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Legal disclaimer

This guide is designed to provide information on level measurement.

The contents of this guide are presented for information purposes only, and while
effort has been made to ensure their accuracy, they are not to be construed as
warranties or guarantees, expressed or implied, regarding the products or services
described herein or their use or applicability. This information is provided with

the knowledge that the author is offering generic advice based which may not be
applicable in every situation. You should therefore ensure you seek advice from an
appropriate professional.

This guide does not contain all information available on the subject. It has not been
created to be specific to any individual’s or organizations’ situation or needs. Every
effort has been made to make this guide as accurate as possible. However, there
may be typographical and or content errors. This guide contains information that
might be dated. While we work to keep the information up-to-date and correct,

we make no representations or warranties of any kind, express or implied, about
the completeness, accuracy, reliability, suitability or availability with respect to

the guide or the information, products, services, or related graphics contained in
the guide for any purpose. Any reliance you place on such information is therefore
strictly at your own risk. Therefore, this guide should serve only as a general guide
and not as the ultimate source of subject information. In no event will Emerson and/
or any of its dffiliates be liable for any loss or damage including without limitation,
indirect or consequential loss or damage, arising out of or in connection with the
use of the information contained in this guide. You hereby agree to be bound by this
disclaimer or you may return this guide.

All rights reserved. No part of this guide may be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopying, recording
or by any information storage and retrieval system, without written permission
from the author.



Introduction

This handbook is written as a user guide for level projects in various industries. Level is a wide subject and it is
impossible to cover everything in one single book, but we have aimed to include information we know users

struggle with.

We have included a wide range of level applications, and although not all are included, users should be able to
find an application that is similar enough to give guidance on their own application.

Please remember that choosing the appropriate level device is always up to the user, and these guidelines are
recommendations based upon the experience we have gathered through the years. If you are unsure about
your choice, please contact your local Emerson representative.

Chapter 1 - Level measurement, provides a level
measurement overview. It describes the different
reasons for measuring level and answers some of the
questions users should ask when choosing a level
device.

Chapter 2 - Available level technologies, describes
the wide range of level technologies on the

market. We detail the technologies and principles
of measurement, as well as both advantages and
limitations for each technology. The reason for this
is simply that with the vast variety of applications,
there is no technology on the market that is
perfect for each and every application. Different
process conditions, media to be measured and user
preferences will always influence the final choice of
technology.

Chapter 3 - Rosemount™ level products, provides
an overview of the Rosemount product offering

for process level applications. For more detailed
information however, please see each product's
Product Data Sheet on www.Emerson.com.

Chapter 4 and 5 - Liquid and solids applications
and technology selection, is where we detail specific
level applications. The applications shown here

were chosen to give a broad sampling of different
types of applications. Itis notintended to be a
comprehensive list. This is the first step in choosing a
level device for your application. This chapter shows
which technologies are suitable for each application.

Chapters 6-10 - Installation guidelines, goes
through the installation considerations for each level
technology.

Chapter 11 - Complete point solution, covers how
to select and size a guided wave radar and a chamber,
in order to get a perfect fit.

Chapter 12 - Flanges and materials, explains
everything a user needs to know about flanges and
their materials.

Chapter 13 - Product approvals and certifications,
gives an overview of the different standards.

Chapter 14 - Safety Instrumented Systems,
describes the meaning of safety loops and covers the
difference between proven-in-use and certified.

Chapter 15 - Reference material, contains reference
information including conversion tables, dielectric
constants for different media, steam tables, level
glossary and answers the questions that we get asked
the most.
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1 - Level measurement

1 Level
measurement

To ensure the safety and profitability of processes,
it is essential to be equipped with instruments that
provide reliable and precise level measurements.
The basics of level measurement is simply about
determining the position of a surface inside a

tank, reactor or other vessel. More precisely, level
measurement is the determination of the linear
vertical distance between a reference point (usually
the base of a holding container) and the surface of
either a liquid, the top of a solid, or the interface of
two liquids. Precise control of the level of liquid in a
tank, reactor, or other vessel is important in many
process applications.

Level measurement is often used for inventory
management. To provide good control, accurate
measurement is essential, and several devices

and systems are available for measuring product
level. Each is designed to provide accurate level
measurement, although measurement precision and
principles of operation vary among devices. All level
measurements involve interaction between a sensing
device, element, or system and a product inside a
holding container.

The following pages will introduce the most common
reasons for measuring level and explain why and how
the different technologies for level measurement
work. They will cover important aspects to consider
when selecting a level measurement device or system
for a particular application, as well as the benefits and
limitations of level measurement products.

1.1 Why measure level?

111

The main reason for measuring level is to keep track
of inventory. The industry has however increased its
demands on control of inventory. Level measurement
is one key component in a tank gauging system for
reliable and accurate inventory control.

Inventory

Other measurements for inventory control are
temperature, pressure and water level. Keeping good
control over your inventory has become increasingly
important over the last several years, not only for
operators using the content in a storage vessel,

but for the whole company, including company

executives, accounting, loss and leakage control
managers and others. This is a result of increased
focus on safety, cost of ownership and the value of
products stored. It is common to see level accuracy
requirements being better than-1/8 in. (3 mm).

1.1.2

In many instances, the amount of material that

is bought and sold (custody transfer) is based on

a level measurement converted into volume or
weight (from mathematical equations or strapping
tables. See strapping table on page 15). In custody
transfer situations, the required accuracy of the level
instrument is very high, since even an error of 1/8 in.
(3 mm) of measured level can resultin a very large
error in terms of uncertain volume.

Custody transfer

There are two main types of custody transfer, Legal
and Commercial. The commercial custody transfer
occurs when two parties agree upon the required
volume accuracy of the measurement and what
instruments to use. The legal custody transfer is
more stringent and requires metrologically approved
instruments. Such instruments have a Legal pattern
approval to be used for such use and typically have
accuracy better than 1/16in. (1 mm).

Guidelines and recommendations for using

level devices for custody transfer are available in
international standards, such as the APl Manual of
Petroleum Measurements (MPMS) Chapter 3.1B
and OIML R85. Several countries also have national
approvals that need to be followed.

113

Accurate level measurement increases efficiency.

For example, if a tank farm needs to keep a certain
amount of material on hand at all times and the
storage tanks are not filled to full capacity, the facility
will incur the unnecessary expense of purchasing and
maintaining additional storage vessels. The storage
tanks in Figure 1.1.7 could hold another 60 units of
product before the farm would need to purchase

a new tank. Efficient use of storage space prevents
the extra cost of needlessly acquiring more storage
vessels.

Process efficiency
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Figure 1.1.1: Storage efficiency
1.1.4 Safety

Level is also measured for safety reasons. Filling
vessels above their capacities can cause safety
hazards—spills (overflowing) in open vessels. If the
vessels are holding caustic, reactive, hot, flammable,
or hazardous materials, spills or overpressure could
lead to catastrophic results. Monitoring levels in tanks
to make sure they are not leaking is important for
the same types of hazardous materials. Preventing
overfills and leak detection is also important for
meeting environmental regulations.

115

Many processes require a steady supply of inputs
and outputs. A consistent supply may be difficult to
maintain if the supply is delivered at varying rates or
if there are surges in the supply line. A storage vessel
between the supply and the process can actas a
buffer to ensure that outflow is kept steady despite
fluctuating inflow (Figure 1.1.2). If the process level
in the storage vessel is always maintained within an
appropriate range, the supply delivery rate to the
storage vessel can rise and fall without affecting the
supply delivery rate from the storage vessel to the
process.

Consistent supply

Consistent supply is directly related to product
quality in for example pulp and paper industries,
where a consistent supply ensures that each sheet of
paper has the same thickness as all the other sheets.

——
Flow In

Flow in GPM

]

Flow out GPM

—]

Controlled
Range

Figure 1.1.2: Ensuring consistent supply

1.2 Level terminology

Precise control of product level in a tank, reactor,

or other vessel is important in many applications.

To provide good control, accurate measurement is
essential. This section introduces the concepts and
terminology of level technology devices and how
they work, as well as how various other material
properties (e.g., volume, density) can be determined
from a level measurement.

Level measurements are typically expressed in
terms of feet or meters. Level may also be given in
terms of percent full or percent of measured span.
For example, the level of the vessel in Figure 1.2.1
could be expressed as 9 ft. (2.7 m), 90% full, or 50%
of measured span. Measured span is the distance
between the lowest and the highest level that a
level transmitter (LT) can measure in a particular
application. In Figure 1.2.1, the measured span is

from 8 - 10 ft. (2.45-3 m).
}@} Measured
span

Figure 1.2.1: Level measurements

1.2.1

Level measurement indicators enable an on-site level
check. Indicators require the operator to interpret
the measurement and take the appropriate action.
Systems with level measurement indicators are
referred to as open-loop control systems. Indicators
are also frequently used to help calibrate automatic
control systems.

Indication vs. control

Automatic control systems, or closed-loop systems,
are able to control level in a vessel electronically.

A level measurement device, combined with a
transmitter, generates an electronic control signal
that is proportional to the level in the vessel. The
signal is received by a controller that operates other
devices (e.g. valves or pumps), which, in turn, control
the amount of product flowing in and out of a vessel.
Automatically controlled vessels may also include
level measurement indicators.
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1.2.2 Tank gauging system, continuous

level, or point level detecton

Tank gauging systems

A tank gauging system is used when the user has
applications where raw materials enter a plant, are
stored in intermediate tanks, or leave the plant as
finished goods, and therefore require an inventory
management or custody transfer system. These
tanks are typically 33 to 100 ft. (10-30 m) in height.
Some exceptions, such as additive tanks, are smaller.
Accuracy requirements are high, in the order of 1-3
mm.

Typical tank gauging applications:

e Large storage tanks that are found in terminals,
pipelines, depots and other storage facilities

e Receiver/intermediate/finished goods storage
tanks in refineries

e Some large raw material and product storage
tanks that are found in chemical, asphalt, power
plants and airport fuel depots

The tank gauging system usually includes
temperature, pressure and water bottom
measurements in addition to level. Communications
equipment, computer hardware and software

are also included in the system solution. The
measurement values are used to calculate net
volumes for custody transfer (commercial and legal
purposes), inventory calculations, operational and
safety purposes. The results of the measurements are
often used for billing purposes and must be highly
accurate, repeatable and reliable following industry
standards such as APl MPMS 3.1B and OIML R85, or
national accuracy standards. The Rosemount tank
gauging system complies with these international
standards and is also approved in many countries
for accuracy by governmental authorities, with an
instrument accuracy of + 0.5 mm.

Continuous level measurement

Level transmitters for continuous level measurement
are commonly used in many plants. The level
measurement is usually an independent input to

a control system. Measurement reliability and
repeatability is more important than highly accurate
readings. The accuracy requirement is typically in the
range of 5-10 mm.

Continuous level transmitters are found in all
industries including chemical, oil and gas, power,
refining, pulp and paper, mining, pharmaceutical,

food and beverage and other process plants. The
majority of these tanks have a wide variety of sizes
and shapes, but most are less than 60 ft. (18 m) high.
Many of the level applications may not be directly

in the vessel, but rather in bypass chambers located
outside the vessel next to the level area of interest.

Being inside the plant process, these applications
can be quite varied in terms of difficulty of the
measurement. Intermediate buffer or settling tanks
are some of the easier applications. Measuring inside
a chamber is another common application, while
batch reactors and tanks where the product is mixed
or agitated offer other challenges.

Point level detection

Point level detection devices, such as switches, are
often used in conjunction with continuous level
measurements for single point high level and low
level alarms. However, they can also be used alone to
simply indicate a full or empty state. Size and space
constraints as well as the application conditions will
determine the choice of technology.

Technology selection based on the application

Understanding the different needs a user has makes
the selection between a point/continuous level
measurement and a tank gauging system easier.
Chapter 4 lists a number of different applications,
gives recommendations on suitable technologies,
and will provide key installation information and best
practices. Since itis not practical to cover all possible
applications, the applications chosen for this chapter
are intended to give a broad overview of some very
common types of applications that are found in many
industries as well as a few applications that may have
specific challenges. It will also provide examples of
where the various technologies are used. However,
the final decision of the technology choice will
include the application conditions, the installation
constraints, and the capabilities of the technology.

1.23

In a contacting measurement, part of the
measurement system is in direct contact with the
contents of the vessel. Examples of contacting
measurement techniques include guided wave radar,
floats and dipsticks.

Contacting vs. non-contacting

In a non-contacting measurement, no part of the
measurement system directly contacts the contents
of the vessel. Non-contacting methods are preferred
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when the measured fluid is especially abrasive,
solidifying, viscous, dirty or corrosive.

1.2.4 Bottom-up vs. top-down

measurement

A top-down measurement poses less potential

for leakage (Figure 1.2.2) and enables level
measurement devices to be installed or removed
without emptying the tank (e.g. radar gauge). Top-
down measurements may or may not contact the
process fluid.

Level devices that use pressure transmitters are
bottom-up measurement systems. A bottom-up
measurement typically contacts the process fluid
(e.g. DPlevel).

Top-down
Measurement System

Bottom-up
Measurement System

[

Figure 1.2.2: Bottom-up vs. top-down measurement

1.25 Direct vs. indirect measurement

Direct measurement indicates that the level is
measured directly. For example, when you use a
dipstick to check the oil level in your car, you are
making a direct measurement. A direct measurement
is independent of any other process parameters.

Indirect measurement, also known as inferred
measurement, indicates that a variable other than
level is first measured and then used to determine

a level measurement. For example, pressure
transmitters use mass and the fluid’s specific gravity
to calculate level.

1.2.6

Density is the mass of a material per unit of volume.
Density is often expressed in terms of pounds per
cubic foot (Ib/ft.3) or kilograms per cubic meter (kg/
m?). Specific gravity is often used to describe the
density of a material compared to the density of
water.

Density

Specific gravity

Specific gravity is the ratio of the density of a material
to the density of water at a common reference
temperature. Water has a density of 62.43 Ib/ft.3 (1
g/cm3) at 39.2 °F (4 °C). Glycerin, a compound often
found in soaps, has a density of 78.66 Ib/ft.3 (1.26 g/
cm3). At the same temperature, therefore, glycerin’s
specific gravity is 1.26 (78.66 + 62.43).

1.2.7 Volume

Volume is the space occupied by a quantity of
material and often the level is used to calculate the
volume. Volume is typically expressed in gallons,
liters, cubic centimeters, cubic ft., or barrels. Volume
is the measurement most commonly derived from
level.

Volume is usually determined by first measuring the
level in a tank and then calculating the volume based
upon the tank geometry.

Many level measurement devices store the level/
volume relationship for common tank geometries in
their electronic components, which enables them to
calculate a direct volume output.

In other cases, the volume may be calculated in a
Distributed Control System (DCS) or a programmable
logic controller (PLC) or determined from a look-up
table that relates level to volume.

The relationships between level and volume for
several common tank shapes are shown overleaf:
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Where: r
v = tank volume

r=tank radius
H = tank height (or length)
L =product level }L

r T

Figure 1.2.7: Horizontal bullet

Tanks with dished ends

Tanks with dished ends do not have a standard
shape (Figure 1.2.8). Therefore, the volume of these
Figure 1.2.3: Vertical Cylinder tanks cannot be determined strictly from geometry.
Instead, strapping tables are used to determine
volume.

Figure 1.2.4: Horizontal cylinder

Figure 1.2.8: Tanks with dished ends

Strapping tables

Calculating volume from level and tank geometry
provides a volume measurement accurate enough
for most users’ needs. However, in some instances,
the geometry of the tank may be irregular, which
makes it nearly impossible to model the relationship
L between level and volume mathematically. In such
cases, volume must be determined from the level
f{ \ reading through the use of a strapping table.
Figure 1.2.5: Sphere i
A strapping table is a look-up table that relates
level to volume for several discrete points in a tank
(Figure 1.2.9). Strapping tables are usually derived
by adding a known volume of product to a tank and
then measuring the level of product that corresponds
L to that volume (manual strapping). The volume and
J level measurements are recorded in a strapping table.
Then, when a volume measurement is required, level
is measured and looked up in the strapping table to
find the corresponding volume.

Figure 1.2.6: Vertical bullet



1 - Level measurement

Point | Level Volume
(inches) | (gallons)

—10 1 0 0
2 5 10
3 10 32
4 15 68
2 5 20 115
—8
-7 6 25 173
— 6
—s 7 30 230
—a
., 8 35 313
L “2 9 40 394
— = —
10 100 957

Figure 1.2.9: Strapping table

Strapping tables can just be a few points to
accommodate a tank shape or they can be hundreds
of points. Larger numbers of points are used with
larger tanks that tend to bulge when filled. If a
measured level falls between two points in a table,
volume is determined by interpolating the two
points. Typically, strapping tables have a higher
concentration of points in tank regions where the
relationship between level and volume is not linear.
For example, in Figure 1.2.9, strapping points are
concentrated near the bottom of the tank. This
concentration provides for better resolution in the
strapping table and a more accurate measurement.

There are several circumstances in which a strapping
table may be required for level measurements. When
product is added to a tank, the tank’s sides bulge.
The bulging causes an error in the mathematical
calculations for specific tank geometries. The amount
of erroris related to the degree of bulging. Strapping
tables are commonly used to eliminate errors in
calculations due to bulging error (Figure 1.2.10).

Strapping tables are also used to store level/volume
relationships for irreqularly shaped tanks (Figure
1.2.9) or for tanks with internal equipment (Figure
1.2.11).

Figure 1.2.10: Bulging error

In certain applications (e.g. petroleum storage and
transfer), bulging errors may cause suppliers to over-
or under-charge customers.

1.2.11: Tank with internal equipment

1.2.8

Mass, the amount of matter an object contains,

is often equivocated to weight. Mass is typically
expressed in terms of kilograms, grams, tons, or
pounds. Mass is unaffected by temperature. Thus, 60
Ib (27.2 kg) of oil at 50 °F (10 °C) is still 60 Ib at 86 °F
(30 °C). However, the overall volume of the oil may
change due to expansion.

Mass

If density is known, mass can be found from a level
measurement by first finding volume and then using
the following equation:

Mass=Density x Volume

Some level measurement devices measure mass
directly (e.g. load cells).
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1.29 Interface

An interface is the boundary between two immiscible
(incapable of being mixed) fluids with different
densities (e.g. oil and water). Interface measurement
finds the boundary between two liquids stored in the
same tank, each with a different density. For example,
when oil and water occupy the same vessel, the oil
floats on top of the water. The interface between

the two fluids is the upper level of the water and the
lower level of the oil (Figure 1.2.12).

Interface is often used when a user has two fluids in
a tank and wants to pour off only the top fluid. The
interface measurement indicates when to stop.

<—  Upper product

<«——Interface

<«—  Lower product

Figure 1.2.12: Interface

Interface measurement can also be used in a
separator, where the interface is used to control the
flow of the top and bottom fluids out of the vessel
with minimum contamination.

¥ ¥

Figure 1.2.13: Level and interface measurement in a separator

1.3 Device selection

Because of the large variety of level measurement
devices available, selecting the appropriate device
for a particular application can be difficult. While
most level measurement technologies are adaptable
to more than one process measurement, there

is no single level device that will work for every
application. However, by asking the right questions
and understanding some basic application needs, the
user can narrow down the selection pool considerably
and determine which device will work best in each
application.

1.3.1 Why is level measurement

needed?

Do you need a rough indication of product level, or
do you want to know exactly how much productis in
the vessel?

The answer to this question will indicate what
information is needed from the level device and
what type of measurement is required (e.g. mass
measurement or single-point measurement).

For example, if the user wants to prevent spills or
know when to refill a vessel, a single-point level
device may be sufficient. If the requirement is to
keep the product volume within a certain range in
the vessel, a continuous level device is needed. If the
user needs to know how many pounds of product are
needed, a mass measurement is required. If inventory
control or custody transfer is required, a complete
tank gauging system is needed.

1.3.2 Is interface measurement needed?

When it comes to selecting a level product for an
interface application, there are some factors that
need to be taken into account.

Two suitable technologies for interface measurement
are guided wave radar and differential pressure.
Below are some factors to consider, when choosing
one of these technologies.

Guided wave radar

Interface applications based on dielectric differences
between two fluids

Examples of typical applications: Oil over water, oil
over acid, low dielectric organic solvents over water
or acid. Low dielectric constant organic solvents
include toluene, benzene, cyclohexane, hexane,
turpentine and xylene.
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e Lower dielectric fluid must be on top

¢ Dielectric difference of two liquids must be at
least 10

e Upper dielectric must be known; an in-field
determination is possible

e Max thickness of upper layer is dependent
upon its dielectric

e Forinterface to be detected the upper fluid
layer must be1in. (2.5 cm) thick depending on
transmitter model and probe style. See section
5.5 in GWR installation guidelines for details.

e Target applications, low upper layer dielectric (<
3) and high lower layer dielectric (> 20)

* Both level and interface measurements are
possible

e Emulsions may impact interface measurement.
The results will vary with the fluid mix. In many
cases, the interface will be measured at the top of
the emulsion layer. Small emulsion layers (<2 in.
(50 mm)) are quite manageable and may not be
detected

Upper
Product

Lower
Product

Figure 1.3.1: Interface measurement with guided wave radar

Differential pressure

Interface applications based on density differences
between two fluids

* Both taps must be covered

 Distance between taps (L) x difference in SG = DP

¢ Suggested minimum DP of 20 in. H20 (500 mm H,0)

¢ Interface measurement only

e Emulsions or an indistinct interface layer has no
effect on measurement

Upper
Product

Figure 1.3.2: Interface measurement with differential pressure

133 What are the conditions within the

vessel?

Does the level measurement device need to be able
to handle high pressures and temperatures?

Some level measurement devices can withstand high
temperatures and pressures quite well, while others
cannot. Specification limits affect device selection.
Table 1.3.7 shows the specification limits of some

of the more common level devices. In some devices
that can withstand process extremes, performance is
compromised. The accuracy of some devices can be
affected by temperature changes.

Is there product turbulence from agitation or mixing?
Are steam or other vapors present in the space above

the product?

Product turbulence or vapors above the product may
be difficult to measure for some top-down devices.
For example, some devices require that a return signal
be reflected from the product surface. The signal may
be weakened or not returned at all if there is product
turbulence or vapors. Turbulence and vapors are less
problematic for bottom-up measurement devices.

Are there any interfaces, temperature gradients,
foams, or suspended solids?

Interfaces, temperature gradients, foams, suspended
solids, or obstructions in the vessel could potentially
affect the validity of a measurement, depending on
the technology selected. For example, suspended
solids may clog some devices. Foam is an important
consideration because some users want to measure
level at the top of the foam while others want to
measure level underneath the foam.
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Are there any mounting constraints on the vessel?

Existing taps should be used if at all possible. Some
installations are more difficult if the vessel is glass
lined or double walled. Smaller tanks have less
available mounting area. Tanks that are underground,
close together, close to the ceiling, or wrapped with
heating coils may have limited accessibility. Floating

roofs may limit the mounting of some top-down

devices.

Nuclear No limit No limit
Capacitance Fullvacuum™to -200 to 900 °F
5000 psig and up
(345 bar) (-129t0 482 °C)
Pressure Fullvacuumto  -157to770°F
with seals 4000 psig (-105to410°C)**
(276 bar)
Pressure Fullvacuumto  -40to380°F
4000 psig (-40to 193 °C)
(276 bar)
Ultrasonic -3.6 to 44 psig -22to 158 °F

non-contact

(-0.25 to 3 bar)

(-30t0 70 °C)

Non- Fullvacuumto  -76to752°F
contacting 1450 psig (100  (-60 to 400 °C)
radar bar)

Guided Fullvacuumto  -320to 752 °F

wave radar 5000 psig (345  (-196 to 400 °C)
bar)

Vibrating Fullvacuumto  -94to 500 °F

fork 1450 psig (-1to  (-70 to 260 °C)
100 bar)

Displacer Fullvacuumto  -40to 900 °F
4000 psig (276 (-40 to 482 °C)
bar)

Float switch  Fullvacuumto  -72to752°F
2900 psig (200  (-60to 400 °C)
bar)

*Full vacuum =-14.7 psig; atmospheric = 0 psig
**The upper temperature for seals is limited in vacuum

applications.

Table 1.3.1: Pressure and temperature limits

Should the instrument be mounted in a chamber?

Chambers provide accessibility to the instruments
for calibration or troubleshooting while the process is
running. They can be positioned to cover the area of
interest instead of the entire range.

To get good representation of the level in the tank,
the size of the connections need to be large enough
to provide good flow-through in order to keep fluid
fresh. Distance between tank and chamber should
be minimized for the same reason. Insulation/heat
tracing may be required to keep fluid temperature as
close as possible to what is in the vessel.

1.34 What are the environmental and

external conditions?

What effect will environmental conditions have on
the instrument’s performance?

Indoor installations are likely to have a fairly stable
surrounding environment with minimal temperature
changes and constant humidity. Outdoor installations
are more likely to have temperature and humidity
extremes. Vibration, electromagnetic interference,
and transients (power surges caused by lightning)

are other external issues that must be considered.
Transient protectors (or surge protectors) and

good grounding practices can help protect against
transients.

1.3.5

All processes cannot be measured by the same type
of device. Corrosive processes may require special
construction materials on the level sensor. If special
materials are required, consider whether these
materials are readily available or if it would be better
to select a device that does not have to contact the
process.

Process characteristics can affect different devices in
different ways:

What are the product characteristics?

e Aviscous product may plug the ports on some
devices

* Dust, surface foam, and vapors may interfere with
some transmitted signals

* If the process density changes, the level indication
for pressure devices could be affected unless
compensated for

e |fthe dielectric constant (electrochemical
property of a fluid related to the fluid’s ability
to transmit electrical charges from one body to
another) changes, capacitance measurements will
be affected

* Process coating tendencies could affect the
sensitivity of devices requiring contact

 Solids tend to pile up in a vessel and are not likely
to have a flat surface. Consider at what point on
the angle of repose (maximum slope without
product sliding) the level should be measured and
whether or not this point is consistent
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1.3.6 What are the accuracy requirements

for the application?

How is the instrument accuracy specified?

A device that works well on a small tank may not
provide the accuracy required for a larger tank. For
example, a device with an accuracy of 0.1% of span
gives an accuracy of +0.06 in. (1.5 mm)ona5ft. (1.5
m) tank level. The same device provides an accuracy
of +0.6in. (15 mm) on a 50 ft. (15 m) tank level.

Other devices, such as top-down radar devices,
generally specify accuracy to within a certain value
(+0.1inor 3 mm) or as a percentage of distance
measured. The impact of other performance
parameters (e.g. temperature effect) should also be
evaluated.

Is there a need for high accuracy?

The primary goal in some applications may simply
be the ability to make a reliable measurement. In
other applications, repeatability may be far more
important than accuracy, i.e. the ability to provide
the same measurement when repeatedly measuring
a steady level.

For tank gauging applications (custody transfer and
inventory application) there is huge value in using
gauges with a highly accurate, stable and repeatable
level measurement. Without them, the economical
impact on the financial transactions may be very
large and the user may not be able to follow the
international and national legal custody transfer
requirements.

1.3.7

What approvals are needed?

What are the instrument requirements?

Hazardous approvals need to comply with local
requirements. A standard of “explosion proof” may
be sufficient for many devices, but some plants or
applications may require intrinsic safety or other
approvals. In other instances, sanitary requirements
may need to be met.

For inventory and custody transfer applications,
several different local meteorological approvals are
applicable and sometimes are also required in their
respective country. The main international standard
for custody transfer is the OIML R85.

What are the outputs required?

The most common output is a continuous analog
4-20 mA signal, although digital signals are also
widely used. Also wireless signals are gaining
popularity. In some instances, an alarm or control
relay may be needed.

To maintain the required resolution and accuracy
in a tank gauging system, a digital communication
is required from the instrument to the distributed
control system.

What power is available?

Most devices will run on 12-24V dc (direct current),
although there are some devices that run on 110 or
220 V. A few devices may operate on low power or
wireless with battery power.

1.3.8 What is the total cost of the device?

The list price of the level measurement device
isimportant, but the cost of installation and
maintenance should be given an equivalent amount
of consideration. In general, the lower-cost devices
(usually mechanical) tend to require higher levels

of maintenance. The more sophisticated electronic
instruments are often higher priced, but the
maintenance cost is much lower. The initial costs of
some of the electronic technologies are dropping as
technical capabilities and market demand increase.

Another cost consideration is the life of the
measurement device. An inexpensive device that
needs to be replaced frequently can be very costly
compared to a more expensive device that is more
durable, reliable, or better suited to the application.
In general, high-performance devices tend to cost
more.

1.3.9

Lastly, consider the ease of using the device.

What is the operator comfort?

Will the method selected be understood by the
people who have to use it everyday?

Will the device be easy to install, calibrate, and
maintain?

While performance and engineering issues are
critical, the everyday use of a level measurement
device can be a key factor in its ultimate selection
and long-term use.
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1.4 Classifying level technologies

Many level measurement technologies are available.
Choices vary from simple, manual methods to more
elaborate methods that do not contact the measured
products. Some technologies are available in both
continuous level and point level measurement
versions. In an effort to group general characteristics,
level measurement devices can be organized into the
following four categories:

* Manual/mechanical

* Electromechanical

* Electronic contacting

* Electronic non-contacting

This section introduces and explains in detail the
function, benefits, and limitations of the devices in
each category.

1.4.1

Devices in the manual/mechanical category have no
electronic output. The operator uses the device to
get avisual indication of the amount of material in
the vessel. Examples of level measurement devices

in this category are sight glasses or rod gauging
systems, or an oil dipstick. These devices are low cost
but have no automation.

Manual|mechanical

1.4.2 Electromechanical

Devices in the electromechanical category

are mechanical assemblies with a number of

moving parts that produce an electronic output

for control. Unlike manual/mechanical devices,
electromechanical devices provide an automated
measurement that can be read remotely.

Devices with moving parts tend to have

high maintenance requirements. Exposing
electromechanical devices to sticky, viscous, or
corrosive fluids creates an environment in which

the devices’ mechanical parts are subject to fouling
(dirtying of moving parts) and corrosion, which leads
to frequent cleaning or repairs. An example of a level
measurement device in this category is a displacer.
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Devices in the electronic contacting category have
no moving parts. While they are notimmune to
problems with coating or corrosion, electronic
contacting devices tend to be more robust and thus
require less maintenance than electromechanical
devices. Examples of level measurement devices in
this category are guided wave radar, capacitance and
pressure-based level transmitters.

Electronic contacting

1.4.4

Devices in the electronic non-contacting category
provide sophisticated level measurement without
ever touching the product. Because they have no
moving parts and no direct contact, maintenance is
minimal. Electronic non-contacting devices can be
easier to install than other level devices because the
holding vessel generally does not need to be drained.
Vapor and foam might affect the measurement.
Examples of level measurement devices in this
category are radar and ultrasonic transmitters.

Electronic non-contacting

1.4.5

Which level measurement technology is chosen
depends on whether the user is more concerned
about cost or performance. The two are indirectly
proportional. On the other hand, maintenance cost is

Cost vs. performance

inversely proportional to the performance.

Figure 1.4.1 shows the relationship between initial
cost and performance for the level measurement
device chosen.
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Initial cost

Manual / Electro Electronic Electronic
Mechanical Mechanical contacting non-contacting
Performance »

Figure 1.4.1: Initial cost vs. performance

Figure 1.4.2 shows the relationship between
maintenance cost and the type of level measurement
device chosen.

Maintenance cost

Manual / Electro Electronic Electronic
Mechanical Mechanical contacting non-contacting
Performance >

Figure 1.4.2: Maintenance cost vs. technology performance
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1.4.6 Device summary table

Table 1.4.1. “Level measurement classification” shows the breakdown of the various level measurement
technologies into their specific categories. The table also indicates which process properties each device is able
to measure.

Level measurement category | Continuous | Pointlevel | Density Interface
level

Manual/mechanical

Float switches X X
Float systems X

Rod gauging [ dip probes X X

Sight [ gauge glasses X X
Tape levels and tape systems X X X

Electromechanical

Displacers X X X
Magnetostrictive X X
Resistance tape X

Rotation suppression X

Servo X X

Electronic contacting

Capacitance X X X

Conductivity X

Optical X

Pressure based level X X X X

technologies

Guided wave radar X X

Hybrid X X X
(pressure level and radar)

Thermal X

Vibrating level (tuning fork) X

Ultrasonic gap sensors X

Electronic non-contacting

Laser X

Load cells X X
Nuclear X X X X
Non-contacting radar X

Ultrasonic X

Table 1.4.1: Level measurement classification
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1.5 Dielectric constants and radar
level measurement

“What is its dielectric value?” This is a question that
often comes up when radar or capacitance is being
considered as the technology. Non-contacting radar,
guided wave radar and capacitance level transmitters
are all impacted to some degree by the dielectric
value of the material to be measured. So what is
dielectric, what affects it, and how does it impact the
level device?

1.5.1 What are dielectric constants?

To help understand dielectric constant, it helps to
consider it in relation to “dielectric”. By definition,
“Dielectric” is: “A substance with a very low electrical
conductivity, i.e., an insulator. Such substances have
electrical conductivity of less than 1,000,000 mho/
cm. Those with a somewhat higher conductivity
(10-6 to 10-3 mho/cm) are called semiconductors.
Among the more common solid dielectrics are
glass, rubber and similar elastics, and wood

and other cellulosic materials. Liquid dielectrics
include hydrocarbon oils, askarel and silicone

oils.” (Reference: Hawley's Condensed Chemical
Dictionary; 12th Edition. Richard Lewis).

The term “dielectric constant’ is widely assumed

to be another term for relative permittivity or the
amount of energy that can be stored in a material

or can accept an electromagnetic field compared

to vacuum. The dielectric constant of a material is
dimensionless because it is a ratio of the permittivity
of the material under discussion to the permittivity
of vacuum. The dielectric constant of a conductor
(copper, say) is infinite because it cannot accept a
field. The dielectric constant of airis 1.0006 because
it can accept an electromagnetic field almost as well
as can a vacuum.

Materials that are good insulators have a low relative
permittivity, or dielectric constant. Materials that are
conductive have higher dielectric constants.
Though still in wide use, dielectric constant is not

a preferred term as it is not absolute, and because
permittivity is not constant - it changes with
frequency, pressure and temperature, relative
humidity and other variables. (Reference: A Guide
to characterization of dielectric materials at RF

and microwave frequencies - The Institute of
Measurement and Control, London 2003).

In level measurement terms, the dielectric constant
(DC) is used to indicate the reflectivity of a material.
Standard measurements of dielectric are referenced

to vacuum with a dielectric of 1. When other
materials are measured, they are compared to the
vacuum. In reference to this, various materials tested
under the same conditions have the following values
at 68 °F (20 °C).

e Air 1.00058
¢ Benzene: 2.3

e Acetic acid: 6.2

¢ Ammonia: 15.5

e Ethanol: 25

e Glycerol: 56

e Water: 81

The conductivity of a solution is dependent upon its
chemical composition, ionization capabilities, and
concentration. While there is not a simple conversion
formula from conductivity to dielectric however,

itis generally safe to assume that if the material is

not conductive then the dielectric value will be low
whereas conductive materials have higher dielectric
values. A key exception to this generalization is water.

Water-based fluids, alcohols, most inorganic acids,

and caustic based materials will have a high dielectric
constant. Since water is a polar molecule, its dielectric
constant is quite high. Most hydrocarbons are non-
polar and thus their dielectric constants tend to be low.

Water has some unique characteristics in regard to
conductivity and dielectric properties. For example,
the conductivity of water will vary depending upon
its level of purity. Deionized and distilled water are
very pure due to the removal common minerals such
as calcium, magnesium and iron. While distilled or
deionized water has a conductivity that is very low
(<2 umho), the dielectric constants are still high
(>40). Drinking water from most cities will have a
conductivity of 100 to 300, but the DCis 70 to 80.

1.5.2

Many variables can impact the dielectric constant
of a material. Test methodology for determining
the value as well as the physical properties of

the compound can influence the results. Other
significant factors can include temperature, the test
frequency. The impact of each component can vary
with the compound tested.

What impacts dielectric constants?

The electrical polarity characteristics of a molecule
affect the dielectric constant. Asymmetrical
compounds, especially those with polar ionization
characteristics such as water, have a strong positive
charge on one end. This results in higher dielectric
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constants. More symmetrical compounds, such as
most oils and other hydrocarbons, have little polarity
and thus low dielectric constant.

Phase changes can result in significant changes in
dielectric. For example, ice has a dielectric constant
of 3.2 at 10 °F (-12 °C) and freshly fallen snow (which
contains a lot more air) has a dielectric constant of
about 1.3 at-4°F (-20°C). The crystalline structure
changes the polarity and thus the dielectric constant
drops.

The vaporous phase of material will have a
significantly lower dielectric than the liquid phase.
In many compounds the dielectric of the vaporis
the same as air and does not change significantly as
pressure increases. Notable exceptions to this are
anhydrous ammonia and steam. These vapors can
have a significant impact on the speed of travel of
microwaves in high pressure applications.

1.5.3

Dielectric constants can vary with temperature and
test frequency. Increasing temperature may cause an
increase in dielectric constant. Similarly, an increase
in the frequency used to measure the dielectric
constant can sometimes result in lower dielectric
constants of some fluids. It must be kept in mind
that the frequency used for measuring dielectric
constants may be 100 Hz to 25 GHz or more. There
is a limited amount of data showing these variations.
Most data on dielectric constants is only given at
asingle frequency. Of the available data, for many
fluids the dielectric constants change only slightly
with measurement frequency, usually in the decimal
places. While many compounds are fairly constant
there are exceptions. Examples of the amount of
variations are shown below for silicone based oil, an
aromatic compound and an aliphatic compound.

Dielectric constant stability

Temperature can also cause a dielectric change.
Temperature affects the dielectric constant of a
material because the density of the material can cause
more or less molecules to be within a known volume.

As the temperature increases, the dielectric
constant decreases because the molecules spread
out more and minimize the ability of the material
to transmit electrical potential energy. However,
the typical changes in dielectric constants observed
in Hydrocarbons range from 0.0013 to 0.05% per
degree Celsius. The following chart illustrates the
percentage of change in relation to the DC change:

Figure 1.5.1: Dielectric constant vs. temperature for
three hydrocarbons

Pressure can increase the dielectric of vapors due

to simple compression of molecules. For most
vapors, the change with pressure is minimal. Vapors
with a minimal dielectric like air, will not increase
significantly with compression. With its relatively
high dielectric constant at atmospheric pressure,
the dielectric of saturated steam will increase
significantly as pressure and temperature increases.

Temp ()

14.7 psi (1 bar) 100 1.006
225 psi (15.5 bar) 200 1.064
577 psi (39.7 bar) 250 1.152
1246psi (85.9 bar 300 1.351
2398 psi (165 .4 bar) 350 1.863

Table 1.5.2: This illustrates the increase of the dielectric of steam
as the pressure and temperature is increased.

DC710 2.98 100 Hz
Pentachlorobiphenyl 5.58 10 kHz
Methanol 31 1000 kHz
Jet fuel JP-1 2.12 10 kHz

2.60 10 GHz
2.68 10 GHz
8.9 10 GHz
2.09 3GHz

Table 1.5.1: Dielectric constants (DC) for different media at different frequencies
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1.5.4
Signal reflection

In radar level measurement, the measured media
needs to provide sufficient reflection of the radar
signal. In general, the higher the dielectric constant,
the stronger the reflected signal. Other factors do
come into play however. The further away the target
is, the stronger the reflection needs to be in order to
have a sufficient amount of the signal returned to the
radar transmitter. Agitation can cause a portion of
the signal to be "scattered" and therefore reduces the
amount of signal that is received by the radar device.
If agitation is present with a low dielectric compound,
then other reflections in the vessel could become
stronger than the intended liquid level measurement.

Impact on level measurements

The reflectivity of a compound is predictable and
is a function of its dielectric permittivity. It can be
determined by:

R=(Ver - 1)2 (Ve +1)2

where R = reflection and ¢ = relative dielectric
permittivity

Figure 1.5.2 shows this reflectivity and permittivity
relationship. As the dielectric permittivity increases,
the amount of signal reflection also increases. In the
chart below, example A (blue line) shows that at a
relative permittivity of 4, about 11% of the signal is
reflected back and about 10 dB of power is lost. In
example B, (purple line), at a higher dielectric such
as 30, close to 50% of the signal is reflected back and
less power is lost (-3 db).

Power loss (dB)

Figure 1.5.2: Reflectivity vs. permittivity

Radar signal strength

Signal generation is based primarily on the frequency
and the size of the antenna.

Gain is calculated:
Gain =n(1TD/\)?

Where:
D = antenna size (diameter)
A =wave length
n = efficiency

If antenna size and efficiency are held constant, this
equation simplifies to (1/A\)?. A 26 GHz frequency
gauge with a wavelength of 0.5 in. (1.2 cm) will have
a gain 6 times higher than a 10 GHz gauze with a
wavelength of 1.2 in. (3 cm) for same size antennas.

In figure 1.5.3, the effect of the frequency antenna
size and efficiency is compared for a set dielectric
and increasing distance. In this chart, the antenna
size is the same, but radar frequency varies. The level
surface is calm.

Figure 1.5.3: Chart of received signal for different frequency,
same antenna and DC, and increasing distance

The overall beam width of a radar signal is inversely
proportional to the frequency of the device. Thus,

a higher frequency radar gauge will have a smaller
beam width than a lower frequency device for the
same diameter antenna. For example, at a distance
of 33 ft. (10 m) and with a 4 in. (100 mm) antenna, a
26 GHz gauge has a beam width of 4.9 ft. (1.5 m) and
the 6 GHz unit has a beam width of 23 ft. (7 m). The
beam width for the 6 GHz device is 4.6 times larger
than that of a 26 GHz unit for the same size antenna.
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Increasing the size of the antenna will decrease the

beam width of a unit and will effectively increase its
gain. Thus, if the antenna diameter is increased, the
amount of reflectivity will also increase.

Figure 1.5.5: Chart of received signal for different size antennas,
same frequency, same DC and increasing distance

For any radar level device, the amount of reflected
signal will decrease for lower dielectric compounds
and width distance. Thus, for low dielectric materials,
the difficulty of making a good measurement

will increase as the distance increases. With non
contacting radar, the size of the radar antenna needs
to be increased to allow both greater signal strength
and better reception of the reflected signal. Using

a higher frequency device allows this optimization
to occur while keeping the antenna size as small as
possible. This can result in significant installation
savings as well as an easier to handle radar unit.
Beyond the fundamentals, the signal processing
capabilities of the device will determine the overall
results with respect to how efficiently a signal is
transmitted and received, and how much power loss
can be managed.

Guided wave radar

Guided wave radar (GWR) has similar results with
respect to dielectric and distance. The difference
with GWR is the probe choice rather than antenna
size. In this case, a coaxial probe maintains the
strongest signal for the length of the probe while a
single lead probe tends to disperse the energy as the
signal travels the length of the probe. Ultimately,
the returned signal is a function of the dielectric,
distance, probe type and the signal processing.

Figure 1.5.6: This graphic compares the signal dispersion from
the three basic types of GWR probes styles. From left: coaxial,
twin, and single.

Interface measurements with radar

In both types of radar, when there are two immiscible
layers of fluid and the lower dielectric fluid is the
first seen by the radar, most of the radar signal will
travel through the low dielectric material. Only a
small part of the signal will be reflected back to the
device. Thus, with a low dielectric material such as
oil with a dielectric of 2, less than 5% of the signal
will be reflected back to the transmitter. The rest of
the signal will travel through to the next fluid. In an
oil and water interface measurement this allows the
interface of the two fluids to be detected. Since the
speed of travel of the microwave signal changes as
it moves through the upper fluid, the determination
of the physical distance of the layer needs to include
compensation for the change in travel time. If the
dielectric of the upper fluid layer is known, this is
easily calculated as:

Real distance = Electrical distance /v DC of media

Capacitance level transmitters

Capacitance level transmitters use the principle of the
dielectric plate measurement technique to determine
alevel or interface measurement.

A capacitor is formed when a level sensing electrode
is installed in a vessel. The metal rod of the electrode
acts as one plate of the capacitor and the tank wall (or
reference electrode in a non-metallic vessel) acts as
the other plate. As level rises, the air or gas normally
surrounding the electrode is displaced by material
having a different dielectric constant. A change in
the value of the capacitor takes place because the
dielectric between the plates has changed. RF (radio
frequency) capacitance instruments detect this
change and convert it into a proportional output
signal.

22/
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The capacitance relationship is illustrated with the
following equation:
C=0.225K(A/D)

where:
C = Capacitance in picofarads
K= Dielectric constant of material
A = Area of plates in square in.
D = Distance between the platesinin.

In actual practice, capacitance change is produced
in different ways depending on the material being
measured and the level electrode selection. However,
the basic principle always applies. If a higher
dielectric material replaces a lower one, the total
capacitance output of the system will increase.

If the electrode is made larger (effectively increasing
the surface area) the capacitance output increases;
if the distance between measuring electrode and
reference decreases, then the capacitance output
decreases. Levelis proportional to the capacitance
measured. Since the capacitance is dependent on

a stable dielectric of the medium throughout the
height of the level column, the overall accuracy

of either level or interface measurement will be
impacted if the dielectric constant changes.

How do dielectric changes affect the accuracy of a
radar level device?

