SPECIALREPORT

and S. RAHIMI MOFRAD, Petrofac Er

ipe rupture due to thermal expansion of blocked liquid
between process valves may cause limiting effects, but it

could produce unacceptable consequences, cspc‘cia”y with
dangerous liquids. Most references provide proper guidelines
regarding thermal expansion relief valve requirements; however,
there is no straight forward method to specify when a thermal
relief valve (TRV) is required. Furthermore, in the absence of a
step-wise approach, sometimes the TRV is provided based on the
fluid's volume or nature (hazardous or flam mability) while check-
ing thermal expansion's initial requirements has been mistakenly
neglected.

TRV requirement. Fig. 1 is a simple flowchart represent-
ing questions regarding decisions for a TRV requirement for
a specific pipe or equipment, Equipment refers to any process
volume including different types of heat exchangers, air cool-
ers, vessels and pumps thar satisfy the liquid thermal expansion
initial requirements. The decision flowchart consists of three
boxes. Box 1 checks the initial requirements needed for initiat-
ing thermal expansion, while Box 2 investigates existing safety
measures, design provisions and other alternatives that may be
utilized instead of TRVs. The consequences of equipment/pipe
rupture on human health, safety and environmental aspects,
equipment integrity, and economical and operational cost fol-
lowed by ruptures, are reviewed in Box 3. If any of these con-
sequences are not tolerated, then a TRV should be provided to
direct the excess blocked liquid to the confined volume such as
another vessel or flare network.

Each question in the decision flowchart is described below in
greater detail.

1. The system is considered completely liquid-filled at 95% or
greater volume. For a two-phase system with lower liquid fraction
and gas system, a TRV is not usually required because existing gas
can absorb the increase in liquid volume due to thermal expan-
sion. Small vapor or gas pockets can disappear upon heating due
to compression and/or solubilization. In contrast, multi-compo-
nent mixtures with a wide boiling range can have sufficient vapor
present to preclude becoming completely liquid-filled. The liquid

volume change due to heating should be estimated to determine if

the vapor pocket volume is sufficient for liquid expansion.'

2. Process plant piping (on-plot piping) is not normally
blocked in, but storage or transport piping sections are regularly
shut in L|L|1'ing normal operation. This is why few process lines

have TRVs.
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Any 1. Is the system completely full of liquid?

no! | 2 Istheline or equipment normally blocked in for
operational/emergency purposes?

3. Is the heating system temperature higher than
operating liquid temperature?

Ir;'Jtll yes

4, Is the estimated final pressure lower than the system
design limits?

5. Is there any other form of pressure safety device on

Any protected system?

yes? | 6. Is there any administrative operating procedure, reliable
system or skillful operator for draining the liquid before
the system is blocked in?

7. Is there any provision preventing the tight blockage
of liquid?

8. Is there any weak point in the system where expansion
could be relieved without any major consequence?

All no

9. Is the liguid lethal, toxic or corrosive?

10. Is the liquid combustible or explosive?
A"3 11. Is the liquid environmentally harmful?
0”112, Is the liguid highly volatile?
13. Is the pipe/equipment in critical need of service from a
plant operation viewpoint?
14. Is the pipe/equipment size so large that the rupture cost
is not tolerable?
S
¥ Any ye
No
TRV
'TRV is not required because thermal expansion will not accur.
2TRV is not required since existing safeguard will remove rupture risk but thermal
expansion will occur.
TRV is not required since the rupture risk is acceptable but some provisions
should be considered for handling rupture consequences.

Decision flowchart for TRV requirements.

Exception. Process lines or equipment that handle fluids
lower than ambient temperature are exceptions. In this case,
the answer to question two is yes, whether liquid blockage is
normally done or not.
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Design provisions for releasing the pressure due to
thermal expansion.

