.

Application requirements:
e Surface preparation
Speed of installation(application cycle time)
Applicator --skill requirements
Crew size
Equipment requirements

Compatibility with main pipeline coating

Pipeline construction and installation methods

Material and application cost

Pipeline environmental and operation conditions

Required life span for the pipeline(longevity requirements)
Routine maintenance budget for the pipeline
Compatibility with cathodic protection requirements

Local health, safety, and environmental (HSE) requirements and regulations
Pipeline operating temperature/duty cycle

Salinity and soil resistivity

Pipeline movement and likelihood of soil stress/settlement
Ground conditions/soil type

Pipeline OD
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5. MANDATORY REQUIREMENTS

5.1 External coatings of line pipe shall be factory-applied, except for field weld
joints, rehabilitation of existing pipelines and other special points which shall
be coated on site.

5.2 Field joints should be protected with a coating system which is compatible with
the line-pipe coating. The field joint should meet or exceed the line-pipe coating
specification and allow satisfactory application under the predicted field
conditions.

5.3 Plant piping and other above grade pipelines in industrial or marine
atmospheres shall be externally coated.

5.4 Paint systems shall not be used as the primary external coating on buried
pipelines (including field girth welds).

5.5 Hand-applied tapes of the "primer activated” type shall not be used.
Hand-applied tape wraps shall be of the "pressure sensitive" type, meaning
they can be applied over dry primer or no primer without adverse effect on
adhesion.

6. SELECTION REQUIREMENTS

6.1 The NIGC's approved pipeline / field weld joint coating systems are given in
table 1.

6.2 Selection of the appropriate coating system for a particular coating situation
should be made by reference to tables 2 and 3.

6.3 The products identified in table 4 specify the preferred field-weld joint coating

considered the most compatible with the various types and combinations of
factory / field applied coatings.
Where site or operating conditions preclude the use of the preferred product,
options are given where appropriate. In addition, the nominated contractor is
permitted to submit a detailed technical proposal for alternative solution for the
written approval of NIGC prior to use.

6.4 The main factory coating systems identified in tables 2&3 will require repair
when damaged. The preferred repair materials are given in table 5.

6.5 The general characteristics of approved pipeline coatings are given in table 6.
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TABLE 1: DESCRIPTION OF APPROVED COATING SYSTEMS (ACS)

Index Title Reference Standard
ACS-1 Three layer polyethylene coating for line pipe IGS-M-TP-010 (Parts1&2)
ACS-2 Fusion Bonded Epoxy for line pipe ISO 21809-2
ACS-3 Modified bitumen enamel coating for line pipe | IGS-M-TP-016
ACS-4A | Coal tar enamel coating for line pipe BS 4164 & BS 7873
ACS-4B | Bitumen enamel coating for line pipe BS EN 10300
ACS-5 Hand applied 3PLY tape IGS-M-TP-014-2-C
ACS-6 Hand applied laminated bituminous tape IGS-M-TP-014-5
ACS-7 Hand applied laminated tape IGS-M-TP-014-4
ACS-8 Shop or field applied two-component EP NACE RP 01 05
ACS-9 Shop or field applied two-component PUR IGS-M-TP-020

High temperature 3-Layer heat shrinkable
ACS-10 | sleeve system for service temperature up to IGS-M-TP-014-3(1)
80°C.

3-Layer heat shrinkable sleeve system (hot

ACS-11 melt adhesive) for service temperature up to IGS-M-TP-014-6

60°C.
2-Layer heat shrinkable sleeve (mastic
ACS-12 IGS-M-TP-014-7
adhesive) for service temperature up to 50°C.
ACS-13 | Polymer modified bitumen membrane IGS-M-TP-014-2-A
ACS-14 | Hand applied petrolatum tape IPS-M-TP-317
Pressure sensitive , hand applied laminated
ACS-15 See ANNEX A

tape for elevated temperatures

ACS-16 | Field Applied FBE for field girth welds NACE RP 04 02




N.LG.C

Nov. 2008

IGS-R-TP-024(0)

