see Utilities Lines sheet
{Note 2) Same as for Flara lines
PV maxi - pV* 15000 Pa (see Utilities Lines sheet)
{Pa) (Mote 3)
P < 20 bar E0D0 - for allowable AP, see annex 2 (identical to
20<P<50 barg| 7500 Guide Book 4.4.1 "Piping”, chap. |, Graph I3, AP norm = 0.2 barfkm
50<P<80 barg| 10000 “Atlowable differential pressure”) pV2 criteria AP max = 0.45 barkm
Pz80barg 15000
Vmax =183 mis
AP max = 3.5 barkm v

(Mcte 5)
W max =90 m/s AP norm = 0.2 barkm
¥ AP tot max =5 mm Hg

AP max = 0.4 barkm C factor criteria (Note 6)

Y ¥
PV maxi AP max=|P1-P2|
AP norm = 0.2 barfkm AP nom = 0.45 barkm {Pal
AP max = 0.7 barfkm AP max = 1.1 bar/km P<S0barg 10 oV maxi
E0<P<A0 bar g 15000 Pal 1o 2
Pz80barg 25000 Fs20barg
20<P<60 barg 7500
[ B0<P<80 barg 10000
[ Peoobarg 15000
-V max value shall be consistent with the pV* o

criteria used for general gas lines design
- velocity shall be imited in the range given in annex 1
(identical to Guide Book 4.4.1 " Piping”, chap. Il, Graph I1.2)

depending on compressor type.
Note : 1 Reactor inlet / oullet lines shall be sized on the basis of the pressure drap allocated to the reaction leop, or on the basis of a pV® criteria.
2 For gases and steam, it may be allowed to exceed this Emit when the conditions allow it {(steam let down staticns for ir } or require it (] ping of instance), However, 25000 Pa is the value not to be exceeded.
3 PV criteria is considered for high pressure columns,
4 Tnese crileria are available for the pre-design of such lines. The Heat Transfer Department (P315) is in charge of the final design.
5 However, this méinimal velocity should not be interpreted as an absolute criteria. Higher velocities are accpetadle when pipe routing/valve choicef/placement are done to mnimize or isolate nolse.
-] Identical C values are used for mixed phase or gas flowlines in petroleum/gas production (see mixed phase logigram).
7 For more details, see AP| 14E - Section 2 "Fiping Design”.
8

Compressor anti surge lines design is on the basis of the intermitient cperations lines criteria.



~ (Note 3)
Suction [
¢ (Note 4) *
Lo ) Liquid far AP norm = 0.6 bar/km
Liquid at bubble point from bubble AP max = 0.9 barfkm
or with dissolved gas N
point AP max = 0.45 bar/km AP max = 0.4 bar/km
(Note 1) (Mote 1) Diameter | v max V norm = 0.6 m/s AP norm = 0.2 bar/km
(inch) | (mis) v {Note 5) | Vmin=09mis
bs2" 06 Vnorm=2m/s Vmax=46m's
4z 3" 09 V max =3 mls
AP norm = 0.6 barlkm AP norm = 2.3 bar/km (Note 2)
AP max = 0.9 barfkm AP max = 3.5 bar/km
Diameter V max Diameter V max
(inch) (mis) (inch) (mis)
ps2" 0,6 =2 08
3 =ps 100 0,2 3'=p=10" 2
12" =4 = 18" 1,2 12" <4 =18" 5
¢z 20" 1.5 $=20" 8
[ Discharge |«
i
. Y v
P=50barg
AP norm = 3.5 bar/lkm AP norm =7 bar/km
AP max = 4.5 bar/km AP max = 9 bar/km
Maxirmum velocity

From 1.5 m/s for small diameter lines
to 3 m/s for the biggest lines

When calculating pressure drops for very hot liquid (T > 300 °C), it is recommended to remain conservative and to provide an additional safety margin to take into account AP due 1o expansion loaps.

At the inlet of a storage vessel or the inlet of a loading point (over a length between 50 to 100 meters) for JP1, JP4, Kerosene and lamp oil, V max = 1 m/s due to static electricity risks.

If draw-off flows towards a pump suction, a vertical pipe portion {at least 3 m long) shall be installed as close as possible to the tower, immediately after the nozzle.

The NPSH available has to be in accordance with the installed pump required NPSH. For alternative or reciprocative pumps, the NPSH has to be calculated, according to specific procedure taking into account fluid acceleration.
When natural circulation reboiler is fed by a liquid draw-off tray, a vertical pipe portion (at least 3 meters long) shall be installed at the outlet of the column, with V max = 0.45 m/s all along the pipe portion

Those criteria are available for pre-design, but in any case the Heat Transfer Department (P315) is in charge of the design of such process lines.