3. The heat source can be internal or external. An internal
heat source is Llsuaﬂ}’ a chemical reaction. A heating coil, heat-
ing jackert, heat tracing, solar radiation, radiation from flares and
ambient temperature are external heating sources. Unlike steam
and hot fluid tracing, electrical tracing is not considered a heating
source since the temperature is maintained by a control system.

The maximum temperature expected from solar heating is usu-
ally about 60°C-70°C. A'TRV is not rt-quir(-:d if fluid temperature
is greater than heat source temperature. This is because blocked
liquid with relatively high operating temperature tends to cool or
keep its temperature instead of heating. Flare heat radiation can
increase the metal surface temperature to a much higher tempera-
ture depending on flare gas flowrate, distance from the flare and
burning duration.

External fire is not considered a heat source if thermal expan-
sion is studied for a system consisting of only pipes. The fire case
is a heat source if the system includes liquid-full equipment. In
this case, if the liquid’s initial boiling point at relieving pressure
is lower than the fire temperature, an external fire leads to three
stages: liquid thermal expansion, two-phase relieving and vapor
relieving (fire case—liquid vaporization). From a pressure safety
valve (PSV) sizing viewpoint, a PSV sized for the vapor relieving
stage is adequate because the first two stages are short transient
periods. If the fluid’s boiling point is very high, the relief device
should be sized only for thermal expansion.

4. In estimating pressure rise duc to thermal expansion, equa-
tions recommended in API-521 section 5.14.4.1" are used. The
API relation needs many design parameters. If parameters are
unknown, the following simplified equation may be utilized:
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When calculating final pressure, the final temperature needs to
be known. The heating source temperature can be considered the
final temperature, Generally, a TRV will pop up long before Uquid
temperature reaches the source temperature. In other words, a
5°C~10°C increase in liquid temperature is sufficient to increase
the pressure from operating to design pressure. For example, the
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pressure will raise abourt 4 bars for each 1°C increase in water
blocked in temperature at 20°C as per Eq. 3 calculation:
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5. The required relief rate due to liquid thermal expansion
is very small, so if another pressure salfcly device is pl‘ovidcd to
protect the system from any other emergency case, it will relieve
the pressure by pop-up action.

6. Draining the liquid trapped between block valves is a nor-
mal practice done by the operator within the process plant; hence,
a'I'RV is not normally provided for on-plot piping. If there is
any specific requirement for liquid draining, it should be clearly
mentioned in shutdown or maintenance pr()ct‘durts. Draining
10% liquid volume is cnough to prevent thermal expansion.
Conversely, storage area piping or liquid transport lines (off-plot
piping) due to the operation type and accessibility limitation are
regularly blocked in without liquid draining. Utilizing lock-open
(LO) valves can be considered a reliable preventive device since
this valve type is locked in the open position during operation and
closed (m|y under permit.

7. The process dcsignt‘r can consider some provisions such as
drilling a small hole in the check or block valve (it it is gate) or
adding an open bypass around the check valve or block valve if
leakage through additional facilities is acceptable. Placing a check
valve around one block valve is another alternative. The check
valve is closed during normal operation and it will be opened
when thermal expansion takes place. A three-way valve can also
be installed instead of a block valve® (where applicable) to ensure
that the piping system never becomes completely blocked in. Fig.
2 illustrates these alternatives.

8. One of the piping items that is considered as a weak point,
is a check valve. API-521 section 5.14.4.2 takes no credit for
reverse flow-back (leakage) through a check valve; however, other
references consider the check valve’s leakage sufficient to relieve
excess liquid.

9. If the blocked liquid is dangerous to personnel health or
is highly corrosive, rupture is not tolerable and a TRY should be
provided.

10. If the blocked liquid is combustible or explosive, rupture
is not tolerable from a plant safety viewpoint, then a TRV should
be provided.

1. If releasing liquid through a rupture has a major envi-
ronmental impact, rupture is not tolerated and a TRV should be
provided to direct the liquid to a closed system.