TABLE 2: EXTERNAL PIPE COATINGS, HIGH PRESSURE LARGE DIAMETER GAS
TRANSMISSION PIPELINES (OD 2 24")

Categories GERICHEEOatng Remarks
systems
Pipe body ACS-1 ACS-2 is recommended to be used in
ACS-2 the following conditions:
ACS-3 - non-rocky terrains
- Where handling of line pipes from pipe
coating plant to construction site is
done in controlled-manner with limited
damage to pipe surface. *
ACS-3 is not recommended to be used
in the following conditions :
- In tropical environments.
- On line pipes larger than 30" OD. **
Field girth welds ACS-8 ACS-13 should be used only with
ACS-10 ACS-3
ACS-13 ACS-8 & ACS-16 should be used only
ACS-16 with ACS-2.
Buried pipes , ACS-5
Fittings, ACS-8
appurtenances and ACS-9
spool pieces (in ACS-10
stations) ACS-13
ACS-15
ACS-16
Buried Valves ACS-8 The valves body should preferably
ACS-9 factory coated.
ACS-14

* In rocky areas the FBE coating system shall be used with rockguard materials
(Rockshield) and dual layer FBE have been developed for harsher pipeline
environments (procedures shall be required for the transportation, storage and
construction of FBE coated line pipes).

**The ACS- 3 coating system overcoated with Polypropylene extruded sheet
having 1 mm thickness(min.) have been used on some 48" projects with
satisfactory results, although additional investigation is under process for final

decision.
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TABLE 3: EXTERNAL PIPE COATINGS, BRANCH AND SERVICE LINES (OD< 24")

Categories A:pproved Remarks
coating systems
Pipe body ACS-1 ACS-2 is recommended to be used in
ACS-2 the following conditions:
ACS-3 - non-rocky terrains
ACS-4A** - Where handling of line pipes from pipe
ACS-4B** coating plant to construction site is
done in controlled-manner with limited
damage to pipe surface._*
ACS-3, ACS-4A and ACS-4B coating
systems are not recommended to be
used in tropical environments.
ACS-4B coating systems is not
recommended to be used on line pipes
larger than 12"0D.
Field girth welds ACS-5 ACS-6 should be used only with ACS-4A
ACS-6 & ACS-4B.
ACS-8 ACS-13 should be used with ACS-3 &
ACS-11 ACS-4B.
ACS-12 ACS-8 & ACS-16 should be used with
ACS-13 ACS-2.
ACS-16
Buried pipes , Fittings, ACS-5 Use ACS-5, ACS-6 & ACS-16 when
appurtenances ACS-6 these coating systems are used on the
and spool pieces ACS-8 pipe body.
(in stations) ACS-9
ACS-13
ACS-16
Buried Valves ACS-8 The valves body should preferably
ACS-9 factory coated.
ACS-14

* In rocky areas the FBE coating system shall be used with rockguard materials
(Rockshield). Dual-layer FBE have been developed for harsher pipeline
environments. Procedures shall be required for the transportation, storage and
construction of FBE coated line pipes.

** It is recommended that the ACS- 4A and ACS-4B coating systems to be
selected in conditions where the using of other coating systems is not applicable.

10
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TABLE 4: RECOMMENDED MATERIALS FOR PROTECTION OF FIELD GIRTH WELDS

Possible components of differing types Choice of field girth welds coating
of coating on each side of a weld Preferred Option
ACS-1 ACS-1
ACS-1 ACS-2 ACS-10*

ACS-8 ACS-11* ACS-5**
ACS-1 ACS-12**
ACS-1 ACS-9
ACS-1 ACS-4A ACS-6
ACS-1 ACS-4B

ACS-8

ACS-2 ACS-2 ACS-16

ACS-8 ACS-10*
ACS-2 ACS-11*
ACS-2 ACS-9
ACS-8 ACS-8 ACS-8 ACS-10
ACS-8 ACS-9 ACS-8 or ACS-9 ACS-11
ACS-9 ACS-9 ACS-9
ACS-4A or ACS-4B | FBE -