For general radar level applications, the dielectric of
the material will impact the strength of the returned
signal. Any changes in dielectric will have no impact
on the accuracy of the measurement. In determining
the impact of the dielectric though, an exact number
is not crucial. Instead, a relative characterization of
the dielectric into low, medium, or high values is one
part of the information needed to determine the
appropriateness of radar. Other information includes
the vessel height, nozzle size, antenna size or probe,
and surface conditions to determine the appropriate
radar choice.

Interface measurements do require some precision
of the dielectric value for the calculation of the upper
layer thickness. Often, this can be accomplished

via an infield adjustment of the dielectric during
initial setup. GWR devices can accomplish interface
measurements quite efficiently and are easy to
configure for both interface and level detection. See
the “Dielectric Constant Changes In Hydrocarbons -
Affects On Radar Measurement Accuracy In Interface
Applications” for more information on interface
measurements with GWR.

1.5.5

Dielectric properties of a material can impact

the level measurement results of non-contacting
radar, guided wave radar, and capacitance level
technologies. There are a number of variables in
derivation of its value. In most cases, the changes are
small and have negligible impact on the accuracy of
radar based level measurements as those devices are
measuring the travel time to the surface reflection.
For capacitance measurements, dielectric changes
have a larger impact since a change in the medium
between the plates will impact its proportional
relationship to level or interface. The dielectric

value is one parameter in the choice of technology.
Other key factors would include the vessel size and
material, probe or antenna selections, and surface
conditions such as foam and turbulence.

Summary
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1.6 Pressure based level

measurements

The pressure exerted by a liquid is influenced by three
factors:

e Depth of the liquid

e Pressure on the surface of the liquid

¢ Density of the liquid

With the use of these variables, level measurements
can be accomplished using differential pressure.

1.6.1

The pressure at a point below the surface of a

liquid increases as the depth of the liquid above the
measurement point increases. Pressure is affected by
the depth, rather than the volume, of a liquid. If other
factors (e.g. density of the liquid and pressure on the
surface of the liquid) are constant, the pressure at a
depth of 10 ft. in a large tank holding 5,000 gallons of
water will be equal to the pressure at a depth of 10 ft.
in a smaller tank holding only 5 gallons of water. An
example from everyday life might be your experience
of swimming 5 ft. beneath the surface of a swimming
pool and swimming 5 ft. beneath the surface of a
large lake. Even though the lake contains a far greater
amount of water, the pressure on your body at a 5 ft.
depth is not proportionately greater. The pressure in
the lake and in the pool is the same at a depth of 5 ft.

Depth of a liquid

Because liquid pressure is directly affected by
the depth (i.e. level) of the liquid, a pressure
measurement can be used to infer level.

1.6.2

Pressure on the surface of a liquid is pressure that is
exerted above a column of liquid being measured.

In an open tank, atmospheric pressure (the pressure
exerted by the earth’s atmosphere) is the pressure on
the surface. If a gas is added to the top of a column of
liquid in a closed tank, pressure on the surface would
result. If there is a vacuum (space void of all pressure)
above the liquid in a closed tank, a negative pressure
on the surface exists. In a closed-tank application,
the pressure on the surface is called vessel pressure.
The effects of pressure on the surface must be

taken into account to produce an accurate pressure
measurement. Differential pressure measurements
accomplish this compensation.

Pressure on the surface is often measured and

Pressure on the surface of a liquid

subtracted from total pressure to determine liquid
pressure, particularly in level applications.

1.6.3

Density is the mass of a particular substance per

unit of volume. A liquid with a greater density has a
greater mass per unit of volume. Liquids with greater
densities will apply more pressure to a given area
than liquids with smaller densities because higher-
density liquids are heavier per unit of volume.
Variations in temperature cause liquids to expand and
contract, which increases or decreases the volume of
the liquid. When the volume of a liquid changes, the
density will change as well.

Density of a liquid

Density is often represented in terms of specific
gravity. Specific gravity is the ratio of the density of a
particular liquid to the density of water at the same
temperature. Water has a density of 1,000 kg/m? at
60 °F (15.6 °C). Temperature is specified when giving
a density value because temperature affects density.
The density of gasoline is 660 kg/m? at 60 °F (15.6
°C). To calculate the specific gravity of gasoline, divide
the density of gasoline by the density of water:

660 kg/m3/ 1000 kg/m3 = 0.66

Because specific gravity is a ratio of densities, it does
not change as units of measure change. Therefore,
the specific gravity of gasoline at 60 °F (15.6 °C) is
always 0.66, even if the density of gasoline and the
density of water are expressed in a different unit of
measure (e.g. Ib/ft3):

41.2038 Ib/ft3 | 62.43 Ib/ft3 = 0.66

The combination of the height of the fluid and the
specific gravity results in head pressure.

Head pressure, also known as hydrostatic pressure,

is the pressure exerted by a column of fluid. Head
pressure is directly proportional to the specific
gravity of the fluid and the height of the fluid column.

Depending on where the pressure transmitter is
mounted, calculations must be performed to factor
out errors and ensure the correct head pressure is
seen by the instrument. Pressure-measurement
instruments are often mounted above or below

the tap, or point, at which the process fluid is being
measured.

@
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If the pressure transmitter is mounted below the
tap, the column of fluid held in the connection
piping between the tap and the instrument will put
additional pressure on the sensor of the instrument. If
the distance from the tap to the pressure transmitter
and the specific gravity of the fluid are known,

the added head pressure can be factored out of

the measurement. If the pressure-measurement
instrument is mounted above the tap, gravity will

act on the column of fluid, pulling it away from the
instrument’s sensor and thus creating a negative
head pressure. A negative head pressure can also

be calculated and then factored out of a pressure
measurement.

1.6.4 Factors affecting density

Fluid density is defined as the mass of a material
per unit of volume. Mass is the amount of matter

an object contains and is often equivocated to
weight and is expressed in terms of weight: pounds,
tons, kilograms or grams. If a fluid becomes more
concentrated, then more mass is added to that fluid
and the density changes. For example, 10% sulfuric
acid has a density of 1.07 kg/I, but concentrated
sulfuric acid has a density of 1.83 kg/I.

Mass is unaffected by temperature. However, as

a fluid is heated or cooled, its volume will expand
or contract which will cause the density value
(mass per volume) to change. Thus, temperature
will have a significant impact on density. For level
devices that incorporate density as part of the
measurement, the temperature change will impact
the level measurement. While compensation for
density change can be accomplished by including
atemperature measurement, density is a factor
that can contribute significant errors to level
measurements relying on density.
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2 - Available technologies

Available
technologies

There are many level technologies on the market,
all with advantages and limitations. No single
technology is good for all applications, but there
are applications where many technologies could
work. This chapter will give you an overview of most
available technologies, how they work, and their
advantages and limitations.

2.

2.1 Guided wave radar
- Continuous level measurement

2.1.1

Guided wave radar (GWR) is also called time domain
reflectometry (TDR) or micro-impulse radar (MIR).
In a guided wave radar installation, the GWR is
mounted on the top of the tank or chamber, and the
probe usually extends to the full depth of the vessel.
A low energy pulse of microwaves, travelling at the
speed of light, is sent down the probe. At the point
of the liquid level (air [ water interface) on the probe,
a significant proportion of the microwave energy is
reflected back up the probe to the transmitter.

The transmitter measures the time delay between
the transmitted and received echo signal, and the
on-board microprocessor calculates the distance to
the liquid surface using the formula:

Basic principle

Distance = (Speed of light x time delay) | 2

Once the transmitter is programmed with the
reference gauge height of the application - usually
the bottom of the tank or chamber - the liquid level
is calculated by the microprocessor.

Because a proportion of the pulse will continue down
the probe through low dielectric fluids, a second
echo can be detected from an interface between two
liquids at a point below the initial liquid level.

This characteristic makes guided wave radar a good
technique for measuring liquid/liquid interfaces such
as oil and water and measuring through some foams.

Guided wave radar can be used in vessels with tight
geometry, in chambers, and in tanks of all sizes.
Advanced GWR also works well in low dielectric and
turbulent applications. Because it is not dependent
on reflecting off a “flat” surface, it works well with
many powders and grains as well as liquids with
slanted surfaces caused by vortices.

Figure 2.1.1 GWR can handle disturbing objects and tough
process conditions. It can be installed directly in the tank orin a
by-pass chamber

2.1.2

Guided wave radar (GWR) provides an accurate and
reliable measurement for both level and interface,
and can be used in a wide variety of applications. It
is a top-down, direct measurement as it measures
the distance to the surface. GWR can be used

with liquids, sludges, slurries, and some solids. A
key advantage of radar is that no compensation

is necessary for changes in the density, dielectric,
or conductivity of the fluid. Changes in pressure,
temperature, and most vapor space conditions have
no impact on the accuracy of radar measurements.
In addition, radar devices have no moving parts

so maintenance is minimal. GWR is easy to install
and can easily replace other technologies, such as
displacer and capacitance, even while there is liquid
in the tank.

Advantages

2.1.3

While guided wave radar works in many conditions,
some precautions need to be taken with respect to
probe choice. Several probe styles are available and
the application, length, and mounting restrictions
influence the choice. Unless a coax-style probe is
used, probes should not be in direct contact with

a metallic object, as that will impact the signal. If
the application tends to be sticky or coat, then only
single lead probes should be used. Some advanced
GWRs on the market have advanced diagnostics,
with the ability to detect build-up on the probe.
Chambers with a diameter less than 3 in. (75 mm)
may cause problems with build-up and may make it
difficult to avoid contact between chamber wall and
probe.

Limitations

©
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2.2 Non-contacting radar
- Continuous level measurement
2.2.1 Basic principle

For non-contacting radar level measurement there
are two main modulation techniques, pulse radar
and FMCW (Frequency Modulated Continuous Wave)
radar techniques.

Non-contacting pulse radar sends out a microwave
signal that bounces off the product surface and
returns to the gauge. The transmitter measures the
time delay between the transmitted and received
echo signal and the on-board microprocessor
calculates the distance to the liquid surface using the
formula:

Distance = (Speed of light x time delay) 2

Once the transmitter is programmed with the
reference gauge height of the application - usually
the bottom of the tank or chamber - the liquid level is
calculated by the microprocessor.

The FMCW radar also transmits microwaves towards
the product surface, but the transmitted signal is

of continuously varying frequency. When the signal
has travelled down to the liquid surface and back to
the antenna, it is mixed with the signal that is being
transmitted at that time. The difference in frequency
between the received and transmitted signal is
directly proportional to the distance to the liquid
with high precision.

The gauge's susceptibility to corrosion is limited
because it is non-contacting and it is an ideal choice
for viscous, sticky, and abrasive fluids and for hygienic
applications. Non-contacting radar is frequently

used in vessels with agitators. Devices with higher
frequencies can be completely isolated from the
process with PTFE seals and can be used with valves.
Most vendors offer non-contacting versions that can
be used in applications from 3 to 98 or 131 ft (1 to 30
or40 m).

The frequency of the non-contacting radar can
impact its performance. A lower frequency reduces
sensitivity to vapor, foam, and contamination of

the antenna, whereas a higher frequency keeps the
radar beam narrow in order to minimize influence
from nozzles, walls, and disturbing objects. Beam
angle is inversely proportional to antenna size. The
beam angle of a given frequency will decrease as the
antenna size increases.

2.2.2

Non-contacting radar provides a top-down, direct
measurement as it measures the distance to the
surface. It can be used with liquids, sludges, slurries,
and solids. A key advantage of radar is that no
compensation is necessary for changes in density,
dielectric, or conductivity of the fluid. Changes

in pressure, temperature, and most vapor space
conditions have no impact on the accuracy of radar
measurements. In addition, radar devices have no
moving parts so maintenance is minimal. Non-
contacting radar devices can be isolated from the
process by using barriers such as PTFE seals or valves.
Since it is not in contact with the measured media, it
is also good for corrosive and dirty applications.

Advantages

Figure 2.2.1 Non-contacting radars with different antennas to fit
different applications.

2.2.3

For non-contacting radar, good installation is the
key to success. The gauge needs a clear view of the
surface with a smooth, unobstructed, unrestricted
mounting nozzle.

Limitations

Obstructions in the tank, such as pipes,
strengthening bars, and agitators can cause false
echoes, but most transmitters have sophisticated
software algorithms to allow masking or ignoring of
these echoes.

Non-contacting radar gauges can handle agitation,
but their success will depend on a combination of
the fluid properties and the amount of turbulence.
Dielectric constant (DC) of the medium and the
surface conditions will impact the measurement.
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The measurement may be influenced by the presence
of foam. Energy tends to not be reflected by light

and airy foam while a dense and heavy foam typically
reflects the energy.

With low dielectric process fluids, much of the
radiated energy is lost to the fluid, leaving very little
energy to be reflected back to the gauge. Water and
most chemical solutions have a high DC; fuel oil, lube
oil, and some solids, such as lime, have a low DC.

If the surface is turbulent, whether from agitation,
product blending, or splashing, more of the signal
is lost. So a combination of a low dielectric fluid and
turbulence can limit the return signal to a non-
contacting radar gauge. To get around this, bypass
pipes or stilling wells can be used to isolate the
surface from the turbulence.

2.3 Ultrasonic
- Continuous level measurement
2.3.1 Basic principle

An ultrasonic level transmitter is mounted on the top
of the tank and transmits an ultrasonic pulse down
into the tank. This pulse, travelling at the speed of
sound, is reflected back to the transmitter from the
liquid surface. The transmitter measures the time
delay between the transmitted and received echo
signal and the on-board microprocessor calculates
the distance to the liquid surface using the formula:-

Distance = (Speed of sound x time delay) | 2

Figure 2.3.1 lllustration showing an ultrasonic transmitter

Once the transmitter is programmed with the
bottom reference of the application — usually the
bottom of the tank - the liquid level is calculated by
the microprocessor.

2.3.2

Ultrasonic transmitters are easy to install on empty
tanks or on tanks containing liquid. Set-up is simple
and those devices with on-board programming
capability can be configured in minutes.

Advantages

As there is no contact with the media and no moving
parts, the devices are virtually maintenance free.
Wetted materials are usually an inert fluoropolymer,
and resistant to corrosion from condensing vapors.

Because the device is non-contacting, the level
measurement is unaffected by changes in the liquid
density, dielectric, or viscosity, and performs well

on aqueous liquids and many chemicals. Changes

in process temperature will change the speed of

the ultrasonic pulse through the space above the
liquid, but temperature compensation automatically
corrects this. Temperature compensation is included
in the actual devices, but remote temperature
sensors are required to compensate for changes in air
temperature that vary from the device temperature.
Changes in process pressure do not affect the
measurement.

2.3.3

Ultrasonic transmitters rely on the pulse being
unaffected during its flight time. Liquids which form
heavy vapors, steam, or vapor layers should be
avoided (use a radar transmitter in these instances).
As the pulse needs air to travel through, vacuum
applications are not possible.

Limitations

Materials of construction generally limit the process
temperature to around 158 °F (70 °C) and pressure to
43 psig (3 bar).

The condition of the liquid surface is also important.
Some turbulence can be tolerated but foaming will
often damp out the return echo.

Obstructions in the tank, such as pipes,
strengthening bars, and agitators, will cause false
echoes, but most transmitters have sophisticated
software algorithms to allow masking or ignoring of
these echoes.

Ultrasonic transmitters can be used on silos
containing dry products such as pellets, grains, or
powders, but these are more difficult to commission.
Factors such as surface angle of repose, dusting, and
long ranges must be taken into account. A guided
wave radar transmitter is better suited to dry product
applications.
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24 Ultrasonic sludge blanket
monitoring and control
- Continuous level measurement
2.4.1 Basic principle

Suspended solids monitoring

The percentage of suspended solids within a slurry
can be calculated by measuring how much an
ultrasonic signal is attenuated as it travels through
the fluid.

An ultrasonic transmitter/ receiver pair is submerged
in a tank or mounted within a pipe section. An
ultrasonic signal is transmitted between the
transmitter and receiver crystals and is scattered by
suspended solids particles that are present in the
slurry. The amount of signal received by the receiver
crystal is inversely proportional to the percentage of
suspended solids within the slurry (sludge density).

Transmitter
crystal

Receiver
crystal

vvvy

Signalin clear fluid

Suspended
< o solids

Receiver

Transmitter
> crystal

arystal

Signal interfered with (attenuated)
by suspended solids

Figure 2.4.1 lllustration showing the principle of suspended
solids monitoring

2.4.2

Ultrasonic systems are easy to install and those
fitted with an on-board calibration function can be
configured quickly.

Advantages

Since the technology is submersible, measurements
are unaffected by turbulence, heavy vapors, and
foaming.

The technology is very robust, based on non-optical
principles and incorporates no moving parts,
therefore systems are virtually maintenance free.
2.4.3

Systems are typically designed to operate in

Limitations

applications where the percentage of suspended
solids is within the range of 0.5-15%. If the
supernatant contains a very high percentage of
suspended solids, the ultrasonic signal may be
attenuated completely.

The ultrasonic signal will also be attenuated by
the presence of entrained air or gas within the
supernatant. If entrained air or gas is present,
measurement accuracy may be affected.

An additional limitation is that the system has to be
submerged.

2.5 Pressure transmitters
- Continuous level measurement
2.5.1 Basic principle

Pressure transmitters are a common and well
understood technology for liquid level measurement.
They are straightforward, easy to use and install, and
work in a variety of applications and a wide range of
conditions.

I a level measurement is being made on an open/
vented vessel, a gauge (GP) or differential pressure
(DP) transmitter is required. If the tank is closed or
pressurized, a DP measurement must be made to
compensate for the vessel pressure.

In addition to basic level measurements, pressure
instrumentation can be set up to provide density and
interface level measurements.

Open vessel level measurement

In an open-vessel configuration, the head pressure of
the liquid is measured to infer a level measurement.
Any column of liquid exerts a force at the base of

the column because of its own weight. This force,
called hydrostatic pressure or head pressure, can be
measured in pressure units. Hydrostatic pressure is
determined by the following equation:

Hydrostatic Pressure = Height x Specific Gravity

If the liquid level (height) changes, hydrostatic
pressure changes proportionally. Therefore, a simple
way to measure level is to install a pressure gauge on
the holding vessel at the lowest level to be measured.
The level of the liquid above the measurement point
can then be inferred from hydrostatic pressure by
rearranging the formula above to solve for height. If
the pressure units are not in units of height, they will
need to be converted (e.g. 1 ft H,0=0.43 psig).
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Closed tank level measurement

If a vessel is pressurized, a single GP transmitter is
not adequate. When a GP transmitter detects a
change in pressure, it cannot distinguish whether
it was caused by a change in the liquid level or a
change in the vessel pressure. To solve this issue, a
DP measurement should be made in closed vessel
applications to compensate for the presence of the
vessel pressure.

When a DP measurement is made, changes in the
overall vessel pressure affect the high and low
pressure taps equally, so the effects of the pressure
are cancelled out.

Figure 2.5.1 lllustration showing a pressure transmitter

The tap near the bottom of the vessel measures
hydrostatic pressure plus vapor space pressure. The
low-pressure tap connected near the top of the
vessel reads only the pressure in the vapor space.
The difference in pressure between the two taps
(differential pressure) is used to determine level.

A DP measurement can be made by using a single
DP transmitter with impulse piping or capillary and
seals, or two gauges or absolute transmitters can be
used to calculate DP in an Electronic Remote Sensor
(ERS™) configuration.

Level = Differential Pressure | Specific Gravity

2.5.2

In general, pressure transmitters are economical,
easy to use and well understood. In addition,
pressure transmitters can handle almost any tank
and liquid, including slurries. They function in a wide
pressure and temperature range, as well as in foam
and turbulence.

Advantages

2.5.3 Limitations

Level measurement accuracy with pressure
transmitters can be affected by changes in fluid
density. Special precautions are therefore required
with thick, corrosive, or otherwise hostile fluids.

In addition, some fluids (e.g., paper stock) tend to
solidify as their concentration increases. Pressure
transmitters do not work well with such solidified
states. When pressure transmitters are installed
with impulse piping (wet or dry legs), then ambient
temperature changes can affect the measurement
due to density changes in the wet leg fluid or
condensation of fluid in dry legs. Closed capillary
systems alleviate some of these issues, and can be
chosen to minimize the errors.

Electronic Remote Sensor (ERS) technology

can further eliminate temperature changes by
replacing impulse piping and capillary with a
digital architecture. However, Electronic Remote
Sensor technology is designed for tall vessels and
applications with low to moderate static pressures.

2.6 Capacitance
- Continuous and point level
measurement

2.6.1 Basic principle

A capacitor is formed when a level sensing electrode
is installed in a vessel. The metal rod of the electrode
acts as one plate of the capacitor and the tank wall
(or reference electrode in a non-metallic vessel)
acts as the other plate. As level rises, the air or gas
normally surrounding the electrode is displaced

by material having a different dielectric constant.

A change in the value of the capacitor takes

place because the dielectric between the plates

has changed. RF (radio frequency) capacitance
instruments detect this change and convertitinto a
relay actuation or a proportional output signal.

The capacitance relationship is illustrated with the
following equation:

C=0.225K(A[/D)
where:

C = Capacitance in picoFarads

K = Dielectric constant of material

A = Area of plates in square in.

D = Distance between the plates in in.

o



2 - Available technologies

Figure 2.6.1 Capacitance principle

The dielectric constant is a numerical value on a scale
of 1to 100 which relates to the ability of the
dielectric (material between the plates) to store an
electrostatic charge. The dielectric constant of a
material is determined in an actual test cell.

In actual practice, capacitance change is produced in
different ways depending on the material being
measured and the level electrode selection. However,
the basic principle always applies. If a higher
dielectric material replaces a lower one, the total
capacitance output of the system will increase.

If the electrode is made larger (effectively increasing
the surface area) the capacitance output increases;
if the distance between measuring electrode and
reference decreases, then the capacitance output
decreases.

2.6.2

A capacitor tolerates a variety of process conditions,
such as variable density, high temperatures (1000 °F,
540°C), high pressures (5000 psi, 345 bar), viscous
products, slurries, foams, and pastes. It can be used
to measure point or with multiple points it can
measure continuous level in both solids and liquids. It
can also measure interface. In addition, a capacitor is
inexpensive.

Advantages

2.6.3

For a capacitor, a change in dielectric creates errors
in the reading, as does a coating on the probe by
product. Options are available to compensate for the
build up of product on capacitance probes.

Limitations

With non metallic tanks or tanks without vertical
walls, the addition of a reference probe is required.
Calibration of a capacitor can be difficult, especially
since one cannot “bench calibrate”, and changing
vapor space can affect the output. Capacitors are also
adversely affected by heavy foams.

2.7 Displacer transmitters
- Continuous measurement
2.7.1 Basic principle

A displacer transmitter is fitted to the top of a tank

or more usually in a chamber which is valved to the
tank, and comprises a displacer element which is
suspended from a hanger - either a torque tube or a
spring - connected to the transmitter/switch head.
The displacer element is designed to be heavier than
the liquid in which it is being used so that, even when
fully immersed in the liquid, it still exerts a downward
force on the hanger.

As the liquid in the vessel rises to cover the

element, a buoyancy force is created which is

equal to the weight of the liquid displaced by the
element (Archimedes' principle). This is seen by the
transmitter as an effective reduction of the hanging
weight of the element, and, as the displacer element
hanging weight is proportional to the liquid level
around it, the electronics in the transmitter head can
give a readout of liquid level.

o
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Figure 2.7.1 lllustration showing a spring displacer

2.7.2

Displacer transmitters and switches are widely

used and, provided they are regularly maintained
and their calibration checked, give years of reliable
service. Able to operate at extremes of pressure and
temperature, and commonly used to give interface
level measurement even where emulsive layers exist
between two liquids, these instruments allow level
measurements to be made in many difficult applications.

Advantages
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2.7.3

The accuracy of the level measurement is dependent
upon correct calibration of the instrument at
operating conditions. If these conditions change, the
level reading will be incorrect.

Limitations

Torque tube displacer transmitters in particular
require regular maintenance and calibration checks,
and can suffer from damage during surge conditions.
Operating ranges greater than 16 ft (5 m) are
impractical, mainly due to handling issues.

2.8 Nuclear
- Continuous and point level measurement
2.8.1 Basic principle

Nuclear devices comprise a shielded radioisotope
source attached to one side of a vessel or pipe and a
detector placed on the opposite side. Gamma rays
are emitted from the source and are focused to travel
through the tank wall, the medium in the tank, and
the far tank wall through to the detector. Nuclear
level switches use radioisotope sources sized to
provide measurable radiation at the detector when
no product material is present between source and
detector.

;

Figure 2.8.1 lllustration showing a nuclear device

Nuclear level transmitters use the same radioisotope
sources, but respond to the total absorption of
gamma rays as they pass from the source to detector.
The amount of radiation reaching the detector is
inversely proportional to the amount of material in
the vessel.

Although the word “nuclear” sometimes causes
concern, the industry has sustained an excellent
safety record over the course of the last 30 years or
more.

2.8.2

The biggest advantage with nuclear technology is
thatitis non-invasive (i.e. there is no need for any
instrument process connections on the tank).

In addition, the nuclear level devices are non-
contacting and unaffected by high temperatures,
high pressures, corrosive materials, abrasive
materials, viscous materials, agitation, or clogging/
plugging. It can be used for both point and
continuous level measurements in both liquids and
solids, as well as interface.

Advantages

2.8.3

Large density changes, especially the density of
Hydrogen in a material, can create errors. Layers

of coating on vessel walls can also affect the
measurement results. In order to use the nuclear
technology, licensing and leak checks are required, as
well as a high degree of health and safety checks and
care over source handling and disposal. Nuclear has a
relatively high cost.

Limitations

2.9 Laser

- Continuous level measurement

Figure 2.9.1 lllustration showing the laser principle

2.9.1

A laser level sensor uses infrared light to send a
focused beam towards the surface. The laser light
will reflect off of most solid or liquid surfaces. The
time of flight can be measured with precise timing to
determine the range or distance of the surface from
the sensor.

Basic principle

¢



2 - Available technologies

2.9.2

A narrow, focused beam makes this technology
good for applications with space restrictions. Itis a
non-contacting technology, with no moving parts,
making it a low maintenance device. Laser level
devices work best in cloudy or shiny liquids or solids.
The laser technology can handle rapid level changes,
has high accuracy, and can measure on long ranges.

Advantages

2.9.3

In order for the laser device to function, the glass
window where the laser beam leaves the device must
stay clean. Therefore, it cannot tolerate dust, fog,
steam, or vapors. In addition, the laser beam may
pass through surfaces of clear, still fluids. When it
comes to installation of the device, the alignment is
critical.

Limitations

2.10 Magnetostrictive

- Continuous level measurement

Gauge

Guide tube
Float with magnets

Figure 2.10.1 lllustration showing the magnetostrictive
magnetic fields

2.10.1

The magnetostrictive devices measure the
intersection of two magnetic fields, one in a float,
the otherin a guide tube. The float is free to travel up
and down the guide tube as the liquid level changes.
Electronics send a low current pulse along the guide
and when the magnetic field generated by the pulse
reaches the field generated by the float, torsional
“twist” is initiated. This then creates a sonic wave,
which is detected and timed.

Basic principle

2.10.2

The magnetostrictive devices are precise (<1/32

Advantages

in. or 1 mm) and in addition to level, interface and
numerous temperatures can also be measured on the
same assembly.

2.10.3

The magnetostrictive gauge measures the position
of the float, which means that any change in density
can cause a measuring error. The magnetostrictive
technology is intrusive and can therefore clog or
stick, and it is also corrosion sensitive. Long lengths,
typically > 9 ft (3m), can be subject to damage by
turbulence or poor installation. Also, it attracts all
metal particles in the liquid, thus changing the way
it floats.

Limitations

2.11  Magnetic Level Indicators
- Continuous level measurement
2.11.1  Basic principle

A Magnetic Level Indicator (MLI) is a vertical indicator
made up of a chamber parallel to the process vessel
and a column with visual indicators that show the
level.

The MLI chamber contains magnetic floats that move
up and down with the level and trigger or move the
visual indicators in the column. The floats can also
trigger any magnetostrictive sensors, which are
sensors that respond when they are exposed to a
magnetic field.

The chamber is constructed from non-magnetic
material which is compatible with the process
fluid(s), temperature, and pressure. The chamber
is parallel to the process vessel so the level of the
fluid(s) in the chamber is at the same level as the
fluid in the process but is less turbulent. The chamber
is connected via instrument piping to the process
vessel and may have several connections. It will
contain the same fluids and fluid interfaces that
are present in the process vessel, provided that the
connections are located such that fluid flow allows
good representation of vessel contents.

The magnetic float or floats contained in the chamber
are designed to sit at the total level and/or the
interface between two adjacent fluids based on their
specific gravity. The indicators typically comprise a
housing containing a column of flippers or rollers.
The flippers or rollers are flipped as the lines of flux
from the magnetized float or floats pass through the
chamber walls and trigger them to move, typically

so that they show an alternate color which is on the
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back side of the flipper or roller. This will indicate
the position of the float or floats contained in the
chamber. As the level of the fluid or fluid interface(s)
within the chamber rises and falls, the float or floats
rise and fall, and the level is communicated to and
displayed by the MLI’s indicators. The magnetic lines
of flux also stimulate any other magnetostrictive
sensors or switches, such as reed switches, attached
to the column.
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Figure 2.11.1 Illlustration showing a magnetic level indicator

2.11.2

Magnetic Level Indicators are typically used to
provide operating personnel with a visual indication
of the level of the process fluid contained within a
given vessel. They have an advantage over a sight
glass in that the visual indicator itself does not
contain any process fluid so the risk of fluid release
into the environment due to a broken sight glass or
ineffective seals is avoided. Additionally the level of
fluids can be observed from some distance, colorless
fluids can be observed, and the level of fluids can be
reliably observed even for fluids that would foul or
etch a sight glass. MLIs typically remain in service for
decades.

Advantages

2.11.3

Magnetic Level Indicators rely on floats which
occasionally foul and stick. If iron filings are present
in the media, they can get caught on the magnets
and hang the float up. Additionally sticky media
including substances like paraffin can occasionally
cause a float to stick or hang-up if the chamber is
below process temperature. Floats are additionally
vulnerable to collapse during hydro testing, steam
cleaning, process start-up, and process shut down.

Limitations

The MLI indicators sometimes use a bobber that is
magnetically linked to the float and moves as the
float moves. Floats of this type are known to become
decoupled from their “bobber” type indicators,
requiring them to be re-set. The “flipper” type
indicators are relatively immune to this issue. In
certain circumstances, boiler code requires that the
plant operator observe the process media directly.

In these cases an MLI would not be adequate. Float
design is dependent on the pressure in the vessel
and the specific gravity of the process liquid over

the entire temperature range. Applications with

high temperature, high pressure, and low specific
gravity are the most difficult, but MLIs may be used at
temperatures near 1000 °F (538 °C), at pressures up
to more than 4000 psi (275 bar) and with fluids with
specific gravities of 0.4 or even lower.

2.12  Servo

- Continuous level measurement

Storage drum
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Figure 2.12.7 lllustration showing the servo powered level gauge

2.12.1

The servo powered level gauge uses a bi-directional
motor attached to a displacer and cable. A displacer
float is attached to the wire which is stored on a
measuring drum. The servo motor is controlled by
an electronic weighing balance which continuously
senses the buoyancy of the partly immersed
displacer. In an equilibrium condition, the apparent
weight of the displacer balances against the force of
the balancing springs when partly immersed in the
fluid. A level rise or fall causes a variation in buoyancy.
The detector controls an integration circuit in the
bi-directional motor which turns the measuring
drum, thus raising or lowering the displacer until the
balance position is restored.

Basic principle

@
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Servo tank gauges are normally mounted on the top
of the tank on a stilling well. To maximize accuracy,
the displacer must be mounted in a stilling well to
prevent horizontal movement of the displacer. If

not contained in a stilling well, it can be subject to
mounting errors.

Servo level gauges may also be used for interface
measurements. In this case, the displacer is sized
for the heavier material and sinks through the upper
layer.

Factors affecting the system accuracy are: expansion
of cable due to temperature changes, mounting
location, tank bulging due to liquid head stress
resulting in a reference point movement, changes

in density of the product, and cable and drum
tolerance.

2.12.2  Advantages

The servo powered level gauge provides a direct level
measurement with good instrument level accuracy
(+ 0.5 mm).

Some servo gauges can be remotely activated to

hoist or lower the level sensing displacer for an overall

repeatability and performance check or calibration.
By lowering the displacer it is also possible to
measure density and/or detect a water interface
below the product surface in the bottom of the tank.

2.12.3

To maximize accuracy, the displacer must be
mounted in a stilling well to prevent horizontal
movement of the displacer.

Limitations

The gauge has many moving parts that are
susceptible to mechanical wear and sensitive to dirt
and product buildup.

Density change of the measured product may
affect the immersion of the sensing element in the
equilibrium condition.

Although it is possible to measure density and/or
water interface with a servo gauge, this is achieved
by lowering the wire and displacer into the product
which could leave product residue on them. This
may lead to increased maintenance requirement
to maintain accuracy. The real product level
measurement is not available during these density
and water interface measurements.

2.13  Vibrating fork switches
- Point level detection
2.13.1  Basic principle

Vibrating fork switches are a point level technology
which operate using the concept of a tuning fork.
The switch is mounted on the side or top of a tank or
pipe using a flange or threaded process connection
such that the forks protrude inside the vessel.

When in air, the forks vibrate at their natural
frequency which is monitored by a detector circuit.
When media covers the forks, the frequency of
oscillation drops and is detected by the switch
electronics, which in turn changes the output state
of the switch, and providing an effective means of
detecting the presence or absence of the media.

Figure 2.13.1 lllustration showing vibrating fork switches
mounted on top and on the side of the tank

2.13.2

Vibrating fork switches are virtually unaffected by
flow, bubbles, turbulence, foam, vibration, solids
content, coating, and changing properties of the
liquid making them a highly reliable technology for
liquid level detection. There is no need for calibration
and they require minimum installation procedures.
No moving parts or crevices means virtually no on-
site maintenance.

Advantages

Vibrating fork switches have gained popularity due
to their diagnostics capability. Some modern types
available have the capability to continuously check
and report their mechanical and electronic health.
Some also have the ability to monitor small changes
and trends in the fork frequency opening up the
possibility of inferring characteristics of the liquid at
that point level.
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2.13.3

Vibrating fork switches are not suitable for very
viscous media. Gradual build up between the forks,
if left unchecked, may cause bridging of the forks,
which risks false switching.

Limitations

In extreme high temperature and pressure
applications vibrating fork switches may not be
suitable and another technology such as float or
displacer should be selected.

2.14  Float and displacer switches
- Point level detection
2.14.1  Basic principle

Afloat switch is usually mounted on the side of a

tank or in an external chamber, and relies upon the
liquid lifting the float through buoyancy principle

as it arrives at the switching level. The float carries

a permanent magnet as part of the float assembly
which interacts with a second permanent magnet in
the switch housing. The assembly is glandless as the
magnets interact through the wall of the switch body.

These simple electro-mechanical devices are
relatively trouble free and give reliable switching

in high or low level applications. There are many
variations on this theme and models to meet almost
any application, process connection, or switching
duty are available.

Where switching points are required a long distance
below the mounting point of the switch, a displacer
type switch can be used. Operating in a similar
manner to a displacer transmitter, the displacer
element is positioned on a cable and suspended from
a spring below the mounting point at the required
switching level.

Figure 2.14.1 lllustration showing different mounting positions
for float switches

The displacer element has a fixed hanging weight
which is supported by the spring. As liquid covers the
element, the effective weight seen by the spring is
reduced and an operating permanent magnet is lifted
which interacts with a second permanent magnet in
the switch housing. Displacer designs are also used

in very high pressures or where low Specific Gravity
liquids are present.

2.14.2

Being very simple with only a few components, float
and displacer switches are very reliable and easy to
maintain. High pressures and temperatures are not a
problem, and a variety of wetted materials allow use
in almost any liquid.

Advantages

2.14.3

Float and displacer switches are simple passive
devices and have no self checking features, so regular
checking and maintenance is advisable. The float

or displacer is a moving part so it can be subject to
sticking in thicker or viscous liquids.

Limitations
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2.15 Technology overview

KEY:
® Good

Application dependent
® Not recommended

Non-contacting

Guided wave
radar

radar
DP level
Ultrasonic

Vibrating fork
Float

Level
Interface (liquid / liquid)
Volume

Measurement .
Density

Mass

Open channel flow

Changing density
Changing dielectric

Wide pH variations

Pressure and temperature changes

Condensing vapors

Process
medium
characteristics

Bubbling/boiling surfaces
Foam

Coating liquids

Viscous liquids
Crystallizing liquids
Solids, granules, powders (]

Sludges and slurries

Top-down connection °

Bottom or side connections direct to vessel

Stilling wells or chamber applications °
Mounting close to tank wall | disturbing
object

High turbulence °

Long and narrow mounting nozzles
Tank
environment
considerations

Angled or slanted surface

High empty and fill rates °
Internal obstructions

Agitation

Non-metallic vessel

Nozzle in center of tank °
Compatible where valves or isolation are
required

Small tank <40in (1 m) ° o

Table 2.15.1: Rating of each technology based on its capability of handling each challenge.
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3. Rosemount

level products

The Rosemount level product offering includes the
technologies required for maximum efficiency in a
wide range of installation and application conditions,
providing robust and reliable measurements. This
chapter provides an overview of the offering. For
detailed information on a product, please see the
Product Data Sheet on Emerson.com

3.1 Guided wave radar

There are three different Rosemount guided
wave radar level transmitters; Rosemount 5300,
Rosemount 3300, and Rosemount 3308. For
guidance in choosing the correct model for your
application, please see table 3.1.1.

Benefits of Rosemount guided wave radar:

Highly accurate and reliable measurement

* Top mounted, direct level and interface
measurement of liquids or solids

* Wide temperature and pressure ranges

» Unaffected by process conditions such as density,
viscosity, conductivity, corrosiveness, vapors,
turbulence, dust, and changing pressure and
temperature

e Good fit for small spaces and easy swap for older
technologies

* Awide range of probe styles to cover virtually any
application

e Few installation rules

e MultiVariable™ output includes the choice of
level, interface level, distance, upper product
thickness, volume, and signal strength

e Awide variety of wetted materials and process
connections

e Robust modular design resulting in low operating
cost and increased safety

* Wireless solutions with Rosemount 3308, or
with 5300 and 3300 in combination with the
Rosemount Wireless THUM Adapter

3.1.1

Rosemount 5300 Level Transmitter

Direct Switch Technology enables a stronger
signal than other 2-wire GWR transmitters,
providing better measurement capability and
reliability

Probe End Projection allows for measurement on
very low dielectric products over long ranges
Dynamic Vapor Compensation functionality
ensures high accuracy in saturated steam
applications

Advanced Diagnostics (SQM) for a preventative
maintenance program or detection of changes in
process, such as appearance of foam

Improved EMC performance with a Smart
Galvanic Interface increases safety

Easy integration into new or existing plants with
a choice of 4-20 mA HART™, FOUNDATION ™
fieldbus or Modbus with extensive support for
advanced diagnostics

Powerful and easy-to-use configuration tools

A wide range of probe styles to cover virtually any
application including extreme temperature and
pressure probes for demanding environments
Robust modular design and Multivariable
transmitter resulting in low cost and increased
safety

For liquids and solids

SIL 3 Capable: IEC 61508 certified for use in safety
instrumented systems up to SIL 3 (Minimum
requirement of single use (1Too1) for SIL 2 and
redundant use (1002) for SIL 3)

EN12952-9 and EN12953-11 compliant

ASME B31.1 available for selected flanges

Large coax probe enables measurement without
upper null zone

Thin interface detection capabilities down to 1
inch

Rosemount 5300
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3.1.2 Rosemount 3300 Level Transmitter

» Handles most liquid storage and monitoring
applications

 Easy-to-use Radar Configuration Tools makes
setup quick and easy and provides diagnostics
with waveform plotting and logging tools

e Easily integrated into existing HART and Modbus
plant architecture

Rosemount 3300

3.1.3 Rosemount 3308 Wireless Level
Transmitter

e The world’s first true wireless guided wave radar
for level and interface measurement

¢ Handles most liquid storage and monitoring
applications

* Fast and simple commissioning with self- Rosemount 3308
organizing network and easy-to-use human
centered guided set-up software, with intuitive
graphical interface

e Dirty probe detection with Signal Quality Metrics

¢ Battery powered with nine year battery life at one
minute update rate

e Advanced process and device health diagnostics
with proactive alerts

¢ Direct switch technology provides high signal
strength for reliable measurement

e High performance option with +0.1in (3mm)
accuracy
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Specification and selection guide for guided wave radar’ o @ 2
8 & 8
Explosion proof or intrinsically safe (] (] (]
Overfill protection (DIBt | WHG) ( o (]
Certification Certified to IEC 61508 to SIL 2 o (@] (]
Marine approvals o (@) [ J
EN 12952-9, EN12953-11, CRN and B31.1 compliant (©) O [
4-20 mA with HART® [ J O [ J
FounpaTioN™ Fieldbus o o (]
Output
MODBUS® [ J (e} [ J
WirelessHART® [ B (] [ B
Customized PC setup and support software (] (@] (]
AMS™ Suite/Field communicator (e.g. 375/475) [ J [ ) [ J
Configuration Deltav™ o (@) [ J
DTM compliant 3 [ ) (@) [ )
Enhanced EDDL/DTM capabilities o [ ) [ )
Standard diagnostic capabilities (] (] o
Diagnostics
Enhanced diagnostic capabilities O (] (]
Stainless steel or PTFE covered (] (] (]
Probe materials
Duplex 2205, Alloy G276, Alloy 400 (@) O [
Max/min] -40 to 302 °F (-40 to 150 °C)/-14 (-1 to 580 psig (52 bar) ° ° °
temp/pressure 320 to 752 °F (-196 to 400 °C)/-14 (-1 ) to 5000 psig (345 bar) O o °
Maximum measuring range 75ft/23m 33ft/17m  164ft/S0m
Performance Minimum dielectric constant with coaxial [ single lead probe 1.4/2.5 2.0° 1.2/1.4
Reference accuracy +0.2in/5mm 0.1in/3mm 0.1in/3mm
Turbulent hydrocarbons (@) (@) [
Level and interface o° () (]
Challenging Coating products o () (]
applications with —
single lead probe Solids o o ot
Saturated steam O (0] (]
Disturbing electromagnetic interference ( X ( X [ )
" For more information please refer to the product data sheet (PDS) and GWR KEY: Available ® Not available O

application and selection guide

2 With Emerson Wireless 775 THUM™ Adapter > For configuration in Fieldmate, FieldCare, and PactWare

4 See data sheets for details. Installing a single lead probe in a metallic chamber or enabling Probe End Projection function will
improve minimum dielectric constant

5 At maximum measuring range 6 Suitableup to30ft/9m

7 In metallic tanks. For optimal single lead probe performance in non-metallic tanks, the probe must be mounted with a metal
flange, or screwed in to a metal sheet (d > 14 in./350 mm) if a threaded version is used. Consult factory in case of non-metallic
tanks or open air applications

Table 3.1.1: Specification and selection guide for Rosemount guided wave radar transmitters

o
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3.2 Non-contacting process radar

» Top mounted, non-contacting, direct level
measurement

* Wide temperature and pressure ranges

* Maximum mounting and application flexibility is
ensured with a wide range of antennas

* Can beisolated by valves

* Unaffected by process conditions such as density,
viscosity, conductivity, coating, corrosiveness,
vapors, and changing pressure and temperature

* Good for dirty, coating and corrosive applications

e May be combined with the Rosemount Wireless
THUM™ Adapter for wireless solution

* No moving parts and no contact with the liquid

e Can measure through non-metallic tanks

3.2.1 Rosemount 5408 Level Transmitter

Rosemount 5408

* Unique energy-efficient two-wire FMCW radar for
optimal performance

* 26 GHz frequency suitable for a wide range of
process applications, both liquids and solids

» Wide temperature and pressure range

* Engineered and user-tested for best-in-class
safety, reliability, and ease-of-use

* Low 12V dclift-off voltage

* Immune to intermittent power loss for up to 2
seconds

* Unique PTFE seal design eliminates need for o-rings

* Intuitive commissioning experience driven by
wizards and adaptive graphics

e Rosemount 5408:SIS tailored for SIS requirements,
optimal for safety applications and certified to IEC
61508 for SIL2 applications with SIL3 capability.