For more details, see API 14E - Section 2 "Piping Design".

bW =
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Vavg=10to23 mis (Note 3) Atmospheric transfer line
(pV? avg = 5000 to 10000 Pa { Carbon steel small unit : 3 bar/km
(15000 Pa maxi) Alloy steel small unit : 5 to 7 bar/km

Note :

~ @ th ok =

w

(Note 6)

Alloy steel big unit : 2 to 3 barfkm
Total allocated AP : 0.5 bar

v Vacuum transfer line

% sound velocity : 80

AP max = 0.45 bar/km Total allocated AP : 0.35 bar
V norm = 0.8 m/s v

- Gonstraint of a continuous flow regime 4

(annular or dispersed in most of cases)

Solid-free fluids

(Note 9)

C = 100 for continuous service for Carbon
C = 125 for intermittent service Steel pipes

(Notes 4,7 & 8)

G = 250 for intermittent service

C = 150-200 for continuous service } for Corrosion Resistant

Vmin=3m/s (Note 5)

Alloys pipes

- Friction and acceleration pressure drops in the exit piping should never exceed

- (pV? avg = 6000 Pa { - Constraint of an annular flow (Note 1)

approximatively 0.35 times the total driving head

Empirical formulae enable to estimate the aptimum diameter and pressure drop :

opt = 0.737 - QY2 -[—"’V

P X

ﬁP=2x10?-pm-Vm--:§

For calculations and chart use, average specific gravity and average velocity of the mixed phase shall be conslider.

Same criterion as for condenser inlet with average density method.

Reactor inletfoutlet lines shall be sized on the basis of the pressure drop allocated to the reaction loop or on the basis of a pv2 criterion.
According to API 14E, the C criterion can be increased depending on the material pipe properties (corrosion resistance, thickness).
Especially for long lines with elevation changes, in order to minimize slugging of separation equipment

0.167
] with

Py
pL

41 X
AP
pm
Vm
L
D

For more details, see Engineering Book 4.2.5 "Rebollers", chapter IV. In any case, the Heat Exchanger Department is in charge of the design of those lines.

The empirical constant C is defined by the following empirical equation (see API 14 E, Fifth Edition, 1991) :
o Vsz ~1.488 .02 with : Ve is the fluid erosional velocity (m/s)
p Is the gas/liquid mixture density at flowing pressure and temperature (kg/m*3)
C values up to 250 have been successfully used (BP used C values equal to 400, but such values are not recommended by AP 14E).
For more details, see API 14E - Section 2 "Piping Design".

b opt
Qv

in inches
vapor volume flowrate in m3th
vapor density in kg/m3

liquid density in ka/m3

weight vaporized fraction

pressure drop in bar

average density of the mixed phase in kg/m3
average velocity of the mixed phase in m/s
piping lenght in m

pipe diameter inm



between pumping
station and units

AP norm = 1.5 bar/km
Vmax=15to3mis

inside unit
battery limits

AP norm = 1.5 bar/km for long lines
AP norm = 2.5 to 3.5 bar/km for short lines

(Note 5)
Diameter | V max
(inch) (m/s)
b= 2" 1.5
=3 2
=4" 25
pz6" 3
v
Long lines (Note 3)
AP norm AP max . V max (m/s) pV2
(barikm) Dl;r:nc;t)er saturated superheated| maxi
steam steam (Pa) _
1 bar 0, 0,24 652" 0 15 5000
10-30 bar 0.2 0,92 3"56s8" 30 40 5000
40 bar 0,35 0,92 b= 10" 40 60 5000
(Note 2)
Short lines
AP norm AP max N V max (m/s) pVE
(bar/km) Dngg‘:czt)er saturated superheated| maxi
steam steam (Pa)
1 bar 0,46 0,92 $<2" 10 15 15000
10-30 bar 1,16 23 3 5p=8" 30 40 15000
40 bar 1,16 23 $=10" 40 60 15000
(Note 2)
Note :

2. N
1 Critical velocity Verit is calculated using the following formula (for ideal gas): Vert = \"_:; %

v

V max = 2.5 0 3.5 mfs

(2 mfs mini)

[ |
[P <50bar | [P >50bar]

AP max = 7 to 9 bar/km
Vmax=3to6mis

Y

AP max = 3.5 to 4.5 bar/km
Vmax=3to6mis

(Note 4)

AP max = 3.5 to 4.5 barfkm

Long water
lines
in carbon steel

Water lines
in Bonna

Retumn lines
for condensates
with mixed phase

r

V max = 2.5 to 3.0 m/s (max)

AP norm = 0.58 barfkm
AP max = 1.16 bar/km

Upstream
the
RV

Downstream
the
RV / BDV

*for CS cement lines
V max = 3m/s

*for GRP lines
V norm = 2.5 m/s
V max = 3mis

This criterion can change, depending on Client's standards, and can reach 0.7 V crit

LS B O )

with :

AP max < 3% P set pressure
(see AP 520)

erit in m/s

v = isentropic expansion (Cp/Cv for ideal gas)

R = 8314 J/Kikmol

Ta = fluid temperature upstream relief-valve in °K
PM = fluid molecular weight (kg/kmoles)

For imporiant variable pressure drop (in a pressure let down for instance), higher AP may be allowed and the p V2 limit can be extended to 25000 Pa

Special attention must be brought to the pressure drop of long lines (in off sites for example) feeding turbines in order to enable delivery and extraction of steam at the conditions specified for these machines.
Flare system design is the subject of a specific guide book. Specific computer programs ("TORCHE" or "Flarensl”) must be used for the design.
AP max criterion is a case by case analysis

AP norm = 0.2 to 0.3 bar'km
{V avg) max =10 to 20 m/s

V max= 0.2V crit - 0.5V crit
(see specific guide book "Torche" and Note 1)