ACS-6 ACS-8

ACS-4A or ACS-4B | ACS-8 or ACS-9
ACS-4A or ACS-4B | ACS-4A or ACS-4B
ACS-3 ACS-2
ACS-3 ACS-8 or ACS-9
ACS-3 ACS3 ACS-13 ACS-6
ACS-3 ACS-1
ACS-5 or ACS-7 ACS-1
ACS-5 or ACS-7 ACS-2
ACS-5or ACS-7 | ACS-8 or ACS-9 ACS-5 ACS-7
ACS-5 or ACS-7 ACS-5 or ACS-7
ACS-5 or ACS-7 ACS-4A or ACS-4B ACS-6

*

NIGC strongly recommends use of the induction heater post-heating method for

applying H.S.Sleeves on pipeline with OD greater than 24 inches.

** This option is recommended for Branch & Service lines(see table 3).

% %k %

The junction of ACS-4A or ACS-4B and two — component liquids (ACS-8 or ACS-9)

shall be over wrapped with ACS-6.
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TABLE 5: RECOMMENDED REPAIR SYSTEM
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Existing factory/ field Repair systems
applied coatings |~ — "7 Preferred =TT=- -Oai(-)r-l ____
Melt stick , repair patch (with
ACS-1 filler mastic) , heat shrinkable
Sleeve(see ACS-10 , ACS-11 & -
ACS-12)
ACS-16 .
Heat shrinkable sleeve/
ACS-2 ACS-8(Spray or brush/ trowel | ;. catch(see ACS-10 &
applied) ACS-11)
ACS-3 ACS-13 -
ACS-4A ACS-6 Hot enamel dope
ACS-4B ACS-6 Hot enamel dope
ACS-8 (Spray or brush/ trowel
ACS-8 applied) -
ACS-9 (Spray or brush/ trowel
ACS-9 applied) -
ACS-5 ACS-5 -
ACS-7 ACS-7 -
ACS-15 ACS-15 -
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TABLE 6: TYPES OF APPROVED PIPELINE COATING AND THEIR CHARACTERISTICS

(S:oatmg Advantages Limitations
ystem
- Lowest current requirements - Factory coating application parameters
- Excellent resistance to cathodic are very critical requiring strict quality
disbondment control
- Excellent adhesion to steel - Higher initial cost
- Excellent resistance to - Shielding of CP current is possible
hydrocarbons (possibility of coating disbondment)
- High impact and abrasion - If the FBE layer fails the entire coating
resistance system affected.
- High electrical insulation - Repairs are difficult and susceptible to
ACS-1 re.sistanc_e soil stress _ . _
- High resistance to water - Due to the main corrosion protection
permeation layer being hidden under other layers
- Is not affected by soil stress difficult to determine if application is
- Easy handling during good(the polyethylene can hide many
transportation and construction faults)
activities
- Resistant to many chemicals,
environmental and bacterial attack
- Excellent bendability
- Service temperature: -20 to +80°C
-Low current requirements -High moisture absorption
- Excellent resistance to cathodic - UV rays can cause the FBE to chalk
disbondment when stored in direct sunlight for long
-Excellent adhesion to steel periods of time (top coatings available
- Excellent resistance to for UV protection)
hydrocarbons - Lower impact and abrasion
- Excellent soil stress resistance resistance(compared to 3LPE)
-No known instances of SCC - Susceptible to damage during
ACS-2 - Coating is visible and easy to transportation and backfilling
inspect, application issues are - Not suitable for use in rocky
solved immediately environments as stand-alone coating
- Pipeline can be coated for full - Exacting application parameters
length with same coating material - FBE Field joint application parameters
-Non shielding of CP are critical and require trained
- Excellent chemical resistance operators and QC
- Excellent oxygen barrier
- Service temperature: -20 to +120°C
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- Minimum holiday susceptibility
( due to self healing properties)