* Perform safe, easy, and remote proof testing
without interrupting the process

* Air purging available for dusty applications

@

3.2.2

Hygienic process connections and certificates
available for sanitary applications

High flexibility with interchangeable transmitter
heads and antennas

Easy setup of the advanced transmitter
software through the Rosemount Radar Master
configuration tool

The FDI compliant Rosemount 5408 is
configurated in the user-friendly Rosemount Radar
Master Plus

Wide selection of antennas and materials

Rosemount 1408 Level Transmitter

Rosemount 1408

World’s first non-contacting radar with 10-

link connectivity and 4-20 mA output for easy
integration to any automation system

Simple commissioning

Unique design withstands high cleaning
temperatures while still retaining a compact form
factor that allows for mounting in tight spaces
Focused beam angle, ideal for small tanks and
internal obstructions

No dead zone, measures all the way to the
antenna without risk of overfilling the tank

Full breadth of approvals to achieve compliance
Drip-off sealing disc design to ensure perfect
cleanliness during CIP/SIP, insensitive to
condensation and build-up

Unique single chip design combines FMCW and
80 GHz technology together with smart echo
algorithms to provide accurate and reliable
measurement signals

Robust design ensures protection against leakage
during tank cleaning and external washdowns
Digital switch output to alert operators of critical
level limits

Modular process connections

Electrical installation with standard M12
unshielded cable
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Specification and selection guide for @ =
non-contacting radar’ & ®
Radar Technology FMCW FMCW
Explosion proof or intrinsically safe [ (@)
Overfill protection (DIBt | WHG) o
Certification L2 Prioruse ®) O
IEC61508 SIL 2 certified [ J o
Hygienic approvals [ ()
Marine approvals (J o
Separate wiring for power and communication (e.g. 3-wire) o (]
4-20 mA with HART ° o)
10 Link o [ J
Output FounpaTion™ Fieldbus [ ] (@)
MODBUS® ©) (¢)
NAMUR® [ J o
WirelessHART with the Emerson THUM™ Adapter [ J (©)
FDI compliant [ ] (@)
Customized PC setup and support software [ ] [
Configuration AMS™ Suite [ Field communicator (e.g. 375/475) [ ] (@)
DeltaV [ ) [
Enhanced EDDL capabilities (] o
DTM compliant 2 (®) [ )
Standard diagnostic capabilities [ ] [
Diagnostics  Enhanced diagnostic capabilities ° o
Power diagnostics () (e}
Antenna Stainless steel, Alloy G276, Alloy 400 or PTFE covered o [ ]
materials Titanium or Tantalum o) o
Operating temperature (:égigggé :2) (:igtg?gé%
Max/min pressure 1450 Eig 21) 53 bar) 11;;51(;()8tgar)
Threaded [ ] [
Connections  Tri Clamp ® [ J
Flanged (J o
Hygienic [ J [ J
Maximum measuring range 130ft/40m 33ft/10m
Performance  Minimum dielectric constant 1.9 22
Reference accuracy 0.08in/2mm 0.08in/2mm
Heavy vapors or bubbling/boiling surfaces [ [
Application Valves, taller nozzles, small openings, and internal structures o o
consideration  High turbulence and rapid level changes [ ] (]
Solids, granules, powders (] (]
Antenna extensions ® 9

KEY: Available ® Notavailable O

" For more information please refer to the product data sheet (PDS) .

2 Ifinstalled in vessel. Min DC is 1.4 if installed in metallic pipe. Measuring range depends on microwave frequency, antenna size,
dielectric constant, and process condition. See PDS for details.

Table 3.2.1: Specification and selection guide for Rosemount non-contacting radar

o
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33 Rosemount tank gauging

system

The Rosemount Tank Gauging System is developed
for complete bulk liquid storage management at
refineries, tank farms, and fuel depots.

The Rosemount Tank Gauging System measures and
calculates tank data for:

Custody transfer

Inventory management

Oil movement

Mass balance and loss estimation/control
Operational and blending control

Leak detection and overfill prevention

The Rosemount Tank Gauging System can include a
wide range of products as visualized in the system
overview below.

The key products of the tank gauging system are the
Rosemount 59008, 2240S, 2410 and TankMaster.

59005

22405 59005

5900C

59008

2iin-1 2230

Safety Instrumented 2410
i

System (SIS)

%

Alarm (]

Safety Instrumented
System (SIS)

The tank gauging system may also include the
Rosemount 5300 and 5408 described in 3.1 and 3.2.
For a full description of the different items, please
visit Emerson.com/Rosemount-TankGauging.

The system can be configured to provide the
following tank data and functions:

Level, level rate, temperature, and water interface
level measurement

Multiple temperature inputs for average
calculations

Relay or analog outputs for SIL 2/SIL 3 high level
alarms and customized functions

Vapor pressure and hydrostatic pressure
measurement

Total Observed Volume (TOV), and observed
density calculations in the Rosemount 2410 Tank
Hub

Net volume calculations according to API (with
the TankMaster™ software package)

Complete inventory, hybrid and custody transfer
functions (with the TankMaster software package)

9)

A Emerson Emerson
Wireless rel
775

Wireless
14101420
Gateway

THUM
Adepter Alternative connection to
DCS/PLC/SCADAHost

TankMaster

PCinNetwork Alterative connection to

DCS/PLC/SCADAHost

TankMaster Net
for Web Access

Alternative connection to
DCS/PLC/SCADA/Host

Rosemount 59008
Radar Level Gauge (2-in-1 option)

Rosemount 5900C
Radar Level Gauge
Transmitter

Hom LPGILNG

2in1

w»

siL2/sIL3

Still-pipe Array Stil-pipe Array Cone LPGILNG

o

Parabolic Parabolic

L\
Rosemount

565/566

Sensor

Figure 3.3.1 Rosemount Tank Gauging System overview

Rosemount 22408
Multi-input Temperature

Multiple Spot
Temperature

Rosemount 2140/2160
Liquid Level Switches

)

Rosemount 5408
Radar Level
Transmitter

1

Rosemount 2230
Graphical Field Display

Rosemount 5300 Rosemount 3308
Guided Wave Radar ~ Wireless Guided Wave
Level Transmitter Radar Level Transmitter

\}

% )
I

Rosemount 644
Temperature /&’
Transmitter

with 65, 114C or 214C Single Point
Temperature Sensor

Rosemount
2410
Tank Hub

|

Rosemount 765
Multiple Spot
Temperature and
Water Level Sensor

Rosemount
30518
Pressure
Transmitter
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3.3.1 Rosemount 5900S Radar Gauge

Rosemount 5900S is a premium non-contact radar
level gauge with custody transfer accuracy, suitable
for any application in refineries and tank terminals
with high requirements on level measurements. Its
FMCW measurement method provides the highest
accuracy and is unaffected by most liquid property
changes, such as density etc.

There are four main types of Rosemount 59005

gauges suitable for various storage tanks:

e Rosemount 5900S with parabolic antenna, for
general use in tanks without still-pipe. Can also
be used in a demanding tank environment, to
measure on asphalt etc.

¢ Rosemount 5900S with horn antenna, for fixed
roof installation without still-pipe

* Rosemount 5900S with still-pipe array antenna,
for measurement in existing still-pipes

e Rosemount 5900S with LPG/LNG antenna, for
liquefied gas, such as LPG and LNG

Rosemount 5900S with parabolic antenna (left) and
still-pipe antenna (right).

Key features of the Rosemount 59005 Radar Level

Gauge:

e Highest instrument accuracy of 0,5 mm with
custody transfer approvals, including the OIML
R85:2008 certificate

e SIL2 and SIL 3 certified by Exida according to IEC
61508-2 and 61508-3

e Scalable design for maximum flexibility

e Open system architecture

e 2-wire low voltage tankbus for cost efficient and
safe installation

e Autoconfigured tankbus based on FOUNDATION™
Fieldbus

e Redundant level device (2-in-1 gauge)

*  Wireless connection between tanks and control
room

e Full emulation capability for cost-effective
installation in systems supplied by other vendors

e Powerful inventory management software
package for complete tank farm monitoring

3.3.2 Rosemount 5900C Radar Gauge

The Rosemount 5900C is similar to the Rosemount
5900S except that it is designed for applications
where the highest accuracy is not required. The
instrument accuracy is 2 mm. It supports SIL 2
certification, but not SIL 3 or 2-in-1 functionality.

3.3.3 Rosemount 2240S Multi-input
Temperature Transmitter

The high performance Rosemount 2240S Multi-input
Temperature Transmitter is approved for demanding
custody transfer applications, which require very
accurate level and temperature measurements for
net standard volume calculations.

Key features of the Rosemount 2240S temperature
transmitter:

» High performance temperature conversion
accuracy

e Connection of up to 16 3-wire or 4-wire
temperature spot elements

» Two-wire low voltage tankbus for cost efficient
and safe installation

* Built-in on-line calibration feature for water level
sensor

Rosemount 2240 Rosemount 565 Rosemount 765

Available temperature sensors include:

e Rosemount 565 multiple spot temperature
sensor - standard temperature range sensor for
atmospheric tanks or for use in thermowell if
installed in pressurized tank

e Rosemount 566 temperature sensor - for
cryogenic applications

e Rosemount 765 water level sensor integrated with
multi spot temperature sensor
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3.34 Rosemount 2410 Tank Hub

Rosemount 2410 is handling the communication
between the field devices and the control room, and
itis available in two versions, for single or multiple
tanks. It also feeds power to the units on the Tankbus.

Rosemount 2410

Key features of the Rosemount 2410 Tank Hub:

e FISCO compliant intrinsically safe communication
bus for the field devices on the tank

e Auto-configuration of tank field devices

 Data collection of measurement values, such as
level, temperature, and pressure

e (Calculation of average temperature, observed
density, and strapping table based volume

e Control room connectivity, through various
fieldbus protocols, including WirelessHART output

e SIL2/SIL3 relay and analog output for overfill
functionality

e Non-SIL solid state relay output for alarm
indication or process control functionality

3.35 Rosemount 2460 System Hub

Rosemount 2410

The Rosemount 2460 System Hub is a data
concentrator that continuously polls and stores data
from field devices such as radar level gauges, pressure
and temperature devices. Measured and calculated
data from one or more tanks is communicated via the
Rosemount 2410 Tank Hub to the system hub buffer
memory. Whenever a request is received, the system
hub can immediately send data from a group of tanks
to a TankMaster PC or a host. The system hub also
supports connection of other tank gauging instruments
such as TankRadar™ Pro and TankRadar Rex gauges. In
addition, it can be used to connect devices from other
vendors, such as Honeywell® Enraf, Whessoe, etc.

Key features of the Rosemount 2460 System Hub:

* Ensure fast data update rate

e Serves up to 64 tanks

 Benefit from scalable options for all system sizes

* Get real-time inventory calculations with API
standard net volumes

* Flexible and configurable multiple port
connectivity

 Achieve instrument and system redundancy

* Enable other vendor emulation by bringing in
data from Enraf®, GPE, Whessoe, L&, Varec®, or
Modbus compatible gauges

3.3.6 TankMaster

The powerful and easy to use TankMaster software
package provides a complete tank inventory
management. It includes functions for custody
transfer and inventory control, as well as set-up,
configuration and service. All calculations are based
on current APl and ISO standards.

The TankMaster software both provide an overview
and focus on detail: Total Observed Volume, Gross
Observed Volume, Gross Standard Volume, and Net
Standard Volume. By adding pressure transmitters, you
can also keep track of hydrostatic and vapor pressure,
density, and mass. TankMaster presents all these
parameters on-line, and with TankMaster Net you can
offer remote access via the web interface - to others
in your own organization or to clients and partners.
TankMaster is easily integrated with most host systems
on the market, such as DeltaV, Yokogawa, ABB etc.

Key features of the TankMaster inventory
management software:

* Real-time calculations based on APl and ISO

* Interactive configuration and installation of
system transmitters

* Reporting via emails, tests or pdf files

* Reliable alarm handling of measured values and
alarm reporting via email, or to mobile phones

* Historical data sampling and audit logs for events

* Inventory and Custody transfer functions, such as
real-time view of measured data. Metrologically
sealed data

* Interoperability with legacy host systems, through
OPC and Modbus communication

 Easy-to-use, guided proof test of SIS tank gauges

* Floating roof monitoring module to keep track of
floating roof tank status



3 - Rosemount level products

3.4 Level[Flow controller

Provides intrinsically safe power to the
transmitter, or any other 4-20mA | HART
transmitter

Program wizards to assist configuration and set-
up for level, pump control, and open channel flow
applications

Pre-configured tank volume calculations for
different tank shapes, and flow curves for most
common weirs and flumes

Rosemount 3490 controller

LCD display, 4-20mA output, 5 x SPDT relay
contacts, totalizer output for flow applications
HART digital communication with transmitter
Datalogging up to 7000 events

May be combined with Emerson Wireless 775
THUM™ Adapter for wireless solution

3.5 Differential pressure

3.5.1 DP liquid level transmitters

Level, density, and interface measurements
Easy to install

Can be isolated by valves

Unaffected by vapor space changes, surface
conditions, foam, corrosive fluids, internal tank
equipment

Advanced diagnostics with process alerts
Single model for easy ordering

Variety of process connections

Quantified performance for the entire transmitter
| seal assembly

HART, FOUNDATION fieldbus, Profibus, and IEC
62591 (WirelessHART) protocols

There are a number of Rosemount pressure
transmitter models.

For guidance in choosing the correct model for your
application, please see table 3.5.1.

Rosemount 3051S direct mount

Rosemount 3051S ERS™ system

Electronic Remote Sensors (ERS)

» Adigital pressure solution for tall vessels

 Eliminates capillary

 Provides additional process insight with
MultiVariable capabilities

1199 seal systems

e Multiple direct mount and capillary options to
match vessel mounting requirements

 Available for all transmitter configurations

* Available in a wide range of materials

3051S Thermal Range Expander

* Process temperatures higher than 401 °F (205 °C)
up to 770 °F (410 °C) with uncontrolled ambient
conditions (typically outdoors)

* Rosemount DP level fill fluid offering covers the
widest temperature range with the thermal range
expander
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Specification and selection guide for pressure’ 323;5 . .- B
Transmitter 4-20 mA ([ [ ] [ ] [ ]
protocols HART ° ° P °®
FOUNDATION fieldbus [ [ [ [
WirelessHART o (] o} O
WirelessHART with the THUM Adapter [ ] [ ) [ ] [ )
Profibus o} o (] O
Low power (1-5 Vdc) (@] o [ ) ()
Available DP level, P-Hi pressure, P-Lo pressure
measurements P-Hi module temp., P-Lo module temp. 20-Point ( o o (0]
scaled variable
b, o o s oo
DP level [ Pressure o o () ()
Hydrostatic level (] (] (] (]
Additional Remote display and interface [} ( o o
transmitter options Remote zero and span (] [ [ [ J
Advanced diagnostics (@) [ ] o o
Safety certified to IEC 61508 (@) [ ] (@] o
Process temp. -4to +194 °F (-20 to +90°C) [ ) [ ] [ ] [ ]
-157 to 600 °F (-105 to +316 °C) [ J [ J [ J [ J
-157 to +770 °F (-105 to +410 °C) [ J [ J (e] (e]
Process pressure Up to PN 100 or ANSI 2500 flange rating [ () () ()
Up to 656 ft. (200 m) hydrostatic level (@) (@) (0] (@]
Materials of 15+ available including 316 stainless steel,
constructions Tantalum, Alloy C-276, Titanium, gold plated, and [ [ ) [ ] [ ]
PTFE coated
316 Stainless steel or aluminium bronze and o o o o

ceramic capacitive sensor

' For more information, please refer to the product data sheet (PDS).

Table 3.5.1: Specifications and selection guide for Rosemount pressure transmitters

KEY: Available @ Not available O
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3.6 Point level detection

3.6.1 Vibrating fork level switches

The Rosemount 2100 vibrating fork series provides
reliable, low maintenance point level detection for
alarm, monitoring and control of liquids.

¢ Virtually unaffected by turbulence, foam,
vibration, coating, or liquid properties

¢ Suitable for side or top mounting on vessels or pipes

¢ Short fork design for minimal intrusion in to vessel

¢ Easyinstallation, maintenance and ongoing
calibration keep costs down

¢ Built-in diagnostics continuously monitor
electronic and mechanical health

¢ Fast drip fork design helps minimizes switching
time even in viscous or sticky applications

¢ Rapid wet to dry time for highly responsive
switching, adjustable switching delay prevents
false switching during turbulence and splashing

There are 6 models in the Rosemount 2100 series:

Rosemount 2110 - compact model

» Compact lightweight design suitable for
installation in small vessel or pipes or for high
volume fast-fit | OEM-type applications

* Rugged stainless steel dry and wetside

 Always visible heartbeat led for device status

* Magnetic test point

 Hygienic process connections and certificates
available for sanitary applications

Rosemount 2110

Rosemount 2120 - Standard model

e Suitable for almost all liquid applications

¢ Wide choice of materials, process connection
types, and output options

e Heartbeat led for device status

e Suitable for use in hazardous areas

* Magnetic test point

¢ Extended length forks up to 4m

¢ Safety certified models available for functional
safety applications

¢ Low power relay model compatible for operation
with 12V supply available. Suitable for battery or
solar powered installations.

¢ Hygienic process connections and certificates
available for sanitary applications

Rosemount 2120

Rosemount 2130 - Enhanced performance model

 Flexibility of Rosemount 2120 options with
extended capabilities for challenging process
conditions.

¢ Extended operating temperature range

¢ Advanced built-in diagnostics continuously check
electronic and mechanical health

¢ Heartbeat led for device status and health

* Magnetic test point

¢ Safety certified models available for functional
safety applications

Rosemount 2130

Rosemount 2140 - Wired HART model for monitoring

and control applications

¢ The world’s first wired HART vibrating fork level
detector

¢ Simple to install into existing HART loops with no
additional wiring

¢ Robust dual compartment housing gives extra
protection layerin harsh applications

¢ Smart and remote diagnostics for continuous
access to status and health data from the control
room

¢ Infer changing media characteristics and plan
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preventative maintenance with advanced ¢ Scalable technology - easy to expand automation
functionality coverage with your plant

¢ Unique settled sand and sediment detection
function

¢ Fully integrated local and remote functional test |
partial proof test capability

Rosemount 2140:SIS - Wired HART safety certified
model

¢ Designed for functional safety, critical control,
and overfill prevention applications
¢ Superior diagnostics coverage and industry-
leading low dangerous undetected failure rate
of 13 (FIT). Probability of less than 1 dangerous
undetected failure in over 8000 years.
¢ Safe Failure Fraction up to 97%
¢ Remote configuration, diagnostics and proof-
testing capabilities keep workers off the tank
¢ Fully integrated remote partial proof test
simplifies testing and eliminates safety risks from Rosemount 2160
human error
For further guidance in choosing the correct model
for your application, please see the table on page 60.

3.6.2 Solids switches

Solids switches are used as a simple, low maintenance
technology for indicating the presence of solids
media. They are simple to use and install, robust and
reliable, and insensitive to dust, electrical charge and
adhesion, which makes them suitable for increased
safety, reduced maintenance and downtime costs.

There are several types of technologies available
to fit the broad variety of solids applications and
characteristics in different industries

Rosemount 2140:SIS and Rosemount 2140 Rosemount 2501 Rotating paddle
* Self-diagnosis — device fault alarm
Rosemount 2160 - Wireless HART model * Adjustable switching delay prevents false
switching

¢ World’s first WirelessHART liquid level detector for ~ «
remote and hard to reach locations
* No wiring [ additional infrastructure required for .

Patented mechanical hysteresis for extended
product lifetime
Unaffected by dust, electrostatic charging and

installation. caking

* Installand commission in minutes, remote * Withstands heavy loads and high temperatures
configuration helps minimize time on tank * Rotatable housing for easy installation

* Access advanced diagnostics and powerful HART « Mechanically stable shaft bearing design
data whether you are 10m or 10 miles from your * Robust die-cast housing with IP66 protection
tanks helps eliminate routine manual operator
rounds

¢ Reliable continuous operation with up to 10 years
battery life
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Rosemount 2501

Rosemount 2511/2521 Vibrating fork

Able to withstand high mechanical loads due to
short extension length

Adjustable sensitivity

Adjustable switching delay prevents false
switching

Approvals suitable for use in hazardous/explosive
and dusty environments

Polished forks applicable for use in food and
beverage applications

Reliable, simple, and maintenance free
measurement principle

All wetted parts made from stainless steel
Robust die-cast housing with IP66 protection

Rosemount 2511 Rosemount 2521

Rosemount 2535 Vibrating Rod

Grain size does not matter

Not affected by bridging

Approvals suitable for use in hazardous/explosive
and dusty environments

All wetted parts made from stainless steel

Good resistance to caking; reliable and
maintenance free

e Small process connections
* Robust die-cast housing with IP66 protection

Rosemount 2535

Rosemount 2555 Capacitance probe

Active Shield Technology protects against media
build-up or caking to ensure complete reliability
Withstand heavy loads and high temperatures
Approvals suitable for use in hazardous/explosive
and dusty environments

Detects change in product quality and mixture
Automatic calibration

Easy to use local operator interface and display
Continuous self-diagnostic probe

Electronics housing made of plastic or die-cast
aluminum, protection

Rosemount 2555
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Specification and selection guide for vibrating
forks for liquid level measurement’

oLLe
ocle
0€lLe
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Certification Explosion proof certification

Intrinsically safe

General area use

Overfill protection (DIBt/WHG)

IEC 61508 certified (SIL2)

Hygienic certification (3A and EHEDG)

Output Direct load switching (ac or dc)

Intrinisically safe 8/16 mA output

DPDT relay output

DPDT relay output (12V supply)

PNP for PLCs

Intrinisically safe NAMUR

Fault relay

HART

Diagnostics Basic self-check/ Heartbeat LED

Advanced and remote health/self-check diagnostics

Smart diagnostics

Test Function Functional test

Remote partial proof-test

Housing Plastic
Aluminum
Stainless steel
Local user Local display
interface Local operator interface

Wetted material 316L Stainless steel

ECTFE copolymer, coated 316L SST

Corrosion resistant nickel alloy G-276

Process -40 to 302 °F (-40 to +150 °C)

temperature -94 to 500 °F (-70 to +260 °C)

Process pressure 1450 psig at 122 °F (100 barg at 50 °C)

IP Rating IP66/67
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IP66/67 to Type 4X
Electrical Plug
connection Terminal block
Wireless 2 2 2 es
Connections Threaded [ )
Tri-Clamp ()
Flanged [
Extended lengths available ()

" For more information, please refer to the product data sheet (PDS).

2 When used in conjunction with Rosemount 702 Wireless discrete transmitter

Table 3.6.1: Specification and selection guide for vibrating forks

@

KEY: Available @

Not available O
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Specification and selection guide for solids switches’

N N N N N
w1 vl ul vl w1
o = N w w1
= - = a a
Material Granulate/powder ® () () [ ] [ ]
properties Prone to caking ® L4
Abrasive material ® ) ) [ o
Process Sensitivity (bulk density/ 30g/lor >5509/II,2<(;g/II, DCvalue
conditions  dielectric constant) 2154l 150 a/l g/l<5g/l  =20g]l -5
q " 21.
(optional)
Process temperature -40to
2012°F -40t0302°F -40t0302°F -40to302°F -40to932°F
-40 to -40to 150°C -40to 150°C -40to 150°C -40to 500 °C
1100°C
Process pressure 10 bar 16 bar 16 bar 16 bar 25 bar
High mechanical load () (0] (0] ()
High humidity ° o (©) o [
High vibration in process (0] (0] (] (0] (]
Specification  Housing (powder coated) Aluminum  Aluminum  Aluminum  Aluminum  Aluminum
IP66 IP67 IP66 IP67 IP67
Material of construction Alum]num Stainless Stainless Stainless skl
or stainless steel, PPS or
steel steel steel :
steel ceramic
Output Relay, Relay,
R 3-wire PNP ek 3-wire PNP ek
Certs and approvals CE, ATEX/ CE,ATEX/  CE, ATEX/
CE IECex, CE IECex, IECex,
FM/CSA FM FM

KEY: Very good ®  Application dependent@

! For more information, please refer to the product data sheet (PDS).

Table 3.6.2: Specification and selection guide for solids switches



3 - Rosemount level products

3.7 Wireless level measurement,

detection and control

Permanent
obstacle |
o®

|
NS -y

(W .

DCS/Host
Smart wireless
gateway

AMS conﬁgura(ov\ l

Figure 3.7.1: Schematic view of a wireless, self-organizing
network with process level devices

3.71 Introduction

Rosemount offers wireless level solutions for

the process industry. Rosemount wireless
instrumentation utilizes self-organizing networks
to ensure that your measurement information
will always be available. Self-organizing networks
automatically optimize connectivity to achieve
greater than 99% data reliability.

3.7.2

Level instruments can be powered using a
combination of solar panels and batteries as long as
this equipment is sized appropriately.

Solar panels and batteries

Sizing the batteries is based on the total number of
components to be powered, their required voltage
and their current consumption.

The solar panel size is based on the battery size
requirement and the geographical location of the
site. Geographical location is important because the
angle of sun on the panel is a factor as well as the
average cloud coverin an area.

The amount of time a battery needs to provide power

without sunlight can be one of the sizing constraints.
The solar panel and battery supplier sizes the panels
and batteries based on the total power load and on
the location of the units.

3.7.3 Emerson Wireless 775 THUM™ Adapter

The Emerson Wireless 775 THUM adapter is a device
that you can retrofit on any existing two or four-wire
HART device, and it allows you to wirelessly transmit
measurement and diagnostic information that
previously was not available. It’s an easy way to gain
access to the field intelligence already in your plant
enabling you to improve quality, safety, availability,
operations and maintenance costs.

* Enable alerts and alarms to streamline
troubleshooting

 Gain real-time access to advanced diagnostics
about the health and performance of the process
and equipment

* Move from reactive to proactive maintenance,
lowering costs and saving time

* Monitor HART variables to gain insight into
process efficiency and condition

» Redundancy through a combination of
Wired+Wireless communication

Figure 3.7.2: Emerson Wireless 775 THUM Adapter together with
Rosemount tank gauging system

The Emerson Wireless 775 THUM Adapter can be
used with the following Rosemount level products:

e Rosemount 5300 and 3300

e Rosemount 5408

* Rosemount Tank Gauging System

e Rosemount 3051 series DP Level Transmitters
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3.7.4 Rosemount 3051S Wireless
Differential Pressure Transmitter

Industry leading capabilities extended to
IEC 62591 (WirelessHART).

* Installation-ready integrated wireless level
solutions

e Cost effectively implement wireless on the proven

SuperModule platform

e Realize a decade of virtually maintenance-free
performance

e Optimize safety with the industry’s only
intrinsically safe power module

* |Implement wireless using existing tools and
practices

Figure 3.7.3: Rosemount 3051S wireless differential pressure
transmitter

3.7.5 Rosemount 2160 Wireless Vibrating
Fork Liquid Level Switch

Wireless vibrating fork liquid level switch combines
wireless communications with the Rosemount
2100 series vibrating short fork technology. It has
all the same features as the wired level switches

in the Rosemount 2100 series, but without the
complication and cost of wiring.

e Communicates switch output, diagnostics, and
alerts — wirelessly

e SmartPower™ - long life power module

* Fork sensor requires low power, battery life
approx. 10 years at 60 second update rate

* Long battery life, with fast update rates

* Wireless HART 7

» Configurable to as fast as one second update

Figure 3.7.4: Rosemount 2160 wireless vibrating fork switch

3.7.6 Rosemount 702 Wireless Discrete
Transmitter

The Rosemount 702 Wireless Discrete Transmitter
takes a variety of non-powered switch types such

as pressure, flow and level switches as input. It has
single or dual channel capacity which cost-effectively
enables access to discrete points that are not
connected to the control system due to wiring costs
and lack of I/0.

» Simple and effective, retrofit to existing switches
on plant

3.7.7 Rosemount 3308 Wireless Guided Wave
Radar Level Transmitter

The world’s first true wireless guided wave radar
extends industry leading guided wave radar
capabilities to wireless communications. Developed
to meet the need for accurate, reliable level

and interface monitoring in remote locations,

the Rosemount 3308 combines fast and simple
commissioning with robust measurement data.

e Dirty probe detection with Signal Quality Metrics

¢ Nine year battery life at one minute update rate

¢ No wires, no moving parts, no re-calibration

¢ Advanced process and device health diagnostics
with proactive alerts

¢ Direct switch technology provides high signal
strength for reliable measurements
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Figure 3.7.5: Rosemount 3308 wireless guided wave radar
transmitter

3.8 Tank monitoring system

The Rosemount tank monitoring system combines
the Rosemount 2410 Tank Hub with Rosemount
5300 Guided Wave Radar and Rosemount 5408 Non-
Contacting Radars and provides process insights
through the software Rosemount TankMaster™
WinView. The system is aimed at smaller tank farms
that need automation, overfill prevention, and/or
better visibility of their processes.

By using the tank monitoring system, cabling needs
are reduced and basic inventory management can
be attained at a reasonable cost. The system can also
be made wireless with the Emerson Wireless 775
THUM™ Adapter and Rosemount Wireless Gateway.

3.8.1 Rosemount 5300 and Rosemount 5408

By using continuous measurement devices, the
process can be controlled from start to finish.

Emerson’s Rosemount radars are reliable and
accurate and fit most applications. Rosemount 5300
and Rosemount 5408 are certified to IEC 61508 (SIL
2) and can be used in safety applications.

Both products have extensive ranges of functions
that enable efficient, reliable and safe operations,
even in challenging applications. More information
about the products can be found in chapter 3.

3.8.2 Rosemount 2410 Tank Hub

The Rosemount 2410 Tank Hub communicates
with and powers the transmitters on the tanks via
the Tankbus and complies with FISCO (Field bus
Intrinsically Safe Concept) Foundation Fieldbus.
The hub manages communication and supervises
the status of all connected transmitters. It also
offers extensive built-in diagnostics and provides
intrinsically safe power to tank devices.

Rosemount 2410 Tank Hub can deliver up to 250mA.
It is recommended that a maximum five Rosemount
5300 or maximum ten Rosemount 5408 are
connected to ensure safe operations and that startup
power is always high. A segment coupler may be used
to connect even more transmitters.

More about the Rosemount 2410 Tank Hub can be
read in chapter 3.

3.8.3 Rosemount 2460 System Hub

The Rosemount 2460 System Hub is a data
concentrator that continuously polls and stores data
from field devices such as radar level gauges, pressure
and temperature devices. Measured and calculated
data from one or more tanks is communicated via the
Rosemount 2410 Tank Hub to the system hub buffer
memory. Whenever a request is received, the system
hub can immediately send data from a group of tanks
to a TankMaster PC or a host.

One of the system hub’s three Ethernet ports is

used for Modbus TCP connection to host systems.

By simply connecting the system hub to the existing
LAN network, communication over Ethernet is
established: Easy access - special converters are not
required, Fast communication, No need for dedicated
cabling.

The system hub also supports connection of other
tank gauging instruments such as TankRadar™ Pro
and TankRadar Rex gauges. In addition, it can be
used to connect devices from other vendors, such as
Honeywell® Enraf, Whessoe, TIC, Sakura etc.
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3.8.4 Rosemount TankMaster WinView

Rosemount TankMaster WinView is a software
package with basic inventory capabilities. It is a cost
efficient alternative for operational control at smaller
tank terminals, marketing terminals, biofuels and
chemical plants, etc. Configuration is made with
WinSetup, which is included in the delivery.

WinView offers:

e Alarms

* Host communication, Modbus and OPC
* Reports

Figure 3.8.1: Tank monitoring system
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Liquid level
applications
and technology
selection

Understanding the different needs a user has makes
the selection between a point/continuous level
measurement and a tank gauging system easier.

This chapter lists a number of different applications,
gives recommendations on suitable technologies,
and will provide key installation information and best
practices. Since it is not practical to cover all possible
applications, the applications chosen for this chapter
are intended to give a broad overview of some very
common types of applications that are found in many
industries, as well as a few applications that may have
specific challenges. It will also provide examples of
where the various technologies are used. However,
the final decision of the technology choice will
include the application conditions, the installation
constraints, and the capabilities of the technology.

4.1 Slop oil tanks

Primary function of application

Vessels used for waste recovery of hydrocarbons
fluids.

Figure 4.1.1: Slop oil level with non-contacting radar

Application characteristics and challenges

¢ Slop oil vessels contain a mixture of dirty
hydrocarbons and water.

¢ Deposits and sticky materials are likely to be
present.

¢ Density and other fluid properties can vary.

Suitable technologies

Technology Installation
guidelines

Guided wave radar, Ch.6

with single lead probe

Non-contacting radar Ch.7

Vibrating fork switch Ch.10
4.2 Plastic and fiberglass tanks

Primary function of application

Plastic tanks are typically used for storage of
corrosive chemicals. They often do not have openings
at the top for instrumentation.

Figure 4.2.1: Level measurement in a plastic tank using non-
contacting radar shooting through the roof

Suitable technologies

Technology Installation
guidelines

Non-contacting radar, 5408 with Ch.7
a bracket mount, 6 in. or 8 in.

antenna.

GWR may be used for solids oroil/ ~ Ch.6

water production tanks. Use 5300
with single lead probe

Best practice

A curved roof surface will allow condensation on
the inside of the roof to drain away and prevent
interference of the radar signal. It will also allow rain
or snow to drain away from the radar path. Flat roof
tanks are not recommended for the above reasons.

©
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Mount a non-contacting radar with as large an
antenna as possible (6 in. or 8 in.) over the tank roof.
The transmitter can be mounted with a bracket
attached to a pipe. No flange is required which
reduces overall weight. The end of the antenna
should be horizontal so that it is parallel to the level
surface, not the roof surface.

4.3 Ammonia

4.3.1 Ammonia, anhydrous (NH,)

Primary function of application

Ammonia is widely used in many processes in the
chemical industry. It is the raw material for the
production of fertilizers and is used in many chemical
processes. It is used industrially as a cleaning agent,
disinfectant, and as a refrigerant. Ammonia, as used
commercially, is often called anhydrous ammonia
emphasizing the absence of water in the material.
Anhydrous ammonia is stored under pressure or at a
low temperature.

Application characteristics and challenges

¢ Anhydrous ammonia has heavy vapors which can
be corrosive to some elastomers

 Density variations are common due to ammonia
phase changes with temperature

« Stilling wells and /or valves sometimes present

Suitable technologies

Technology Installation
guidelines

High precision tank gauging system  Ch. 8

Guided wave radar with HP seal Cch.6
Non-contacting radar Ch.7
Vibrating fork switch Ch.10

Best practice

¢ If guided wave radar is used, the HP process seal
should be chosen. This seal uses no o-rings and
has multiple barriers to contain any vapor leaks.

¢ If non-contacting radar is used choose a low
frequency 5401. Astilling well is recommended.

4.3.2 Ammonia, aqueous (ammonium

hydroxide, NH,OH)

Primary function of application

Aqueous ammonia is a solution of ammonia in
water and is used in diluted quantities for products
like disinfectants or household cleaners and many
industrial applications. It is commercially available in
concentrations of up to 30% ammonia in water.

Application characteristics and challenges

e Aqueous ammonia is stabilized by the presence
of water so phase changes are not as common as
with anhydrous ammonia. Density is more stable.

 Vapors are present

* Valves are sometimes used

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6
Non-contacting radar Ch.7
Differential pressure Ch.9
Vibrating fork switch Ch.10
4.4 Cryogenic applications

Liquefied gases include materials such as LNG, LPG,
ethylene, propylene, R22 and other refrigerants,
carbon dioxide, nitrogen, argon, and xenon. These
have uses as fuels, refrigerants, raw material
components and other.

Application characteristics and challenges

These fluids tend to be very clean fluids with

low viscosities and low dielectric values. In the
processing industries, the vessel size and shapes
vary but horizontal bullet cylinders are the most
common. The biggest challenge is the temperature
and its impact on the fluid properties and thus, the
level measurement. As the fluid moves into impulse
piping or bypass chambers, the warmer temperature
can cause it to expand or vaporize.

In addition, transmitter electronics have ambient
temperature limits of -50 or warmer. If too close to
the process, the temperature of the electronics may
impact the performance of the device.
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Dielectric constants of common liquefied gases and
refrigerants

Ammonia (R717) 25 -103 -75
Argon, Liquefied 1.5 -376.0 -226.7
Boroethane 2.0 -198 -128
Butane 1.4 30.2 -1.0
Carbon dioxide 1.6 32.0 0.0
(R 744)
Ethane 1.9 -288.4 -178.0
Ethane (R170) 1.9 -288.4  -178.0
Ethylene 1.5 26.6 -3.0
Fluorine (Liquefied) 1.5 -332.0 -202.2
Freon (various) 1.7to 68 20

1.9
Hexane 2.0 -130.0 -90.0
Methane 1.7 -295.6 -182.0
(Liquid Natural Gas)
Nitrogen (liquefied) 1.3 -310 -190
Propane (R290) 1.6 32.0 0.0
Propylene (R 1270) 11.9
Trifluromethane 6.3 -22 -30
(R-23)
Xenon 1.9 -169.6  -112.0

Suitable technologies

Technology Installation
guidelines

GWR with cryogenic probe Ch.6
DP with cold-temperature fill fluid Ch.9

Guided wave radar

Use a probe with the cryogenic seal (option Con the
5300 model). Both single and coaxial versions are
available and are suitable for temperatures as low as
-320°F (-195 °C). For the very lowest dielectric fluids
and for applications where internal obstacles are in
the vessel, use the coaxial probe. The single probe

can be used in the higher dielectric compounds or
in bypass chambers. The probes may be mounted
directly in the vessel or in a bypass chamber.

The chamber and connections to it should be well
insulated to minimize temperature changes. In the
case of the GWR, the insulation should not cover
the top of the probe above the flange area. This
transition distance is needed to meet the ambient
condition limits for the electronics.

Differential Pressure

Use a DP transmitter with a low temperature fill

fluid such as Syltherm XLT. This fluid can handle
temperatures as low as -105 °C (-157 °F). The high
pressure side of the transmitter should be connected
with impulse piping. The transmitter should be raised
above the high side tap by about 2 ft (0.6 m). This
will allow some warming of the fluid especially if

the application temperature exceeds the fill fluid
temperature limit.

The low pressure side should use a dry leg
connection. This will also allow the electronics
temperature to meet ambient temperature
specifications.

Electronic Remote Sensor technology can also be
used on taller cryogenic vessels with smaller static
pressures.

e

Running the low side
tubing past the low side
transmitter connection

‘]i will prevent moisture

ﬁ,
‘jD < build up.
5 B
’\ i/ Moisture collection pot

Approx. 30° slope with 2 ft (0.6 m)
tubing, then up 1t (0.3 m)

Figure 4.4.1: DP transmitter, wet/dry leg, with cold temperature
fill fluid

©
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4.5 Liquid Petroleum Gas (LPG) Best practice
tanks *  Guided wave radar for smaller, horizontal
vessels. If installed directly in the vessel, a
Primary function of application coaxial probe should be used. If installed in a

chamber, a single lead probe may be used.

e Non-contacting radar with stilling well for larger
vessels and those with valves.

e Tank gauging systems for large vessels

LPG is compressed liquid petroleum gas and is
composed primarily of propane (up to 95%) and
small quantities of butane. It is a by-product of the
refining industry and is a fuel source for industrial and
domestic use.

4.6 Separators

4.6.1 2-phase separator

Primary function of application

A vessel where hydrocarbon fluids are allowed to
separate into a gas phase and a liquid phase. Two
phase separators may be horizontal or vertical
vessels.

Figure 4.5.1: An LPG tank with an inventory tank gauging system

Application characteristics and challenges

May be spherical tanks containing products such as
propane, butane, isobutane. LPG is stored in a variety
of tanks shapes and sizes with horizontal cylinders
being very common. Valves are often installed.
Stilling wells and chambers are commonly used.

Itis avery low dielectric and low density fluid and as
such offers challenges to many level measurements.
Phase changes and thus density changes are
common as the fluid vaporizes and condenses if the

Figure 4.6.1: Two-phase separator

Application characteristics and challenges

storage pressure and temperature change. Crude hydrocarbons can contain paraffins and other
sticky materials. Density of the material can vary with
Suitable technologies supply. Pressure and temperature will vary widely

depending on fluid source and its location in the

Technology Installation process.
guidelines

: i : Depending on well pad geology, some crude
High precision tank gauging system  Ch. 8
9h precs gauging sy hydrocarbons also contain sand and sediment. Over

Guided wave radar Ch.6 time this can build up in the base of the separator
to reduce capacity. Extreme build up may lead to
blocked inlets or sediment being drawn down lines
and in to pumps.

Non-contacting radar Ch. 7
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Suitable technologies

Technology Installation
guidelines

Guided wave radar, with singlelead  Ch.6
probe

Differential pressure Ch.9
Vibrating fork switch, Rosemount Ch.10

2140 (sand switch function)

4.6.2 3-phase separator

Primary function of application

A 3-phase separator is used to separate hydrocarbon
fluids into 3 components: gas, oil, and water. This

is sometimes also called a Free Water Knock Out
(FWKO) where the free water is removed from the oil
prior to next processing stage.

¥ 2

Figure 4.6.2: Three-phase separator

Application characteristics and challenges

Crude hydrocarbons can contain paraffins and other
sticky materials. Density of the material can vary with
supply. Pressure and temperature will vary widely
depending on fluid source and its location in the
process.

Some FWKO systems used with heavy crude may be
heated.

Depending on well pad geology, some crude
hydrocarbons also contain sand and sediment. Over
time this can build up in the base of the separator
to reduce capacity. Extreme build up may lead to
blocked inlets or sediment being drawn down lines
and in to pumps.

Suitable technologies

Technology Installation
guidelines

Guided wave radar, with singlelead  Ch.6
probe, direct mount or in chamber
Differential pressure Ch.9
Vibrating fork switch, Rosemount Ch.10

2140 (sand switch function)

4.6.3 Boot separator

Primary function of application

A boot separator includes a smaller section where
water is allowed to accumulate for efficient removal.

Figure 4.6.3: Two-phase separator with boot

Application characteristics and challenges

e Thisis an oil and water application. Depending on
the fluid separation, an emulsion layer could be
present

e Dirty or paraffin laden hydrocarbons could
cause some coating so a single lead probe is
recommended

e Usually a small measurement span (<1 m/3 ft)
unless mounted from top of vessel and extending
into the boot.

Suitable technologies

Technology Installation
guidelines

Guided wave radar, Ch.6
with single lead rigid probe
Vibrating fork switch Ch.10
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NOTE!

Switches or floats may be used to detect when an
interface reaches a predetermined point.

4.6.4

Primary function of application

Flare knockout

Serves as a recovery vessel in case of process upsets
and allows vapors to flare off.

Application characteristics and challenges

¢ Since fluid may be from different sources, the
density and other product properties may vary

¢ Pressure and temperature conditions will vary
with location in process.

}
v

| —fel-

Figure 4.6.4: Flare knockout with guided wave radar

Suitable technologies
Technology Installation

guidelines

Guided wave radar, with single lead  Ch. 6
probe, chamber or direct mount
Differential pressure Ch.9
Non-contacting radar for taller Ch.7

vessels

Best practice

GWR with single lead probe will minimize issues with
product coating. For very tall vessels where fast level
changes are expected, such as blowdown drums,
consider non-contacting radar.

4.6.5 Settled Sand and Sediment Detection

Primary function of application

Serves to detect when clean out is necessary to
ensure vessel operating at maximum capacity and
prevent sand being drawn in to lines.

Figure 4.6.5: Vibration forks with sand detection functionality

Application characteristics and challenges

¢ Dirty/coating media inside separator that may
build up on instrumentation

¢ Limited available process inlets in to separator
vessel

¢ Geological differences at different separator
locations means characteristics of the sediment
may vary

Suitable technologies

Technology Installation
guidelines

Vibrating fork switch with sand Ch.10
detection function
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Best practice

Consider Rosemount 2140 configured for sand
detection function

Select appropriate setting according to sediment
type - most to least compact

Device may be mounted in top or side of separator

depending on location of available process inlets

4.7 Distillation towers

Primary function of application

Distillation columns allow separation of fluid mixtures

based upon their boiling points. As vapors rise
through the column, different components will
condense at different temperatures and accumulate
for withdrawal.

Figure 4.7.1: Level measurement at distillation tower; left hand
side showing guided wave radar and right hand side showing
differential pressure

Application characteristics and challenges

Distillation columns will have a wide temperature
ranges over its height. The lower end can be as
high as 750 °F (400 °C).

Fluids, especially at the lower end can be dirty
and cause coating and plugging of equipment.
Itisimportant to insulate chambers and piping
to minimize the risk of plugging and to maintain
lower viscosity.

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6
with single lead probe

Tray level: DP tuned system Ch.9
Column Differential: ERS Ch.9

Best practice for tray level measurements

¢ Guided wave radar; use standard pressure seal for
upper portion of tower where the temperature is
less than 302 °F (150 °C). Use the HTHP pressure
seal for lower sections where temperature
exceeds 150 °C

« Differential pressure, tuned system. Use high
temperature fill fluids with Thermal Range
Expander for lower portions of tower

Best practice for column differential

« Differential pressure; 3051S ERS

e Maximum tap-to-tap span =500 ft. (152.4 m).

e Multiple ERS systems may be required to cover
spans beyond 500 ft.

 Ratio of static pressure to differential pressure
should be less than 100:1 (consult Emerson for
applications greater than 100:1).

4.8 Blending tanks

Primary function of application

Blending tanks are used for mixing fluids or solids
into fluids, usually at ambient conditions.

Level measurements are needed to monitor fluid
additions.

Application characteristics and challenges

¢ May be corrosive, vapors, turbulence, foam
¢ Usually has an agitator for mixing
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Figure 4.8.1: Level measurement in a tank with agitation

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7
Ch.9

Differential pressure

4.8.1

Application characteristics and challenges

Slurries

Slurries are mixtures of a liquid and suspended
particulates. Agitation is usually required to keep the
solids in suspension.

