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Sliding-plug surge relief valve
helps meet DOT requirements

Ron Kennedy, M&] Valve,
Houston, Texas

C ontrolling transient surges in
liquid pipe lines is complex and
requires considerably more than
a simple “rule-of-thumb” approach. It
is a vital phase of pipe line design and
can involve potentially large dollar and
physical losses, if inadequate.

Complete unsteady-state analysis is
required to properly determine not only
if surge transients will occur, but also the
best design techniques to abate surges.

Under Department of Transportation
(DOT) regulations, pipe line operators,
must provided adequate controls and
protective equipment to control pres-
sures within 110% of the line’s operat-
ing pressure limit during surges. Axial-
flow, gas-loaded relief valves can provide
a cost-effective efficient way to provide
protection for most pipe lines.

Hydraulic systems, from simple
household water piping to complex
petrochemical processes, is subject to
“water hammer” (surge pressures) if
something causes the fluid velocity in
the pipe to change suddenly. Typical

Hydraulic systems are
subject to water hammer
when fluid velocity in
the pipe line
suddenly changes

which travel upstream and downstream
from the point of origin. Pressure in the
line behind these propagating waves in-
creases or decreases rapidly. This is com-
monly known as hydraulic transient
surge of “water hammer.” Typical propa-
gation velocities range from 1,100 feet
pet second (fps) for a water line to 3,300
fps for a typical crude oil line.

The following simplified equation
provides a rough estimate of the maxi-
mum surge pressure in a liquid-filled
pipe line when a surge occurs:

P =0.8 wV (“Pipeline Rules of Thumb
Handbook”—page 270)

where P = surge pressure, psi

w = liquid weight per cubic foot,
pounds

V = velocity change, feet per second

A quick generality is for each foot/

second fluid velocity change, pressure
will change about 50 psi. For example,
a pipe line operating at 400 psig pres-
sure with a fluid velocity change of 10
fps will undergo a pressure rise of 500
psi. This rise added to the operating
pressure of 400 psig means the line will
be subjected to a pressure surge of 900
psig. For an ANSI 300# class system,
900 psig surge pressure is above the
maximum allowable working pressure
(MAWP) of the system.

The dashed line in Fig. 1 shows typi-
cal pressure/time history obtained down-
stream of a pump station following pump
“uip.” As pumping stops, flow into the
pipe line drops rapidly, but the liquid
colulmn in the line continues flowing
from its own momentum leaving behind
a low-pressure region. Eventually an
opposing force from a static head over-
comes the momentum, which in turn ac-
celerates the liquid column back towards
the pumping station.

The pump discharge non-return
check valve closes during this process. In
turn, a rapid pressure rise occurs as the
pipe line fluid impinges on the closed
valve. The initial pipe line fluid velocity,
the static head, the

pipe line causes are
pump failure, rapid
block valve closing,
a non-return check
valve slamming
shut, emergency
shutdown (ESD) of
a tanker loading sys-
tem, ora pump com-
ing on or tripping.
The magnitude of
surge pressures vary
from virtually un-
detectable to severe
enough to cause
major damage.
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Fig. 1. Typical pressure/time history with and without surge relief protection.
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Fig. 2. Pressure/time history at an EDS valve.

rating the pump and pipe line.

As the valve closes and starts to restrict
flow, upstream pressure rises and down-
stream pressure falls. Initially, the pump
is delivering flow from A to B at a ve-
locity V through the length of pipe line
L. As the valve at B suddenly nears shut-
off, the flow rate at B is reduced, caus-
ing increased upstream pressure. This
pressure rise is transmitted back through
the system at the calculated wave veloc-
ity so the effects of valve closure are first
experienced at the pump in L/C seconds
(length in feet divided by wavespeed in
feet per second) after the flowrate de-
creases at the valve.

Due to this pressure increase, the
flowrate at the pump falls to a new low
value, dependent upon the pump head/
flow characteristics. This flow change is
then transmitted back down the pipe
line to the valve where effects are expe-
rienced in 2 (L/C) seconds (or one pipe
line period) after valve pressure. Fig. 2
similarly graphs typical pressure/time ef-
fects upstream of a valve closure.

In addition to the surge pressure
created by rapid valve closure, long
pipe lines also are subject to a long,
slow pressure rise phenomenon known
as “line pack.” To overcome frictional
losses in the pipe line, pumps must
generate higher discharge pressure to
move the liquid column downstream.
Pump flow is maintained for a substan-
tial time after valve closure as the pump
continues to pack the line. In most cas-
es, pressure oscillation in the line dur-
ing this period results in a final pressure
locked between the pump non-return
check valve and closed pipe line valve,
which will exceed the maximum pump
discharge pressure.

Inadequate surge protection. With-
out proper surge protection, various me-
chanical problems can and often do arise.
Here are the more common ones;

* Axial separation of flanges

* Dipe fatigue failure at welds

* Longitudinal pipe splits

e Pumps knocked out of alignment

e Severe damage to piping and pip-
ing supports

* Damage to specialized components
such as loading arms, hoses, filters, bel-
lows, etc.

Controlling surges. The Joukowski
equation for change in head pressure is:
h = CAV/g
where h = head change
C = wavespeed
V = fluid velocity change
g= gravitational constant

The gravitational constant cannot
be changed, and the wavespeed of the
flowing media stays basically constant.
The only variable, therefore, is AV. This
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means the key to surge control is to keep
the fluid-velocity change (AV) down in
steps to stay within the pressure rating of
pipe and fittings.

Various design approaches to alleviate
surge pressure in pipe line include:

e Complete computer modeling of
pipe line profiles during initial stages of
line design

e Staged pump shut-down se-
quences

* Linked ships/shore ESD (loading
and off-loading tankers)

* Staged emergency shut-down or
motor-operated actuators to  control
valve closure times

¢ Selection of proper surge-pressure
relief systems, including determination
of the lowest set pressure and location
immediately upstream of critical ESD or
motor-operated valve (MOV) valves or
other sources of surge pressures.