- Low current requirement for cp

- Good resistance to cathodic
disbondment

- The coating system with the
same quality field joint coating

- Good adhesion to steel

- Ease of application

- Non polluting

- Easy repair procedure using the
same coating material that is on

- Limited bendability at higher ambient
temperatures

- Low chemical resistance,

Limited manufacturers

Limited applicators

Limited ambient temperature

resistance

Max. operating temp. : unknown

Limited track record of using for
underground or submerged metal
corrosion protection in the world

Handling and installation restrictions

ACS-3 the pipe body in tropical environments
-Plant applied(compared to ACS-4A
and ACS-4B)
- Very good electrical insulating
properties
- No known instances of CP
shielding
- No known instances of cold flow
- No known instances of SCC
- No known instances of Soil
Stress
- Minimum holiday susceptibility - Limited manufacturers
- Lower current requirements with | -Health and air quality concerns
respect to ACS-4B - Soil stress may cause the coating to
- Good resistance to cathodic wrinkle, crack, disbonded and expose
disbondment steel surfaces
- Good adhesion to steel - CP requirements increases as the
- Very good electrical insulating coating ages .
ACS-4A properties - Operating temperatures are normally

- Low water permeation
- Resists bacterial attack and root
penetration

limited to 65°c.

- "Cold flow" (leaving the top of the pipe
without adequate coating especially on
high temperature pipelines)

-Low soil stress resistance

-Susceptible to SCC

- Limited bendability
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ACS-4B

- Good adhesion to steel

- Good electrical insulating
properties

- Non polluting environment

- Soil stress may cause the coating to
wrinkle, crack, disbond and expose
steel surfaces

- CP requirements increases as the
coating ages

- Operating temperatures are normally
limited to 60°C

- "cold flow" (leaving the top of the pipe
without adequate coating especially on
high temperature pipelines)

-Low soil stress resistance

-Susceptible to SCC

- Root penetration

-Low chemical resistance

- Brittle at low ambient temperatures

- Sags at high ambient temperatures

- Limited bendability

- Handling and installation restrictions in
tropical environments

15




N.LG.C Nov. 2008 IGS-R-TP-024(0)

Annex A

ACS-15

TYPE OF COATING

Pressure-sensitive, hand-applied tape-wrap for elevated temperature service

II.

a)

b)

c)

d)

e)

a)

b)

GENERAL DATA

uses: for onshore buried services. Primarily used for in-plant piping and for
pipeline coating renovation on lines operating in the temperature range 55 to
100°C.
coating system: primer

inner wrap tape

outer wrap tape
Not suitable for: continuous contact with hydrocarbons, including oil —
contaminated ground water.
service limitations:
temperature: min. -30°C

max. +100°C

Purchase specification or other product/performance requirements:
Minimum tape thickness = 0.64 mm.
Polyethylene backing.
Butyl rubber adhesive with minimum TMA softening point equal to 100°C
(Test method: ISO 11359).
Minimum allowable 180 degrees peel strength per ASTM D1000 shall be 1
N/mm for tape-to-tape and 2 N/mm tape-to—steel when applied over dry
primer.
Maximum allowable slippage in Alyeska tape shear test shall be 15 mm at
80° C (Test method: TP-206)* .

SURFACE PREPARATION AND COATING APPLICATION REQUIREMENTS

Commercial blast, Sa2. Double wrap required. Outer wrap required for all
services.
Compatible repair coatings : ACS-15

* See Annex C.
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PIPELINE REHABILITATION COATING SYSTEMS

B.1 coating materials
There are a number of coating materials available for using in pipeline
rehabilitation, each with its own particular set of advantages and disadvantages.
The most common materials type and characteristics are listed in table B1.