Figure 4.8.2: Slurry level with non-contacting radar and
differential pressure

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7

Differential pressure (ERS or Tuned-  Ch.9

System) with extended diaphragm
seal

4.9 Reactor vessel

Primary function of application

Reactor vessels are similar to blending tanks except
that a chemical reaction is required to produce the
final product. While the components themselves
can create an exothermic or endothermic reaction,
sometimes external heat is required.

Application characteristics and challenges

* Vapors, foam, turbulence are often present
¢ Density can change as part of the reaction
e Pressure can vary from vacuum to positive pressure
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Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7
Ch.9

Differential pressure, ERS or tuned
system

Figure 4.9.1: Reactor vessel level with non-contacting radar

Best practice

e DP, tuned system, for smaller, higher pressure
vessels

» DP, ERS, for taller vessels with lower static
pressures (ratio of static pressure to DP span

should be less than 100:1)
4.10  Sulfur pits

Primary function of application

Elemental molten sulfuris removed as a by product
of desulfurization process in refineries. The collection
tanks must be kept hot in order the keep the sulfur
fluid.

Application characteristics and challenges

Semi-molten solid is kept hot and well insulated.
The sulfur vapors can be heavy and will condense
in cooler areas. The challenge is to minimize the
condensation.

Figure 4.10.7: Rosemount 5408 process seal with nozzle
installation

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7
Ch.6

Guided wave radar, with single
flexible probe

Best practice

Use Rosemount 5408 with cone antenna or process
seal antenna. If mounted on a nozzle, the nozzle
should be well insulated and heat traced to reduce
sulfur condensation. Insulate and heat-trace the
nozzle to reduce the amount of build-up.

If possible aviod tall nozzles.

A Rosemount 5408 with parabolic antenna may also
be used. The antenna should be inside the vessel. This
will minimize potential crystallization or build-up.

Signal quality metrics may be used to monitor signal

strength to determine if cleaning of antenna or probe
is needed.

4.11  Measuring on metal plates

Primary function of application

Metal plates are sometimes used as a target for a level
device. The plate may be attached to a damper or
other moving object and is used to indicate position.
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Application characteristics and challenges

Clean application. Depending on location, ambient
conditions may be harsh, with high temperatures
from a nearby process or may have wide weather
related temperature changes.

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7

Best practice:

Mount level unit on bracket centered above the plate.
The level device should be positioned perpendicular
to the metal surface. The size of the surface should be
large enough to accommodate the beam width of the
level device at the maximum expected distance.

4.12 Steam generation

4.12.1 Boiler drum level control

Primary function of application

Inaccurate drum level control can cause damage to
the steam drum, the boiler, and even the turbine. If
the drum level falls below set-point, the boiler may
run dry and explode. If the level is higher than the set-
point wet steam may be carried over to the turbine
which damages the turbine blades. Redundant
measurements are required for safety.

l':"@
e

Figure 4.12.1: Boiler drum level control with differential pressure
and guided wave radar

Application characteristics and challenges

» High pressure and temperature equipment
required

» Density and dielectric of steam increases as
pressure and temperature increases

» Density and dielectric of liquid decreases as
pressure and temperature increases

* Both steam and liquid density changes require
compensation in the DCS for the pressure
transmitter level measurement

 Dielectric changes in the steam require
compensation for the guided wave radar
measurement

» Control range is over small span

Suitable technologies

Technology Installation
guidelines

Guided wave radar with Dynamic Ch.6
Vapor Compensation
Differential pressure , wet leg, Cch.9

balanced

Best practice

e Guided wave radar; with Dynamic Vapor
Compensation for systems over 400 psi (27 bar)

« Differential pressure; for boiler drum systems
with pressure over 600 psi (42 bar), wet legs are
recommended. For systems where the pressure
is <600 psi (42 bar), balanced systems are
recommended

4123 Boiler feedwater

Primary function of application

Feedwater heaters are staged to gradually increase
pressure and temperature of the water prior to the
boiler. Control of feedwater heater level can impact
overall plant efficiency. Redundant measurements are
required for safety.
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Figure 4.12.3: Feedwater heater level with long and short range
installation of external chamber

Application characteristics and challenges

¢ HP feedwater heaters will have density changes of
the liquid and dielectric changes of the vapor as
pressure and temperature increase

¢ Magnetite build-up is common

Suitable technologies

Technology Installation
guidelines

Guided wave radar, with Ch.6

Dynamic Vapor Compensation

for systems over 400 psi (27

bar) *

Differential pressure Ch.9

* Use standard GWR probes for lower pressure applications

4.12.4 Deaerator

Primary function of application

Dearators remove non-condensible dissolved gases
from makeup water. Steam is used to scrub the
feedwater and is recaptured as condensate. Accurate
deaerator level control ensures continuous feedwater
to boiler feed pump.

<——— =Water
<——— =Steam

Figure 4.12.4: Deaerator level with guided wave radar and
differential pressure

Application characteristics and challenges

e Usually operates at low pressure (< 50 psi) and
sometimes at a slight vacuum
* Wateris very clean and density is stable

Suitable technologies
Technology Installation
guidelines
Guided wave radar Ch.6
Ch.9

Differential pressure

Best practice

* Use standard pressure seal for guided wave radar
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4.13 Cooling tower 4.14 Open lake or pond level
Primary function of application Primary function of application

Circulating water from the cooling tower is used to Lake or pond levels are monitored to endure
provide cooling to the condensing steam from the adequate supply of make-up water.
turbines. After absorbing heat in the condenser, it is o .

cooled by evaporation as it falls through the cooling Application characteristics and challenges
tower. A continuous water level is maintained in the e Water

cooling tower basin for circulation back to the condensor. + Top- down measurement

Stilling wells are sometimes used. In cold climates, ice

Application characteristics and challenges may form on the surface. Non-contacting devices will

e While the water being cooled may be clean, measure the surface of the ice. Often used in power
windblown debris may collect in the basin generation applications, or water and waste water
e Foam is sometimes present depending upon applications.

water treatment chemical usage
¢ Depending on the style of the tower and

installation locations, the trickling water may be — d
like rain on the level device l

Figure 4.13.1: Cooling tower basin level with guided wave radar; ~ Figure 4.14.1: Measuring level in a pond
overview and close-up
Suitable technologies

Suitable technologies
Technology Installation
Technology guidelines
guigelines Guided wave radarif no ice is Ch.6

Guided wave radar Ch.6 expected

Non-contacting radar Ch.7 Non-contacting radar Ch.7

NOTE!

Often, all of these technologies can be mounted
with a bracket mount holding the device over the
cooling tower basin.
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4.15 Sump applications

4.15.1  Sumps (drain pit for waste oil,
condensate)

Primary function of application

Asump is a vessel located in a low place or below key
equipment that collects waste or overflow liquids
Waste oil, waste condensate, chemicals, or water

could be collected for reprocessing or disposal. Figure 4.15.2: Open sump measurement with non-
contacting radar transmitter

Application characteristics and challenges

e Water
¢ Top- down measurement

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6
Non-contacting radar Ch.7
Figure 4.15.1: Condensate sump level with non-contacting radar
in a stilling well or guided wave radar 4153  Underground sumps

Primary function of application

Application characteristics and challenges Underground sumps are used to collect waste product
streams. They are often underground for ease of filling
and insulation in extreme temperature climates.

e Sumps may contain dirty, oily water

e Thisis often accessible only with top-down
measurements

¢ Itis sometimes desirable to measure interface

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6
Non-contacting radar Ch.7
Vibrating fork switch Ch.10

Figure 4.15.3: Underground tank with guided wave radar

4.15.2  Open atmosphere sumps Application characteristics and challenges

Primary function of application

¢ Sumps may contain dirty, oily water

Treated waste water or rain collection water is stored ~ * This is often accessible only with top-down

in open atmosphere sumps. measurements

¢ |tis sometimes desirable to measure interface
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Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6
Ch.7

Non-contacting radar

4.16  Open channel flow

Primary function of application

Open channel flow applications allow the flow of

a fluid, usually water, to be measured as it flows
through a defined, but open, area. Often thereisa
restriction of the channel or a weir that will cause a
rise in the water level as the flow increases. At this
level changes, the flow can be calculated. Established
formulas are used for the different types of channels.

Figure 4.16.1: Measuring open channel flow

Application characteristics and challenges

Flowing fluid, usually water, rises as it passes through
the restriction. The amount of rise can be used to
determine flow rate. Measurement is usually made
at ambient temperature conditions. In cold weather,
warm streams may give off a condensing fog. In
some waste streams, foam may be present.

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch.7

4.17  Inlet screen condition monitoring

Primary function of application

Raw water is taken from a reservoir or river. Water
intake requires removal of biological impurities and
debris and so the water is passed through screens or
filter to remove debris. Measurements are taken on
both sides of these screens to monitor any clogging.

Application characteristics and challenges

* Raw water application which may be turbulent
* Upstream side may have floating debris
* Top-down measurement

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6

Best practice

For long range applications, for example where
access is limited, radar transmitters are most
suitable.

4.18 Pointlevel detection

Primary function of application

The primary purpose of point level detection is to
determine whether process media has reached a
certain point within a vessel. In the case of a liquid
detection application a point level sensor detects if it
is dry or wet at a specific point in the vessel.

Point level sensors such as vibrating fork switches
or mechanical float switches can be used alone as
the primary means of level detection or as a backup
to a continuous level measurement device to add
redundancy to a system.
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Point level sensors have many uses in both process
and inventory tank gauging applications. Shown here

e May be hazardous location
* May be long periods of time between overfill

are some typical uses: prevention device being activated
* Need ability to perform functional test (proof test)
 Overfill prevention e System and equipment design compliance with

IEC61508 [ 61511 standards

Vibrating fork switches are a popular modern choice
because not only are they a simple and cost effective
means of installing reliable overfill prevention, they
can be side-mounted on to a vessel if it is not possible
to install a top-down solution such as a guided wave
or non-contacting radar level transmitter.

Best practice

* Select sensor safety certified to IEC61508 with
SFF>90%

* Select sensor with high diagnostics coverage and
minimum dangerous undetected failures

* Recommend device with ability to perform proof
test remotely ie. from control room

For point level overfill prevention, Rosemount
2140:SIS is recommended

* High and low level alarm
Figure 4.18.1: Overfill prevention

Manual Ovefrfill Prevention Systems (MOPS)

Usually dependent upon human actions ie. alarm
notifies an operator to take appropriate action to
prevent an overfill.

Application characteristics and challenges :

* May be long periods of time between overfill
prevention device being activated

* May be exposed site [ harsh ambient conditions

* Some fluids may be viscous [ coating

 Corrosive materials may be present

* May be hazardous location

¢ Liquid level may change rapidly

» Need ability to perform functional test

* Need local and remote warning [alarm message

Automatic overfill prevention system (AOPS)

Safety instrumented function (SIF) automatically -
shuts down plant assets in the event of an overfill. Figure 4.18.2: High and low alarm using vibrating fork
and mechanical float technology. Refer to best practice

Application characteristics and challenges: recommendations for technology selection.

* May be exposed site [ harsh ambient conditions

» Some hydrocarbons (LNG | LPG) may be
lightweight materials (low SG)

 Corrosive materials may be present

o
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Maximum and minimum level detection in tanks Pump applications
containing many different types of liquids are ideal . p |
applications for vibrating forks and float switches. ump contro
High level alarms send an audio, visual or electronic
alert to identify that the process fluid has reached the
high limit, typically this is set around the upper 25%
of the tank level.

Alow level alarm alerts operators to a low condition,
which may if left unchecked lead to a run-dry
situation or may point to a leak.

It is common practice to fit an independent high level
alarm switch as a backup device to the installed level
device in case of primary device failure.

Application characteristics and challenges:

¢ May be exposed site [ harsh ambient conditions
¢ Some fluids may be viscous [ coating

¢ Corrosive materials may be present

¢ May be hazardous location

¢ Liquid level may change rapidly

¢ May need local and remote warning [alarm

Figure 4.18.3: Pump control

Sometimes a vessel will be fitted with both a high

. Rﬂwesslje\glg ited to top of tank ilabl and low level alarm switch to automate filling and
inlaeyts e limited access to top of tank / no available emptying cycles to keep liquid contained within the

desired limits.
¢ May be limited power to the installation or

installation in remote area « Pump and dry-run protection

Best practice

¢ Consider application conditions- where process
is corrosive or harsh, vibrating fork switches are
recommended for their diagnostics and functional
test capabilities

¢ If access to tank top is limited, vibrating forks
may be side-mounted. Mechanical float switches
may be chamber mounted, or select submersible
version for mounting internally

¢ If process has coating characteristics, select
vibrating fork technology with no moving parts. If
application characteristics call for mechanical float
technology (eg. high pressure/ temperature),
routine inspection and cleaning should be
performed

¢ Inremote installations install wireless Rosemount
2160 to extend automation reach without need to  figure 4. 78.4: Pump protection
install additional infrastructure

* Where power is limited, install Rosemount 2120 This application is a subset of low-level alarm
with low power relay output option- which is whereby a switch at low level either sends an alarm to
compatible with solar or battery-powered systems  lert that the process fluid has reached a critical low
orinstall Rosemount 2160 with integrated power  |evel. This prevents operation without liquid present
module. which can cause damage to bearings and [ or seals or
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in extreme circumstances a dangerous overheating
situation.

Alternatively, the alarm can be used as an alert to
start a secondary process such as Clean In Place (CIP).

Point level switches may also be used as a means of
monitoring pump lube oil level to ensure that the
reservoir does no run dry.

e Empty pipe detection

L
-

Figure 4.18.5: A wireless with detecting wether there is liquid or
not in the pipe

An alarm switch is fitted through the wall of a pipe
to detect presence or absence of liquid. This may be
as a method to protect a pump or to switch another
instrument such as a flow meter on or off.

Suitable technologies

Application Vibrating

fork

switch
Overfill prevention X
High level alarm X X
Low level alarm X X
Pump control X X
Pump protection X

Table 4.19.1: Showing the technology suitable for different point
level detection applications. See also: installation guidelines,
chapter 10

4.19 Tank gauging applications

4.19.1 Fixed roof tanks

Primary function of application

These are large storage tanks that contain finished
products such as refined oil products. These may also
contain feedstock for processing. In both cases very

accurate measurements are required for accounting
and custody transfer purposes.

Figure 4.19.1: Storage tank with an inventory tank gauging system

Application characteristics and challenges

Large upright tanks containing crude oil or refined
products. Can also be blending tanks, such as at load-
out facilities where special additives are mixed in.

Suitable technologies

Technolo Installation
guidelines

High precision tank gauging system Ch. 8

4.19.2  Floating roof tanks

Primary function of application

Floating roof storage tanks are used for volatile,
vaporous fluids such as gasoline. The roof rides the
surface of the fluid and minimizes vapor.

Figure 4.19.2: A floating roof tank with an inventory tank
gauging system

Application characteristics and challenges

Large upright tanks with external/internal floating
roofs containing oil. Stilling wells are often available
for the level measurement. The roof moves up and
down outside the stilling well.

@
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Suitable technologies

Technology Installation
guidelines

High precision tank gauging system  Ch. 8
Ch.7

Non-contacting radar

Best practice

The level measurement should be taken from the
stilling well access point to provide best accuracy
and to avoid any errors due to the roof tilting.
Alternatively, the roof position can be measured
with a non-contact device mounted from a bracket
at the top. However if the roof tilts, the accuracy is
compromised. In such cases, more than one unit
could be used and the outputs compared.

4.19.3 Liquefied Natural Gas (LNG) tanks

Primary function of application

LNG is primarily methane - it also contains some
propane and ethane - and cannot be liquefied
solely by pressurization. The gas is cooled to

-161°C and becomes a liquid in a process known as
“liquefication”. This reduces its volume by 600 times
and makes it economical to transport.

Figure 4.19.3: LNG tank with inventory tank gauging system

Application characteristics and challenges

Large upright cryogenic tanks with refrigerated
liquefied natural gas. Because of the size, cryogenic
conditions, safety valves, vapors, and low dielectric
values, specialized instruments are required.

Suitable technologies

Technology Installation
guidelines

High precision tank gauging system  Ch. 8

4.19.4

Primary function of application

Emulation

Emulation provides a cost-efficient alternative to
upgrade a tank gauging system, both regarding level
measurement and control room devices, including
the inventory management software. A system
upgrade can be done step-by-step, orin one go.

Rosemount 5900 supports emulation of level devices

based on both float, servo and radar technology. The
same wiring and host system can be used.

Application characteristics and challenges

Many tank gauging systems still rely on old
mechanical devices using float or servo technology,
which can provide unreliable measurements and
have unreasonably high maintenance costs because
of their susceptibility to failure. Despite this, plant
managers can be reluctant to replace them with
modern and more reliable alternatives.

Replacing a complete tank gauging system is deemed
too costly and partial upgrades are difficult due to
communication compatibility issues. Plant managers
are therefor often accepting the high maintenance
costs, simply because they are not aware of any other
options.

However, emulation provides a simple and cost-
effective solution for tank gauging upgrade projects,
enabling existing equipment to be replaced with
devices from alternative vendors without the need for
new wiring or communication networks. Emulation
also solves the problem with non-performing radar
level gauges in challenging applications.

®
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Suitable technologies

Technology Installation
guidelines

High precision tank Ch.8
gauging system

4.20 Tank monitoring applications

Primary function of application

The tank monitoring system is designed to fit all small
tank farms. Given the wide application coverage for
Rosemount 5300 and Rosemount 5408 the system

is suitable for many different industries, such as
chemical and oil and gas. Typical applications could
be batch tanks or clarifiers.

Best practice

Use guided wave radar or non-contacting radar
depending on application characterizes in the tank
farm. If necessary wireless can be used for remote
tank locations.

Figure 4.20.1: Tank monitoring system

Application characteristics and challenges

Depending on the industry and the type of media
being measured there are many different challenges.
Typically, there will be a group of small tanks with

no existing automation or tanks with level control
devices, but no overfill prevention system and need
the additional safety system. In some cases, there are
automated system, but visibility is missing to their
tanks to monitor capacity.

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ch.6

Non-contacting radar Ch.7
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Solids
applications
and technology
selection

Level measurement on bulks solids can be very
challenging. It usually entails dust, uneven surfaces,
heavy build-up and rat holes. Solids materials often
have a low dielectric constant and bulk density can be
very light to dense.

This chapter follows the structure of chapter four and
provides recommendations for suitable technologies.
However, the final decision of the technology type
will include application conditions, installation
constraints, and the capabilities of the technology.
The solids listed here are selected to represent
common applications. The different groups are
selected to exhibit common characteristics that often
appear with many solids.

5.1 Technologies
5.1.1 Guided wave radar

Guided wave radar can be used in many different
applications. It is especially well suited for smaller
vessels with diameters <33 ft (10 m) containing
powders and small granular materials, and where
the installation area is restricted. As vessel height
increases, wear on the probe, and increase of the pull
force, becomes more of a factor in the suitability of
its use. As with any radar device, it reacts quickly to
level changes, so it is also appropriate for process
applications and small vessels.

5.1.2 Non-Contacting Radar

Non-contacting radar can be used on a large variety
of applications. It has no restrictions with respect
to the weight of the material so it can be used in
applications where guided wave radar may not be
appropriate because of pull forces or concerns about
probe breakage.

Non-contacting radar can see more of the surface
than guided wave radar so will be slightly more
accurate. As with any radar device, it reacts quickly
to level changes so it is also appropriate for process
applications and small vessels.

5.1.3 Point Level Detectors

Limit detection is required in most silos and
containers to avoid overfilling and overspills, or run-
dry/empty situations. Point level detectors can be
used for simple process control, in dense or very light
materials, and can handle extreme conditions such as
high temperatures, pressure, mechanical stress, dust
and material prone to caking.

Bulk solids level switches utilize several technologies,
including rotating paddle, vibrating fork, vibrating
rod, and capacitance. The different technologies
meet the measurement requirements in bulk solids
applications and are suitable for full, demand, or
empty detection for different bulk solids in all types
of vessels.

Continuous level and volume
applications

5.2.1 Seed storage

5.2

Primary function of application

Prior to being processed into various kinds of

oils, seeds like sunflower, palm kernel, safflower,
soybeans, sesame, and canola, or nuts such as
peanuts, almonds, and walnuts, are delivered to the
plant and stored in big silos to ensure a continuous
production process.

~
=
-

—

Figure 5.2.1: Guided wave radar and non-contacting radar, on
a seed silo

Application characteristics and challenges

» DCisusually <2

* Build-up of material occurs

* Silos may have diameters greater than 15 m (50 ft)
and be over 40 m (132 ft) tall

* Dusty environment

o
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Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7
Cch6

Guided wave radar

5.2.2 Flour storage

Primary function of application

There are two main varieties of flour storage:

e Aflour mill where the flour is stored prior to being
delivered or packed

e In production sites, such as a bakery, where it is
stored before being transferred into production.

Figure 5.2.2: Flour silo with guided wave radar and non-
contacting radar

Application characteristics and challenges

e Powder

* DCis<2

 Flour tends to stick to the silo walls, creating
build-ups and rat holes

* (Can have low bulk density

Suitable technologies

Technology Installation
guidelines

Guided wave radar Che
Ch7

Non-contacting radar

Best practice

GWR or NCR for small/mid size vessels and for control,
for example at final production sites (i.e bakeries).

5.2.3 Sugar storage

Primary function of application

There are two main varieties of sugar storage:

 Sugar production plants where sugar, as the final
product, is stored prior to being delivered or
packaged.

* Food production sites where sugar is stored prior
to being transported further into production.

Application characteristics and challenges

e Sugar and sugar dust tend to accumulate, creating
build ups and rat holes

* DCis<2

e The materials’ sticky nature makes the sugar stick
to the antenna or other system parts

e Dusty environment

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7
Cché

Guided wave radar

5.2.4 Grain storage

Primary function of application

Grain is delivered by truck or rail to the plant where
itis loaded into storage silos prior to being analyzed,
pre-cleaned and transferred into production .
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Figure 5.2.4: Non-contacting radar on grain silo

Application characteristics and challenges

e Dustis generated during filling operations

« Different grades of wheat should not be mixed
together

e The large sizes of the silos, normally with multiple
emptying points, promote the creation of
irregular formations and build-up inside the silo,
making it difficult to measure accurately

Suitable technologies

Technology Installation
guidelines

Guided wave radar Cché
Ch7

Non-contacting radar

5.2.5 Coal storage | Bunker [ Coal Blending Facility

Primary function of application

The coal goes through a moderate grinding process
and then is stored in a coal bunker.

Application characteristics and challenges

e The storage size and the dusty conditions make it
difficult to accurately measure the amount of coal
in the bunker or blending facility

e Safety risks to personnel who enter the storage
areas to “guesstimate” levels

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

5.2.6 Coal Hoppers | Coal Day Vessels | Coal Silos

Primary function of application

Coalis transported by conveyor and tripper cars to
coal hoppers. These hoppers feed ball mills which in
turn feed the pulverized coal to the boilers. There will
be at least one hopper for each boiler. Typically there
are two boilers per unit.

Application characteristics and challenges

e large and very dusty

 Coalis critical for the continuous process and it
is necessary to monitor and control the actual
volume of coal to prevent process stoppages

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

5.2.7 Fly ash

Primary function of application

The contents of the fly ash hopper are pneumatically
conveyed to a fly ash storage silo. The silo is emptied
onto trucks that then haul the material off for use in
other applications. )

?‘ ]

Figure 5.2.6: Fly ash level with non-contacting radar and guided
wave radar
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Application characteristics and challenges

* Fly ash derived from burning coal creates a very
dusty environment and tends to stick, creating
build-up inside the silo

* Density and dielectric constant of fly ash is low

* Fly ashsilos are typically very large to allow
continuous flow from the hoppers

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ché
Ch7

Non-contacting radar

Best practice

GWR and NCR for small/mid size vessels and for
control.

5.2.8 Wood chip[wood pellets

Primary function of application

Wood chips, wood pellets or sawdust is stored
in large silos or warehouses before entering the
production process.

Application characteristics and challenges

* Material tends to stick together creating irregular
settling and often causes problems when emptied
through nozzles along the silo bottom

e The combination of large silos and irregular
settling makes it difficult for operators to assess
the true volume of the stored inventory

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

5.2.9 Cement silos

Primary function of application

In general there are 2 type of cement storage:

e Cement production plants where cement, as the
final product, is stored prior to being delivered or
packaged.

e Production sites, such as concrete/block
production, where cement is stored prior to being
entered into the process.

Figure 5.2.7: Cement silo with non-contacting radar and guided
wave radar

Application characteristics and challenges

e The process creates a very dusty environment
inside the silo

e Build-up and rat holes tend to occur

e Multiple filling and emptying points create
material irreqularities

Suitable technologies

Technology Installation
guidelines

Guided wave radar Ché
Ch7

Non-contacting radar

5.2.10 PP|PE Storage silos

Primary function of application

The final granular product is stored in silos before
being shipped to plastic product manufacturing
plants or packed in bags.

©
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Figure 5.2.8: Polyethylene storage silo with guided wave radar

Application characteristics and challenges

* PP and PE pellets can have a low dielectric
constant
e Dusty environment

Suitable technologies

Technology Installation
guidelines

Guided wave radar Che
Cch7

Non-contacting radar

Best practice

NCR with a focused beam may be used for small

size vessels and for control. GWR may be used for
small size vessels for contol purposes with Probe End
Projection functionality enabled.

5.2.11 Plastic powder silos

Primary function of application

PVC powder is stored in silos prior to being delivered
or packed. The silos can be very large in size
containing thousands of tons per silo.

Application characteristics and challenges

e Great amount of dust generated during filling
process

¢ Relatively low dielectric constant makes
measuring the true volume of the stored PVC
powder very challenging

Suitable technologies

Technology Installation
guidelines

Guided wave radar Cche
Ch7

Non-contacting radar

Best practice
GWR and NCR for small size vessels and for control.

5.2.12Fine ore storage

Primary function of application

Fine ore is stored in silos before being processed. The
silos hold a supply of fine ore that can be continuously
supplied to a furnace in the event of a problem
downstream in the ore handling system.

?

Figure 5.2.9: Fine ore storage silo with non-contacting radar

Application characteristics and challenges

* Need for continuous supply of material
e Dusty environment

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

o
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5.2.13 Burnt limestone storage

Primary function of application

The burnt limestone is stored in silos before being
processed.

Application characteristics and challenges

e Burnt limestone generates dust during the
filling process and tends to stick to the silo walls,
creating rat holes and build-up

* May have low bulk density

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

5.2.14 Slacked lime powder silo

Primary function of application

Slacked lime is stored in silos prior to being packed
and shipped.

]

Figure 5.2.10: Slacked lime powder silo with non-contacting
radar device

Application characteristics and challenges

¢ Slacked lime is a very fine powder that generates a
great deal of dust during filling and emptying

e Tends to become sticky, creating rat holes and
build-up

e The size of the lime silos vary from site to site and
even within the same site

e May have low bulk density

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

Best practice
NCR for small/mid size vessels and for control.

5.2.15 Chemical/detergent dry ingredients

Primary function of application

Raw materials are stored in silos before being
transferred to the production process.

Application characteristics and challenges

e As the raw materials are processed together, it is
important to accurately measure the content of
the silos to ensure continuous production

Suitable technologies

Technology Installation
guidelines

Non-contacting radar Ch7

Best practice

The latest NCR transmitters are the first choice,

due to their high sensitivity and unique software
algorithms, they are well suited to control the level in
this kind of environment. The air purging option will
keep the antenna clean from dust and condensation.
In cases where the radar is installed on silos for dryer
wood chips, the all-PTFE process seal antenna will

be an alternative to the antennas with integrated air
purging, maintaining the antenna clean.

5.3 Point level detection for solids
applications

Primary function of application

High and low limit detection of bulk solids in free
flowing powders, granules or aggregates, typically for
overfill or run-dry prevention.
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Figure 5.3.1: Point level detection with rotating paddle, vibrating
rod and vibrating fork switches

Application characteristics and challenges

* Many different product characteristics

e Dusty environment

« Different product densities

e Sticky media

e Small vessels with varying particle sizes

e Vessels may be very large

e Electrostatic charge may build up during fill /
empty cycling of vessel

e Media may be abrasive

* Media may be heavy

* Media may be very light

Suitable technologies

Technology Installation
guidelines

Vibrating fork switch Ch.10
Vibrating rod switch Ch.10
Capacitance switch Ch.10
Paddle switch Ch.10

Best practice

Install a point level solids switch at high or low level
for secondary level measurement in combination with
continuous level measurement technology and/ or
redundancy to prevent overfill or dry-run conditions.

Application characteristics and challenges

e Dusty and sticky
e May be a tall vessel

e DCinrangeof2to4
¢ Moderately heavy, free flowing

Suitable technologies
Technology Installation
guidelines
Guided wave radar Ch.6
Ch.7

Non-contacting radar

5.3.1

Application characteristics and challenges

Plastic and nylon

e Plastic and nylon pellets, flakes, power are
lightweight materials

* DCis<2

* During filling and emptying of tank, electrostatic
charges may develop

* Particle size <0.39in. (10mm)

Suitable technologies

Technology Installation
guidelines

Guided wave radar, Ch.6
with single lead probe

Vibrating rod switch Ch.10
Vibrating fork switch Ch.10
Paddle switch Ch.10

Best practice

Because these materials are very low dielectric, a
GWR with probe end projection functionality should
be used.

5.3.2

Application characteristics and challenges

Lime, cement, flour, sugar, starch

* Dusty solids measurement

» Some forms of lime or cement can be very dense,
so taller vessels may require non-contacting radar
due to excessive pull forces

e DCvaries from 2 to 10. Lighter, more powder-like
forms tend to have lower dielectric constants (<2).
Ex: slaked lime, white cement. Heavier forms such
as clinker cement and limestone, tend to have
higher DCs

52/
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Suitable technologies

Technology Installation
guidelines

Non-contacting radar, with PTFE  Ch. 7
cover to protect from dust

Guided wave radar, single Ch.6

flexible probe

Vibrating fork switch Ch.10

Vibrating rod switch Ch.10

Capacitance switch Ch.10

Paddle switch Ch.10
5.3.3 Coke

Application characteristics and challenges

Can be dusty
Often stored in open piles Figure 5.3.2: Coal bunker level with non-contacting radar
DCvaries: 2to 8

Particle size >10 mm

Suitable technologies

Suitable technologies Technology Installation
guidelines
HEE LT I"S_t;"ﬁt'on Non-contactingradar-do ~ Ch.7
guidetines not use PTFE cover!

Non-contacting radar Ch.7

Paddle switch Ch.10
Paddle switch Ch.10 Capacitance switch Ch.10
Capacitance switch Ch.10
5.3.4 Coal

Application characteristics and challenges

* (Can be dusty, but often sprayed with water to
minimize static charge
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H applications with longer ranges, lower dielectrics,
6' G u Id Ed Wave or where Founparion™ Fieldbus is needed. The

Rosemount 3308 can be used in most liquid storage

I'ada r inSta I IatiO ] and monitoring applications, where wireless

connectivity is needed. Table 3.1.7 also provides

g u iden nes some guidance regarding which series of GWR to

choose for a specific application.

The following chapter will go through some
installation guidelines for the Rosemount 5300. For
more details on the Rosemount 3300 and Rosemount
3308, please see the Product Data Sheets on
Emerson.com.

There are three Rosemount guided wave radar
level transmitters (GWR); Rosemount 5300 series,
Rosemount 3300 series and Rosemount 3308 series.

The Rosemount 5300 can be used for the same
applications as the Rosemount 3300, plus in

6.1 Probe selection

There are seven different probe types for Rosemount GWRs. The single lead is the preferred choice for most
applications. The following guidelines should be used to choose the appropriate probe for the Rosemount
guided wave radar transmitters:

G=Good, NR=Not Recommended, AD=Application Dependent,
(Consult your local Emerson representative for more information)

Segmented | Flexible Co- Flexible
rigid single ax(i)al twin
lead lead
Measurements
Level G G G G G G
Interface (liquid/liquid) G G G G G
Process medium characteristics

Changing density G G G G G
Changing dielectric(" G G G G G G G
Wide pH variations G G G G G G G
Pressure changes G G G G G G G
Temperature changes G G G G G G G
Condensing vapors G G G G G G G
Bubbling/boiling surfaces G G AD G G G G
Foam (mechanical avoidance) NR NR NR AD AD NR NR
Foam (top of foam measurement) AD AD AD NR NR AD AD
Foam (foam and liquid measurement) AD AD AD NR NR AD AD
Clean liquids G G G G G G G
Liquid with very low dielectric constants G G G@ G G G G@
Coating/sticky liquids @ AD AD AD NR AD NR NR
Viscous liquids @) AD AD G NR AD AD AD
Crystallizing liquids AD AD AD NR NR NR NR
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Rigid |Segmented | Flexible Co- Large igi Flexible
i rigid single | si axial | €© i twin
lead EME] lead
Solids, granules, powders AD AD G NR NR
Fibrous liquids G G G NR NR
Tank environment considerations

Probe is closg (<12 |'n./30 cm) to tank AD AD AD C G C C
wall [ disturbing objects
Probe might touch tank wall nozzle or NR NR NR C C NR NR

disturbing objects
Turbulence G G AD G G G AD

Turbulent conditions causing
breaking forces

Tall narrow nozzles AD AD AD G G AD AD

Angled or slanted surface (viscous or

NR NR AD NR NR NR AD

: . G G G NR NR AD AD
solids materials)
Liquid or vapor spray might touch NR NR NR G G NR NR
probe above surface
Plsturblng el_ectromagnetlc AD AD AD C G AD AD
interference in tank
Cleanability of probe G G G AD AD AD AD

(1) Foroverall level applications, a changing dielectric has no effect on the measurement. For interface measurements, a changing
dielectric for the top fluid will degrade the accuracy of the interface measurement.

(2) Limited measuring range.

(3) Forviscous or sticky applications, it is not recommended to use centering discs mounted along the probe.

Table 6.1.1: Probe selection guide

6.2 Blind zones

the accuracy exceeds +1.18 in. (30 mm), and
The measuring range depends on probe type, measurements may not be possible. Measurements
dielectric constant of the product and installation close to blind zones will have reduced accuracy.

environment, and is limited by the blind zones at the
very top and bottom of the probe. In the blind zones,

Dielectric | Rigid single | Flexible Large Rigid twin | Flexible twin
Coaxial
constant lead single lead coaxial lead lead

Upper 3.9in. 3.9in. 2in. 3.9in. 3.9in.
blind (10 cm) (10cm) (5cm) (10 cm) (10cm)
zone 2 3.5in. 3.5in. 3.5in. 0 3.2in. 3.2in.
(9 cm) (9 cm) (9cm) (8.3cm) (8.3cm)
Lower 80 0.4in. 0.4in. 0.8in. 0.8in. 0.8in. 0.8in.
blind (1cm) (1cm) (2cm) (2cm) (2 cm) (2cm)
one 2 4.7in. 4.7in. 5.11n. 3.9in. 4.7in. 4.7in.
(12 cm) (12 cm) (13 cm) (10cm) (12 cm) (12 cm)

Table 6.2.1: Blind zones for different probe types and dielectric constants, see figure 6.2.1 for illustration of blind zones
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'(uPpey blind zone
Reduced accuracy

Reduced accuracy
ower blind zone

Figure 6.2.1: lllustration showing how the measuring range is
related to the blind zones

6.3 Process characteristics

The Rosemount 5300 Series has high sensitivity
because of its advanced signal processing and high
signal to noise ratio. This makes it able to handle
various disturbances. However, the following
circumstances should be considered before
mounting the transmitter.

Coating

Heavy coating of the probe should be avoided since
it may decrease the sensitivity of the transmitter
and lead to measurement errors. In viscous or sticky
applications, periodic cleaning may be required.

For viscous or sticky applications, it is important to
choose a suitable probe:

Coaxial Larqe Twin Lead Al
coaxial Lead

Maximum viscosity

500cP  1500cP  1500cP 000,
Coating/build-up
Coating not Thin coating Thin Coating
recom-  allowedbut  coating allowed
mended  no bridging allowed but
no bridging

(1) Consult your local Emerson representative for agitation/
turbulence and high viscous products.

(2) When using probes in viscous or crystallizing media the
nozzle area should be kept hot so that deposition near
the top of the probe is minimized. Consider using HP or
standard probes in such applications.

For viscous or sticky applications, it is not recommended to
use centering discs mounted along the probe.

Table 6.3.1: Probe type guide for different product viscosities

Maximum measurement error due to coatingis 1-10%
depending on probe type, dielectric constant, coating

thickness and coating height above product surface.
The Signal Quality Metrics (SQM) diagnostic option
can give an indication of how good the surface signal
is compared to the noise, and when to clean the
probe.

Bridging

Heavy product coating results in bridging between
the two probes in a twin lead version, or between the
pipe and inner rod for coaxial probes, and may cause
erroneous level readings, so it must be prevented. A
single lead probe is recommended in these situations.

Foam

Rosemount 5300 Series Radar Transmitter
measurement in foamy applications depends on the
foam properties; light and airy or dense and heavy,
high or low dielectrics, etc. If the foam is conductive
and dense, the transmitter may measure the surface
of the foam. If the foam is less conductive the
microwaves may penetrate the foam and measure
the liquid surface.

Vapor

In some applications, such as high pressure boiling
water, there is a heavy vapor above the product
surface that could influence the level measurement.
The Rosemount 5300 can be configured to
compensate for the influence of vapor.

Boiling hydrocarbons

For products with very low dielectric constants, such
as boiling hydrocarbons and solids, the threshold may
need to be lowered, and/or the Probe End Projection
(PEP) function activated.

6.4 Measuring range (5300)

The measuring range differs depending on probe
type and characteristics of the application. Table
6.4.1 a-d can be used as a guideline for clean liquids.

Rigid single lead | Segmented rigid single lead
Maximum measuring range

9ft10in. (3 m) - for 8 mm probes
19ft8in. (6 m) - for 13 mm probes
32ft9in (10m) - for 13 mm probes (Segmented)

Min dielectric constant at max measuring range
1.4 (1.25if installed in a metallic bypass
or stilling well)(N(2

Table 6.4.1a: Measuring range guide for rigid single lead probes

©
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Flexible single lead(")

Maximum measuring range
164 ft (50 m)

Minimum dielectric constant at maximum
measuring range

1.4 up to 49 ft (15 m)(")
1.8 up to 82 ft (25 m)(")
2.0upto 115t (35 m)("
3upto138ft(42m)
4upto 151 ft (46 m)

6 up to 164 ft (50 m)

Table 6.4.1b: Measuring range guide for flexible single lead
probes

Maximum measuring range
19ft8in. (6 m) 9ft10in.(3 m)

Minimum dielectric constant at maximum
measuring range

1.2 (Standard)

19 ft. 8in. (6 m)

1.2 (Standard)
1.4 (HP/C) HP/C1.4
2.0 (HTHP) HTHP N/A

Table 6.4.1c: Measuring range guide for coaxial and rigid twin
lead probes

Flexible twin lead

Maximum measuring range
164 ft (50 m)

Minimum dielectric constant at maximum
measuring range

1.4 up to 82 ft (25 m)()
2.0 up to 115 ft (35 m)()
2.5 up to 131 ft (40 m)(")
3.5upto 148 ft (45 m)
6 up to 164 ft (50 m)
(1) The probe end projection software function will improve

the minimum dielectric constant. Consult you local
Emerson representative for details.

1.4

(2) Measuring range may be lower depending on installation.

Table 6.4.1d: Measuring range guide for flexible twin lead probes

The maximum measuring range differs based on
application according to:

« Disturbing objects close to the probe

» Media with higher dielectric constant has better
reflection and a longer measuring range

* Surface foam and particles in the tank atmosphere
might affect measuring performance

» Heavy coating [ contamination on the probe may
reduce the measuring range and cause erroneous
level readings

* Disturbing EMC environment in tank

¢ Tank material (e.g. concrete or plastic) for
measurements with single lead probes

6.5 Interface

Rosemount 5302 is the ideal choice for measuring the
level and interface of materials such as oil and water
or other liquids with significant dielectric differences.

Rosemount 5301 can also be used for interface

measurement in applications where the probe is fully
submerged in the liquid.

Level = Interface Level

Interface Level

Figure 6.5.1: Interface measurement with a Rosemount 5302
and a Rosemount 5301 (fully submerged probe).

For measuring interface level, the transmitter uses
the residual wave of the first reflection. Part of the
wave, not reflected at the upper product surface,
continues until it is reflected at the lower product
surface. The speed of this wave depends fully on the
dielectric constant of the upper product. To measure
interface, the following criteria have to be fulfilled:

 The dielectric constant of the upper product must
be known and should be constant. The Rosemount
Radar Master software has a built-in
dielectric constant calculator to assist in

o
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determining the dielectric constant of the upper
product

e The upper product must have a lower dielectric
constant than the lower product to have a distinct
reflection

 The difference between the dielectric constants
for the two products must be greater than 6

e The maximum dielectric constant for the upper
product: 10 for the coaxial and large coaxial
probe, 8 for the twin lead, and 7 for the single lead
probes

e The maximum interface distance is 164 ft (50m)
minus the maximum product thickness. However,
characteristics may vary between the different
applications

The maximum allowable upper product thickness/
measuring range is primarily determined by the
dielectric constants of the two liquids.

Target applications include interfaces between oil |

oil-like and water | water-like liquids with a low (<3)

dielectric constant for the upper product and a high
(>20) dielectric constant for the lower product.

For such applications, the maximum measuring range
is limited by the length of the coaxial, rigid twin, and
rigid single lead probes.

For flexible probes, the maximum measuring

range is reduced by the maximum upper product
thickness, according to the diagram below. However,
characteristics may vary between the different
applications.

115 (35)

m)

98 (30) |

82 (25)

— 80 Lower product

- - 40 dielectric constant
—=-20

66 (20) -

49 (15)

33(10)

16 (5)

0

Maximum upper product thickness, ft

Upper product dielectric constant

Figure 6.5.2: Maximum upper product thickness for the flexible
single lead probe.

(m)

115 (35) o

ft

98 (30)

Lower product

— 80 dielectric constant
T

82 (25) -

66 (20) |

49 (15) -

33 (10)

16 (5)

Maximum upper product thickness

0 T
1 3 5 7 9
Upper product dielectric constant

Figure 6.5.3: Maximum upper product thickness for the flexible
twin lead probe.

NOTE!

Maximum distance to the interface = 164 ft.(50 m)
- maximum upper product thickness.

Sometimes an emulsion layer (mix of the products)
forms between the two products and can affect
interface measurements.

For assistance with emulsion applications, consult
your local Emerson representative.

6.6 Vessel characteristics

Heating coils, agitators

Because the radar signal is transmitted along a probe,
the Rosemount 5300 Level Transmitter is generally
not affected by objects in the tank. Avoid physical
contact with metallic objects when twin lead or single
lead probes are used.

Avoid physical contact between probes and agitators,
as well as applications with strong fluid movement,
unless the probe is anchored. If the probe is able

to move 1 ft. (30 cm) from any object, such as an
agitator, during operation, the probe tie-down is
recommended.

To stabilize the probe for side forces, a weight may
be hung at the probe end (flexible probes only) or fix/
guide the probe to the tank bottom.

©
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Tank shape

The guided wave radar transmitter is insensitive to
tank shape. Since the radar signal travels along a
probe, the shape of the tank bottom has virtually
no effect on the measurement performance. The
transmitter can handle flat or dish-bottom tanks.

6.7 Process connection

The Rosemount 5300 Series has a threaded
connection for easy mounting on a tank roof. It
can also be mounted on a nozzle by using different
flanges.

Figure 6.7.1: Mounting on tank roof using threaded connection.

Avoid nozzles with
reducer
(unless using a
coaxial probe)

ol

Figure 6.7.2: Mounting in nozzles

The transmitter can be mounted in nozzles by using
an appropriate flange. The nozzle sizes given in table
6.7.1 show the recommended dimensions. For small
nozzles, it may be necessary to increase the upper
null zone (UNZ) to reduce the measuring range in
the upper part of the tank. Amplitude threshold
adjustments may also be needed in this case. A

Trim Near Zone is recommended in most nozzle
installations, for example, when there are disturbing
obstacles in the near zone.

NOTE!

The probe should not contact the nozzle,

with the exception of the coaxial probe. If the
nozzle diameter is less than recommended, the
measuring range may be reduced.

Single
(rigid/

segmented|

flexible)
Recommended 6in. (150
nozzle diameter mm)

>Probe 4in.
diameter (100

(D) mm)
Minimum 2in. (50 >Probe  2in. (50
nozzle diameter mm) diameter mm)
(D)M

Recommended 4in.+nozzle N/A 4in. +
nozzle height  diameter ) nozzle
(H)@ diameter

(1) The Trim Near Zone function may be necessary or an
Upper Null Zone setup may be required to mask the
nozzle.

(2) Longer nozzles may be used in certain applications.
Consult your local Emerson representative for details.

(3) When using single flexible probes in tall nozzles, it is
recommended to use the Long Stud (LS).

Table 6.7.1: Nozzle considerations

Along stud - 10in. (250 mm) - is recommended for
single flexible probes in a tall nozzle.

Long stud 10in. (250
mm)

Figure 6.7.3: A single flexible probe with a long stud




6 - Guided wave radar installation guidelines

NOTE!

