Minimum Design Metal
Temperature determination
using Dynamic Simulation

Dynamic simulation is a powerful
tool which can offer solutions to
challenges encountered in MDMT
determination during Oil & Gas
projects design phases, permitting
significant investment savings
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Challenge
A considerable amount of equipment
and piping in Oil & Gas processing
plants is exposed to very low or even
cryogenic temperatures during some
transient events such as emergency
blowdowns, depressurization after
prolonged shutdowns or start-ups.
Material must be selected within proper
temperature ranges according to the
Minimum Design Metal Temperature
(MDMT).

Solution
MDMT calculation is a critical design
input, which often leads to material
selection constraints.
The use of dynamic simulation
for such calculations, rigorously
replicating the transient conditions
of the event, generally finds less
restrictive temperatures, ensuring that
only the right quantity of every material
will be selected and thus potentially
leading to important savings in the
project’s capital investment.

Benefits
Knowing that the price per ton of
stainless-steel (SS) is four times
more expensive than the carbon
steel (CS), savings can be of several
orders of magnitude, if materials are
adequately chosen.

The Challenge in context
In early engineering design phases,
MDMT is normally determined
preliminarily through very conservative
methods such as Adiabatic Flash
Temperature.
A detailed analysis of temperature
calculations throughout the system
during a transient event, with the help of
Dynamic Simulation, allows the evaluation
of the distribution of low-temperatures
throughout the system and:

· Safely defines the points in a pipe
where the change of piping material
specification is required, as a function
of low-temperature penetration.
· Checks out/determines material
specification splits throughout a
system according to the lowest
expected temperature at each area of
the system.

The Inprocess Implementation
Dynamic simulation counts on two main advantages against other approaches like
steady state or pseudo-steady state for MDMT determination:

Ability to rigorously calculate the
time-dependent fluid temperature
in transient events
as a function of the equipment sizing,
system boundaries, thermodynamics
and hydraulics involved.

Accounting for heat losses
through pipe wall
it allows MDMT calculations to focus
on the inner wall temperature as a
realistic approach instead of focusing
on fluid temperature, which is too
conservative an approach for most of
the situations.

MDMT may be better determined through Dynamic Simulation with the objective of:
Confirming that selected materials are
complying with MDMT constraints for the
whole range of operating conditions (composition,
ambient temperature, process upsets, etc.).

Looking for potential investment savings
because of the relaxation of some previous low
temperature constraints in all of or in part of the
systems involved.

Explore process design
alternatives to maintain
as “valid” a material
already selected
During the engineering project
execution, some significant design
changes may be required (e.g.
from HAZOP / SIL actions, from
Company’s change orders, from
Vendor package information
update…), which may impact on
process design specifications such
as MDMT. Since these changes could
appear at late stages of the project,
and even after procurement activities
have already started, changes in
MDMT specifications would lead to
unpredicted capital expenses.
To avoid a major economic impact,
dynamic simulation assessment can
help at this point to:

· Revalidate previous MDMT
calculations and materials
selection at a late stage of the
project, to “save” the previously
selected material.
· Investigate and validate
process design alternatives to
avoid (or at least, minimize) a
material selection change at
this late stage (e.g. providing
staggered instead of single
depressurization, modifying
operating procedures, enabling
DCS alarms/interlocks…).

SAFETY
FIRST

Assess safety loops
designed to avoid
temperatures below
MDMT:
In some applications, specific safety
loops are put in place to prevent the
appearance of low-temperatures
during transient hazardous events
which may compromise piping/
equipment integrity. For the SIL
verification, Process Safety Time (*)
calculation may be a requirement
to ensure the adequacy of the
response time of these safety loops.
The dynamic simulation approach
is useful to carry out relevant
calculations to validate these safety
loops such as:

· In the case of well start-up:
Low low-temperature trip at the
flowline leading to the closure of
the well master valve to preserve
pipeline integrity in case of low
temperatures because of the choke
valve malfunction or mal-operation.
· In the case of refrigerant heat
exchanger: low low-temperature
trip leading to equipment isolation
to preserve equipment integrity in
case of spurious depressurization
during operation.

Summary
Inprocess has great deal of experience in applying Dynamic Simulation in
order to support Engineering and Operating Companies with some of the
most common challenges related to MDMT faced during the execution of
Oil & Gas projects:

· Explore process design alternatives in order to maintain the validity
of a material already selected (and maybe, acquired)
· Assess the adequacy of safety loops designed to avoid
temperatures below MDMT

Inprocess
Inprocess is a leading services
and consulting company that
supports its clients with results
from process simulation in an
effort to help them achieve safer,
more reliable and more profitable
industrial operations. Our services
and products provide guidance to
the design and the operation of
highly complex hydrocarbon and
chemical processing plants where it
is critically important for operations

to reach and remain at optimum
values. Inprocess’ independence
of any specific technology provider
facilitates our ability to exceed
customer expectations as we are
free to combine results from any
piece of software available in the
market. Our added expertise in
software development helps to
fill the functionality gaps when
commercial products do not meet
all our customer’s requirements.

Inprocess’ passion for knowledge
transfer has contributed to the
acquisition of skills by our clients,
delivering high returns in their
investments, in both current and
future projects.
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