TABLE B1: TYPES OF COATING FOR USEING IN PIPELINE REHABILITATION

Type Advantages Limitations
Minimum surface preparation Tenting at weld seam is unknown
Backfill time Shielding CP from soil is
Ease of application unknown
High electrical resistance Soil stress resistance is unknown
ACS-5 Minimum holiday susceptibility Susceptibility to SCC is unknown
Very good adhesion to steel Susceptible to bacterial attack
Low energy required for application (due to butyl rubber adhesive)
Limited max. operating
temperature (<50°C)
Fast curing Less resistant to cathodic
Low temperature cure disbondment than ACS-8
Good soil stress resistance Adversely affected by moisture or
No known instances of SCC high humidity
ACS-9 Lower backfill time than ACS-8 Higher moisture absorption
compared to ACS-8
Acid / alkali attack
Limited max. operating
temperature (<60°C)
Good adhesion Longer cure time compared to
Good mechanical properties ACS-9
Good soil stress resistance slow cure below 5°C
Immersion resistance
Good cathodic disbondment
ACS-8 resistance

Good performance in wet conditions
No known instances of SCC
Suitable for pipelines with operating
temperature of higher than 60°C
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B.2 Materials selection: liquid epoxy / liquid polyurethane

With all coating systems, there are trade-offs in application and performance
characteristics. Through improvements in chemistry, rehabilitation materials for
pipeline — coating replacement have properties approaching that of premium-
grade, plant applied FBE materials (see table B2). Selection depends on balancing
factors like requirements for backfill time, material cost, and performance.
Typically, epoxy is the coating of choice, unless the temperature at the time of
application is too low or the time to backfill is critical.

TABLE B2: REHABILITATION COATINGS NOW HAVE PERFORMANCE PROPERTIES
APPROACHING THOSE OF PREMIUM - GRADE FBE MATERIALS

Test /Property ACS-2 ACS-8 ACS-9
Cathodic disbondment resistance 43 6.5 9
— 14 days, 65°C, 1.5V, mm radius ) )
Impact — ASTM G-14, 16mm tup,
23+2° C( Jules) 2.4 2.8 3.2
Material cost per unit volume X 31X 26X
Moisture vapor transmission G/
(mil) (square inches) (24 h) 18 18 4.3
Time to backfill at 23t2°C ) 160 30
(minutes)
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Annex C
(TP 206)

ALEYSKA SHEAR STRESS TEST

4.1.1 The purpose of this test is to determine if the sleeve has adequate resistance
to shear stresses that might result from friction between the coating and the
ground during pipe movement . The normal and shear loads simulate the forces
experienced actual operation due to back—fill and to pipe movement .

4.1.2 The test set—up is shown schematically in figure 1.

4.1.3 A strip cut from a heat shrink sleeve is bonded to a degreased steel plate by
applying a load of approximately 34 kPa (5 psi) and placing in an oven at the
vendor-recommended application temperature (typically about 150°C) for a
minimum of 4 hours . After removal from the oven , the joint shall remain at room
temperature for one day before testing . The 34 kPa load shall remain on the test
joint during cool down . The bonded strip of heat shrink sleeve shall be trimmed to
a final size of 15.2 cm (6.0 inch) long by 3.1 cm (1.2 inch) wide . The test fixture , the
coated plate , and the weights are then conditioned in an oven at the test
temperature for 5 hours prior to testing .

4.1.4 The coating plate is fixed in place on the text fixture . The 18.6 kg normal load
and the 6.8 kg shear load are applied (Note: the 18.6 kg weight has coarse
sandpaper (120 grit) bonded to it , rough side exposed , so that is will not slip on
the coating during the test) .

4.1.5 A dial indicator , reading to the nearest 0.025 mm (0.001 inch) is set in contact
with the upper , moveable weight and zeroed . Readings are taken after 18 hours ,
25 hours , and 50 hours and reported to the nearest 0.025 mm .

4.1.6 The test report shall include the dimensions of the coating strip , weights
used , test temperature (including tolerance) , surface preparation of the steel
panels , amount of movement after the time intervals given in paragraph 4.1.5, and
the time to complete failure (if complete failure occurs within the 50 hour test
period) .
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Figure 1 — Test setup for TP-206 — Alyeska Shear Stress test

Naormal Load:

l 18.6 kg

//— Sandpaper
Bonded ta Uoner
Upper, Movable
Plate

L Lower, Fixed

Fixed Plate

Backplate ’
Adhesive Bond

Sleeve Backingj

Shear Load:
6.8 kg
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