For single lead probes, avoid 10-in. (250 mm)/
DN250 or larger diameter nozzles, especially in
applications with a low dielectric constant.

An alternative is to install a smaller nozzle inside
the nozzle.

6.8 Free space

For easy access to the transmitter, make sure it is
mounted with sufficient service space. For maximum
measurement performance, the transmitter should
not be mounted close to the tank wall or near other
objects in the tank.

If the probe is mounted close to a wall, nozzle or
other tank obstruction, noise may appear in the level
signal. The minimum clearance shown in table 6.8.1
and table 6.8.2 is recommended.

Figure 6.8.1: Free space requirement

Coaxial[large Flexible twin
[GEVE]

4in. (100 mm)  4in. (100 mm)

0in. (0 mm)

Table 6.8.1: Recommended minimum free space L to tank wall or
other objects in the tank

Rigid | segmented [ flexible single

4in. (100 mm) Smooth metal wall

20in. (500 mm)("  Disturbing objects such as
pipes and beams concrete
or plastic tank walls rugged

metal tank walls

(1) When measuring in low DC (around 1.4). For higher DC, the
recommended free space is lower.

Table 6.8.2: Recommended minimum free space L to tank wall or
other objects in the tank for single lead probes

6.9 Insulated tanks

When the Rosemount 5300 is installed in high
temperature applications, consider the maximum
ambient temperature. Tank insulation should not
exceed 4in. (10 cm).

Figure 6.9.1 Tank insulation

185 (85)

131 (55)

100 (38) -

50 (10) o

752 (400)

392 (200),

RIS EUJE) 200 (93) 400 (204) 600 (316)

-320
(-196)

~40 (-40)

Figure 6.9.2 Ambient temperature vs. process temperature

800
(427)
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6.10 Mounting position

For liquids

Tank conditions are recommended to be carefully
considered when finding the appropriate mounting
position for the transmitter. The transmitter should
be mounted so the influence of disturbing objects is
reduced to a minimum.

In case of turbulence, the probe may need to be
anchored to the bottom.

Figure 6.10.1: Mounting position in liquids

When mounting the transmitter the following
guidelines should be considered:

* Do not mount close to inlet pipes

* Do not mount close to agitators. If the probe
can move to within 12in. (30 cm ) away from an
agitator, a probe tie-down is recommended

* If the probe tends to sway from the turbulent
conditions in the tank, the probe should be
anchored to the tank bottom

* Avoid mounting near heating coils

* The nozzle should not extend into the tank

* The probe should not come into contact with the
nozzle or other objects in the tank

* Position the probe so it is subject to a minimum of
lateral force

NOTE!

Violent fluid movements can cause forces that
could break rigid probes.

For solids

¥

Figure 6.10.2: Mounting position in solids

Consider the following guidelines when mounting the
transmitter:

* Do not mount near inlet pipes in order to avoid
product filling on the probe

e Regularly check the probe for defects

 Itisrecommended that the vessel be empty
during installation

e For concrete vessels, the distance (L) between the
probe and the wall should be at least 20 in. (500
mm)

« Stabilize the probe for side forces, by attaching
the probe to the tank bottom
For solids, use the 0.24 in. (6 mm) probe, because
of the higher tensile strength. The probe should
have asag of >=1in./100in. (1 cm/2.54 m) to
prevent probe damage

* Avoid anchoring in solids tanks over 98 ft (30 m)
in height since tensile loads are much stronger for
anchored probes

* Product build-up on the silo walls near the probe
may interfere with measurements. Choose a
mounting position where the probe is not in
contact with, or close to, the product build-up

®
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Tensile load for 0.16 in. (4 mm) flexible Tensile load for 0.24 in. (6 mm) flexible
single lead probe, Ib (kN) single lead probe, Ib (kN)
Probe length 49 ft Probe length 115 ft Probe length 49 ft Probe length 115 ft
(15 m) (35m) (15m) (35m)
Tank@= Tank@= Tank@= Tank@= Tank@= Tank@= Tank@= Tank @ =
10 ft 39ft 10 ft 39ft 10 ft 39ft 10ft 39 ft
(3m) (12 m) (3m) (12m) (3m) (12m) (3m) (12m)
670 1120 1800 4500 (20) 900 1690 2810 6740
(3) (5) (8) Exceeds (4) (7.5) (12.5) (30)
tensile Exceeds
strength tensile
limit strength
limit
. LT T 340 (1.5) 670 810(3.6) 2360 450 920 1190 3510(15.6)
pellets 3) (10.5) (2) (4.1) (53)

Cement 900 2020 2470(11) 7310 1350 (6) 2920 3600 10790 (48)
(4) 9) (32.5) (13) (16) Exceeds
Exceeds tensile
tensile strength
strength limit
limit

Table 6.10.1: Pulling force on probe installed in tanks with different products

6.11  Mounting in non-metallic
vessels
i
For optimal single lead probe performance in non- |

(D)
!
metallic (plastic) vessels, the probe must be mounted 1’ ’ \/

with a metal flange, or screwed in to a metal sheet
(d>8in./200 mm), if the threaded version is used. Mgal

A S | |

Figure 6.11.2: Installation in concrete silos

Metal flange P
d>2in. [DN50 \ R . .
— | 6.12  Considerations for solids
T| applications
-— The flexible single lead probe is recommended for

Metal sheet  solids and is available in two versions to handle
d>8in. /200 different loads and lengths:
mm
e 0.16in. (4 mm) diameter tensile strength is
minimum 2698 Ib (12 kN)
Collapse load is maximum 3597 |b (16 kN)
e 0.24in. (6 mm) diameter
Tensile strength is minimum 6519 Ib (29 kN
Collapse load is maximum 7868 Ib (35 kN)

©

Figure 6.11.1: Mounting in non-metallic vessels

Electromagnetic disturbances should be kept to
a minimum since they may affect measurement
performance.
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Keep the following in mind when planning installation
of the Rosemount 5300 in solids applications:

 There might be considerable down-pull forces
on silo roofs caused by the media, so the silo roof
must withstand the maximum probe tensile load

* The tensile load depends on silo size, material
density, and the friction coefficient. Forces
increase with the buried length, the silo, and
probe diameter

e Incritical cases, such as for products with a risk for
build-up, use a 0.24 in. (6 mm) probe

» Depending on position, forces on probes are two
to ten times greater on probes with tie-down,
than on probes with ballast weights(")

(1) The weight should not be fixed for probe 100 ft
(30 m) or longer.

Guidelines for the tensile load from free-flowing
solids acting on a suspended probe without any
tie-down or weight in a smooth metallic wall silo

as shown in table 6.10.1. A safety factor of 2 is
included for the figures. Consult your local Emerson
representative for more information.

NOTE!

For environments where electrostatic discharges
(plastics) are likely to occur, it is recommended
that the probe end is grounded.

6.13  Mounting in chamber|

stilling well

Technology Installation
guidelines

Chambers See Chapter 11

The chamber is also known as bridle, side pipe, bypass
pipe, and cage. Dimensioning the chamber correctly
and selecting the appropriate probe is key to the
success in these applications.

To prevent the probe from contacting the wall,
centering discs are available for the rigid single,
flexible single, and flexible twin lead probes.

The disc is attached to the end of the probe, and thus
keeps the probe centered in the chamber.

Make sure that the probe does
not come into contact with the
chamber wall, e.g. by using a
centering disc.

Figure 6.13.1: Prevent probe from coming into contact with the
chamber/pipe wall

NOTE!

To avoid disturbances from an object near the
pipe, metal-pipes are preferred, especially in
applications with low dielectric constant.

Rigid single Flexible single

Figure 6.13.2: Mounting single probe in chamber/still pipe

Inlet pipe diameter N<@. Effective measuring range
L<=12in. (300 mm).

©
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Probe type

Rigid
single /
segmented
rigid single

Flexible
single

Rigid twin(")

Flexible
twin()

Coaxial

Large
coaxial

Recommended | Minimum

diameter

3or4in.
(75 0r 100 mm)

4in.
(100 mm)

3or4in.

(75 0or 100 mm)
4in.

(100 mm)

3or4in.
(75 0r 100 mm)

3or4in.
(75 or 100 mm)

diameter

2in.
(50 mm)

Consult your
local Emerson
representative

2in.
(50 mm)
Consult your

local Emerson
representative

1.5in.
(37.5mm)
2in.

(50 mm)

(1) The center rod must be placed more than 0.6 in.

(15 mm) away from the pipe wall.

Table 6.13.1: Recommended and minimum chamber / still pipe
diamter for different probes

The recommended chamber diameteris 3 in. (75
mm) or 4 in. (100 mm). Chambers with a diameter
less than 3 in. (75 mm) may cause problems with
build-up and it may also be difficult to avoid contact
between chamber wall and probe. Chambers larger
than 6 in. (150 mm) can be used but provide no
advantages for radar measurement.

It is recommended that single or large coaxial probes
are used with the Rosemount 5300 Series.

The probe must not touch the chamber wall, should
extend the full height of the chamber, but not touch
the bottom of the chamber. Probe type selection
depends on probe length:

 Lessthan 14.7 ft (4.5 m): rigid single probe is
recommended. Use a centering disc for a probe >
3.3 ft. (1 m). If installation requires less head-
space, use a flexible single probe with a weight
and centering disc.(?)

e More than 14.7 ft (4.5 m): Use flexible single
probe with a weight and centering disc

A short weight for the single flexible 0.16 in. (4
mm) SST probe can be used for measuring close to
the probe end. The height is 2 in. (50 mm) and the
diameteris 1.5 in. (37.5 mm). Option code W2.

For hot applications, the chamber should always be
insulated to prevent personal injuries and to reduce
the amount of energy needed for heating. See figure
6.13.3. Itis often an advantage, and sometimes even
required, for the radar measurement:

* Inhot applications, insulation reduces the amount
of condensation, since it prevents the upper part
of the chamber from becoming a cold spot

¢ Insulation prevents product solidification inside
the chamber, and clogging of the inlet-pipes

The transition zones and the height of the weight limit
the use of single flexible probes shorter than 3 ft. (1m). If
using the flexible probe, the short weight is recommended.

i

Figure 6.13.3: Insulated chamber

When mounting in a chamber, the probe length to
use can be calculated with these formulas:

* Side-and-Side dimension: Probe length =
Dimension A + Center-to-Center Dimension +
Dimension B -3.5in. (85 mm)

¢ Side-and-Bottom dimension: Probe length =
Dimension A + Center-to-Center Dimension - 17
in. (430 mm)
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Figure 6.13.4: Chamber dimensions

NOTE!

The formulas are not valid when using Dynamic
Vapor Compensation probes.

For Dynamic Vapor Compensation, probes up to 13.1
ft. (4 m) length are supported.

Dynamic Vapor Compensation requires a minimum
distance from the flange to the surface level to
measure the change in the vapor dielectric constant.

If the level rises within this area, the unit switches
over to static compensation, using the last known
vapor dielectric constant.

This minimum distance (indicated by X in figure
6.13.5) is 22 in. (560 mm) for the short reflector
and 28 in. (710 mm) for the long reflector (see
illustration on the right), to dynamically compensate
up to 100%.

The minimum measuring range for this functionality
is 12in. (300 mm).

,,,,,, Level: 100%

Minimum measuring range:
12in. (300 mm)

777777777 Level: 0%

Figure 6.13.5: Minimum distance X for vapor compensation
applications

6.13.1 Extra recommendations for installation

in stilling well

e 4, 6,0r8in. diameter pipes are strongly
recommended

e The diameter should be consistent for the full
length of the pipe

e There should be at least one hole above the liquid
surface for pressure equalization.

e There should be multiple holes or slots for
stratified fluids or interface measurements to
ensure fluid flow-through.

e Holes or slots may be drilled into side of the pipe.
The inside of the pipe should be smooth and clear
of any rough edges.

e The GWR should not extend out the end of the pipe.

 Include a heavy weight on the end of the cable to
pull the wire taut. (option code W3)

¢ Include a centering disc on the end of the probe
- metal or plastic may be used. The centering disc
should be slightly smaller than the inside diameter
of the pipe and should be completely inside the
pipe.

* Insmaller diameter pipes, centering discs may
be used at intervals along the length of the pipe.
These need to be made of a non-metallic, low
dielectric reflective material such as PTFE, PEEK
or ceramic. This is not recommended if the fluid
tends to coat or stick as each disc is a potential site
for material build-up.
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6.14 Replacing displacer in existing
chamber

A Rosemount 5300 Series transmitter is the perfect
replacement for an existing displacer chamber. To
simplify installation, proprietary flanges are offered
to allow for using the same chambers.

Rosemount 5300 benefits

e No moving parts: Less maintenance - dramatically
reduced costs, and as a result, improved
measurement availability

¢ Reliable measurement, that is independent of
density, turbulence, and vibrations

Considerations when changing to Rosemount 5300

When changing from a displacer to a Rosemount
5300 Series transmitter, make sure to correctly match
the 5300 Series flange choice and probe length to the
chamber. Both standard ANSI and EN (DIN), as well as
proprietary chamber flanges are available.

Figure 6.13.6: GWR mounted in a stilling well

Table 6.14.1 shows probe length guidelines.

Chamber Probe Length(")
manufacturer

Major torque-tube Displacer + 9 in.
manufacturer (2498, (229 mm)
249C, 2449K, 249N,

259B)
Masoneilan (Torque Displacer + 8 in.
Figure 6.13.7: GWR measuring level and interface in stilling well tube operated) (203 mm)

proprietary flange

Others - torque tube(®  Displacer V+ 8 in.
(203 mm)

Magnetrol (spring Displacer + between 7.8

operated)©) in. (195 mm) to 15 in.
(383 mm)

Others - spring operated Displacer +19.7 in.
(500 mm)

(1) Ifflushing ring is used, add 1 in. (25 mm).

(2) Forother manufacturers, there are small variations. This is
an approximate value, actual length should be verified.

(3) Lengths vary depending on model, SG and rating, and
should be verified.

Table 6.14.1: Required probe length depending on chamber

Figure 6.13.8: GWR measuring level in stilling well manufacturers

©
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6.15  Anchoring

In turbulent tanks, it may be necessary to fix the
probe. Depending on the probe type, different
methods can be used to guide the probe to the tank
bottom. This may be needed to prevent the probe
from hitting the tank wall or other objects in the tank,
as well as preventing a probe from breaking.

Flexible twin/single lead probe with weight and ring

Aring (user supplied) can be attached to the weight
in a threaded (M8x14) hole at the end of the weight.
Attach the ring to a suitable anchoring point.

Weightlwith
interna
& threads M8x14

Figure 6.15.1: Flexible twin/single with weight and ring

Flexible twin/single lead probe with weight and
magnet

A magnet (user supplied) can be fastened in a
threaded (M8x14) hole at the end of the weight. The
probe can then be guided by placing a suitable metal
plate beneath the magnet.

Figure 6.15.2: Flexible twin/single with weight and magnet

Coaxial and large coaxial probe fixed to the tank wall

The coaxial and large coaxial probe can be guided to
the tank wall by fixtures fastened to the tank wall.
Fixtures are user supplied. Make sure the probe

can move freely due to thermal expansion without
getting stuck in the fixture.

Figure 6.15.3: Coaxial fixed to the tank wall

Coaxial probe and large coaxial probe

The Coaxial probe can be guided by a tube welded on
the tank bottom. Tubes are user supplied. Make sure
that the probe can move freely in order to handle
thermal expansion.

Figure 6.15.4: Coaxial with a welded tube at tank bottom
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Rigid twin lead probe

The rigid twin lead probe can be secured to the tank
wall by cutting the center rod and putting a fixture

at the end of the outer rod. The fixture is customer
supplied. Make sure the probe is only guided and not
fastened in the fixture to be able to move freely for
thermal expansion.

@ 0.3in. (8mm)

Figure 6.15.5: Rigid twin secured to the tank wall

Flexible single lead probe

The probe rope itself can be used for anchoring. Pull
the probe rope through a suitable anchoring point,
e.g. awelded eye and fasten it with two clamps. The
length of the loop will add to the transition zone. The
location of the clamps will determine the beginning
of the transition zone. The probe length should be
configured as the length from the underside of the
flange to the top clamp.

Solid applications

Pull the probe rope through a suitable anchoring
point, e.g. a welded eye and fasten it with two
clamps. It is recommended that the probe is slack in
order to prevent high tensile loads. The sag should be
atleast 1.5in./10 ft (1 cm/m) of the probe length.

Figure 6.15.7: Anchoring in solid applications

Alternative chuck for flexible single lead probes

Loosen the screws. Pull the probe rope through a
suitable anchoring point, e.g. a welded eye. Tighten
the screws. The required torque and hex key
dimensions:

4 mmwire: 15 Nm, 4 mm

6 mm wire: 25 Nm, 5 mm

Figure 6.15.6: Flexible single anchored to tank bottom

Figure 6.15.8: Flexible single with chuck

@
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6.16  Centering discs

To prevent the probe from contacting the bridle

wall when replacing displacers or installing in pipes,
centering discs are available for rigid single, flexible
single, and flexible twin lead probes. The disc is
attached to the end of the probe and keeps the probe
centered in the bridle/chamber. The discs are made of
stainless steel, Alloy G276, or PTFE.

When mounting a centering disc, it is important that
it fits correctly in the pipe.

Pipe schedule

Pipe 5s,5 10s, 40s, 80s, 120 160
size 10 40 80

2in.  2in.  2in.  2in.  2in. NA( NA@
3in.  3in.  3in. 3in.  3in. NA(M 2in.
4in. 4in. 4in. 4in. 4in. 4in. 3in.
5in. 4in. 4in. 4in. 4in. 4in. 4in.
6in. 6in. 6in. 6in. 6in. 4in. 4in.
7in.  NAD NAD) 5in. 6in.  NAM  NAD
8in. 8in. &in. 8in. 8in. 6in. 6in.
(1) Schedule is not available for pipe size.

(2) No centering disc is available.

Table 6.16.1: Choose the right centering disc diameter for a
particular pipe schedule

The below table shows the actual outer diameter for
discs.

m Actual disc diameter

2in. 1.8in. (45 mm)
3in. 2.7 in. (68 mm)
4in. 3.6in.(92 mm)
6in. 5.55in. (141 mm)
8in. 7.4in. (188 mm)

Table 6.16.2: Outer diameter for discs according to disc size

NOTE!

Centering discs may not be used with PTFE covered
probes.

To avoid bending the probe (rigid probes), or
twisting and coming into contact with the chamber
wall (flexible probes), a small clearance distance
between centering disc and chamber bottom is
recommended. The clearance distance of 1in.

(25 mm) is selected with a dome shaped chamber
bottom in mind, which may prevent the centering
disc from reaching the bottom.

A

Figure 6.16.1: A clearance distance of 1 in. (25 mm) between the
probe end and the chamber bottom is recommended.

Process seal selection
guidelines

6.17

The Rosemount 3300 and 5300 guided wave radar
level transmitters are designed to be used in a wide
variety of level applications. To meet the installation
and application demands, four types of process seals
are available and are chosen as part of the model
number sequence:

S - Standard temperature and pressure process seal
H - High temperature and high pressure

P - High pressure

C- Cryogenic temperatures

The GWR process seals offer a wide range of pressure
and temperature capabilities.

In general, the basic recommendation for process
seal selection is to choose the lowest rated one that
can meet the temperature and pressure needs.

This approach achieves two things. It will ensure

the greatest signal availability for the measurement
since the smallest amount of PTFE or ceramic is used.
It will also ensure that sticky heavier products that
can occur at lower temperatures will not build up in
recessed areas of the seals.
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For this reason, we advise the use of the High Pressure
instead of the High Temperature/High Pressure seal
for applications with a flange temperature less than
392 °F (200 °C), since at those temperatures products
may be more viscous and therefore benefit from a
completely filled waveguide. Note that it is the flange
temperature that is the relevant parameter used as
the guideline for selection.®

Figure 6.17.1: Recommended choice of process seal type

In the case of applications below -76 °F (-60 °C),
only the cryogenic probe should be used due to the
special welding requirements.

* With the exception of coax probes where internal
PTFE spacers in the probe have a temperature limit of
392 °F (200 °C).

6.18 Grounding

Various natural events produce excess transient
energy that can enter transmitters via multiple paths.
It is critical to practice good grounding techniques in
order to optimize the transmitters built-in transient
protection. Improper practices can lead to field
failures such as erratic mA readings, spiking, difficulty
communicating, and possible incorrect levels.

6.19 Guided wave radar installation

guidelines for solids
applications

Guided wave radar is used in many different
applications. It is especially well suited for smaller
vessels with <33 ft (10 m) diameter containing
powders and small granular materials and where
the installation area is restricted. As vessel height
increases, wear on the probe becomes more of a
factor in the suitability of its use.

Advantages

e Low DG, Probe End Projection
¢ Small silo intrusion

¢ Internal obstructions

e 2-wire

Limitations

e Pull force dependent
e Wearon probe
¢ Inferred volume

1} Material Primary

3
DC>1.1
up to R
39ft(12m) Sl e Probe End
. HART®, U
with Probe Projection,
Rosemount  3-98 ft - . FOUNDATION™ A
Unlimited  2-wire End - Level Signal
5303 (1-30m) -~ Fieldbus, ‘
Projection dbus® Quality
activated Mo o Metrics
WirelessHART®
DC>14

Table 6.19.1: Product specification for Rosemount 5303
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6.19.1

Always install the probe in an empty silo and regularly
inspect the probe for damage. For silos taller than 98
ft (30 m), consult your Emerson representative.

Mounting considerations

Position

Mount the probe as far away as possible from filling
and emptying ports. This will minimize load and
wear and will help to avoid disturbances from the
incoming product. Installing the probe at about

1/3 to 1/2 of the silo radius is recommended to
compensate for measurement errors caused by cone
shaped surface formation during centered filling. The
minimum recommended probe distance to tank wall
or disturbing objects is 20 in. (50 cm), unless the wall
is comprised of smooth metal, then the distance is 4
in. (10 cm).

Recommended location Avoid inlets

“%+ Avoid outlets

Figure 6.19.1: Mounting positions for guided wave radar

Nozzle

A short nozzle is recommended. The maximum
recommended nozzle height is nozzle diameter +
4in. (100 mm). When nozzles are more than 4 in.
(100 mm) in height, a long stud is recommended to
prevent the probe from contacting the nozzle. Avoid
10in. (250 mm)/DN250 or large <D + 4 in (100 mm)
or diameter nozzles, especially in applications with
low dielectric constants.

S

» |<D+4in
(100 mm)

Figure 6.19.2: Nozzle considerations for guided wave radar

Special silos

In case of non-metallic silos, a guided wave radar
should be mounted with a metal plate of at least 14
in. (350 mm) in diameter. Use metal shielding for the
conduit connections. In the case of bunkers with a
concrete roof, a Rosemount 5303 should be installed
flush with the inner roof surface or in a nozzle insert.

6.19.2

The best practice is to have a free hanging probe

but an anchored probe is sometimes needed for
application reasons. The probe end should not be
fixed for 98 ft (30 m) or longer probes. The probe
must be slack when anchoring the probe to reduce
the risk of probe breakage. Select a probe longer than
the required measuring range so there is a sag in the
middle of the probe greater than or equal to 1.5 in.
per 10 ft (1 cm per m) of the probe length.

Probe anchoring

Electrostatic discharges

In some applications, such as plastic pellets,
electrostatic charges can build up and eventually
discharge. While the Rosemount 5303 electronics
can tolerate some static charge, providing a good
earth ground for the electronics by anchoring the end
of the probe to the vessel will create ground paths for
discharge away from the electronics. If the product
can build up static electricity, the probe should be
properly grounded (R <1 Ohm).

6.19.3  Pullforce

The flexible single lead probe is recommended

for solids. It is available in two versions to handle
different loads and lengths. Yield strength is the
amount of force the probe can withstand before
any deformation occurs. It is important to keep the
following in mind when planning for installation:

 The silo roof must be able to withstand maximum
probe tensile load

e The tensile load depends on the silo size, material
density, and the friction coefficient. Forces
increase with the buried length, the vessel width
and probe diameter

 Forces on probes are generally increased two to
ten times when probes are anchored to the vessel
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Probe length 49 ft (15 m) Probe length 115 ft (35 m)
Tank@=10ft(3m) | Tank @ =39 ft (12m) | Tank @ = 10ft(3m Tank @ =39 ft (12 m)
@)

Wheat 670 (3 1120 (5) 1800 (8 4500 (20)®
Plastic pellets 340(1.5) 670 (3) 810 (3.6) 2360 (10.5)
Fly ash 770 (3.4) 1690 (7.5) 1980 (8.8) 5980 (26.6)"
Coal dust 540 (2.4) 1190 (5.3) 1390 (6.2) 4230 (18.8)™
Cement 900 (4) 2020 (9) 2470 (11) 7310 (32.5)

(1) Exceeds the yield strength limit of 2698 Ib (12kN).

Table 6.19.2: Tensile Load for Unanchored 0.16 in. (4 mm) Flexible Single Lead Probe, Ib (kN)

Probe length 49 ft (15 m) Probe length 115 ft (35 m)

Material
Tank@=10ft(3m) | Tank@=39ft (12m) | Tank @ =10 ft (3 m) | Tank @ = 39ft (12 m)

Wheat 900 (4) 1690 (7.5) 2810(12.5) 6740 (30)
Plastic pellets 450 (2) 920 (4.1) 1190 (5.3) 350(15.6)
Fly ash 1130(5) 2520(11.2) 2950 (13.1) 8990 (40)®
Coal dust 790 (3.5) 1780 (7.9) 2070(9.2) 6320(28.1)
Cement 1350 (6) 2920(13) 3600 (16) 10790 (48)0

(1) Exceeds the yield strength limit of 6519 Ib (29 kN).

Table 6.19.3: Tensile Load for unanchored 0.24 in. (6 mm) Flexible single lead probe, Ib (kN)
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7. Non-contacting

radar installation
guidelines

Non-contacting radar level transmitters can operate
in different ways and at different frequencies (See
chapter 2), which impact their measurement
performance and mounting flexibility. This chapter
provides installation guidelines to ensure optimal
operation.

Rosemount 5408

The Rosemount 5408 is a 2-wire transmitter based
on FMCW technology, making it superior in reliability
and accuracy. It is capable of handling the most
challenging process condition such as foam, vapor,
turbulence, high temperature and pressure. It
requires less installion considerations and the narrow
beam angle makes it less affected by disturbances. It
comes in two versions, one for control (Rosemount
5408) and one for safety instrumented systems
(Rosemount 5408:SIS).

Figure 7.1.1: Rosemount 5408 Level Transmitter

Rosemount 1408

The Rosemount 1408H is a transmitter with hybrid
communication (10-Link, 4-20 mA and PnP/NpN). It is
based on cost-effective technology using smart echo
logics to ensure accurate and reliable measurements.
In addition, Smart Radar technology results in no
dead zone so the product surface can be tracked
reliably all the way to the top of the tank. Together
with a very narrow beam angle and compact

design it is ideal for small tanks with little space for
instrumentation.

The unique design ensures the compact transmitter
withstands high cleaning temperatures.

Figure 7.1.2: Rosemount 1408 Level Transmitter

7.1 Measuring range in liquids

The measuring range depends on the microwave
frequency, antenna size, the dielectric constant (DC)
of the liquid, and process conditions.

A higher dielectric constant value produces a stronger
reflection. For the Rosemount 5408, the dielectric
constant will not affect the measuring range due

to superior signal strength. For more information,
contact your local Emerson representative.

7.2 Measuring range in solids

The total measuring range may differ depending

on the bulk solid media properties, such as particle
size and dielectric constant. Other contributing
application conditions include product filling,

how the product piles up, silo diameter vs. angle

of repose, internal obstacles within the silo, dust,
condensation, antenna build up, etc. Non-contacting
radar transmitters have no restrictions with respect
to the weight of the bulk solid material, so pull forces
need not be considered.

Solids have some common characteristics which

may cause weak and varying surface reflections. The
surface is rarely flat or horizontal, the angle of the
sloping surface differs during filling and emptying,
and the dielectric constant of many solids is fairly low.
Dust is often present in solids applications, and even
if the non-contacting radar is not affected by the dust
in the vapor space, dust can be sticky and create a
layer on the antenna. If this layer becomes too thick,
it may affect the measurement. This is best

managed by using air purging.

@
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7.3 Mounting location

Before installing a Rosemount non-contacting
transmitter, consider specific mounting
requirements, vessel, and process characteristics.

For optimal performance, the transmitter should be
installed in locations with a clear and unobstructed
view of the level surface (A):

¢ Filling inlets creating turbulence (B), and
stationary metallic objects with horizontal
surfaces (C) should be kept outside the signal
beam

¢ Agitators with large horizontal blades may reduce
the performance of the transmitter, so install
the transmitter in a location where this effect is
minimized. Vertical or slanted blades are often
invisible to radar, but create turbulence (D)

¢ Do notinstall the transmitter in the center of the
tank (E)

¢ Recommended clearance to the wall should
always be followed, failure to do so may impact
the accuracy (F). Usually, the optimal location is
1/4 of the diameter from the tank wall

¢ The antennais normally aligned vertically

(D) (A) (E) (B) A ©

Figure 7.3.1: It is important to consider the proper mounting
location

¢ A metal still-pipe can be used to avoid disturbing
objects, turbulence, and foam (G)

¢ The walls in non-metallic tanks are invisible to the
radar signal, so nearby objects outside of the tank
may be detected

¢ Choose the largest possible antenna diameter for
installation. A larger antenna concentrates the radar
beam, and will be less susceptible to obstruction
interference, and assures maximum antenna gain

* Multiple transmitters can be used in the same
tank without interfering with each other (H)

(@] (H)

Figure 7.3.2: Mounting in a still pipe and mounting multiple
5408 transmitters in the same tank

7.4 Nozzle considerations

Special considerations may have to be taken
because of the nozzle, depending on the selection of
transmitter model and antenna.

Rosemount 5408 with cone antenna

The antenna can be recessed in smooth nozzles up
to 4 ft (1.2 m). If the inside of the nozzle contains
disturbing objects, use the extended cone.

77: >0.4in. (10mm)

Figure 7.4.1: Nozzle considerations for Rosemount 5408 with
cone antenna

Rosemount 5408 with parabolic antenna

The parabolic antenna can be adjusted at an angle
in the case of angled tank roofs. The antenna can be
recessed in smooth nozzles up to:

e 6in. (150 mm) for 8-in. pipe sch std-

e 8in. (200 mm) for 10-in. pipe sch std

Disturbing objects inside the nozzle may impact the
measurement, and should be avoided.
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Figure 7.4.2: Nozzle considerations for 5408 with parabolic
antenna

Rosemount 5408 with process seal antenna

The antenna can be used on nozzles up to 4 ft (1,2
m). Disturbing objects inside the nozzle may impact
the measurement, and should therefore be avoided.

The flange on the tank should have a flat or raised
face. Other tank flanges may be possible, please
consult your local Emerson representative for advice.

Figure 7.4.3: Nozzle considerations for Rosemount 5408 with
process seal antenna

aniena | o0 | o

2" (DN50) 1.77in.(45mm)  4ft.(1.2m)
3" (DN80) 2.76in.(70mm)  4ft.(1.2m)
4"(DN100)  2.76in.(70mm)  4ft.(1.2m)

Table 7.4.1: Nozzle considerations for Rosemount 5408 with
process seal antenna

Antenna type| L (in. (mm))
size/material

5408 Cone 1%-in. 5.59 (142)
Cone 2in. (50 mm) SST 5.71(145)
Cone 3in. (75 mm) SST 5.63(143)
Cone 4in. (100 mm) SST 6.54 (166)
Process seal 2 in. 48 (1200)
Process seal 3 in. 48 (1200)
Process seal 4 in. 48 (1200)
Parabolic @ 8 in. 5.9(150)
(200 mm) STD orless
Parabolic @ 10in. 8.0(200)
(250 mm) STD orless

Extended cone antennas are available up to 20 in. (500 mm).

Table 7.4.2: Nozzle requirements for Rosemount 5408 non-
contacting radar

Rosemount 1408 with process seal antenna

In order to allow the microwaves to propagate
undisturbed, the nozzle dimensions should

be kept within the specified limits as shown in Table
7.4.3. The inside of the nozzle must be smooth (i.e.
avoid bad welding, rust, or deposit).

Nozzle diameter Maximum nozzle height
(D) (H)

1.5in. (40 mm) 5.9in. (150 mm)
2in. (50 mm) 7.9in. (200 mm)
3in. (80 mm) 11.8in. (300 mm)
4in. (100 mm) 15.8in. (400 mm)
6in. (150 mm) 23.6in. (600 mm)

Table 7.4.3: Nozzle requirements for Rosemount 1408 non-
contacting radar

7.5 Service space

If the transmitter is mounted close to a wall or other
tank obstructions, such as heating coils and ladders,
noise might appear in the measurement signal.
Therefore the following minimum clearance,
according to table 7.5.1 must be maintained.

For easy access to the transmitter, mount it with
sufficient service space (see table 7.5.1).

®
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2in. 3in. 4in. .
(DN50) | (DN80) | (DN 100) 8in.
Distance | Cone| Cone| Cone| (DN200)

ft (m) Process Process | Process | parabolic
seal seal seal

Beam width ft (m)

16(5) 5.2(1.6) 4.0(1.2) 2.9(0.9) 1.3(0.4)

33(10) 104(3.2) 8.1(25) 57(1.8) 2.6(0.8)

115.6

905 4%

121(3.7) 86(26) 3.9(1.2)

66(20) 20.8(6.3) 16.1(4.9) 11.5(3.5) 5.2(1.6)
Figure 7.5.1: Service space recommendations for Rosemount 5408

Free space requirements Distance in. (mm)

82(25) 26.0(7.9) 20.1(6.1) 14.3(4.4) 6.4(2.0)

98(30) 31.2(9.5) 24.2(7.4) 17.2(53) 7.7(2.4)

Service space with (A) 20 (500)

Service space height (B) 24(600) 131 (40) (gg) 32.2(9.8) 23.0(7.0) 10.3(3.1)
Distanceto  Minimum 8 (200) ’

tank wall (L)

Recommended  1/4 of the tank diameter Table 7.6.1: Beam width for the Rosemount 5408 model

Table 7.5.1: Service space recommendations for Rosemount 5408
Antenna size Beam angle (a)

7.6 Beam width

Cone 2in. 18°
The following recommendations should be Cone 3in. 14°
considered when mounting the transmitter: Cone4in. 10°
+ The transmitter should be mounted with as few Parabolic 8 in. 4.5°

internal structures as possible within the beam angle
* The flat tank wall can be located within the
antenna beam angle if there is a minimum

distance from the transmitter to the tank wall

Table 7.6.2: Beam width angle for the Rosemount 5408 for
different antenna types

6.6 ft. (2 m) 1.2 ft. (0.4 m)
13.1 ft. (4 m) 2.3ft. (0.7 m)
19.7 ft. (6 m) 3.5ft. (1.1 m)
26.2ft. (8 m) 4.6ft.(1.4m)
32.8ft. (10 m) 5.8ft. (1.8 m)

Table 7.6.3: Beam width for Rosemount 1408

W]

Figure 7.6.1: Beam width for the Rosemount 5408
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7.7 Vessel

Heating coils, agitators and other objects in the
tank may lead to disturbing echoes and noise in
the measurement signal. Vertical structures cause
minimal effect since the radar signal is scattered
rather than directed back to the antenna.

The shape of the tank bottom affects the
measurement signal when the product surface is
close to the tank bottom. Rosemount non-contacting
radars have built-in functions which optimize
measurement performance for various bottom
shapes.

7.8 Disturbing objects

Rosemount non-contacting radar transmitters
should be mounted so that objects such as heating
coils, ladders, etc. are not in the radar signal path.
These objects may cause false echoes resulting in
reduced measurement performance. However, the
transmitter has built-in functions designed to reduce
the influence from disturbing objects where such
objects cannot be totally avoided.

Higher frequency radars have a narrower radar beam
which is particularly suitable in installations with tall
or narrow nozzles, or nozzles close to the tank wall.
It may also be used to avoid disturbing objects in the
tank.

7.9 Valves

Rosemount 5408 can be isolated from the process by

using a valve:

* Use afull-port ball valve

* Ensure there is no edge between the ball valve
and the nozzle or still pipe, the inside should be
smooth

» The process seal antenna is the preferred choice,
since it does not require a spool piece. The cone
antenna may also be used

Valves can be combined with pipes.

7.10  Mounting in chamber/stilling

well

Installation in a still pipe/chamber is recommended
for tanks where surface conditions may be extremely
turbulent. By using a pipe, foam or turbulence is
reduced. All cone antenna sizes can be used for still
pipe/chamber installations.

Although process radars generally provide robust
operation when installed in still pipes, all process
radars, regardless of make or type, are designed

to perform at their best during free propagation.
Installed in still pipes, the process radar’s accuracy
may be affected due to the microwave propagation
through the still pipe. For highest accuracy in still
pipes, use the Rosemount 5900 Radar Level Gauge.
Its unique array antennas utilize a low-loss microwave
mode dedicated for still pipes.

7.10.1 still pipe

The measurements and numbers are Rosemount
5408 specific.

Pipe

e Pipes should be an all-metal material.

¢ Pipe should have a constant inside diameter.

e Theinner surface must be smooth and clear of any
rough edges.(Smooth pipe joints are acceptable,
but may reduce accuracy.)

e The end of the pipe must extend beyond the zero
level.

Holes

e Maximum hole diameteris 1 in. (25 mm).

e Minimum distance between holes is 6 in. (150
mm).

* Holes should be drilled on one side only and
deburred.

* Drill one hole above maximum product surface.

Antenna

e The gap between the cone antenna and the still-
pipe should be maximum 0.2 in. (5 mm). If required,
order a larger antenna and cut on location.
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Min. 0.4 in. (10 mm)

B maxa:

Level=100% ——-———

= Min. 6 in. (150 mm)
Max. 1 in. (25mm) C D
Min.6in. (150mm) [ Figure 7.10.2: Chamber requirements

Level=0% ————— —o—h-

7.11  Grounding

Figure 7.10.1: Still pipe reqiurements
Various natural events produce excess transient
energy that can enter transmitters via multiple paths.

7.10.2 Chamber Itis critical tp Practice good grounding tgchniqges in
order to optimize the transmitters built-in transient

The measurements and numbers are Rosemount protection. Improper practices can lead to field

5408 specific. failures such as erratic mA readings, spiking, difficulty

Consider the following chamber requirements: communicating, and possible incorrect levels.

¢ Pipes should be an all-metal material 7.12 L I .

¢ Pipe should have a constant inside diameter : eve measurements using .

« Inlet pipes should not protrude into the inside of non-contacting radar shooting
the stand pipe at a metal plate

e Theinner surface must be smooth and clear of any
rough edges (Smooth pipe joints are acceptable,
but may reduce accuracy.)

¢ The gap between the cone antenna and the
still-pipe should be maximum 0.2 in. (5 mm).
If required, order a larger antenna and cut on
location.

In some radar level measurement applications it may
be beneficial, or even necessary, to use a reflector
plate. In these applications the reflector moves along
with the surface thereby corresponding to the level.
Rosemount non-contacting radars are often ideal

for these applications with reflectors, if a few simple
guidelines are applied.

Reflector

The reflector, or target, simulates a surface. For
Rosemount non-contacting radars, a flat metal plate
of arbitrary thickness is recommended. The shape
shall be either circular or square.

NOTE!

The reflector will be smaller than the antenna
footprint. Avoid disturbing objects with large
horizontal metal surfaces inside the antenna beam.
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7.13  Aligning of the transmitterhead = Chamber

. . . Align the external ground screw toward the process
The Rosemount 5408 is linearly polarized, which connections
means that its foot print is elliptical and the ’
transmitter must be correctly turned against the tank
wall to avoid it.

Open tank

Align the marking on the sensor module toward the
tank wall.

Still Pipe

Align the external ground screw toward the holes of
the still pipe.
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7.14  Non-contacting radar installation guidelines for solids applications

Non-contacting radar is used on a large variety of applications. It has no restrictions with respect to the weight
of the material so it can be used in applications where guided wave radar may not be appropriate because of
pull forces or concerns about probe breakage.

Non-contacting radars can see more of the surface than guided wave radars, so will be slightly more accurate.

As a radar device, they react quickly to level changes so are also appropriate for process applications and small
vessels.

MaFer.laI Protocol Primary
restrictions output

Parabolic:
DC>1.5upto
Parabolic: 52 ft (16 m),
3-105 ft DC>20upto  +20MA, o
HART, Solids signal
(1-32m) 105 ft (32 m) :
Rosemount A . FOUNDATION processing,
Unlimited ~ 2-wire : Level ;
5408 Fieldbus, air
Cone: Cone: Modbus urgin
3-66 ft DC>1.5upto o purging
(1-20m) 33 ft (10 m),
DC>2.0upto
66 ft (20 m)

Table 7.13.1: Product selection

Advantages

Narrow beam

Small silo intrusion
Internal obstructions
2-wire

Limitations

¢ May need purging
¢ Inferred volume

7.14.1 Mounting considerations

Position

A non-contacting radar should not be mounted in the

center of the silo or very close to the tank wall.

General best practice is to mount non-contacting

radar at 2/3 tank radius from tank wall. The inlet

stream of the product will interfere with readings ifit ~ The antenna types available for non-contacting radar

is in the path of the radar beam. are: Cone antenna, parabolic antenna, and process
seal antenna. They require different tank connections
as displayed in Figure 7.14.2.

Figure 7.14.1: Mounting postion for Rosemount 5408

Antenna requirements

®
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For solids applications, it is sufficient to minimize

— —— potential disturbances from the nozzle. A shorter
v nozzle typically results in a stronger surface

reflection. This is applicable to all antenna types.

' The cone antenna is fixed but should be installed
Nozzle perpendicular to the ground. The parabolic antenna
height as inclination is adjustable. General best practice is to
possible initially align the parabolic antenna perpendicular to
L Mino4in the ground as well. Refer to the Rosemount 5408 Level

(10mm) @ correspondent to Transmitter Reference Manual for further information.

@ correspondent to antenna size

antenna size
L If the signal is dampened by heavy condensation at
the antenna, it often helps to insulate the nozzle. This

Cw minimizes the temperature disparity between the
- ri‘.& - internal and ambient temperature. Installing the

~ of - Nozzle height antenna so it is inside the vessel helps reduce the
_'] dependent on chance of condensation.
antenna
\(_ __J inclination and
‘ nozzle @
7.14.2 Measuring range

Minimum @ 8 in.
(@200 mm)

The recommended measuring range for Rosemount
5408 varies depending on antenna type and product

Figure 7.14.2: Tank connections for Rosemount 5408 with cone dielectric constant. Table 7.14.2 provides detailed
antenna, parabolic antenna, and process seal antenna. measuring range information

Rosemount 5408 antenna Light Light Heavy Grain size Larger

owder(" ranulates owder roducts ¥ articles ©)
[ g p p p
and pellets @

2-in. (DN50) cone/process

<eal® 16 ft (5 m) 33ft(10m) 82t (25 m) 82 ft (25 m) 115 ft (35 m)
3-in. (DN80) cone/process

seal® 49 ft (15 m) 66 ft (20 m) 98 ft (30 m) 98 ft (30 m) 130 ft (40 m)
4-in. (DN100) process seal®

4-in. (DN100) cone® 66 ft (20 m) 98 ft (30 m) 131ft(40m)  131ft(40m)  130ft(40m)
8-in. (DN200) parabolic? 115ft(35m)  131ft(40m)  131ft(40m)  131ft(40m)  130ft(40m)

(1) Plastic powder, etc. (Dielectric constant: 1.2)

(2) Plastic pellets, etc. (Dielectric constant: 1.35)

(3) Lime powder, cement, sand, etc. (Dielectric constant: 1.5)

(4) Kernels, brans, etc. (Dielectric constant: 1.5)

(5) Wood chips/pellets, etc. (Dielectric constant: 1.7)

(6) Cone and process seal antennas are the preferred choice for most solid applications.
(7) Recommended for longer measuring ranges, typically > 66 ft (20 m).

Table 7.14.2: Measuring range table for Rosemount 5408
The figures given in Table 7.14.1 should be considered as guidelines; the total measuring range may differ depending on other

contributing application conditions such as product filling, how the product piles up, silo diameter vs. angle of repose, internal
obstacles within the silo, dust, condensation, antenna build-up, etc.

®
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7.14.3 Dust management

Dust is often present in solids applications. Non-
contacting radar may not be affected by the dustin
the vapor space, but dust can be sticky and create a
layer on the antenna. If this layer becomes too thick,
it may affect the measurement. This is best managed
by using air purging.

The easiest way to determine if air purging is needed
is to open the manhole hatch and see if there is a
thick layer of dust on it. If so, air purging is most likely
needed.

In the absence of air supply, the process seal antenna
provides an all PTFE solution —ideal for aggressive
media, and is resistant to dust and/or condensation.

Figure 7.14.3: Dust management for Rosemount 5408
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8. Tank gauging
system
installation
guidelines

When finding an appropriate location on the tank for
a Rosemount 5900 Radar Level Gauge, the conditions
of the tank must be carefully considered.

The 5900 should be installed so that the influence

of disturbing objects is kept to a minimum,
preferably outside the radar signal beam. Ensure that
environmental conditions are within specified limits
as listed in the reference manual.