A completed computer model of pipe
line profile should be completed early in
the design stage. Computer-based simu-
lation techniques are used be experi-
enced engineers to determine the effects
of unsteady liquid flow transmission in
the line and piped networks. Solutions
to operational and control problems in-
detified during this phase can be evalu-
ated and verified.

Staging pump shutdowns in conjunc-
tion with closing main pipe line valves
can help cancel the high-pressure wave
traveling upstream fro ma closing ESD
or MOV valve. Pump shutdowns can be
controlled from remote or local high-
pressure or low-flow sensors.

Tanker loading surge control. One
of the most difficult surge problems
occurs during tanker loading. Histori-
cally, if the tanker’s ESD valve shuts
in, the pump continues to operate for
some time after valve closure. Surge
pressure conditions previously outlined
usually occur.

The surge pressures can be reduced or
eliminated by incorporating alinked ESD
system where ESD is initiated aboard
the tanker to trip the pumps. A proper
ESD-valve closure time allows pipe line
flow to decay slowly. Such a system must
insure that transfer-pump shutdown oc-
curs first. Studies have confirmed this ap-
proach provides considerable reduction
in maximum surge pressure.

As previously discussed, valve closure
time effects surge pressures in any pipe
line. Closing cycles of various styles of
valves can be used in considering total
closing time to achieve a more gradual
flow decay.
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Fig. 6. Versatile axial flow surge relief
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Surge pressure relief. Although the
above design approaches help alleviate
surge pressures in pipe lines, a properly
designed surge-pressure relief facility will
insure system protection. The type and
location of a relief facility is governed by
two factors: set pressure and location.

By using the lowest set pressure al-
lowed by a hydraulic transient surge
study, the smallest and most inexpen-
sive equipment can be used. All relief
facilities should be located nearest the
point where increased pressure can oc-
cur—the main pipe line ESD or MOV
valve. Figs. 3, 4 and 5 illustrate recom-
mended locations of a surge relief sys-
tem for typical pipe line ship-loading/
unloading installations.

Once the surge relief facility location
ahs been decided, the next decision is
what type of surge-abatement equipment
to install. Three types are available.

* Accumulators are gas pre-charged
bladder type vessels, which expel the
products immediately back into the sys-
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tem. They are ready for immediate reuse
after a pressure surge has occurred. The
main disadvantage to bladder systems is
that a single accumulator can relieve only
a small amount of liquid. A large bank
of accumulators may be required, and
this is expensive and requires additional
space for installation.

* Rupture discs relive as a specified
setpoint and provide high-volume relief.
The main disadvantage is the discs must
be replaced after rupture, and the system
must be shut in to do this. The down-
time of depressurizing the line, replacing
the disc, and re-pressurizing is onerous in
most cases. Another disadvantage to rup-
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Fig. 7. Axial flow surge relief valve in test loop.
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ture discs is the tendency towards metal
fatigue with resultant premature relief
and the operational problems associated.

* Relief valves can handle large liquid
volumes and will automatically return to
its normal closed position immediately
after surge pressure relief so as to pro-
vide continual protection. Two types are
available: spring-loaded and gas-loaded.

Although spring-loaded safety valves
are sometimes used, they can present a
problem. Because they use a full-rated
spring, they can slam open and closed
during relief; this “chattering” can create
secondary surge waves. Furthermore, lig-
uid relief capacity is usually limited.



The relief valve which has gained wid-
est acceptance and become the choice
for most users I the gas-loaded axial-flow
style valve.

These valves are direct acting. They
track and abate peak surge waves before
the pressure rises above the operating
pressure of the pipe and fittings during a
transient surge event. They automatical-
ly return to the normal closed position
as the surge wave decays so as to provide
continuous protection automatically.

Gas-located axial flow relief valves
(Fig. 6) offer the best overall protection
in surge systems. Nitrogen gas charges
the relief valve to a recommended valve
set pressure. Anytime a surge pressure
rises above the set pressure it immedi-
ately forces the sliding plug full open for
unrestricted axial flow through the valve.
The valve thus automatically opens and
closes in direct response to pressure in-
crease and decay in the pipe line.

Fig. 7 shows pressure/time histories
for the configurations of Fig. 1 and 3
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modified by adding the modulating
surge valve protection.

When selecting pressure relief equip-
ment, it is important to examine equip-
ment as well as the dynamic response
of the piping system, preferences of en-
gineering and maintenance personnel,
plus any design constraints that may be
applicable because of product or terrain
over which the pipe line travels.

Conclusion. With employee safety and
environmental concerns added to those
over equipment protection, it is obvious
that all liquid pipe lines must be protect-
ed. For example, DOT “9 CFR Ch. 1
(10-1-88 Edition)” states: “(b) No opera-
tor may permit the pressure in a pipe line
during surges or other variations from
normal operations to exceed 110% of
the operating pressure limit established
under paragraph (a) of this section. Each
operator must provide adequate controls
and protective equipment to control
pressure within this limit.

The author

Ron Kennedy, sales man-
ager of DANFLOW Control
Valves at M&J Valve, has
been with the company
since 1986. He earned
his BBA in marketing at
the University of Houston,
worked for several oilfield
service and controls companies, and had his
own firm for 10 years. He is active in his local
school district, has been an active volunteer
fire fighter for over 15 years, and is a member
of the Instrument Society of America. He has
taught numerous classes at various measure-
ment schools.

The use of axial-flow gas-loaded relief
valves can provide reliable and cost-effec-
tive protection for most pipe lines.
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