12. If highly volatile materials continue to release through a
rupture until liquid is totally vaporized, maintenance performance
may not be possible for a long time depending on the system’s
total liquid inventory. Aside from downtime due to maintenance,
valuable material loss and volatile organic compound emissions
are other concerns.

13. If the line or cquipmcnr is not critical, it can be l)yp;lsscd
in a rupture case without any major interruption in a process
operation; then, a TRV is not requircd.

14, ('_}cncr;l“y, pipes with a diameter more than 1 V2 in. or
|0ngcr than 30 m are considered }urgt- pipcs.-!’ [fpipc diameter or
lcngth is less than 1 V2 in. and shorter than 30 m, the pipe rup-
ture cost is expected to be lower than the TRV cost, so no TRV is
rcquircd in this case. This advice should be considered caruf‘u“y



and approved by the project owner. Equipment operating full of
liquid should be provided with a TRV if the quantity of blocked-
in liquid is higher than 0.5 m?3.

TRV relief rate. For a liquid-full system, Eq. 4 (in SI), can be
used to calculate the approximate relief rate value:
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Reference 3 presents different correlations for calculating the
cubical expansion coefficient.

For calculating thermal relief rate, some assumptions shall be
applied:

* For heat exchangers, the maximum exchanger duty during
operation is taken as the heat transfer rate. The trapped liquid heat
transfer coefficient is substantially lower than the flowing liquid
heat transfer coefficient, and the heat transfer rate is generally
controlled by free convection of trapped liquid inside the pipe.
Therefore, using maximum exchanger duty is the most conserva-
tive assumption.

* If the fluid properties vary significantly with temperature,
the most severe operating conditions should be used.

* Fuel 1o fired heaters or heating medium to other equipment
is continuously flowing at maximum conditions. Control valves
on heater fuel or heating fluids will be assumed to be fully open.

* Eliminating TRVs due to the presence of temperature con-
trol system that will close the heat source in case of liquid block-
age, is not allowed.

TRV sizing. Since it is not easy to determine the relief rate
through a TRV, in most systems NPS % x NPS 1 (DN20 x DN25)

icf valve can be used, even though it is commonly oversized.

re
Two general applications where TRV are larger than DN20 x
DN25 valves are long pipelines of large diameter in uninsulated,
aboveground installations and large vessels or exchangers operat-
ing liquid-full. For these cases, relief rate calculation and TRV size
checking are recommended.

TRV location. Usually, any location on a pipe or equipment is
suitable for installing a TRV. The availability of a suitable discharge
route and maintenance requirements may limit the options. A
relief valve may be located on a pipe rather than on the equipment
if both belong to the same blocked-in system. For ease of service, a
TRV should be located at the lowest elevation and at platforms.

TRV discharge location. If the liquid temperature is above its
flash point, greater than 300°C or if any answer to questions 9-12
in the flowchart is yes, the liquid must be discharged into a closed
system, such as a flare header, process or drain vessel. A relief valve can
be connected to a vessel where the particular liquid is stored. If the
vessel is far away, the TRV discharge line can be connected to the pipe
section that is out of the blocked-in system so that the TRV acts like a
bypass around the block valve. If relief is to the process, the TRV shall
discharge to alocation that is always capable of absorbing the relieved
material. Other valve’s location and possible positions at the time of
discharge shall be taken into account. Ifa liquid is not dangerous, the
TRV discharge line can be routed to grade (atmosphere). HP

NOMENCLATURE
d Liquid relative density referred to water ar 15.6°C, dimensionless
C Specific heat capacity of trapped liquid, Jikg K
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P Pressure, kPa (psia)

q Volumetric relief rate, m3/sec

T Temperature, “C (“F)

0 Specific volume of liquid, m*/kg (fc*/1b)

h Hear transter rare, Wart

Oy Cubical expansion coefficient of the liquid, 1/°C (1/°F)

X Isothermal compressibility cocfficient of the liquid, 1/kPa (1/psi)
SUBSCRIPTS

1 First condition

2 Second condition

i Initial condition

i Final condition
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