Ensure that the Rosemount 5900S Radar Level Gauge
is installed such that it is not exposed to higher
pressure and temperature than specified in the
reference manual.

It is the responsibility of the user to ensure that the
device meets the specific inside tank installation
requirements such as:

e Chemical compatibility of wetted materials

» Design/operation pressure and temperature

For a complete specification of the 5900S device

Horizontal flange

to be installed, you can identify the model code on
the attached antenna label and match with data in
“Ordering Information” on page A-9 in the reference
manual.

Do not install the Rosemount 5900S in non-intended
applications, for example environments where it may
be exposed to extremely intense magnetic fields or
extreme weather conditions.

Antennas with plastic surfaces and painted surface,
may under certain extreme conditions generate an
ignition-capable level of electrostatic charge.

When installing in hazardous areas ensure using
tools, cleaning material etc. which can not generate
electrostatic charge.

See the reference manual for requirements and
recommendations to consider when installing a
Rosemount 59005 Radar Level Gauge with different
antenna types.

8.1 Horn antenna requirements

The Rosemount 5900S with horn antenna must be
installed so that there are no pipes or other obstacles
that could prevent the radar beam from reaching the
tank bottom unobstructed. There are two flanges
available; a horizontal flange for vertical installation,
and an inclined flange for installation close to the
tank wall.

4°inclined flange

£1° £1°
! /
Maximum height: Minimum 800 mm for Maximum height:
330 mm highest accuracy 330mm
Minimum 500 mm with
reduced accuracy
noTEE ——
For best performance the
antenna should extend
below the nozzle - -

Minimum nozzle
diameter 180 mm

Figure 8.1.1: Nozzle requirements for the horn antenna gauge

Minimum nozzle
diameter 185 mm

®
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Please refer to mechanical installation drawings for
more information on the installation requirements of
the horn antenna and service space requirements.

Nozzle requirements

Horizontal flange

Minimum nozzle diameter
mm

180

4°inclined flange 185

Table 8.1.1: Minimum nozzle diameter for the 5900S with horn
antenna

Free space requirements

There are two flanges available for the horn antenna
gauge. One flange has a 4° inclination and the other
is horizontal. See installation drawing for flange
dimensions.

The horizontal flange can be used if the wall does

not intrude into the 30° wide radar beam from the
horn antenna. If a vertical antenna axis installation
is not possible without the tank wall intruding into

Horizontal flange

Service space 550 mm

e

Antenna axis

\I’ank wall =5

30° radar beam

Vertical plumb line

Tank reference height (R)

Figure 8.1.2: Two different flange options are available

the radar beam, the 59005 has to be directed away
from the wall by using the 4° flange. The inclination is
necessary to ensure maximum accuracy.

The minimum free space distance L:

Flange Minimum distance L to tank
wall (m)
Horizontal flange Rx0.2
(R=tank reference height)
4°flange 0.6(1)

(1) In exceptional cases the Rosemount 5900S with horn
antenna can be installed closer to the tank wall if required. Please
contact Emerson / Rosemount Tank Gauging for advice

Table 8.1.2: Minimum distance L to tank wall for the 5900S with
horn antenna

NOTE!

In certain cases, when maximum accuracy is not
required, the horizontal flange can be used even if
the wall intrudes into the radar beam. In doubtful
cases, please contact Emerson [ Rosemount Tank
Gauging or one of its representatives for advice.

Inclined flange

Service space 500 mm

€= Tank wall

Antenna axis

30° radar beam

Vertical plumb line

i
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8.2 Parabolic antenna

requirements

Inclination

The inclination of the Rosemount 5900S with
Parabolic Antenna should not exceed 1.5 ° towards
the center of the tank. For products with high
condensation such as bitumen/asphalt applications,
the radar beam should be directed vertically without
any inclination.

L= < Maximum incination 1.5 °
i ' - —

Figure 8.2.1: Maximum inclination with parabolic antenna

Flange requirements

The Rosemount 5900S with parabolic antenna is
mounted on the tank nozzle by using the flange ball.
Itis designed for easy adjustment of gauge inclination
within the specified limits.

There are two versions of the flange ball. One that
is clamped to the flange by using a nut, and another
one which is welded to the flange.

The flange ball has to be mounted on the flange prior
to mounting the gauge on the tank nozzle.

The flange needs to fulfill certain requirements in
order to ensure that the radar beam is not disturbed
by the tank wall. This allows the radar signal to be
reflected on the product surface and transmitted
back to the level gauge at a maximum signal
strength.

The tank flange has to meet the following inclination
requirements (see figure 7.2.7) in order to allow
proper adjustment of the antenna:

e maximum 4.5° away from the tank wall

¢ maximum of 2° towards the tank wall

Maximum inclination Maximum inclination
towards tank center towards tank wall
A

4.5° max

Figure 8.2.2: Maximum inclination of tank flange

In case the tank flange does not meet the
requirements as illustrated in figure 8.2.2, the
inclination requirements for the parabolic antenna
can still be met by using the welded flange ball. The
flange ball can be mounted at a maximum angle of
17° to the flange as illustrated in figure 8.2.3:

Figure 8.2.3: Maximum inclination with welded flange
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Mounting the clamped flange ball

50

—_

Use a flange of thickness 6 - 30 mm.
2. Make sure that the diameter of the hole is 96 mm.
Make a small recess at one side of the flange hole.

Flange ball

~

<

<
Nut —*@ 2

3. Putthe O-ring on the flange and insert the flange
Ball into the hole. Make sure that the pin on the side
of the flange ball fits into the recess on the flange.

4.  Tighten the nut so that the flange ball fits tightly to
the flange (torque 50 Nm).

Figure 8.2.4: Steps to mount the clamped flange ball

Mounting the welded flange ball

®

Protection plate

116 £2mm

For horizontal mounting according to requirements
in chapter “Parabolic Antenna Requirements” on
page xx, make sure that the diameter of the hole is
116+ 2mm.

In case the flange requirements in chapter
“Parabolic Antenna Requirements” on page xx is
not met, the hole needs to be machined to an oval
shape prepared for inclined welding of the flange
ball.

Flange ball

3. Letthe protection plate remain on the flange ball
until the welding is finished. These plates protect
the surface of the flange ball from welding sparks.

Groove

4. Make sure that the flange ball is mounted in such

away that the grove is directed upwards when the
flange is mounted on the tank nozzle.

Figure 8.2.5: Steps to mount the welded flange ball
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@>500mm (20in.)

Minimum 800 mm for
highest accuracy

Minimum 500 mm with
reduced accuracy

P

5°minimum /|

| .@440 mm

\
Vertical plumb line / ‘

Recommended height: 400 mm

Maximum height: 600 mm

| A 5°minimum
i

\
/'i

Figure 8.2.6: Nozzle requirements for the Rosemount 5900S with parabolic antenna

Nozzle requirements

When installing the Rosemount 5900S with Parabolic
Antennaon a @ 20 in. nozzle, the nozzle height must
not exceed 600 mm. There has to be a free passage

for the radar beam within a 5° angle from the edge of
the parabolic reflector to the lower end of the nozzle.

The Rosemount 59005 should be installed so that
the distance between flange and product surface
exceeds 800 mm. Highest accuracy is obtained for
product levels below this point.

Nozzles with larger diameter may be higher than 0.6
meter as long as the requirement of 5° free passage is
fulfilled, see figure 8.2.6.

Free space requirements

The radar beam of the Rosemount 59005

with Parabolic Antenna is 10° wide. Obstacles
(construction bars, pipes larger than @ 2 in., etc.)
within the radar beam are generally not accepted, as
these may result in disturbing echoes. However, in
most cases, a smooth tank wall or small objects will
not have any significant influence on the radar beam.

The antenna axis should be located at least 800 mm
from the tank wall for best performance.

For evaluation, contact Emerson [ Rosemount Tank
Gauging.

Recommended space 550 mm
forinstallation and service

g

Recommended space 500 mm
for installation and service

|/ Free passage

— Vertical plumb line

Antenna axis _p’
'l Max.1.5°
I

Min. 0.8 m

Figure 8.2.7: Free space requirements for the Rosemount 59005
with parabolic antenna
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8.3 Still-pipe antenna Table 8.3.1 shows the wide range of schedules and
requirements pipe inner diameters that the array antennas can be
mounted in.

The Rosemount 5900S is designed for still-pipe i .
mounting and can be mounted on existing still-pipe Flange requirements

flanges without taking the tank out of operation. The Rosemount 59005 with still-pipe array antenna

fits flanges of size 5, 6, 8, 10 and 12 in.. The gauge
The Rosemount 59008 still-pipe array antenna is has a flange for sealing the tank. The tank flange must
available for pipe size 5, 6, 8, 10 and 12 in.. be horizontal within +2°.

There are two versions available in order to suit
various requirements for easy installation and
maintenance:

e The Rosemount 59008 still-pipe array antenna
fix version which has a flange for easy mounting
when there is no need for opening the still-pipe
for hand dipping

e The Rosemount 59008 still-pipe array antenna
hatch version suitable for still-pipes that need to
be opened for hand dipping

Still-pipe requirements

The Rosemount 59008 still-pipe array antenna fits 5,
6, 8,10 and 12in. flanges and pipes. The adaption is
accomplished by selecting a suitable still-pipe array
antenna.

The still-pipe must be vertical within 0.5° (0.2 m over
20 m). Please contact Emerson [ Rosemount Tank
Gauging for advice if this requirement can not be
met.

Figure 8.3.1: The flange must be horizontal within +2°

Recommended installation

When designing new tanks, an 8 in. still-pipe or larger
is recommended. This is particularly importantin

Suitable for pipe tanks with sticky and viscous products.
Antenna | Antenna dimension
size dimension I Before manufacturing a new still-pipe, we
(in.) (mm) D= recommend that you contact Emerson | Rosemount
diameter Tank Gauging for advice.
(mm)
SCH10- 1345 For highest performance, the total area of the slots
> 120.2 SCH60 -125.3 or holes in the still-pipe must not exceed the values
SCH10- 1615 shown in table 8.3.2 below. The listed values refer
6 145.2 SCH60 21503 to the total area of the holes over the entire length
- of the pipe, regardless of its length. In some cases
8 189 SCH20- 206.3 itis possible to allow a larger total area than stated
SCH80 -193.7 in table 8.3.2. When the limits are exceeded, please
10 243 SCH10- 264.7 contact Emerson [ Rosemount Tank Gauging for
SCH60 -247.7 advice.
12 203.5 SCH 314.7

10-40-XS -298.5

Table 8.3.1: Antenna size and appropriate pipe inner diameter

®
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dimension (i

Max area of
slots or holes . 0.1

04 08 1.2

(m2)

Table 8.3.2: Maximum area of slots and holes

Free space

The following free space is recommended for
mounting the Rosemount 5900S with still-pipe array
antenna:

Recommended space 550 mm
forinstallation and service

Recommended space 500 mm
for installation and service

Min. 800 mm for
highest accuracy

Min. 500 mm with
reduced accuracy

Product surface

Figure 8.3.2: Free space requirements for Rosemount 5900S with

array antenna fix version .
Space (B) for opening

Recommended space 500 mm
for installation and service

Min. 800 mm for
highest accuracy

Min. 500 mm with

reduced accuracy Product surface

Figure 8.3.3: Free space requirements for Rosemount 5900S with
array antenna hatch version

Antenna size Space B (mm)

5in. 470
6in. 470
8in. 480
10in. 490
12in. 490

Table 8.3.3: Space B requirements for different antenna sizes

8.4 LPG/LNG antenna

requirements

Temperature and pressure measurement

Measurements of temperature and pressure is a
prerequisite for high accuracy level measurements in
LPG/LNG tanks. A system may include 5900S radar
level gauges, 2240S multi-input temperature
transmitters, 644 temperature transmitters as well as
pressure transmitters in order to obtain all necessary
measurement variables.

Still-pipe and verification pin

A still-pipe must be installed prior to the gauge
installation. The still-pipe is customer supplied and
should be manufactured according to the installation
drawings.

Three types of steel pipe are recommended:
* DN100

e 4in.SCH 10 stainless steel pipe

e 4in. SCH 40 stainless steel pipe

When ordering the level gauge specify the pipe type
in the Required System Information (RSI) form.

The still-pipe must be vertical within +0.5° and the
customer flange must be horizontal within +1° as
illustrated in figure 8.4.1.

The still-pipe is manufactured with a number of holes
to allow proper circulation of the product, and to
ensure equalization of product density inside and
outside the pipe. The hole diameter should be 20 mm
or ¥in.. All holes in the upper still-pipe section must
be placed along a line on one side of the pipe.

The verification pin allows you to verify Rosemount
59006 level measurements when the tank is
pressurized. It is mounted on the still-pipe in a hole
oriented 90 degrees to the other holes.

®
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The verification pin should be placed at a position
of 2500 mm below the flange as illustrated in figure
8.4.1. There must be a minimum distance of 200
mm between the verification pin and the maximum
product level. In order to fulfill this requirement, the
verification pin may be mounted higher, up to 1000
mm below the flange.

The verification pin must be aligned with a bolt hole
on the still-pipe flange as illustrated in figure 8.4.1.
The verification pin’s position must be clearly marked

[ — |

£

E

(=}

] o

A\

-

v e

[=}

o

o
°l4

v _Y  Hole for verification pin

Min. 200 mm o T ©20mm
N e e
O
Holes for density
Ie; equalization;
@20 mm (3/4in.)
O
O
O
500 mm

O
O

%

Bolt hole

on the still-pipe flange (see figure 8.4.1) to allow
proper alignment of the Rosemount 5900S gauge.

Installation instructions are enclosed with the
verification pin and deflection plate.

See “LPG configuration” in the 59005 reference
manual, document no.300520EN for more
information on how to configure the 5900S for LPG/
LNG measurements.

/ Mark on still-pipe flange
|

The verification pin is directed
towards the bolt hole at the pipe
flange marking

_H______

Flange seen
from above

I
\\.|</ I
Align verification pin
and bolt hole within 1°

| — .

1 Maximum 1°

l—@———n___

q

Maximum 0.5°

-

R

Figure 8.4.1: Installation of verification pin and inclination requirements for flange and still-pipe

®
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Deflection plate with calibration ring

A deflection plate is mounted at the lower end of the
still-pipe and is integrated with a ring that is used for
calibrating the gauge during the installation phase
when the tank is empty. Installation instructions

are enclosed with the verification pin and deflection

Ring is marked
plate. ©/ 4in. SCH40

O |&— still-pipe

Figure 8.4.3: Mounting the deflection plate on pipe 4 in. SCH 40

°

Calibration ring

Ring is marked

oy

Min. 150 mm

Figure 8.4.2: Still-pipe with deflection plate and verification pin

The deflection plate can be attached to the still-pipe
by using one of three methods: Figure 8.4.4 Mounting the deflection plate on pipe DN 100
* Welding

* M4 screw and nut

* Riveting

For pipe dimensions 4 in. SCH 40 and DN 100,
an extra ring is needed for the deflection plate as
illustrated in figure 8.4.2 and figure 8.4.3.
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Free space

The following free space is recommended for
mounting the Rosemount 5900S with LPG/LNG
antenna:

Recommended space 550 mm
for installation and service

Optional pressure
transmitter =

Recommended space 1000 mm
for installation and service

Minimum 1200 mm
to product surface
for highest accuracy

Minimum 800 mm
with reduced
accuracy Product surface

Figure 8.4.5: Free space requirements for Rosemount 5900S with

LPG/LNG antenna

Extension pipe for minimum distance

The Rosemount 5900S Radar Level Gauge should be

placed such that there is a minimum gap of 1200 mm

between the flange and the maximum product level.
If necessary, an extension pipe can be mounted to
raise the level gauge. This will allow measurements
closer to the top of the tank than would otherwise be
possible, as illustrated in figure 8.4.6.

< Extension pipe Minimum
1200 mm
to product

surface

Figure 8.4.6: Rosemount 5900S with extension pipe

8.5 Multiple spot temperature
sensor

The Multiple Spot Temperature sensor (MST)
measures the temperature with a number of Pt 100
elements placed at different heights to provide a
temperature profile and average temperature of the
product. The spot elements are placed in a flexible
gas tight tube made of stainless steel which can be
anchored to the tank bottom, see reference manual.

Up to 16 Pt100 temperature elements can be
connected to a Rosemount 2240S Multi-input
Temperature Transmitter.

Installation considerations:

Multiple Spot Temperature sensor (MST) and Water
Level Sensor (WLS) must be installed on the tank
before installing the Rosemount 2240S multi-input
temperature transmitter.

The MST/WLS is normally anchored to the bottom
of the tank by attaching a weight at the end of the
tube. A tank expands when it is filled or warmed

up, causing the roof to move slightly upwards. The
weight has a shackle which allows the tube to follow
the expansion, preventing it from breaking.

Multiple Spot Temperature Sensor (MST):

* Be careful with the flexible protection tube

e Temperature and Water Level Sensors should be
located as far away as possible from heating coils
and mixers.

* In case the flexible tube is damaged, please
contact Emerson/Rosemount Tank Gauging.

e Do not attempt to fix or rebuild the temperature
sensor since this may cause serious malfunctions

Water Level Sensor:

* Handle the Water Level Sensor carefully

e Leave the sensor protection on until the final
positioning in the tank
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Installation on a fixed roof tank

On fixed roof tanks the MST is attached to a flange
mounted on a suitable nozzle.

I'/

Maximum level

: :Upperspotf -

element

33-130in.
(85-330 mm)

First spot

element \ /
1.6-3.2ft T
i

(0.5-1m)

Figure 8.5.1: Installation of multiple spot temperature elements
on fixed roof tanks

Installation on a floating roof tank

On floating roof tanks the temperature elements can
be mounted in a still-pipe as illustrated in the picture
below or in other suitable roof openings.

—
| ——]
Maximum level

)

1.6-3.2ft
(0.5-1m)

Valt
Upper spot
element

5.5-8.8 Ibs
° (2.5-4 kqg)
First spot o

element \ .

1.6-3.2ft
(0.5-1m)

Figure 8.5.2: Installation of multiple spot temperature elements
in still-pipe

Custody transfer applications

For Custody Transfer applications, API chapter
7 recommends a minimum of one temperature
element per 10 ft (3 m) as illustrated in figure 8.5.3.

Emerson/Rosemount Tank Gauging may in some
cases recommend even more temperature elements
for Custody Transfer tanks, depending on how the
tanks are operated.

1632t | )
(0.5-1m)
N-1
H A
A
Minimum level
Tank zero L 1.6-3.2ft i
level (0.5-1m) H

Figure 8.5.3: Recommended temperature element positions for
custody transfer applications

Water level sensor

The water level sensor probe, with integrated
temperature elements, is attached at the lower end
of the flexible protection tube. A weight is attached
to stabilize the tube as illustrated in the picture on
the next page.
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Installing a temperature sensor tube

Nuts to adjust the

13.8in. Follow these steps to install the temperature sensor
sensor position

(350 mm) tube:

1. Mount the anchor weight on the tube.

2. Mount the tube so that the threads at the top
of the tube fits the nozzle flange as illustrated in
the figure below.

3. When the tube is placed on the nozzle, adjust
the position with the lock nuts. If the weight is
placed at the end of the tube, it should barely
touch the tank bottom.

4.  Install the Rosemount 2240S Multi-Input
Temperature Transmitter.

Threads

Lock-nut

~

Lock-nut

] Upper sensor
limit (100 %)
WLS probe active length:
Standard: 19.7 in. (500 mm) Anchor
Option: 39.4in. (1000 mm) weight
33-130in.
(85-330 mm)
Lower sensor
limit (0 %)
[R] Figure 8.5.5: Adjusting the temperature sensor tube

Weight

| NOTE!

Recommended distance: Ensure that the flexible protection tube hangs in
1.6-4.9 ft (0.5-1.5 m) a vertical position to obtain correct measurement
data.

Figure 8.5.4: Water Level Sensor with integrated temperature
sensors

As an option, the tube may be stabilized by putting

a concentric weight above the WLS probe, instead of
at the end, in order to ensure that measurements are
performed as close to the tank bottom as possible.
Also, the eyebolt at the end of the tube can be
removed.
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9. Pressure
installation
guidelines

Differential pressure (DP) installations are a straight
forward level measurement technique that is easily
verified and calibrated. For open or vented tanks,
the measurement is done using a gage or differential
pressure transmitter installed with an impulse line
or asingle remote seal. For closed or pressurized
tanks, the measurement is done using a differential
pressure transmitter with two impulse lines, two
seals, or one of each (impulse line and remote seal).
The measurement can also be made using two
gage pressure transmitters that are linked together
digitally and DP is calculated in one of the two
devices.

DP level applications may be categorized into five
sections:

¢ Wet systems where impulse piping connects the
vessel to the transmitter and is filled with process
fluid or condensed vapors

¢ Direct mount level transmitters where a flange,
seal, and fill fluid assembly is mounted to an open
orvented tank

¢ Tuned-SystemTM Assembly that is comprised of a
direct-mount transmitter and seal at the bottom
vessel with capillary and a remote seal going to
the top of the vessel

¢ Balanced seal system transmitters where seals are
attached to both tank connections and an equal
length of capillary is used to connect the seals to
the transmitter

¢ Electronic Remote Sensors, where two gage (or
absolute) pressure sensors are used to calculate
DP electronically. One sensor is direct-mounted
at the bottom of the vessel. The other is direct-
mounted at the top of the vessel, and the two
sensors are connected with an electrical wire.

9.1 Pressure and differential
pressure using wet leg/dry leg
installation

For wet leg applications the objective is to keep the
fluid in the leg at a constant height. If the level (or
weight) of the fluid changes in the impulse lines, that
change will be detected as a change in the level of

the tank even if the level of the tank has not changed.
Another common issue with wet legs is that when
pressure drops, flashing can occur on the low side
and the water in the piping can be lost. (Flashing is
the sudden expansion of hot water when the pressure
is reduced.) This is especially prevalent in boiler drum
applications. In the narrow piping, the water moves
back into the drum and a significant reduction in wet
leg level height occurs.

To prevent common issues with wet legs, some
simple guidelines can be used such as:

®

The wet legs should not be insulated.
Condensation of fluid in the legs is required for
stability

Wet legs should not be allowed to freeze. Care
should be taken to prevent freezing as this can
cause a blockage that prevents the pressure signal
from reaching the transmitter and it could burst
the impulse line. Heat tracing in cold climates is
commonly used to prevent freezing

The legs should be kept parallel or at a slight
downward angle, and of equal lengths from the
bottom tap to the transmitter

The length of the wet legs should be kept short

as short as possible. They need to be below the
drum or tank, but no more than 10 ft. (3 meters)
below the drum. The longer the impulse line, the
longer it takes the pressure signal to reach the
transmitter. Long impulse lines increase response
time

A condensate pot should be used to help maintain
afilled leg from the steam side of the drum. This
will help reduce the effects of flashing

Use a purge system if there is a chance of
sediment building up in the impulse line.
Sediment should be prevented from building up in
the impulse line. Sediment can block the pressure
signal from the transmitter thus preventing a level
reading. If purge systems do not work, another
method is to manually rod out the impulse line.
This is the manual process of sending a rod down
the line to clean out the sediment buildup. In
some applications the sediment buildup can be
so prevalent that a routine maintenance plan is
required to purge or rod out the lines

In boiler drum level applications, the distance
from the tank to the condensate pot on the low
side of transmitter must be sufficient to dissipate
process temperature to below saturated steam
temperature. The same is true on the high side

of the transmitter. The distance from the tank

to the transmitter must be sufficient to dissipate
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process temperature to below saturated steam
temperature. A good guideline is to dissipate the
temperature to 50 °F (10 °C) below the saturated
steam temperature at the expected pressure
The impulse line should be done with %2 in. pipe

The process is corrosive and would require
frequent transmitter replacement or specific
exotic materials of construction.

 The process contains suspended solids or is
viscous and may plug the impulse piping.

and pipe fittings, not %2 in. tubing and tube

fittings. Y2 in. schedule 40 pipe has an I.D. of 0.622

in., ¥2in. schedule 80 is 0.546 in.. Y2 in. tubing
may have an I.D. of 0.37 in., the I.D. of tube

fittings may be even less. This can inhibit free flow

of excess condensate

e Use “full port” valves suitable for process
pressures and temperature. When used in the
open position, they must be fully open

Figure 9.1.1: lllustration of a wet leg installation

9.2 Single pressure installation
with seal system - vented|

open tank (LT transmitter)

A seal system consists of a pressure transmitter,

one seal, a fill fluid, and a direct mount connection.
During operation, the thin, flexible diaphragm and

fill fluid separate the pressure sensing element of
the transmitter from the process medium. The
capillary tubing or direct mount flange connects

the diaphragm to the transmitter. Transmitter/ seal

systems should be considered when:

¢ The process temperature is outside of the normal

There is a need to replace wet/ dry legs to reduce
maintenance on applications where the reference
leg is not stable or often needs to be refilled |
drained.

The process medium may freeze or solidify in the
transmitter or impulse piping.

There are multiple components to a seal system and
choosing the right system will drive the best results
and performance. Choose transmitter options based
on the following:

Transmitter specifications

- Accuracy and total performance
- Stability

- Warranty

Style
- Coplanar: used for DP measurement
- In-line: pressure applications

Sensor range
- Select the lowest sensor range that will
operate at maximum pressure

Features and capabilities

Choose a process connection based on:

operating ranges of the transmitter and cannot be

brought into those limits with impulse piping.

©

Size and type of process connection
- Flanged
- Threaded
- Speciality

Diaphragm choices tied to process fluid and
application
- Small diameter diaphragms on seals are
sensitive to temperature changes. Larger
diameter diaphragms help to minimize the
errors.
- Choose the right materials of construction:
SST, Alloy-C 276, Titanium (etc)
- Gold-plating (hydrogen permeation)
- Teflon-coating (non-stick)

Gasket material should also be considered
Choose an extended diaphragm for applications
where sediment or plugging may be an issue
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Choose the linkage between the transmitter and
process connection:

¢ Type of connection

- Direct mount for easier installation,
minimizing temperature effects, and faster
response time

- Capillary connection for higher temperature
rating

- Always use welded connections. Threaded
capillary connections leak and entrap air into
the system

e Capillary choices
- Smaller IDs to increase accuracy
- Larger IDs to improve time response
- Use shortest lengths possible to increase
accuracy and response time

e Eachfill fluid has its own unique physical
characteristics and plays the largest role
in total system performance. The physical
characteristics include: viscosity, coefficient of
thermal expansion, and specific gravity.
- Use low viscosity fill fluids to improve
response time
- Use fill fluids with low a coefficient of thermal
expansion to reduce temperature effects

Figure 9.2.1: Illustration of a DP installation in a vented tank

Mounting of the transmitter with a seal assembly is
important as well. Although seals provide the user
with more mounting flexibility, it is not unlimited. In
most cases, direct mounting is the best method. For
vacuum applications, the transmitter should always
be mounted at or below the level of the bottom tap.
For tanks at atmospheric pressure and above, the
transmitter can be mounted above the bottom seal,
but the distance multiplied by the specific gravity of
the fill fluid should always be less than the equivalent
of 1 atmosphere of pressure. Both of these measures
help prevent damage to the seal and ensure proper
function of the entire assembly.

9.3 DP installation using tuned-
system assembly

Tuned-system assemblies are a best-practice
installation for smaller tanks and applications with
higher pressures. Tuned-system assemblies contrast
significantly to traditional symmetrical (balanced
system) configurations, resulting in reduced
temperature induced errors, faster time response,
and reduced installed costs. Differential pressure
seal systems have traditionally been specified with
identical capillary lengths and seal configurations on
both the high and low pressure process connection.
Specifying symmetrical systems was once believed
to achieve best total system performance. Actually,
the asymmetry of tuned-system assemblies
compensates for temperature-induced errors.

Tuned-system assemblies are an asymmetric
configuration of a differential pressure diaphragm
seal system. The tuned-system assembly directly
mounts the diaphragm seal to the high pressure
process connection. Elimination of the excess high
pressure capillary immediately improves response
time, and performance, while reducing installed cost.
Total system error is compensated by leveraging
diaphragm induced temperature errors against head
effect temperature errors.

Installed cost is reduced by eliminating the excess
high pressure capillary. Because the transmitter is
directly mounted to the vessel, the mounting stand
and mounting bracket are not required to further
reduce installed cost.

To see tips on how to choose and install the right
tuned-system assembly for your application, please
refer to the section titled "Single pressure installation
with seal system - vented/open tank."

©
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Figure 9.3.1: lllustration of a tuned system

9.4 DP installation with balanced
system

Balanced (symmetric) remote seal systems have
equal capillary lengths and the same seal types on
both the high and low side. As previously mentioned,
the balanced system eliminates seal temperature
effect but it does not eliminate head temperature
effect. Due to this the balanced system is not

as accurate and the time response is slower as
compared to a tuned-system assembly.

With that said, balanced systems do have their place.
To maximize their capability, it is also helpful to use
the largest diameter diaphragm that is practical
along with the shortest capillary lines that have the
smallest internal diameter.

Mounting of the transmitter with a seal assembly is
important as well. Although seals provide the user
with more mounting flexibility, it is not unlimited.
For vacuum applications, the transmitter should
always be mounted at or below the level of the
bottom tap. For tanks at atmospheric pressure and
above, the transmitter can be mounted above the
bottom seal, but the distance multiplied by the
specific gravity of the fill fluid should always be less
than the equivalent of 1 atmosphere of pressure.

Both of these measures help prevent damage to
the seal and ensure proper function of the entire
assembly.

To see tips on how to choose and install the right
balanced system for your application, please refer to
the section titled "Single pressure installation with
seal system - vented [ open tank."

Figure 9.4.1: lllustration of a balanced system

9.5 DP installation using ERS
technology

Electronic Remote Sensor (ERS) technology is a

best practice installation for differential pressure

in distillation towers, tall vessels, and other similar
applications that have traditionally required excessive
lengths of impulse piping or capillary.

Rather than using a single DP transmitter, the
Rosemount 3051S ERS™ System is comprised of

two direct-mount gage or absolute sensors that are
linked together electronically. The sensor mounted
at the bottom of the vessel measures the amount

of pressure exerted by both the liquid level and the
vapor pressure. The sensor mounted at the top of
vessel measures just the vapor pressure. The DP is
calculated by taking the bottom pressure (PHI) and
subtracting the top pressure (PLO). This calculation is
handled by a set of integrated electronics that resides
in either one of the sensors.

Because the Rosemount 30515 ERS system uses

a digital architecture compared to a traditional
mechanical installation, ERS technology can deliver
faster time response, a more stable and repeatable
measurement, and simplified installations.

@
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Figure 9.5.1: lllustration of an ERS installation

Sensor selection

When considering the use of a Rosemount 30515

ERS System on a particular application, both the
vapor (static) pressure and the DP span need to be
taken in account. In a traditional DP transmitter
application, the DP sensor is sized just on the DP span
from the liquid level. For an ERS application with the
use of gage or absolute sensors, the sensor range for
each unit needs to be sized on the entire amount of
pressure in the vessel (DP + vapor pressure). Because
of this, a more traditional DP Level technology, such
as a tuned-system assembly, may be a better solution
on applications that are operating at higher pressures
with small DP spans.

For most ERS applications, the use of two gage
sensors should be sufficient. However, two absolute
sensors should be used in applications that are
subject to vacuum conditions.

Process connections

One of the major benefits of the Rosemount
3051S ERS System is the variety of ways in which
the technology can be installed. For example, a
Rosemount 3051S ERS System can be installed
with standard transmitter flanges, level flanges,
instrument manifolds, or direct-mount seals.

Depending on the temperature, physical and
chemical characteristics of the process, an
appropriate connection type should be used.
Below are the temperature limits of various ERS
configurations:

Connection type Temperature limit

Coplanar sensor:

With coplanar flange 250 °F (121 °C)
With traditional flange 300 °F (149 °C)
With level flange 300 °F (149 °C)
With 305 integral 300 °F (149 °C)
manifold

In-line sensor: 250 °F (121 °C)
Direct-mount seal 770°F (410°C)
(UltraTherm™ 805):

Remote seal 770°F (410°C)
(UltraTherm™ 805):

Table 9.5.1: Temperature limits of various ERS configurations

For example, applications above 500 °F (260 °C)
may require each sensor to be installed either with a
short length of impulse piping or a remote seal with
ashort length of capillary to allow for enough heat
dissipation to ensure the instrumentation does not
overheat. The Rosemount Thermal Range Expander
can also be used which allows direct mounting of
ERS system for temperatures up to 770 °F (410 °C).
Additionally, the use of seals may still be required
for processes that are viscous, corrosive, or other
conditions detailed in section 9.2.

Wiring

The wiring between the two sensors is made with a
non-proprietary cable. The recommended cable is
available from Emerson. Other cables can be used as
long as it has independent dual twisted shielded pair
wires with an outer shield, and the capacitance must
be less than 50 picofarads per foot (163 picofarads
per second). Additionally, all wiring should be made
in accordance to meet the necessary hazardous
location approvals for the installation. For example,
the use of rigid conduit may be required for some
explosion-proof environments. The cable length
between the two ERS sensors is limited to 500 ft.
(152.4 meters).
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10. Switch
installation
guidelines

10.1  Vibrating fork switches: Liquids

* Use where the application demands a degree of
fail-safety and self-checking

* Use where the liquid is corrosive and demands
special wetted materials

* Use where the liquid may contain suspended
particles and a device with no moving parts is
preferred

* Use when minimal intrusion into the tank or pipe
is required

The Rosemount 2100 series consists of 6 vibrating
fork switch types designed for installation in different
types of point level applications.

The following guidelines may be used to select the
best choice for your installation:

Rosemount 2110 - Compact model. Suitable for

installation in small vessels or pipes or for high
volume fast-fit, OEM-type applications.

Figure 10.1.1: Rosemount 2110
Rosemount 2120 - Standard model. Wide choice

of materials, process connection types and output
options (see next section for output selection).

Figure 10.1.2: Rosemount 2120

Rosemount 2130 - Enhanced performance model.
Flexibility of Rosemount 2120 options with extended
capabilities for challenging process conditions. (See
next section for output selection.)

Figure 10.1.3: Rosemount 2130

Rosemount 2140 - Wired HART model suitable for
standard monitoring and control applications. Install
in existing HART loops without additional point to
point wiring.

Figure 10.1.4: Rosemount 2140 and Figure 10.1.5: Rosemount
2140:5IS

Rosemount 2140:SIS - Saftey certified Wired HART
model suitable for functional safety and critical
control applications. Install in existing HART loops
without additional point to point wiring.

Rosemount 2160 - Wireless HART model. Install
automation in remote and hard to reach locations.
No wiring [ additional infrastructure required for
installation.

Figure 10.1.6: Rosemount 2160

@
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10.1.2  Rosemount 2120 and 2130 output selection

Do you Doyou Choose the 8/16 mA cassette
require IS (S HIxE analog (Electronics Code M)
certification? interface or Number of wires: 2 + Ground

DCS?

Electronics cassette M is suitable for Intrinsically Safe (IS) applications
and requires a certified isolating barrier.

No No

This electronics cassette is also suitable for non-hazardous (safe)
area applications. It can only be interchanged with the NAMUR cassette

Choose the NAMUR cassette
(Electronics Code N)
Number of wires: 2

Electronics cassette N is suitable for Intrinsically Safe (IS) applications
and requires a certified isolating barrier.

This electronics cassette is also suitable for non-hazardous (safe)
area applications. It can only be interchanged with the 8/16 mA cassette

Do you

require Choose the Relay cassette
voltage free (Electronics Code D)
dry contacts Number of wires: 6 + Ground
(relay)?

Choose the Direct Load cassette
(Electronics Code L)
Number of wires: 2 + Ground

Do you
require 2-wire
switching?

Are you
interfacing
directly into a
PLC or DCS?

Choose the PNP|PLC cassette
(Electronics Code P)
Number of wires: 3 + Ground

Table 10.1.1. Vibrating fork switches output selection (a)

@
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A certified intrinsically safe barrier

must be used to meet IS requirements The Rosemount 2130

+

516 mA

L |
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1
1
1
1
1
1
1
[
1
H
1
1
1
1
| loff=7.5t0 8.5 mA
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Non-hazardous Area @ :

Isolating Amplifier To NAMUR
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Table 10.1.2. Vibrating fork switches output selection (b)
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10.1.3 Installation best practices

Before installing a Rosemount 2100 level switch,
consider specific installation recommendations and
mounting requirements.

Rosemount 2100 series is available in

Intrinsically Safe (IS) or explosion-proof/
flameproof versions for hazardous area
installations. There are also ordinary location
versions for unclassified, safe areas.

Rosemount 2100 series can be mounted either
horizontally or vertically in an open or closed
tank, or a pipe. There is a wide range of threaded,
flanged, and hygienic process connection options.
Supported process temperature ranges

are dependent on the selected Operating
Temperature code in the model number.

For pipe installation or installation where there is a
flow of liquid around the forks, always ensure that
the forks are positioned so that the liquid flows
through the fork gap (see figure 10.1.4)

Always install in the normally “on” state for safest
operation
¢ For high level the recommendation is Dry = on
e Forlow level the recommendation is Wet = on
Always ensure the system is tested by using the
local magnetic test point during commissioning
(Rosemount 2110, 2120, 2130)

Ensure sufficient room for mounting and electrical
connection

Provide 0.75 in. (19 mm) of clearance for a
standard cover to be removed. If an LCD display is
installed, provide 3 in. (76.2 mm) of clearance for
the extended cover to be removed.

Ensure that the forks do not come into contact
with the tank wall or any internal fittings or
obstructions

Avoid installing the 2100 where it will be exposed
to liquid entering the tank at the fill point

Avoid heavy splashing on the forks, however
raising the switch time delay reduces accidental
switching caused by splashing

Check for risk of process medium build-up on

the level switch forks. Avoid situations where a
drying and coating process medium may create
an excessive build-up, orimplement preventative
maintenance programs to ensure the build-up is
not enough to impair performance

Ensure there is no risk of ‘bridging’ the level
switch forks. Examples of products that can create
‘bridging’ of forks are dense paper slurries and
bitumen.

Ensure there is sufficient distance between build-
up on the tank wall and the fork

Ensure installation does not create tank crevices

around the forks where liquid may collect
(important for high viscosity and high density
liquids)

Avoid long fork length vibration by supporting the
fork (see figure 10.1.8)

If used in a pump application, mount on sufficient
distance from pump to avoid cavitation

Install Rosemount 2140 at low level in a separator
to detect settled sediment build up. Mount the
device so the fork tines are situated in the area
where sand is most likely to accumulate

Figure 10.1.7: Ensure adequate space outside tank

Figure 10.1.8: Example of ok and not ok build-up on tank wall

3.3ft.

(1m)

3.3ft

OK

EA]

OK

3.3 ft. (1 m) Max.

r
I

(1m)

OK

i]g a
—

3.3 ft. (1 m) Max.

oK E‘M‘

3.3ft. 3.3ft.
(ITm) (1m)

Figure 10.1.9: Support fork every 3 ft (1 m)
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Figure 10.1.10: lllustration showing how to align the fork in a
pipe application
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N

Figure 10.1.71: lllustration showing correct fork alignment
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10.2 Solid Switches Installation

Guidelines

The Rosemount 2500 series consists of four different
technologies for point level detection to suit different
types of vessels and process conditions. The level
switches have versatile installation options with
threaded, flanged, or Tri Clamp process connections
and a wide range of extensions available. They can be
mounted on top of a silo or on a side wall for full, on
demand or low level detection.

Rosemount 2501 - Rosemount 2501 Rotating Paddle
is a robust paddle switch that can withstand heavy
loads and extreme temperatures. It is available with
different paddle shapes and sizes to monitor all bulk
media in nearly all types of vessels. Compact boom
length is particularly suited for small process vessels.

Figure 10.2.1: Rosemount 2501

Rosemount 2511 - Rosemount 2511 Vibrating Fork is
suitable for use in storage and process vessels where
high sensitivity is needed. Install the level switch in
applications with fine-grained and powdered bulk
materials that do not show a strong tendency to form
crusts or deposits.

Figure 10.2.2: Rosemount 2511

Rosemount 2521 - Rosemount 2521 Vibrating Fork
offers an enhanced version suitable for applications
with extra high sensitivity requirements. Install the
level switch in applications with fine-grained and
powdered bulk materials that do not show a strong
tendency to form crusts or deposits. The polished
forks make it suitable for use in hygienic applications.

Figure 10.2.3: Rosemount 2521

Rosemount 2535 - Rosemount 2535 Vibrating Rod
is suitable for use in storage silos and process vessels
with fine-grained and powdered materials. The
simple design makes it unaffected by grain size, less
prone to clogging, and widely used in applications
with limited space. Avoid installation in applications
with high mechanical forces.

Figure 10.2.4: Rosemount 2535
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Rosemount 2555 - Rosemount 2555 Capacitance
Probe is a robust point level measurement for use in
nearly all types of bulk material in all types of vessels.
It can withstand extreme process conditions such

as high temperatures, high mechanical stress, and
high tensile forces. The level switch offers automatic
calibration for easy commissioning, and self-checking
diagnostics with easy-to-read display for condition
monitoring.

Figure 10.2.5: Rosemount 2555

10.2.1 Installation best practices:

The Rosemount 2500 series switches are simple to
install and maintenance-free point level detectors
for use in nearly all types of vessels. Before mounting
the level switch on a silo (or other vessel), consider
installation recommendations and mounting
requirements.

The Rosemount 2500 series can be mounted in
horizontal, vertical, or angled positions with various
extensions and process connection options. Consider
mounting in an angled position, approximately 20°,
to prevent solids build-up and reduce the mechanical
load on the probe.

Avoid mounting the switch near the filling point,
internal structures, and walls of a silo/vessel. Refer

to the product specifications for minimal distance
between the level switch and tank wall/other objects.
Asliding sleeve is recommended to easily change the
insertion length of the level switch on site.

If the level switch is mounted in a horizontal position,
ensure cable glands are pointed downwards to avoid
water from getting inside the housing. Unused
conduit entries must be completely sealed with a
suitably rated stopping plug.

The fork switches have high sensitivity as default
setting, but the sensitivity setting can be adjusted to
best match the application in which the level switch is
installed. If the bulk material is heavy and has strong
tendency to cake or deposit, the sensitivity of the
probe can be set at low level.

The FSH/FSL setting can be used as protection against
overfilling or running dry. Use the FSH setting when
the level switch is to be applied as a full-silo-detector,
and the FSL setting when used as an empty-silo-
detector. A power failure or line break is regarded as
full- or empty-silo signal.

The signal output delay can be adjusted to prevent
false switching when there is movement of the bulk
material.

For safe operation, make sure that the load at the
measuring point does not exceed the maximum loads
supported by the level switch.

The Rosemount 2555 offers automatic calibration
when the level switch is powered up for the first time.
Prior to calibration, make sure that the level switch

is correctly mounted and wired, and that the level of
solids is below the probe.

®
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11. Complete
point solution
with guided
wave radar and
Rosemount
chambers

The Rosemount chamber is designed for complete
compatibility with Rosemount level measurement
instruments. A combined Rosemount chamber and
Rosemount GWR solution (also known as complete
point solution) is designed for safety, meeting highest
industry standards, and delivers an integrated bolt-on
level solution.

11.1  What are the advantages of

a complete point solution?

CPS offers these advantages:

» Complete measurement solution, ready to install
out of the box

» Designed and built to meet the pressure and
temperature (P/T) rating for the tank connection

e Built with certified and traceable material

* Manufactured by qualified welders and welding
procedures

» Assembled and configured at factory before
shipping

* Single site customer inspection option

* Proven performance and technology

11.2  Installation guidelines for

guided wave radars in
chambers

Chambers are used to obtain a level measurement
from the outside of a process vessel. It is
important that the level measurement within the
chamber replicates the level inside the vessel. To
achieve this, there are some key considerations:
Chamber and connection sizes, GWR probe
selection and installation can all impact the level
measurementaccuracy.

GWRs may be used in 2-in., 3-in., or 4-in. diameter
chambers, although the Rosemount chamber is

only available in 3-in. and 4-in. options. Emerson
encourages the use of larger diameter chambers to
avoid potential issues described below.

Several parameters can impact level measurement
results in chambers, see table 11.3.1 for size
considerations.

The chamber length is specified to accommodate the
desired measurement span. While overall weight and
cost are key considerations, ultimately the reliability
of the measurement may be impacted by the
diameter of the chamber, the connections to it and
the ambient conditions. Some common issues seen in
chamber applications include:

11.2.1

If a fluid is subject to Out-gassing Effects when the
system pressure drops, then gas bubbles may cause
the level surface to be pushed artificially higher in the
chamber. A larger chamber diameter is more tolerant
and any bubbles have less effect on the liquid level.

Out-gassing effects

11.2.2 Chamber diameter

Narrow diameter chambers are more susceptible to
the probe touching or getting close to the wall of the
chamber, especially as the length increases. Centering
discs may be used along the length of the probe to
provide additional stability. These can be places for
dirt to build up, so they should be used carefully.

Rigid probes are preferred in narrow chambers,

but these must be installed carefully in order to

avoid bending. If flexible probes are used, then
accommodation must be made to pull the probe taut
so that it does not touch the wall.

11.2.3

The fluid in a chamber may change temperature,
causing the volume within to expand or contract,
thus changing its representation of the level. Use of
insulation/ lagging around the chamber can help to
prevent this effect.

Temperature changes

11.2.4

Condensation from vapors can result in the build-
up of additional fluids in the chamber that are not
present in the vessel. This is especially common
with light end hydrocarbon vapors where the fluid
stratifies on top of the measured fluid.

Condensation of vapors

©
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11.2.5  Fluid circulation

With all chamber installations, good fluid circulation
will ensure a good representation of the actual

level. To accomplish this, minimize any restrictions
between the vessel and the chamber and use both
larger connections and short process connection
piping distances. Insulation and heat tracing will
minimize the temperature change and prevent vapor
condensation, freezing, or solidification of fluids. If
the fluid is viscous, dirty, or tends to build up debris,
then a flushing mechanism is essential.

Probe and chamber selection
guidelines

11.3

For most applications, single rigid or large coaxial
probes are the best choice. When a GWR transmitter
is used in a chamber, the microwave signals

are guided and contained within the chamber.

This results in a stronger signal from the fluid
surface which is an advantage for turbulent and/

or low dielectric fluids. Single rigid probes are less
susceptible to buildup and are more tolerant in the
case of coating than twin or coaxial probes. In very
low dielectric but clean fluids, such as liquefied gases
like LNG, a large coaxial probe is preferred.

In steam applications, such as high pressure
feedwater heaters and boilers, when the pressure

is greater than 400 psi (27.6 bar), the dielectric of
the steam vapor will impact the level accuracy. To
compensate for this, a special probe with a built-in
reflector should be used. This probe enables Dynamic
Vapor Compensation by using the reflector pulse

to complete an on-line dielectric calculation of the
steam. When using a Dynamic Vapor Compensation
probe, it is important that the reflector is always
above the liquid surface and away from any potential
disturbances. For this reason, the chambers used for
the Dynamic Vapor Compensation probe must have a
longer top section.

Several parameters can impact level measurement
results in chambers, see table 11.3.1 for size
considerations.

Chamber diameter

Installation
parameter

3in. 4in.
Rigid probe OK oK
Flexible probe F"’"f'use == Preferred
weight
Sidg connections, large Fair Preferred
(2in.)
Slc!e connections, small oK oK
(1in.)
Overall length (<2 m) OK OK
Fair-use
Overall length (>2 m) centeringdiscs, OK
heavy weight("
Low DC fluid (down to 1.4) OK oK
High DC fluid OK OK
Rapid fill rates OK oK
Boiling, turbulence OK Preferred
Gas lift oK Preferred
Viscous, clogging fluids Heat trace Heat trace

(1) Use weight with flexible probe.

Table 11.3.1 Installation parameters and chamber size summary

11.4 How to select and size your
chamber and guided wave
radar

11.4.1  Step 1 Select a chamber

For full specifications, refer to the Rosemount
chamber product data sheet. The chamber process
connections and instrument connection should be
sized to match the vessel and instrument connections
respectively.

The location of the bottom connection will determine
the chamber style (side-and-side or side-and-bottom
process connections). The chamber center to center
dimension (B) is critical and must match the process
vessel center to center.

Once total chamber length is determined, it is
important to verify that there is sufficient clearance
above and below the chamber, allowing for GWR,
drain etc.

57
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Process
connection

P/T rating

Probe length

Process
connection

=7

Figure 11. 4.1 Key chamber considerations

11.4.2

Single rigid or large coaxial probes are the preferred
probe styles for chamber installations. For full GWR
specification, please see Product Data Sheets.

Step 2 Select a GWR transmitter

11.4.3  Step 3 Verify pressure/temperature

(P|T) rating of complete solution

The final P/T rating of the complete solution is based
on the material of construction, process seal and
flanges selected, see figure 11.4.2. The minimum and
maximum temperature depends on type of process
seal, flange and the o-ring.

GWR material of Bolting material (See

construction for flange table 5.12.3)

and process seal (STD

seal, HP seal, HTHP

seal) (See table 5.12.2

and’5.12.3) Gasket (See table
5.12.2)

Material of construction
for the chamber
(stainless steel or carbon

steel) P/T rating, test pressure

(See table 5.12.2)

Figure 11. 4.2 Pressure/temperature (P/T) rating considerations

P[T@
/;152,'5 Gasket P|T@RT 1I50 “C[300°F
CLASS STD seal®
BAR  PS| BAR ]
150# 1a/1b 158 230 121 175
3004 1a/1b 413 600 313 455
600# 1a/1b/RT| 827 1200 @ @
900# 1a/1b/RT) 1241 1800  NJA N/A
15004 1a/1b/RT|  206.8 3000  N/A N/A

(1) Final rating depends on flange and o-ring selection (for more information see Reference Manual).

(2) Consider standard seal max rating.

P|IT@ P[T@
250°C[482°F | 400°C|750 °F TP@RT TP@RT
HP seal HTHP seal STD seal HTHP/HP seal

BAR PSI BAR PSI BAR PSI BAR PSI
11.2 160 6.5 95 23.7 345 23.7 345
29.2 420 24.3 355 620 900 62.0 900
58.2 840 48.6 705 @ @ 124 1800
87.5 1260 72.9 1060 N/A N/A  186.2 2700
145.8 2100 121.5 1765 N/A N/A  310.2 4500

RT: Room temperature

HP seal: High pressure seal

STD seal: Standard process seal
(1a) Soft gasket

TP: Test pressure

HTHP seal: High temperature/high pressure seal
(RTJ) Ring joint

1b) Spiral wound gasket

Table 11.4.1 Pressure/Temperature rating for GWR 316L flange welded connections when used with stainless steel or carbon steel

Rosemount chamber.
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Material of
construction in
GWR model code

Gasket
STD/HTHP

Bolting

material(1)

Gasket
HP[HTHP

Process seal
housing material
GWR

Flange material
GWR

SST, B16.5, Stainless steel  Soft (1a) with min.

Spiral wound gasket

Stainless steel A182 Stainless steel

flange connection(2) SA193 B8M thickness 1.6 mm  with nonmetallic Gr. F316L and SA479M 316L and
cl.2 filler (1b) EN 10222-5-1.4404 EN 10272-1-1.4404
Alloy G276 Stainless steel  Soft (1a) with min. ~ Spiral wound gasket  Stainless steel A182 SB574 Gr.N10276
plate design SA193 B8M thickness 1.6 mm  with nonmetallic Gr.F316Land
a.2 filler (1b) EN 10222-5-1.4404(3)

Stainless steel  Soft (1514-1) with
SA193 B&8M min. thickness
cl.2 1.6 mm

SSTEN1092-1,
flange connection(2)

EN1514-2

Stainless steel
SA479M 316L and
EN 10272-1-1.4404

Stainless steel A182
Gr.F316Land
EN 10222-5-1.4404

(1) For other types of bolting materials, please contact customer care in your world area.
(2) The Rosemount GWR can be paired with stainless steel or carbon steel chamber. For other materials, please contact customer care

in your world area.
(3) Flange none-wetted, protective plate in UNSN10276

Table 11.4.2 Standard bolting materials supplied with Rosemount GWR and chamber.

For other materials, see product data sheet for availability or contact customer care in your world area.

11.4.4 Step 4 Determine probe length

Standard probes

Rosemount chambers are designed to maximize
level measurement reliability over the desired
measurement span. The upper and lower portions
of the chambers are designed to accommodate the
upper and lower transition zones of the GWR for any
probe type and application. Therefore, the probe
length is determined by the upper (A), center to
center (CC), and lower (B) dimension (not available in
side-to-bottom chamber), plus a common standard
length reduction for each chamber style, see table
11.4.3 and 11.4.4. This ensures that the probe is
long enough to extend into the lower portion of the
chamber with a small amount of clearance from the
base. If the probe is too long, it might get bent when
installed into the chamber, causing erratic readings.

cC

Probe length
Probe length

Figure 11.4.3 Side-and-side and side-to-bottom chambers for
standard probes

Dynamic Vapor Compensation probes

A Rosemount chamber for use with Dynamic Vapor
Compensation probe includes a reflector. This is
contained within the upper section of the chamber,
which mean that the chamber requires a longer top
dimension. The chamber has two options available
for dimension (A) when used with a Dynamic Vapor
Compensation probe, see table 11.4.3 and 11.4.4.
One is optimized for use with the short Dynamic
Vapor Compensation reflector while the other option
is optimized for use with the long Dynamic Vapor
Compensation reflector.

Probe length
Probe length

cC

Figure 11.4.4 Side-and-side and side-to-bottom chambers for
Dynamic Vapor Compensation probes.

®
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Calculating probe length for compatibility with
chamber

Itis very important to ensure that the probe length
of the GWR is compatible with the chamber length to
ensure correct operation. To size the probe length of
a Rosemount GWR, first identify the chamber process
connection orientation, process connection center to
center dimension (B) and the dimension (A), which is
determined by the selected chamber. The standard
probe length for a given process connection center
to center dimension is identified in table 11.4.3

and 11.4.4. Additional to the standard dimensions,
custom lengths can be ordered by contacting your
emerson representative.

Standard Dim A+ Dim CC+DimB-3.5in.
(85 mm)

Short DVC Dim A+ Dim CC+Dim B -3.5in.

reflector (85 mm)

Long DVC Dim A+ Dim CC+DimB-3.5in.

reflector (85 mm)

Table 11. 4.3 Probe length determination for side-and-side
chamber

Probe Length

Standard Dim A + Dim CC- 17 in. (430 mm)
SHOrtDVE i A+ DimiCE - 17 in, (430 mim)
reflector
LongDVC iy &+ Dim €C- 17 in. (430 mm)
reflector

Table 11. 4.4 Probe length determination for side-to-bottom
chamber

11.4.5

To prevent the probe from contacting the pipe wall in
the chamber, a centering disc is recommended. If the
probe length is greater than 1.5 m, a centering disc
should be used. The centering disc is attached to the
end of the probe.

Step 5 Centering discs

For higher-rated chambers, the centering disc should
be sized 1 in. smaller than the chamber diameter for
higher pipes, see table 11.4.5.

Figure 11.4.5. Centering discs

Chamber Chamber Rating Centering
Size Disc

3in. Up to Class 600/PN 100 3in.

4in. Up to Class 600/PN 100 4in.

3in. Class 900, 1500/ 2in.
PN160, 250

4in. Class 900, 1500/ 3in.
PN160, 250

Table 11.4.5 Centering disc diameters for different chamber sizes
and chamber ratings



11 - Complete point solution - GWR and Rosemount chambers

11.4.6  Step 6 Configuration

Default factory settings are configured into the
transmitter according to model codes of the chamber
and transmitter characteristics, see figure 11.4.6.

Pipe diameter = Chamber diameter
Tank height = Dimension (A) + (B)

Only for HART units
LRV = 0 (4 mA)
URV =B (20 mA)

>

(1) The units are checked/consolidated together.

Tank
Height IMPORTANT NOTE !

The flange bolts are only hand-tightened. All
packing materials must be removed from inside
and around the chamber prior to installation.
Long rigid probes are shipped separately in order
to reduce transportation risk damage.

Probe length

Figure 11.4.6. Transmitter will be configured so that the upper
and lower range values align with the dimension (B).

Additional factory configurations can be ordered by
including the C1 option code in the transmitter
model code.

Consolidated radar and chamber package

To reduce the complexity and ensure a guaranteed
fit between radar and chamber, you can choose the
option to consolidate. This ensures the

GWR and chamber are matched™.
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12. Flanges and
materials

Aflange is a ring-shaped device designed to be used
as an alternative to welding or threading various
components used throughout the piping system.
Flanged connections are used as an alternative to
welding because they can be easily disassembled
for shipping, routine inspection, maintenance, or
replacement. Flanged connections are preferred
over threaded connections because threading large
bore pipes is not an economical or reliable operation.
The flange is an important component of any piping
system.

Today there are different standards in different
parts of the world. The most commonly used
standard is the American Society of Mechanical
Engineers (ASME) or American National Standards
Institute (ANSI) B16.5 standard.

E.g. 4in. [ 300# or equivalent

ANSI 4 in. 300Ib. The second

largest standard is the EN

1092-1 which is a European

standard. E.g. DN100 PN40, DN

is the abbreviation of Diameter

Nominal and is a dimensionless

designator. Pressure Nominal

(PN) is the rating of Pressure and

Temperature.

The Japanese Industrial Standard (JIS) B2210/B2220
(e.g.]IS40K 100A) is another standard.

When flanges are subject for replacement, it is
extremely important to have the correct information
available, such as maximum temperature and
pressure, facing etc.

Standard flange dimensions can change between
revisions, so it is important to check the validity of
standard flanges and make sure they are up-to-date.

12.1  Flange types

Flanges have been designed and developed to be
used in various environments and applications.

Each flange has its own special characteristics and
should be carefully selected to meet specific function
requirements.

This chapter will focus on the most commonly used
ones:

Blind

Weld neck

Slip-on

Threaded

Socket weld

Lap-joint

12.1.1

The blind flange serves as a terminator of a piping
system. Usually, it does not have a hub or bored
center. Note that it may have a center hole and still be
a blind flange. It always has a specified face type and
bolting pattern.

Blind flange

5&\\\\\\\\“\\\\\\“!5

Figure 12.1.1: Blind / blank flange

12.1.2  Welded neck flange

The welded neck flange is designed to reduce
high-stress concentrations at the base of the
flange and transferring stress to the adjoining pipe.
Weld neck flanges are normally used in severe
service applications involving high pressures, high
temperatures, or sub-zero conditions.

This is the part —%

where it is welded

Figure 12.1.2: Welded neck flange

Welded neck flanges should ideally match the inner
dimension of the adjoining pipe. Because of these
matching inner dimensions, there is no restriction
to the flow. Turbulence and erosion are therefore
eliminated.

©



12 - Flanges and materials

12.1.3  Slip-onflange

The slip-on flange has a low hub that allows the pipe
to be inserted into the flange prior to welding. The
low hub is shorter in length than the welded neck
flange. The main area of usage is where the space
limitations necessitate its use. Two fillet welds are
required, one internal and one external.

Welded in /

two places

Figure 12.1.3: Slip-on flange, the weld is usually bigger in really
than what is shown in the illustration

12.1.4 Threaded flange

The threaded flange is similar to the slip-on flange,
but the bore is threaded. The benefit is that it can
be assembled without welding. Thus, it is not well
suited for conditions involving high temperatures
or bending stresses of any significance. In cyclic
conditions, the threaded flange can fail after just a
few cycles with contraction and expansion.

Figure 12.1.4: Threaded flange
12.1.5 Socket weld flange

The socket weld flange is similar to the slip-on flange,
primary targeted at smaller diameters (Y2 in. to 4in.).

Welded
points

Figure 12.1.5: Socket weld flange
12.1.6 Lap jointflange

The lap-joint flange is primarily used on carbon or
low alloy steel piping systems. The lap-joint flange is
used mainly in piping systems that require frequent
dismantling for inspection or routine maintenance.

Figure 12.1.6: Lap joint flange

Figure 12.1.7: Slip on flange

©
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12.2 Flange face

The mating surface of a flange, nozzle, or valve is
called the face. The face is usually machined to create
a serrated surface either by a spiral or concentric
rings.

12.2.1  Flatface ASME (B16.5) | Type A

(EN-1092-1)

As the name reveals, the flange face is flat. These are
most commonly used for lower pressure classes. For
EN1092-1, this is standard up to PN63, and for ASME
B16.5, this face is available upon request.

Figure 12.2.1: Flat face

12.2.2  Raised face ASME (B16.5) | Type B1 or B2

(EN-1092-1)
This is the most common face type in use on pipe
flanges. As the name reveals, the flange’s face has a
prominent raised surface. Flanges rated class 150 and
300 have a 1/16 in. raised face, while class 600 and
larger have V4in. raised face. For EN 1092-1, this is
standard from PN100 and upwards.

Figure 12.2.2: Raised face

12.2.3  Spigot face Type E (EN-1092-1) | Male

(B16.5)
!
A0

|
1177
Recessed face Type F (EN-1092-1) |

12.2.4

Figure 12.2.3: Spigot face
Female (B16.5)
7 G

Figure 12.2.4: Recessed face

™

12.2.5 Groove face type ASME (B16.5) | Type D

(EN-1092-1)

The groove face ASME is available in a small and a
large option.

R M

Figure 12.2.5: Groove face

12.2.6 Tongue face ASME (B16.5) | Type C

(EN-1092-1)

The tongue face ASME is available in a small and a

large option.
177 77

Figure 12.2.6: Tongue face

12.2.7 Ring-type joint face AMSE (B16.5)

The main difference between the ring-type and the
above face types is that ring-type joint does not use
a gasket to seal. Instead a metallic ring is used placed
in the deep groove cut in the flange face. The ring
type could either be circular or octagonal shaped. As
the bolts are tightened, the metal ring is compressed
creating a tight seal. Ring-type joint can be used for
all P/T ratings, but is normally used in piping systems

rated class 400 or higher.
2T T B

Figure 12.2.7: Ring-type joint face

m Figure 12.2.8: Circular and octagonal metallic rings for use with

ring-type joint face

©
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12.3 Special flanges

Figure 12.3.1: Dimensions on a raised face

Figure 12.3.2: Dimensions on a recessed face

NOTE!

Dimensions may be used to aid in the identification
of installed flanges. It is not intended for
manufacturing use.

Masoneilan and Fisher flanges are also available in
vented versions, with the same dimensions as shown
in the table below.

Vented flanges must be ordered with a 1%4in. NPT
threaded process connection (code RA).

For information about flange temperature and
pressure ratings, see Flange rating in section 15.8.

12.4 Gaskets

The tightening of the flange bolts causes the
gasket material to flow into the minor machining
imperfections, resulting in a fluid-tight seal. The
gasket must be compatible with the fluid and the
gasket compression needed to maintain sealing.
Additionally, the surface finish of the flange has an
affect on the seal quality.

Special
Flanges(") in. (mm)

Fisher 9.00 1.50 1.25
249B/259B2)  (228.6)  (38.2) (31.8)
Fisher 5.69 0.94 1.13
249C3) (144.5)  (23.8) (28.6)
Masoneilan@  7.51 1.54 1.30

(191.0)  (39.0)  (33.0)

(1) These flanges are also available in a vented version.
(2) Flange with raised face.
(3) Flange with recessed face.

Table 12.3.1: Special flange dimensions

0.25 5.23 7.25
(6.4)  (132.8) (184.2)
-0.19 3.37 8 4.75
(-4.8)  (85.7) (120.65)
0.24 4.02 8 5.87
(6.0)  (102.0) (149.0)
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Figure 12.4.1: Spiral wound gasket

12.4.1  Surface finish

The surface finish is an important factor in
determining the extent to which a gasket must flow
to secure an impervious seal. Bolting that results

in adequate gasket flow to form a satisfactory seal
with a smooth contact surface may be inadequate to
secure a tight joint with a rough surface. A serrated
finish is frequently provided for steel flanges,
particularly when using a graphite-composition
gasket with a wide contact area (e.g raised or lapped).
Normally, the surface finish is either in form of
concentric rings or machined in spiral patterns. Ring-
Type Joint flanges' grooves have high surface finish.

Itis evident that the surface finish varies with the type
of contact face and gasket used and therefore, should
be specified accordingly.

Figure 12.4.2: Radial surface finish

12.4.2

Three types of gaskets are commonly used for pipe
flanges with overpressure:

Types and materials

Non-metallic flat gaskets with or without Inserts (EN
1514-1IBC/ASME B16.21 Gr.1a)

This gasket requires a correct bolt pretension
dependent upon the flange size and pressure class to
secure a solid seal. Rubbers, cork, PTFE or Graphite

are common materials used in pipe systems.
Normally, the gasket thickness is 0.05-0.06 in. (1.5 to
1.6 mm).

Metal core

Flexicarb
foil

Figure 12.4.3: Flat gasket, with metal core and a flexicarb foil

Spiral wound gaskets (EN 1514-2/ASME B16.20
Gr.1b)

A spiral wound gasket comes with or without
support ring, and requires a correct bolt pretension
dependent upon the flange size and pressure class to
secure a solid seal.

Figure 12.4.4: Spiral wound gasket with inner and outer support
ring

Figure 12.4.5: Spiral wound gasket without support ring

Lens gasket

Machined from steel, have similarities with ring-type
Joint.

Figure 12.4.6: Lens gasket

©
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12.5 Bolts

Bolts will complete the flange assembly. The P/T
determines the size, spacing, and number of

bolts required. It is critical that flange drawings

for fabrication convey the exact bolt orientation,
otherwise, the mating flange does not align properly.

Figure 12.5.1: Bolt tightening scheme

Bolts are available in two types: machine or stud.
Machine bolts have a head on one end and threads
on the other end. Stud bolts have either threads
throughout the whole bolt, or threads on both end
but not in the middle.

LSSB

Yy

l<
)

Figure 12.5.2: Stud Bolt (Ref. ASME B16.5)

! < Lows > l

Figure 12.5.3: Stainless Machine Bolt (Ref. ASME B16.5)

12.6 Dimensions and scheduling
The pipe outer diameter is converted into a
dimensionless designator (nominal size), e.g. an
ASME standard pipe with Nominal Pipe Size (NPS)
2 have 2,375 in. (60,3 mm) outer diameter. This is
equivalent to DN 50 in EN 10921-1 standard.See
table 12.5.1.

The wall thickness of the pipe is specified by the
scheduling number, in ASME B16.5 these numbers
span from 5 to 160. The pipe schedule number will
increase as the pipe thickness increases. The higher
the scheduling number is, the thicker the pipe is.

ASME versus European pipes

s JON____[wps___[ON
6

1/8 31)2 90
1/4 8 4 100
3/8 10 5 125
12 15 6 150
3/4 20 8 200
1 25 10 250
11/4 32 12 300
112 40 14 350
2 50 16 400
21)2 65 18 450
3 80 20 500

Table 12.5.1: ASME vs. European pipes

[NPs DN [NPs____
22 550

44 1100
24 600 48 1200
26 650 52 1300
28 700 56 1400
30 750 60 1500
32 800 64 1600
34 850 68 1700
36 900 72 1800
38 950 76 1900
40 1000 80 2000
42 1050
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12.7 Materials

There are a number of different materials available.
The below section gives some background on the
most common materials for flanges and wetted
material in level devices.

12.7.1  Alloy 825

Alloy 825 is an austenitic nickel-iron-chromium-
molybdenum-copper alloy containing high levels

of chromium, nickel, copper and molybdenum.

This makes it tolerant to high temperatures,

and substantially more resistant to corrosive
environments (oxidizing and reducing) compared to
conventional austenitic stainless steels.

12.7.2 316/316L

Type 316 is an austenitic chromium nickel stainless
steel containing molybdenum. This addition increases
general corrosion resistance, improves resistance

to pitting from chloride ion solutions, and provides
increased strength at elevated temperatures.

Type 316L s an extra-low carbon version of Type 316
that minimizes harmful carbide precipitation due

to welding. Typical uses include exhaust manifolds,
furnace parts, heat exchangers, jet engine parts,
pharmaceutical and photographic equipment, valve
and pump trim, chemical equipment, digesters,
tanks, evaporators, pulp, paper and textile processing
equipment, parts exposed to marine atmospheres
and tubing.

Type 316L s used extensively for weldments where
its immunity to carbide precipitation due to welding
assures optimum corrosion resistance.

A material can be dual certified and comply to both
316 and 316L at the time. It can be triple certified and
comply to EN standards as well e.g. 1.4404.

12.7.3  Alloy C-276

e One of the few alloys resistant to wet chloride gas,
hypochlorite and chlorine dioxide solutions.

» Exceptional resistance to strong solutions of
oxidizing salts, such as ferric and cupric chlorides.

e Not prone to grain boundary precipitation in the
welded condition and therefore suitable for many
chemical process applications

Some typical applications include equipment

components in chemical and petrochemical organic
chloride processes and processes utilizing halide or
acid catalysts. Other industry applications are pulp
and paper (digesters and bleach areas), scrubbers and
ducting for flue gas desulfurization, pharmaceutical
and food processing equipment.

12.7.4  Alloy A-400

Alloy 400 is a nickel-copper alloy with excellent
corrosion resistance in a wide variety of media. The
alloy is characterized by good general corrosion
resistance, good weldability and moderate to high
strength. The alloy has been used in a variety of
applications. It has excellent resistance to rapidly
flowing brackish water or seawater. It is particularly
resistant to hydrochloric and hydrofluoric acids when
they are de-aerated. The alloy is slightly magnetic
at room temperature. The alloy is widely used in the
chemical, oil and marine industries.

12.7.5 Duplex

Duplex stainless steel is a mixture of austenitic and
ferrite materials and has high thermal conductivity,
high mechanical strength and excellent resistance to
stress corrosion cracking.

Itis a cost effective alternative to alloys such as G276
in applications where stress cracking is of concern.
Its high mechanical strength allows it to meet higher
flange ratings than 316 stainless steel’s.

There are a number of grades of Duplex, where
Duplex 2205 is known as the “workhorse” grade
because of its broad suitability. This material is
often used in environments where chlorides and
sour gas (H2S) are common. There are temperature
limitations for using Duplex, it can not be used
when the temperature is very high or too low, e.g.
cryogenic applications.

12.8 Flange ratings and standards
The P/T rating (pressure and temperature) can be
defined as the maximum pressure allowed for a
specific temperature at which the flange will be
operating.

For the ASME B.16.5 standard, these P/T ratings are
divided into seven different classes 150, 300, 400,
600, 900, 1500, and 2500. The same concept applies
to other standards as well. See table 12.8.1.

®
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When combining the temperature with the internal
pressure, a selection of appropriate size, rating, and
type of flange can be accomplished. The main benefit
of using a pressure/temperature rating system is that
a class can be used in a number of applications.

When the temperature decreases, the pressure can
be increased, and vice versa. E.g. a Class 150 316L
steel flange is rated to perform at 302 °F (150 °C) at
174 psig (12 bar). If the temperature decreases to

122 °F (50 °C), the flange pressure rating increases to
222 psig (15.3 bar).

While the pressure/temperature rating is important,
the class rating number is not “directly linked” to
the actual temperature or pressure. Typically, a
higher class means an increase in flange diameter
and thickness. The actual P/T rating is given by the
combination of class and material.

Pressure - Temperature Ratings for Group 2.2 Materials i.e. ASME SA182 316

Classes working pressure (bar)

Temp (°C) 150 300 400 600 900 1500 2500M
-29to 38 19.0 49.6 66.2 99.3 148.9 248.2 344.7
50 18.4 48.1 64.2 96.2 144.3 240.6 333.5
100 16.2 42.2 56.3 84.4 126.6 211.0 289.9
150 14.8 38.5 51.3 77.0 115.5 192.5 261.6
200 13.7 35.7 47.6 71.3 107.0 178.3 243.0
250 12.1 33.4 44.5 66.8 100.1 166.9 228.9
300 10.2 31.6 42.2 63.2 94.9 158.1 217.2
325 9.3 30.9 41.2 61.8 92.7 154.4 212.3
350 8.4 30.3 40.4 60.7 91.0 151.6 208.9
375 7.4 29.9 39.8 59.8 89.6 149.4 206.3
400 6.5 294 39.3 58.9 88.3 147.2 202.5
Temp (°F) 150 300 400 600 900 1500 2500 ™M
-20to 100 230 600 800 1200 1800 3000 5000
200 195 510 680 1020 1535 2555 4260
300 175 455 610 910 1370 2280 3800
400 160 420 560 840 1260 2100 3500
500 150 395 525 785 1180 1970 3280
600 140 370 495 745 1115 1860 3100
650 125 365 485 730 1095 1825 3040
700 110 360 480 720 1080 1800 3000
750 95 355 470 705 1060 1765 2940

(1) Only avaliable for 316L standard

Table 12.8.1: P/T rating from ASME B16.5 Table 2-2.2 (bar) and annex F (psig)

@
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Pressure - Temperature Ratings for Group 13E0 Material No. 1.4404

Classes working pressure (bar)

Temp (°C) PN16 PN40 PN63 PN100 PN160 PN250 PN320
RT 16.0 40.0 63.0 100.0 160.0 250.0 320.0
100 15.1 37.9 59.7 94.7 151.6 236.9 303.2
150 13.7 344 54.3 86.1 137.9 215.4 275.8
200 12.7 31.8 50.1 79.5 127.2 198.8 254.4
250 11.9 29.9 47.1 74.7 119.6 186.9 239.2
300 11.0 27.6 43.5 69.0 110.4 172.6 220.9
350 10.5 26.4 41.7 66.1 105.9 165.4 211.8
400 10.2 25.7 40.5 64.2 102.8 160.7 205.7

Temp (°F) PN16 PN40 PN63 PN100 PN160 PN250 PN320
RT 232 580 914 1450 2321 3626 4641
212 219 550 866 1373 2199 3436 4398
302 199 499 788 1249 2000 3124 4000
392 184 461 727 1153 1845 2883 3690
482 173 434 683 1083 1735 2711 3469
572 160 400 631 1001 1601 2503 3204
662 152 383 605 959 1536 2399 3072
752 148 373 587 931 1491 2331 2983

Table 12.8.2: P/T rating from EN 1092-1:2007 (bar) and annex F (psig)
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12.8.1

When the bolt pretension increases, it causes the
gasket material to flow into the minor machining
imperfections, resulting in a fluid-tight seal.

What happens in practice?

Figure 12.8.1: Internal pressure on the flange causes both tensile
stress and compressive stress as represented by the red and blue
arrows respectively.

12.9 ID and markings
All standard flanges should be permanently marked
on the external diameter with:

Material

Flange standard

Pressure/temperature rating (Class/PN)
Pipe size (NPS/DN)

Manufacturer

In this section, we focus on how to identify three
commonly used standards: ASME, EN, and JIS. All of
these standards give directions how marking should
be performed, and therefore facilitate identification.

12.9.1 ASMEB16.5

According to the B16.5 standard, a flange should
be marked to aid identification. Several different
parameters should be visible and are important for
identification:

The manufacturer’s name or trademark
Nominal Pipe Size (NPS)

Flange rating designation (e.g. Class 150 or 300)
Material designation - the raw material of the

flange according to American Standards for
Testing Materials (ASTM)

¢ Ring gasket number - used when the flange face is
aring type joint

¢ Suitable identification for traceability

12.9.2 EN1092-1

According to the EN 1092-1 standard, all flanges
except integral flanges should be marked with:

Manufacturer’s name or trade mark

Number of standard, i.e. EN 1092-1

Flange/collar type number

Diameter Nominal, e.g. DN 150

PN designation, e.g. PN 40

Either the name or the number or the grade of the
material, e.g. 1.4404

* Suitable identification for traceability. E.g. CH
E52357, when test certification is required

Example: Manufacturers name [EN 1092-1/11/DN
150/PN 40/1.4404/CH E52357

12.9.3  JISB2220

According to the |IS B2220 standard, all flange types
except integral type flange (IT) shall be marked with
the following:

Nominal Pressure (K)

Nominal Size (A), may be omitted
Symbol of material

Melting or casting number
Manufacturers name or trade mark

®
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12.10 Ordering a flange 12.11  Centering discs
When ordering a flange, provide the information

given below to avoid misunderstanding and

misinterpretation.

Flanges in accordance with a standard

Size

Class

Face

Gasket (type/dimension)

Design P/T rating (maximum and working
temperature and pressure)

Non-standard flanges
i Al Centering Disc
(also applies to flanges of unknown standard) Diameter schedule g

Figure 12.11.1: Centering disc mounted on a single rigid probe

« Outer diameter of the flange 2in. 40 S2/p2

¢ Pipe diameter 2in. 30 s2/P2
¢ Hole pattern and hole size

. Face 3in. 40 $3/P3

3in. 80 S3/P3

3in 160 $2/p2

Flange facing of the flange needed must be given 4in. 40 S4/P4

in every case, not the pipe facing. prey - sa/pa

4in. 120 S3/P3

4in. 160 S3/P3

6in. 40 S6/P6

6in. 80 S6/P6

6in. 120 S4/P4

6in. 160 S4/P4

8in. 40 S8/P8

8in. 80 S8/P8

8in. 100 S6/P6

8in. 120 S6/P6

8in. 140 S6/P6

8in. 160 S6/P6

Table 12.11.1: Pipe size and schedule number, matched to
centering disc
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Centering disc outer diameter

2.7in 3.6in. 5.55in. 7.4in.
(68 mm) (92 mm) (141 mm) (188mm)
3in. 4in. 6in. 8in.
- - 8in. -
4in. 6in. 8in. -
- - 8in. -
4in. 6in. 8in. -

Table 12.11.2: Centering disc outer diameter
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13. Product
approvals and
certifications

13.1  Hazardous area approvals

Product certification process

When designing a new product, manufacturers
decide on the appropriate standards to follow

and design the new product to comply. The
manufacturer’s product approvals group works with
the product designers to ensure that all applicable
requirements are met. In addition, compliance
engineers and designers work with the approval
agency during the design phase. Once the design

is complete, prototype samples of the product are
tested.

After testing, the manufacturer submits the
product’s documentation and hardware to the
approval agency for their review. If approval is
granted, the approval agency sends certification
documents to the manufacturer, who can then label
and sell the product as approved.

13.1.1

A hazardous area is an area in which explosive
atmospheres are present, or may be expected to

be present, in quantities such as to require special
precaution for the construction and use of electrical
equipment

Safety in hazardous areas

The hazardous conditions may be either man-made
(as in petrochemical plants) or naturally occurring
(as with coal mining). It is important to ensure that
all electrical equipment installed in a hazardous
area cannot form a spark or hot surface that would
ignite flammable atmospheres. To ensure safety

in hazardous areas, all equipment is examined and
tested by a recognized testing authority before it is
used in a hazardous area.

The fire triangle

Three components must be present for fire or
explosion to occur (i.e., for an area to be classified as
hazardous):

¢ Explosive material in sufficient quantities (e.g.,
petrol, hydrogen, vapors from a flammable liquid,
combustible dusts)

« Ignition source of sufficient energy to ignite the
explosive material (e.g., flames, welding, hot
surfaces, spontaneous heating)

* Oxygen

These three components comprise the fire triangle.
An explosion will not occur if any one of the three
components is missing.

Ignition source (hot surface or an electrical spark).

Fuel Oxidizer

Figure 13.1.1: The fire triangle

Advantages of using certified equipment

By using certified products in hazardous areas,
users can ensure that people and property will be
protected from the risks associated with the use
of electrical equipment in hazardous locations.
Certification ensures expert conformity with
standards and provides evidence of compliance
with legal obligations such as safety regulations.
In addition, certification markings provide ready
identification of products that are fit for a purpose

Approval agencies and markings

Approval agencies

Several approval agencies located throughout

the world act as testing authorities in the design,
manufacture, and operation of process control
instruments. You need to be conversant about the
requirements of agencies in your geographic areain
particular, but you should also be somewhat familiar
with agencies in other parts of the world.

The most common standards used in the process
control industry are:

 International Electrotechnical Commission (IEC)
e European Standards (EN)

7
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e (Canadian Standards Association (CSA) in Canada
e Factory Mutual (FM) in the United States

Approval agencies around the world certify process
control instruments to meet these standards. The
approval agencies with which you should be familiar
include:

« British Approval Services for Electrical Equipment
in Flammable Atmosphere (BASEEFA) in the
United Kingdom

BVS and PTB in Germany

FM in the United States

CSAin Canada

TIIS in Japan

NEPSI in China

CERCHAR and LCIE in France

CESlin Italy

DEMKO in Denmark

ISSeP in Belgium

DEKRA in the Netherlands

SEV in Switzerland

SIRAin England

European ATEX directive

ATEX is the European Union’s directive 2014/34/EU
that applies to equipment and protective systems
intended for use in potentially explosive atmospheres.
ATEX is mandatory for the CE marking and putting

on market in countries within EU and EFTA. The
purpose of the directive is to facilitate trade within
the European Union by aligning the laws of the
member states regarding the safety requirements for
hazardous area products.

Approval agency approval markings

Each approval agency uses a specific format to
indicate which certifications it has granted to a
particular instrument.

IEC approval markings

Transmitters that are certified to comply with IEC
standard, are marked as follows:

Figure 13.1.2: Example of IEC approval markings

North American approval markings

North American approval markings are used to
designate FM and CSA hazardous area certifications
for electrical equipment. North American markings
appear in the following format:

Indicates harzard Temperature

severity code \

Indicates the type
of protection.

Intrinsicallysafefor:ClaSS I, Div. 1, GI’OUpS ABCD T4

Indicates the Gas groups

material class

Figure 13.1.3: Example of North American approval markings

ATEX approval marking

Transmitters that are certified to comply with ATEX
Directive 94/9/EC are marked with the following prior
to the IEC marking:

Explosion proof in

‘ ‘ accordance to ATEX

C€ o575 ® MG

Category

CE mark with
identification of the
notified body

Application in explosive
gas atmosphere

Figure 13.1.4: Example of ATEX approval marking

®
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13.1.2  Method of protection

Many methods of protection in hazardous areas work
by eliminating one of the three components of the
fire triangle. Methods of protection include:

e Exclusion

¢ Containment

e Energy limitation
e Dilution

¢ Avoidance

The most common methods of protection used in
the process control industry are containment, energy
limitation, and avoidance, which are described below.

NOTE!

The letters in brackets following the headings
below are the IEC codes used to indicate that
method of protection on product labeling.

Containment

Users can use the containment method so that

if an explosion occurs, it is contained within the
equipment enclosure. Thus, sparks or flames will
not leak into the hazardous atmosphere and cause
another fire or explosion.

Containment is often used with spark-producing

parts, such as switch gears, control boards, or
transformers.

Explosion-proof enclosures (Ex db)

Explosion-proof (or flameproof) enclosures are used
to surround equipment parts that could ignite an
explosive atmosphere (e.g., by sparking). Explosion-
proof enclosures must meet the following conditions:

e Allenclosure joints leading to the outside
environment must be flameproof

e The enclosure must have sufficient strength to
withstand an internal explosion without rupture
or permanent deformation

e The enclosure’s surface temperature must never
exceed the ignition temperature of the ambient
gas-air mixture When selecting an explosion-
proof material, users should consider the
material’s thickness, corrosion resistance, impact
strength, and porosity

e The design must also prevent explosions by

removing sufficient energy from escaping gases
so that energy levels are below the minimum
ignition energy levels of any flammable gases and
combustible dusts in the ambient atmosphere. If
energy levels are maintained below these levels,
an explosion will not occur.

Intrinsic safety (Ex i)

Intrinsically safe (I.S.) equipment and wiring prevents
explosion by limiting the electrical energy to ignite
explosive gases in the atmosphere under normal or
defined fault conditions. The energy allowed into the
hazardous location is limited by an external mounted
I.S. barrier (provided by the installer). Advantages of
I.S. approaches include:

* Less operator action required to maintain a safe
system
* Easier to maintain and repair the equipment

I.S. devices are assigned maximum voltage, current,
capacitance, inductance and power supply limits. The
magnitude of these parameters determines the level
of energy storage allowed in the I.S. circuit.

Avoidance

Users may also prevent explosions by using
equipment or parts of equipment that do not arc or
spark in normal service, thus preventing the ignition
source from ever occurring.

Increased safety (Ex e)

Increased safety is perhaps the most widely used
method of protection. The design and manufacture
of increased safety equipment excludes normally
sparking components.

Manufacturers design other components to reduce
substantially the likelihood of the occurrence of fault
conditions that could cause ignition by:

e Reducing and controlling working temperatures

e Ensuring reliable electrical connections

 Increasing insulation effectiveness

e Reducing the probability of contamination by dirt
and moisture ingress (entry)

Common increased safety applications include
terminal and connection boxes, control boxes, and
light fittings.

©
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Non-sparking equipment (Ex n) Temperature class

Non-sparking equipment is equipment with which Temperature class defines the maximum surface
special precautions are taken with connections and temperature exposed to the Hazardous location. It
wiring to increase reliability. The equipment does shall be selected to be lower than the applicable auto
not produce arcs, sparks, or hot surfaces in normal ignition temperature of the hazardous substance.
operation. Non-sparking equipment is commonly Similar temperature classification is used in both IEC/

used with three-phase induction motors in hazardous ~ ATEX and North American markings.
areas.

Max. Examples of gases and
Type of protection m surface vapors against which
Explosion-proof enclosures in Zone 1 Exdb :fFTp' < pE
Intrinsic safety in Zone 0 Exia m 450 (842) Hydrogen, ammonia
Intrinsic safety in Zone 1 Exib ™ 300(572) Acetone, ethanol,
Increased safety in Zone 1 Ex eb propane
Non-sparking equipment in Zone 2 Exn T3 200 (392) Petrol, crude oil
Table 13.1.1: Examples of suitable protection types for different T4 135(275) n-heptane, ethyl ether
zones T5 100 (212) None specified yet
13.1.3  Explosive material classifications/groups T6 85(185) Carbon disulfide

North American approval agencies such as FM and
CSA designate a material class in their certifications.
The material classes are:

Table 13.1.3: Temperature group codes

NOTE!

For process industry T4 is the most applicable
temperature group. T6 is used only for carbon
disulfide applications.

e (lass I: Gases and vapors
* C(lassll: Dust
* Class lIl: Fibers and flyings

Explosive substances groups

Examples of material Ex coding:

Explosion substances codes differ between IEC/ATEX
and North American markings. e Model code I1:

Exia lIC T4 Ga (Tamb = -50 °C to 70 °C)
is a ATEX marking that indicates that the

Representative North American IEC explosive . . .
o —— explosive substances instrument may be used with gases in
substances group | group Group IIC at temperatures within the range
associated with group T4 and in ambient
Acetylene Class |, GroupA IIC temperatures between -50 °C and 70 °C. This
protection type is intrinsically safe level ia, and
Hydrogen Class|, GroupB  IIC equipment protection level Ga (suitable for
Ethylene Class |, Group C 1IB installation in Zone 0, 1 and 2).
Propane Class |, GroupD  lIA ¢ Model code 17:
ExiallCT4 Ga(-50°C_<Tamb _<70°C)isa
i dees | Grwz D | IECEx marking that indicates that the intrinsic
Conductive Class|l, GroupE  N/A safety instrument may be used with gases in
metals Group IIC at temperatures within the range

associated with group T4 and in ambient
temperatures between -50 °C and 70 °C. This
Grain Class|l, GroupG N/A protection type is intrinsically safe level ia, and

. . equipment protection level Ga (suitable for
Fibers/flyings Class il N/A installation in Zone 0, 1 and 2).

Carbonaceous ClassIl, GroupF  N/A

Table 13.1.2: Gas groups
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Explosion Proof for Class I, Division 1, Groups NOTE!

B, C, and D is an FM marking that indicates the Division 1-approved devices may also be safely

instrument may be safely used with gases in used in a Division 2 area. However, a Division

gas groups B, C,and D 2-approved device cannot be used in a Division 1
area.

¢ Model code 16:

Intrinsically Safe for Class I, Division 1, Groups Installati ti
A, B, C, and D; Temperature Code T4 is a CSA instaflation practices

marking that indicates that the instrument Users must follow local installation standards,
may be safely used with gases in gas groups A, depending on their geographic location. Two
B, C, and D at temperatures within the range examples are:

associated with group T4

¢ North America—National Electrical Code (NEC)
13.1.4 Hazardous area classifications NFPA 70

Approval agencies have designated hazardous * Europe (ATEX) - EN60079-14

area zone and division classifications that describe
the degrees of risk in different types of hazardous
areas. The classifications also specify which types
of equipment protection are allowed in each zone
or division. For example, sand filling is allowed in
Division 2 and in Zones 1 and 2. Explosion-proof
equipment is allowed in Zones 1 and 2. FM and

These are standards for installations in hazardous
areas, including explosion-proof, I.S., and sealing

installations. The NEC specifies hazardous areas in
which certain procedures must be followed.

Explosion-proof installation

CSA indicate the hazardous area division in their Figure 13.1.5 shows the NEC requirements for an

certification markings. IEC/ATEX indicate the explosion-proof installation. Note that rigid metal

hazardous area zone in their certification markings. conduits (or another approved conduit) must be used
to enclose electrical wiring in hazardous areas. In

The following two examples show how hazardous addition, conduit seals should be placed along the

area classifications are designated in product electrical conduit line. In Europe, most explosion-

specifications: proof installations use cable glands. Both methods

are acceptable.
e E5 Explosion Proof for Class I, Division 1, Groups
B, C, and D indicates the instrument may be
safely used in hazardous areas with ignitable
concentrations of gases or vapors (Class I) present
most of the time or for short periods of time
under normal conditions
15 non-incendive for Class II, Division 2, Groups
A, B, C, and D indicates the instrument may be
safely used in hazardous areas with ignitable
concentrations of dust (Class Il) present only
under fault conditions

Figure 13.1.5: NEC explosion-proof installation

North IEC Definition
American Intrinsic safety installation

ZoneO Ignitable concentrations Figure 13.1.6 shows the NEC requirements for an I.S.
L present most of the time under installation. Users should consider functional issues
Division 1 normal conditions .
such as communications and temperature effect
Zone 1 Ignitable c(éncentrati?ns when performing an I.S. installation. The I.S. barrier
present under norma H
e must be located outside the hazardous area.
Division 2 Zone 2 Ignitable concentrations
present only under fault
conditions

Table 13.1.4: Hazardous area classifications
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13 - Product approvals and certifications

Specific conditions for safe use

In many cases, an Ex certificate has associated unique
installation or maintenance requirements, often
called Specific Conditions for Safe use. For ATEX,
IECEx (and some other) certificates, this is indicated
by the letter “X” at the end of the certificate number.
These requirements are listed in the certificate, and
also in the Product Certifications document and/or
Control drawing or Installation manual.

Figure 13.1.6: Intrinsic safety installation

Sealing installation
The NEC requires that electrical enclosures be sealed if:

e The equipment marking requires sealing

e The equipment contains a source of electrical or
thermal ignition

e The equipment has a provision for process
connection but does not incorporate dual
independent sealing of process fluids

Figure 13.1.7: Example of a sealed enclosure

13.2  Enclosure ratings

Two standards govern the ingress (entry) protection
(IP) of enclosures. These standards use rating systems
to identify an enclosure’s ability to resist external
environmental influences. The two standards are:

* |EC

¢ National Electrical Manufacturer’s Association
(NEMA)

IEC ratings are based on performance criteria similar

to NEMA, with different interpretations of enclosure

performance.

13.2.1

IEC uses the codes in table 13.2.1 to designate an
enclosure’s ability to protect against different types
of solids and liquids. The first number indicates

the degree of protection against solid foreign
particles. The second number indicates the degree
of protection against harmful entry of water. If either
the first or second number is indicated with an X or a
zero, then no protection is provided in that category.
Examples of IEC IP codes include:

IECingress protection codes

 IPX4 indicates protection against splashing water
only

* IP2X indicates protection against solid foreign
particles only

P56 indicates protection against dust and heavy
seas or powerful water jets

E
no.

OorX No protection 0orX No protection
1 Objects 1 Vertically
>50 mm dripping water
2 Objects 2 75-105° angled
>12.5mm dripping water
3 Objects 3 Spraying water
>2.5mm
4 Objects 4 Splashing water
>1.0mm
5 Dust- 5 Water jets
protected
6 Dust-tight 6 Heavy seas,
powerful water
jets
7 Effects of
immersion
8 Indefinite
immersion

Table 13.2.1: IEC enclosure protection codes

®
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13.2.2

NEMA indicates an enclosure’s degree of protection
against various materials using the numbers 1-13.
The numbers cover liquid, solid, and hazardous area
requirements.

m

General purpose enclosure

NEMA ingress protection ratings

2 Drip-tight enclosure

3 Weather proof

4 Water-tight

4X Water-tight and corrosion resistant

5 Dust-tight

6 Submersible
Hazardous locations (Class I, Groups
Cand D)

8 Hazardous locations (Class I, oil-
immersed)

9 Hazardous locations (Class II,
Groups E, F, and G)

10 Explosion-proof (Bureau of Mines 0)

11 Acid and fume resistant, oil-
immersed, used indoors

12 Industrial use

13 Dust proof

Table 13.2.2: NEMA enclosure protection codes

Comparing NEMA enclosure types with IEC
classifications

IEC does not specify degrees of protection against
risk of explosions or conditions such as moisture

or corrosive vapors; NEMA does. Because of this
reason and because tests and evaluations for other
characteristics are not identical, IEC enclosure
classification designations cannot be exactly
equated with NEMA enclosure type numbers. Table
13.2.3 shows general comparisons between NEMA
enclosure types and IEC enclosure classifications that
are similar but not exact.

3

IP54
4 IP56
IP56
IP52
IP67
12 IP52

Table 13.2.3: Comparing NEMA with IEC designations

For further information please contact Emerson.
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14 - Safety instrumented systems

14. Safety
Instrumented
Systems

Primary function of application

IEC61511 is the globally accepted standard which
sets out practices in process and bulk liquid industries
that ensure the safety of industrial processes

through the use of completely or partially electrical

| electronic | programmable instrumentation. Such
systems are known as Safety Instrumented Systems
(SIS).

To meet safety requirements and environmental
regulations, most storage tanks need to be equipped
with an overfill alarm to avoid overfilling and
consequent safety and environmental hazards.

The overfill alarm is normally connected to a safety
system which operates separately from the system
used for the operation of the tank.

Depending on the degree of hazard the overspill
could resultin, the safety system may also need
redundancy.

Figure 14.1: Storage tank with SIL suitable instrumentation

Application characteristics and challenges

 Storage tanks can have stilling wells and | or
floating roofs. Sometimes the position of the
floating roof is measured.

* Stored fluids may be light (eg. LPG) and subject to
phase changes- for example boiling or vaporizing
under storage temperature and pressure changes

e Fluids can be viscous or dirty and may cause
coating and plugging of equipment

* Fluids may be hazardous; corrosive and | or
flammable

* Measurement points often situated in hazardous
locations

* Proof testing procedures can be complex and
pose risks

Suitable technologies

Within a Safety Instrumented System, there is no
‘one size fits all’ technology and system. Different
applications have their own specific challenges and it
isimportant to select the appropriate technologies
that meet these.

IEC61511 prescribes two different options for the

selection of SIS equipment

e |EC61508 compliant equipment

* Self-qualification of the equipment based on the
prior-use clause in [EC61511

Float switches, vibrating fork switches, non-
contacting radars, guided wave radars, and DP
level technology can all be suitable technologies
depending on the application type and level of risk
reduction required.

Electronic level measurement technology has gained
in popularity in recent years due to diagnostics
capability. Many types available today have the
ability to continuously monitor their mechanical

and electronic "health" and signal if there is a
problem. Some are also equipped with a means of
performing a functional or proof-test, either locally
via a test button or magnetic test point, or remotely
by sending a command from the host system. This
allows operators to periodically check the integrity of
their overfill prevention device "in process" without
having to remove it from the vessel.

Sensors may be classed as Type A or Type B. Type A
device is an analog device in which all failure modes
can be predicted and tested for. Type B devices

have microprocessors in them which means it has
software/firmware which can’t be tested for all failure
modes.

©
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Selecting IEC61508 compliant equipment generally
results in less work when implementing a Safety
instrumented System.

Best practice

e Asaresult of recent changes in requlatory
requirements, and the increase in use of SIS
safety systems, measurement and control
instrumentation has to meet specific levels
of functional safety. Instruments with built-in
diagnostics and self-checking capability to meet
the needs of SIL1, 2 or 3 safety systems are
required

 Select technology which has been safety-assessed
and certified to IEC61508 by an independent third
party

 Select technology with high diagnostics coverage

» Consider undetected dangerous failure modes

 Consider technology with minimum number for
greatest reliability

 To reduce risk during routine proof testing, select
a technology which facilitates a method of “in
process” proof-testing whereby the liquid level
does not need to be changed and the device can
be tested without removal from the vessel

» Consider technology with greater remote
functionality- for example remote configuration,
diagnostics and proof testing to lessen operator
time spent in hazardous locations

14.1  Safety Integrity Level (SIL)

The process industry sector’s international standard
for safety instrumented systems IEC 61511 defines
SIL as the degree of necessary risk reduction for a
certain safety function. A function is furthermore
defined as a set of instruments intended to detect
an imminent accident, decide to take an action and
carry out actions as appropriate. At a minimum, the
instruments included are a sensor, a logic solver and
a final element. This could typically be one or more
level transmitter communicating with a PLC that

is set to control a shutdown valve. There are many
procedures available for the actual determination
of a function’s SIL, but their common goal is to
determine the probability of occurrence of harm
and the severity of that harm. Each safety function is
determined to be SIL 1, SIL 2, SIL3 or SIL4. The higher
the SIL, the higher are the requirements to achieve a
tolerable risk. Most functions are determined to be
SIL 1, some are SIL 2 and few are SIL 3.

For any given SIL, the actual targets vary depending
on devices complexity, likelihood of demand, and
the architecture’s redundancy or voting schemes
used. Most modern devices are deemed complex
(Type B) because of the use of microprocessors.

The likelihood of demand depends on the way the
function operates. If the safe action is demanded
more often than the test interval or more than

once a year, it is considered as a continuous or high
demand of operation. Finally, redundancy in the
instrument architecture is referred to as a system’s
Hardware Fault Tolerance, i.e. the ability to be able to
undertake the required safety instrumented function
in the presence of dangerous faults in hardware. For
example, itis common to use 3 sensors in parallel
and a 2003 (2-out-of-3) voting for SIL 2 functions.
This provides a hardware fault tolerance of 1 since
the failure of one of the devices does not prevent the
safety action from occurring.

It has become convenient to classify devicesas SIL 1,
SIL 2, or SIL 3 devices, but there is actually no such
thing. The important target for a device is that a
device’s Safe Failure Fraction (SFF) is not lower than
the specified SFF and that the Probability of Failure
on Demand (PFD) is as low as possible. These failure
probabilities are calculated by performing a Failure
Modes, Effects, and Diagnostic Analysis (FMEDA).
The SIL also sets requirements for systematic safety
integrity, which defines a set of techniques and
measures required to prevent systematic failures
from being designed into a device or a system. These
requirements can either be met by establishing a
rigorous development process, or by establishing that
the device has sufficient operating history to argue
that it has been proven in use. Electric and electronic
devices can be certified for use in functional safety
applications according to IEC 61508, providing
application developers the evidence required to
demonstrate that the application including the
device is also compliant.

IEC 61508 addresses the requirements for
manufacturers of safety components used on SIS and
IEC 61511 outline the requirements for end-users and
integrators only.

14.2  Selecting a safe sensor

Within IEC 61511, there are two options for selecting
sensors. The first option is a safety certified device
that is designed per IEC 61508. This means that the
manufacturer proves that the device or transmitter
is safe and the user proves the actual interface to the
process is safe.
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The second option is to select a sensor based on
"Prior-use”. That means the end user proves that the
entire system is safe.

14.3 FMEDA

One step in selecting a sensor technology is to look
at the safety and reliability of the sensor. This is
typically in the form of a Failure Modes, Effects, and
Diagnostic Analysis or FMEDA. This evaluation can be
carried out for non-certified and certified products.
This is an exercise where typically an independent
3rd party (e.g. Exida, TUV, FM or SP), will look at

the schematics and hardware of the product and
identify all the failure modes. It will give the safe
detected, safe undetected, dangerous detected, and
dangerous undetected failures.

Two key metrics are the Safe Failure Fraction (SFF)
and Probability of Failure on Demand (PFD). The Safe
Failure Fraction (SFF) tells if the product is suitable
for a function with a given SIL and Hardware Fault
Tolerance. The PFD tells the risk of a sensor to not
perform safe when needed. When any instrument

is first commissioned, its PFD is 0. The PFD will
increase over time though, until a proof test is carried
out to restore the PFD. A function's SIL defines the
maximum allowed PFD. The speed at which the

PFD increases is unique for each instrument and
specifications typically show instruments' PFD after 1
year for comparisons.

Itis important is that the proof test interval of

a sensor is greater than or equal to your plant
turnaround interval. This way, there is no process
interruption and there is a reduced risk to your
personnel.

14.4  Certified sensors

For a certified sensor, there are really two systems.
The 1st system is the actual device or transmitter.
For this system or top half, the burden is on the
manufacturer to prove that it is safe. The second
system, or bottom half, is the actual interface to the
process. The 2nd half or bottom portion is the user’s
responsibility. The user must prove it's safe.

Both of these systems will have a probability of
failure on demand or PFD - there will be a PFD for the
transmitter and a PFD for the interface and these will
be added together. Probability of Failure on Demand
is the probability that the loop/device will be in a
failure mode when there is a demand on the system.

SIS Application

Certified l_l I Prior-Use
Mfg proves
It's safe

User proves
It's safe

User proves

It's safe

|

Figure 14.4.1: Responsibility of proof for SIS sensors

14.5 Prior-use

For a prior-use transmitter, the user proves that the
entire system is safe. The user must have data to
support that both the transmitter and interface are
safe to use in that application. In addition, there are
two ways to claim SIL suitable prior-use; either with a
SFF from the hardware assessment (according to IEC
61508), or with a SFF from the hardware assessment
(according to IEC 61508) combined with plant
specific proven-in-use data (per IEC61511). This
means, as an example; a sensor with a SFF>90% will
be SIL 2 suitable (if the system has a Hardware Fault
Tolerance (HFT) of 0) and a sensor with a SFF in the
range of 60 to <90% will be SIL 1 suitable in that same
system.

However, users can reduce the HFT by one according
to IEC 61511 in their validation together with proven-
in-use data. See table below.

Note: Scope in IEC61511-1 part 1 states:
”...does not apply to manufacturers wishing to
claim that devices are suitable for use in safety
instrumented systems ...”

Proven-in-use data should be plant specific data and

manufacturers, or assessors for manufacturers, can
not qualify and claim proven-in-use as per [EC61511.

stk [nFr=0 | HFT=1(0%) [HFT=2(1%)
NJA

<60% SILT SIL2
60%...<90%  SIL1 SIL2 SIL3

90%..<99% SIL2  SIL3 (SIL4)
>99% SIL3 (SIL4) (SIL4)

Table 14.5.1 Prior-use Safety Integrity Levels based on SFF
for type B safety related subsystems. *Users can reduce the
Hardware Fault Tolerance (HTF) by one with proven-in-use
according to IEC 61511 in their validation. Only users, not
manufacturers can do this.
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Rosemount 2120 level switch -
certified to IEC61508 (SIL2)
vibrating fork

14.6

The Rosemount 2130 series has been evaluated by

third party Exida per hardware assessment [EC 61508.

The hardware assessment consists of a FMEDA

(Failure mode, effects and diagnostic analysis) report.

Rosemount 2100 series is considered to be a type B
device. With a Safe Failure Fraction (SFF) > 90% for 4
of the electronic output options, it is certified SIL 2
suitable.

The Rosemount 2120 vibrating fork level switch with
output types K-NAMUR, G-PNP/PLC, and H-8/16mA
is a Type B device according to IEC 61508, with a SFF
>90% and is certified SIL2 suitable, having a hardware
fault tolerance of 0.

Figure 14.6.1: Rosemount 2120 with SIL2

14.7 Rosemount 2130 level switch -

certified to IEC61508 (SIL2)
vibrating fork

The Rosemount 2130 has been evaluated by third
party Exida per hardware assessment IEC 61508. The
hardware assessment consists of a FMEDA (Failure
mode, effects and diagnostic analysis) report.
Rosemount 2130 is equipped with a magnetic test
point as standard, allowing operators to perform

a quick, simple and safe local partial-proof test "in
process".

The Rosemount 2130 vibrating fork level switch with
output types N-NAMUR, P-PNP/PLC, L-Direct Load
and M-8/16mA is a Type B device according to IEC
61508, with a SFF >90% and is certified SIL2 suitable,
having a hardware fault tolerance of 0.

The Rosemount 2130 vibrating fork level switch with
output type D - DPDT/DPCO relay is considered to be
a Type B subsystem with hardware fault tolerance of
0. With a Safe Failure Fraction (SFF) <90%, it has
shown prior use SIL1 suitable with HFT=0 and SIL 2
suitable with HFT=1.

Output type Level of integrity ﬂ Figure 14.7.1: Rosemount 2130 with SIL2

Namur(K) ~ SIL2 @HFT=0,Route 1, >91.1%
SIL3 @HFT=1,Route 1,
8/16mA (H)  SIL2 @HFT=0,Route 1, >90.9%
SIL3 @ HFT=1, Route 1,
PNP/PLC(G) SIL2 @HFT=0,Route 1, >90%
SIL3 @HFT=1,Route 1,
Relay (V) SILT @HFT=0,Route 1,  >72%

SIL2 @ HFT=1, Route 1,

Table 14.6.1: Rosemount 2120 certificates and approvals

Output type Level of integrity ﬂ

Namur (N) SIL2 @ HFT=0 >90%

PNP/PLC (P)

Load Switching (L)

8/16mA (M)

Relay (D) SIL1 @ HFT=0 >76.8%
SIL2 @ HFT=1

Table 14.7.1: Rosemount 2130 certificates and approvals
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14.8 Rosemount 2140:SIS level

detector-certified to IEC61508
(SIL2) vibrating fork

The Rosemount 2140:SIS Vibrating Fork Liquid Level
Detector has been evaluated by third party Exida
per hardware assessment IEC 61508. The hardware
assessment consists of FMEDA (Failure Mode, Effects
and Diagnostics Analysis) report. It is classified

as a Type B device that meets the requirements

of providing a level of integrity to SIL 2 @ HFT=0,
Route TH with a SFF up to 97.7% depending on
configuration.

Rosemount 2140:SIS is equipped with a fully
integrated remote partial proof test function,
activated via a HART command from the host. A push
button to perform same test "locally" is also included.

* SFFupto97.7%

e PFDAVG: 6.82E-03 based on proof test interval of
1 year

e Proof test interval: supports >5 years (based on
sensor average probability of failure on demand
should be better or equal to 3.5E-03 for SIL2)

* Valid for 4-20 mA with HART communication

Figure 14.8.1: Rosemount 2140:5IS

SIL2 @ HFT=0, Route 1, >97.7%

Table 14.8.1: Rosemount 2140 certificates and approvals

14.9 Rosemount 5300 level

transmitter - certified to
IEC61508 (SIL2) guided wave
radar

The Rosemount 5300 has been evaluated by third
party Exida per hardware assessment IEC 61508. The
hardware assessment consists of a FMEDA (Failure
Mode, Effects and Diagnostic Analysis) report.

Rosemount 5300 is considered to be a type B device.
With Safe Failure Fraction (SFF) > 90% it has shown
prior-use SIL 2 suitable. This option provides the
safety instrumentation engineer with the required
failure data as per IEC 61508 [IEC 61511 and with
proof test recommendations.

e SFF: >90%

e PFDAVG: 6.13E-04 based on proof test interval of
1 year

e Proof test interval: supports 5 years (based on
sensor average probability of failure on demand
should be better or equal to 3.5E-03 for SIL2)

¢ Valid for 4-20 mA output (HART)

Figure 14.9.1: Rosemount 5300 with SIL2

SIL3 @ HFT=1, Route 1, >91.5%
SIL2 @ HFT=0, Route 1, >91.5%
SIL3 @ HFT=1, Route 2, =
SIL2 @ HFT=0, Route 2,, -

Table 14.9.1: Rosemount 5300 certificates and approvals
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14.10 Rosemount 5408:SIS level
transmitter - certified to
IEC61508 (SIL2) non-contacting
radar

The Rosemount 5408:SIS has been certified to SIL

2 by third party Exida per hardware assessment IEC
61508. The hardware assessment consists of FMEDA
(Failure Mode, Effects and Diagnostics Analysis)
report. It is classified as a Type B device that meets
the requirements of providing a level of integrity

to SIL2 @ HFT=0 & SIL3 @ HFT=1, Route TH with a
SFF>92.7%. Valid for 4-20mA output (HART).

Figure 14.10.1: Rosemount 5408:SIS with SIL2

SIL3 @ HFT=1, Route 1, >92.7%
SIL2 @ HFT=0, Route 1, >92.7%

Table 17.10.1: Rosemount 5408:SIS certificates and approvals

14.11 Rosemount Pressure

Transmitters and Remote Seals

Rosemount Pressure Transmitter and Remote Seals
are designed to perform with the highest levels

of reliability and safety. These devices have been
evulated by a third party to be available either with
safety certification to IEC 61508, with documentation
available to support Probability of Failure on Demand
(PFD) calculations or with Failure Modes, Effects, and
Diagnostics Analysis (FMEDA) to support justification
foruse in IEC 61511 Prior Use justification.

Devices included are:

¢ Rosemount 3051S Transmitters
Rosemount 3051S ERS Systems
Rosemount 3051 Transmitters
Rosemount 2051 Transmitters
Rosemount 1199 Diaphragm Seal System

Figure 14.11.1: Rosemount 3051SAL liquid level transmitter with
SIL3

NOTE!

For more information regarding safety, including
certificates, FMEDA reports, and safety manuals,
go to:

Emerson.com/Rosemount

14.12 Rosemount 5900S radar level
gauge - certified to IEC61508
(SIL2) non-contacting radar

The Rosemount 5900S Radar Level Gauge has

been evaluated by third party Exida per hardware
assessment I[EC 61508. The hardware assessment
consists of FMEDA (Failure Mode, Effects and
Diagnostics Analysis) report. It is classified as a Type
B device that meets the requirements of providing
alevel of integrity to SIL2 @ HFT=0, Route TH with
a SFF>91.7% and SIL2 @ HFT=0, Route 2H. Valid for
4-20mA output (HART).

Figure 14.12.1: Rosenount 5900S radar level gauge with SIL2

®
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Level of integrity SFF

SIL2 @ HFT=0, Route 1, >91.6%
SIL2 @ HFT=0, Route 2,

Table 14.12.1: Rosemount 5900S certificates and approvals

14.13 Rosemount 5900S 2-in-1 radar
level gauge - certified to
IEC61508 (SIL3) non-contacting
radar

The 59008 is the world’s first SIL3-certified radar
level gauge for overfill prevention. With patented
2-in-1 functionality, a single enclosure contains two
independent sets of radar level gauge electronics.
The highest level of safety with SIL3 can now be
achieved with a single gauge (HFT=0), requiring

only a single tank-opening and a single installation,
without compromising on the custody transfer grade
accuracy. The certification has been carried out by
Exida.

e SFF>99%

¢ Proof test interval: supports approx 9 years for
SIL3 (PFD < 1.0E-3)

¢ Output: Discrete output (routed through the
Rosemount 2410 Tank Hub)

Figure 14.13.1: Rosemount 5900S 2-in-1 radar level gauge with
SIL3

Level of integrity SFF

SIL3 @ HFT=0, Route 1, >99%

Table 14.13.2: Rosemount 5900S 2-in-1 certificates and
approvals

NOTE!

For more information regarding safety, including
certificates, FMEDA reports, and safety manuals,
go to: Emerson.com/Rosemount

14.14 Rosemount 5900C radar level
gauge - certified to IEC61508
(SIL2) non-contacting radar

The Rosemount 5900C Radar Level Gauge has

been evaluated by third party Exida per hardware
assessment IEC 61508. The hardware assessment
consists of FMEDA (Failure Mode, Effects and
Diagnostics Analysis) report. It is classified as a Type
B device that meets the requirements of providing
alevel of integrity to SIL2 @ HFT=0, Route TH with a
SFF>91.7% and SIL2 @ HFT=0, Route 2H.

Figure 14.14.1: Rosemount 5900C radar level gauge with SIL2

SIL2 @ HFT=0, Route 1, >91.6%
SIL2 @ HFT=0, Route 2,

Table 14.14.1: Rosemount 5900C certificates and approvals
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15.1 - Dielectric constants

T S N 3 £

ACTIVATED COKE PELLETS

ALUM (ALUMINIUM POTASSIUM SULPHATE) 42 140 60

ALUM (ALUMINIUM SULPHATE) 2.6 68 20
AMINO-2-METHYLPROPANE 4.4 70 21
AMINOALKYD RESIN 3.9-4.2 L
AMINODODECANE (DODECYLAMINE) 3.1 86 30 S
AMINOETHYLAMINO ETHANOL 21.8 68 20
AMINOFULSENFORTE 22.0 77 25
AMINOHEXADECANE 2.7 131 55 L
AMINO-OCTADECANE, STEARYLAMINE 2.6 136 58 L
AMINOOCTANE 3.9 54 12 L
AMINOOCTANE 4.1 36 2 L
AMINOPENTANE 4.5 72 22 L
AMINO-TETRADECANE 2.9 104 40 L
AMINOTOLUENE 4.6 68 20 L
AMINOX 2.4 2750 1350 S
AMLMERCAPTAN 47 68 20 L
AMMONIA 1.0072 32.0 0.0 GA
AMMONIA 14.9 77 25 L
AMMONIA 15.5 68 20 L
AMMONIA 18.9 40.0 4.4 L
AMMONIA 22.0 300  -344 L
AMMONIA 22.7 -58 -50 L
AMMONIA 25.0 1040  -75.6 L
AMMONIA 25.0 740  -58.9 L
AMMONIA, AQUEOUS (25%) 31.6 68 20 L
AMP (2-AMINO-2-METHYL-1-PROPANOL) 18-20 122-86 50-30 L
ASBESTOS, BLUE 3.4 68 20 S
ASBESTOS, DRY 10.2 68 20 S
ASH, CEMENT KILN 125 75.0 23.9 S
ASH, FLY (BOILER) 1.7 1250 517 S
ASH, FLY (BOILER) 1.9 80.0 26.7 S
ASH, SODA 3.6 75.0 23.9 S
ASH, SODA (0.09% H20) 1.7 75.0 23.9 S
ASPHALT 2.6 75.0 23.9 S
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ASPHALT 2.7 75.2 24.0 L
ASPHALT 3.7 400.0 204.4 L
AVIATION GASOLINE 1.9 77.0 25.0 L
BAYOL 2.1 75.2 24.0 L
BAYOL-16 2.2 75.2 24.0 L
BAYOL-D 2.1 75.2 24.0 L
BAYOL-F 2.1 75.2 24.0 L
BENZALDEHYDE 10.9 59 15 L
BENZALDEHYDE 17.0 68 20 L
BENZALDEHYDE 19.0 32.0 0.0 L
BENZENE 1.0028 700.0 3711 GA
BENZENE 2.1 275.0 135.0 L
BENZENE 2.3 68 20 L
BENZENE, (BROMOMETHYL) 6.7 68 20 L
BENZENE, (DICHLOROMETHYL) 6.9 68 20 L
BENZENE, (TRIFLUOROMETHYL) 9.2 77.0 25.0 L
BENZENE, HEAVY 3.2 68 20 L
BENZENE, PURE 1.9 68 20 L
BENZENEDIOL 13.6 248.0 120.0 L
BENZENEPHOSPHONIC ACID DICHLORIDE 26.0 68 20 L
BENZENEPHOSPHONIC ACID DIFLUORIDE 27.9 68 20 L
BENZENESULFONYL CHLORIDE 28.9 122.0 50.0 L
BENZENESULFONYL CHLORIDE, 4.7 77.0 25.0 L
(TRIFLUOROMETHYLSULFONYL)-

BENZENETHIOL 4.3 86.0 30.0 L
BENZENETHIOL, (TRIFLUOROMETHYLSULFONYL)- 28.5 77.0 25.0 L
BENZIL 5.9 158 70 L
BENZIL 13.0 203.0 95.0 L
BENZINE (LIGROIN) 7.6 75.0 23.9 L
BENZOLE 2.3 50 10 L
BENZOLE, HEAVY 3.2 68 20 L
BENZOLE+ MALONATE, WITHOUT EMULSION 3.5 68 20 L
BENZONITRILE 22.0 160.0 71.1 L
BENZONITRILE 25.9-26 68 20 L
BENZOPHENONE 11.4 112.0 44.4 L
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BENZOPHENONE 12.6 80.6 27.0 L
BENZOTRICHLORIDE 7.4 68 20 L
BENZOTRICHLORIDE 19.0 68 20 L
BENZOYL (P-CHLOROPHENYL) THIODIIMINE 7.9 19.4 -7.0 L
BENZOYL (P-FLUOROPHENYL) THIODIIMINE 7.3 152.6 67.0 L
BENZOYL (P-METHYLPHENYL) THIODIIMINE 13.1 154.4 68.0 L
BENZOYL (P-TRIFLUORO-METHYLSULFONYL) 15.9 158.0 70.0 L
PHENYTHIODIIMINE

BENZOYL ACETATE 11.5 70 21.0 L
BENZOYL ACETONE 3.8 68 20 L
BENZOYL ACETONE 29.0 68 20 L
BENZOYL BROMIDE 21.3 68 20 L
BENZOYL CHLORIDE 19.0 75.0 23.9 L
BENZOYL CHLORIDE 20.0 68 20 L
BENZOYL CHLORIDE 23.0 68 20 L
BENZOYL CHLORIDE 22.7 68 20 L
BENZOYLIMIDOSULFUROUS DICHLORIDE 31.6 104.0 40.0 L
BENZYL ACETATE 5.0 70.0 21.1 L
BENZYL ACETATE 53 86.0 30.0 L
BENZYL ALCOHOL 6.6 270 132 L
BENZYL ALCOHOL 9.5 158 70 L
BENZYL ALCOHOL 11.9 86.0 30.0 L
BENZYL ALCOHOL 13.0 68 20 L
BENZYL BENZOATE 4.8 68 20 L
BENZYL BENZOATE 53 86.0 30.0 L
BENZYL BUTANOATE 4.6 82.4 28.0 L
BENZYL CHLORIDE 7.0 55 13 L
BENZYL CHLORIDE 6.4-6.9 68 20 L
BENZYL CYANIDE 6.0 155.0 68.3 L
BENZYL CYANIDE 18.3 68 20 L
BENZYLETHYL ETHER 3.9 77.0 25.0 L
BENZYL ETHYLAMINE 4.3 68 20 L
BENZYL FORMATE 6.3 86.0 30.0 L
BENZYL IODIDE 4.6 68 20 L
BENZYL NITRITE 7.8 77.0 25.0 L
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BENZYL PHENYL ETHER 104.0 40.0

BENZYL PHENYLACETATE 4.5 86.0 30.0 L
BENZYL PROPANOATE 5.1 86.0 30.0 L
BENZYL SALICYLATE 4.1 68 20.0 L
BENZYL SALICYLATE 4.1 82.4 28.0 L
BENZYLAMINE (AMINO TOLUENE) 4.3 120.0 48.9 L
BENZYLAMINE (AMINO TOLUENE) 4.6 68 20 L
BENZYLAMINE (AMINO TOLUENE) 5.5 32.0 0.0 L
BENZYLETHYLAMINE 4.3 68 20.0 L
BENZYLMETHYLAMINE 4.4 66.2 19.0 L
BENZYLTHIOL 4.7 77.0 25.0 L
BIOPROPANOL 25.0 68 20.0 L
BIS(1-METHYLPROPOXY)DIMETHYLSILANE 3.0 77.0 25.0 L
BIS(3-METHYLBUTYL)AMINE 2.5 64.4 18.0 L
BIS(TRIMETHYLSILANEOXYETHYL)AMINE 3.6 104.0 40.0 L
BITUMEN 2.3 140 60.0 L
BITUMEN 2.8 68 20.0 L
BITUMEN FROTH 4.1 75 23.9 L
BONE MEAL 1.7 68 20.0 S
BUTADIENE 2.1 17.6 -8.0 L
BUTANAL 13.0 77.0 25.0 L
BUTANE 1.4 30.2 -1.0 L
BUTANE 1.8 71.6 22.0 L
BUTANE 2.9 68 20 L
Butanediol 224 77.0 25.0 L
BUTANEDIOL 30.0 80.0 26.7 L
BUTANEDIOL DINITRATE 18.0-18.9 68 20 L
BUTANEDIOL-(1,3)-DINITRATE 18.9 68 20 L
BUTANEDIOL-(1,4) 30.2 86 30 L
BUTANEDIOL-(2,3)-DINITRATE 28.8 68 20 L
BUTANEDIODIACETATE 5.1 77 25 L
BUTANOL (BUTYL ALCOHOL) 15.4 104 40 L
BUTANOL (BUTYL ALCOHOL) 23.8 -13 -25 L
BUTANOL (BUTYL ALCOHOL) 17.3-17.8 68 20 L
BUTANONE 18.5-18.6 68 20 L
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BUTANONE (-2) 17.6 104 40 L
BUTANONE (-2)-OXIME 3.4 68 20 L
BUTANONE OXIME 34 68 20 L
BUTANONEOXIM 34 68 20 L
BUTENE 2.0 73.4 23.0 L
BUTOXYACETYLENE 6.6 77.0 25.0 L
BUTOXYACETYLENE 6.6 68 20 L
BUTOXYETHANOL 9.4 77.0 25.0 L
BUTOXYETHYL ISOCYANATE 9.4 68 20 L
BUTOXYTRIMETHYLSILANE 2.7 77.0 25.0 L
BUTHYL ACETATE 2.4 -108 -78 L
BUTYL ACETATE 34 1400  60.0 L
BUTYL ACETATE 5.1 68 20 L
BUTYL ACRYLATE 4.2 68 20 L
BUTYL ACRYLATE 5.3 824 280 L
BUTYL ACOHOL (BUTANOL) 7.0 140 60 L
BUTYL ACOHOL (BUTANOL) 1.2 86 30 L
BUTYL ACOHOL (BUTANOL) 19.5 50 10 L
BUTYL ACOHOL (BUTANOL) 20.0 75.0 23.0 L
BUTYL ACOHOL (BUTANOL) 23.8 -13 -25 L
BUTYL ACOHOL (N-) 7.8 66.0 18.9 L
BUTYL BENZENE 2.3 86 30 L
BUTYL BENZOATE 5.5 86.0 30.0 L
BUTYLSILANE 25 68 20 L
BUTYOXYTRIMETHYLSILANE 2.8 77.0 25.0 L
CALCIUM SULPHATE 2.3 75.0 23.9 S
CALCIUM SULPHATE 5.6 75.0 23.9 S
CARBON BISULFIDE, PURE 2.6 68 20 L
CARBON DIOXIDE 1.000921 68 20 GA
CARBON DIOXIDE 15 71.6 22.0 L
CARBON DIOXIDE 16 32.0 0.0 L
CARBON DISULPHIDE 2.2 180.0 822 L
CARBON DISULPHIDE 2.2 3500 1767 L
CARBON DISULPHIDE 2.6 68 20 L
CARBON DISULPHIDE 3.0 -166.0  -110.0 L
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CHLORINE 287.0 141.7 L
CHLORINE 1.7 170.6 77.0 L
CHLORINE 1.9 58.0 14.4 L
CHLORINE 2.0 32.0 0.0 L
CHLORINE 2.1 -85.0 -65.0 L
CHLORINE PENTAFLUORIDE 4.3 -112.0 -80.0 L
CHLORO-2-METHYL BUTANE 12.3 -59 -50 L
CHLORO-2-METHYL PROPANE 6.5 59 15 L
CHLORO-2-METHYL PROPANE 9.2 86 30 L
CHLORO-2-METHYL PROPANE 11.7 14 -10 L
CHLORO-2-NITRO-BENZENE 37.7 122 50 S
CHLORO-3-BROMOBENZENE 4.6 68 20 S
CHLORO-3-METHYL BUTANE 6.1 66 19 L
CHLORO-3-NITRO-BENZENE 13.3 149 65 L
CHLORO-3-NITRO-BENZOTRIFLUORIDE 12.8 86 30 L
CHLORO-4-ETHYL-BENZENE 6.0 77 25 L
CHLORO-4-NITRO-BENZENE 8.1 248 120 L
CHLORO-5-NITRO-BENZOTRIFLUORIDE 9.8 86 30 L
CHLORO-A, DIHYDROXIPRONE 31.0 68 20 L
CHLOROBENZENE 5.9 68 20 L
CHLOROBENZENE 6.1 32 0 L
CHLOROBENZENE 7.2 -50 -45.6 L
CHLOROBENZENE SULFONYLCHLORIDE 11.8 140.0 60.0 L
CHLOROBUTANE 6.8 108 42 L
CHLOROBUTANE 7.3 68 20 L
CHLOROBUTANE 9.1 -20.0 -28.9 L
CHLOROBUTANE 12.2 -130 -90 L
CHLOROBUTYL FORMATE 9.1 68 20
CHLOROETHANE 9.5 68 20 L
CHLOROETHANOL 25.8 68 20 L
CHLOROHEXANOL 21.6 -23.8 -31.0 L
CHLOROMETHANE 12.6 -35.0 -37.2 L
CHLOROMETHANE-4 12.6

CHLOROMETHYLBUTANE 12.3 -58.0 -50.0 L
CHLOROMETHYLDIOXOLANONE 97.5 104.0 40.0 L
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CHLOROMETHYLPROPANE L
CHLOROMETHYLTHIOPHENOL 5.5 86.0  30.0 L
CHLORONITROBENZENE 8.1 2480 1200 L
CHLORONITROPROPANE 31.9 94 230 L
CHLORONITROTOLUENE 28.1 824 280 L
CHLOROPYRIDINE 273 770 250 L
CHLOROTHIOANISOLE 6.0 770 250 L
CLEANER'S NAPHTHA 2.0 68 20 L
COAL 15% MOISTURE 4.0 68 20 S
COAL 65% MOISTURE 253 68 20 S
COAL BITUMINOUS 0% H20 3.2 7000 3711 S
COAL BITUMINOUS 0% H20 4.1 400.0 2044 S
COAL BITUMINOUS 0% H20 7.5 770 250 S
COALDUST 25 68 20 S
COAL POWDER 46 68 20 S
COALTAR 2.0-3.0 $?
COAL, POWDER, FINE 2-4 S
COKE 3.0 68 20 S
COKE 8.0 68 20 S
COKE 1.1-2.2 S
COKE (FROM COAL) 1.6 750 239 S
COMMON SALT 0.9 22.0 230 110 S
COMMON SALT 0.9 23.0 68 20 S
CORN COBS 1.8 750 239 S
CORN COBS 2% H20 (CRUSHED) 2.0 750 239 S
CRUDE TAR 4.0 68 20 L
CUMENE 2.4 68 20 L
CYCLOHEXADIONE 4.4 1700  76.7 L
CYCLOHEXANE 2.0 68 20 L
CYCLOHEXANE 2.0 68 20 L
CYCLOHEXANECARBOXYLIC ACID (HEXAHYDROBENZOIC 26 880  31.0 L
ACID)

CYCLOHEXANEDIONE 44 1724 78.0 L
CYCLOHEXANEMETHANOL 8.1 1760  80.0 L
CYCLOHEXANEMETHANOL 9.7 1400  60.0 L
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CYCLOHEXANETHIOL 77.0 25.0 L
CYCLOHEXANOL 12.5 113 45 L
CYCLOHEXANOL 14.1 95 35 L
CYCLOHEXANOL 14.8 77 25 L
CYCLOHEXANOL 15.0 68 20 L
CYCLOHEXANONE 19.0 -40.0 -40.0 L
CYCLOHEXANONE (KETOHEXAMETHYLENE) 18.2 68 20 L
DECANE 1.8 340.0 171.1 L
DECANE 2.0 68 20 L
DIBROMOBENZENE 2.6 203 95 L
DIBROMOBENZENE 2.6 23.0 =520 S
DIBROMOBENZENE 4.5 190.0 87.8 L
DIBROMOBENZENE 4.7 73 23 L
DIBROMOBENZENE 7.5 68 20 L
DIBROMOBENZENE 8.8 68 20 L
DIBROMOBENZENE (P-) 4.5 190.0 87.8 S
DIBROMOBUTANE 4.7 68 20 L
DIBROMOBUTANE 5.8 77 25 L
DIBROMODECANE 6.6 86.0 30.0 L
DIBROMODICHLOROMETHANE 2.5 77.0 25.0 L
DIBROMODIFLUOROMETHANE 29 32.0 0.0 L
DIBROMOETHANE 4.1 212 100 L
DIBROMOETHANE 4.1 265.0 129.4 L
DIBROMOETHANE 4.6 131 55 L
DIBROMOETHANE 4.7 104 40 L
DIBROMOETHANE 4.8 77 25 L
DIBROMOETHANE 7.1 77 25 L
DIBROMOETHANE 7.7 32 0 L
DIBROMOETHYLENE 29 68 20 L
DIBROMOETHYLENE 3.0 32 0 L
DIBROMOETHYLENE (CIS) 7.1 77.0 25.0 L
DIBROMOETHYLENE (CIS-1, 2) 7.7 32.0 0.0 L
DIBROMOETHYLENE (TRANS) 2.9 77.0 25.0 L
DIBROMOHEPTANE 3.8 77 25 L
DIBROMOHEPTANE 3.8 150.0 65.6 L
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DIBROMOHEPTANE 5.08 24.0 -4.4 L
DIBROMOHEPTANE 5.1 76.0 24.4 L
DIBROMOHEXANE 4.7-5.0 77.0 25.0 L
DIBROMOMETHANE 6.7 104 40 L
DIBROMOMETHANE 7.0 68 20 L
DIBROMOMETHANE 7.8 50.0 10.0 L
DIBROMOMETHYLPROPANE 4.1 68 20 L
DIBROMONONANE 7.2 68 20 L
DIBROMOOCTANE 7.4 77.0 25.0 L
DIBROMOPENTANE 4.3 68 20 L
DIBROMOPROPANE 4.3 68 20 L
DIBUTOXYDIMETHYLSILANE 2.8 77.0 25.0 L
DICHLORO-1-CHLOROMETHYLBENZENE 6.3 77.0 25.0 L
DICHLORO-1-METHYL BENZENE 9.0 77 25 L
DICHLORO-1-NITROETHANE 16.3 86.0 30.0 L
DICHLORO-2-CHLOROETHYLBENZENE 5.2 75.2 24.0 L
DICHLORO-2-METHYL PROPANE 7.2 73 23 L
DICHLORO-2-VINYL BENZENE 2.6 77 25 L
DICHLORO-3,5BIS(TRIFLUOROMETHYL)BENZENE 3.1 86.0 30.0 L
DIESEL FUEL 2.1 68 20 L
DIETHANOLAMINE, (DEA) 22-25 122-86 50-30 L
DIETHOXYETHANE 3.9 68 20 L
DIETHOXYMETHANE 2.5 68 20 L
DIETHYANOLAMINE 25.8 68 20 L
DIETHYLAMINE 3.7 68 20 L
DIETHYLSILANE 2.5 68 20 L
DIETHYOXYDIMETHYLSILANE 3.2 77 25 L
DIISOPROPANOLAMINE, (DIPA) 13.2-13.9 122-86 50-30 L
DIMETHOXYDIMETHYLSILANE 3.7 77.0 25.0 L
DIMETHYL SULFATE 55.0 77.0 25.0 L
DIMETHYL SULFIDE 6.3 68 20 L
DIMETHYL SULFONE 47.4 230.0 110.0 L
DIMETHYL SULFOXIDE 47.2 68 20 L
DIMETHYLBIS(1-METHYLETHOXY)SILANE 3.0 77.0 25.0 L
DIMETHYLDIPHENOXYSILANE 3.5 77.0 25.0 L
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DIMETHYLDIPROPOXYSILANE 3.0 77.0 25.0 L
DIMETHYLDIPROPYSILANE 2.1 68 20 L
ETHANE 1.9 -288.4  -178.0 L
ETHOXYTRIMETHYLSILANE 3.0 77.0 25.0 L
ETHYLBENZAMIDE 42.6 176.0 80.0 L
ETHYLBENZENE 2.4 68 20 L
ETHYLBENZENE 3.0 76.0 24.4 L
ETHYLBENZYLAMINE 4.3 68 20 L
ETHYLENE 1.5 26.6 -3.0 L
ETHYLENE GLYCOL 37.0 68 20 L
ETHYLENE GLYCOL 38.7 68 20 L
ETHYLENE GLYCOL 46.7 59 15 L
ETHYLENE OXIDE 12.4 68 20 L
ETHYLENE OXIDE 13.9 30 =1 L
ETHYLENE SULFITE 39.6 77.0 25.0 L
FLY ASH 3.3 68 20 S
FLY ASH 1.9-2.6 S
GASOLINE 2.0 70.0 21.1 L
GASOLINE, FUEL 2.1 75.0 23.9 L
GLYcoL 37.0 68 20 L
GLycoL 41.0 68 20 L
GYPSUM 2.8 75.0 23.9 S
HEAVY OIL 3.0 L
HEAVY OIL, C 2.6 L
HELIUM 1.1 -358.0 -216.7 GA
HELIUM 1.1 -455.8  -271.0 GA
HELIUM -3 1.055 58.0 14.4 GA
HELIUM, LIQUID 1.9-2.0 L
HEPTANE 1.9 68 20 L
HEPTANE 2.1 -130.0 -90.0 L
HEXANE 1.8 167 75 L
HEXANE 1.9 68 20 L
HEXANE 1.9 86 30 L
HEXANE 2.0 -130.0 -90.0 L
HEXANE 3.2 -200.0 -128.9 L
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HEXANE (CIS-3-) 76.0 244 L
HEXANE (N-) 1.9 68 20 L
HEXANONE 14.6 68 20 L
HEXANONE-(2) 14.6 58 15 L
HEXENE 2.0 69.8  21.0 L
HEXENE (CIS-3-) 2.1 76.0 244 L
HEXENE (TRANS-3-) 2.0 76.0 244 L
HEXYLAMINE 4.1 68 20 L
HYDRAZINE 51.7 32 0 L
HYDRAZINE 51.7 770 25.0 L
HYDRAZINE 52.9 68 20 L
HYDROCHLORIC ACID 2.6 68 20 L
HYDROCHLORIC ACID 4.6 68 20 L
HYDROCHLORIC ACID 4.6 82 28 L
HYDROCHLORIC ACID 6.3 5 -15 L
HYDROCHLORIC ACID 10.1 121 -85 L
HYDROCHLORIC ACID 10.2 162 -108 L
HYDROCHLORIC ACID 11.8 172 -113 L
HYDROCYANIC ACID 23 68 20 L
HYDROCYANIC ACID 158.0-158.1  32.0 0.0 L
HYDROFLUORIC ACID 83.6 32.0 0.0 L
HYDROGEN SULFIDE 5.9 50.0 10.0 L
HYDROGEN SULFIDE 9.3 41200 844 L
HYDROGEN SULPHIDE 5.9 50 10 L
HYDROGEN SULPHIDE 8.0 -78 61 L
HYDROGEN SULPHIDE 9.0 -109 79 L
HYDROGEN SUPEROXIDE, 30% 11.0 68 20 L
ISOBUTANE (METHYL PROPANE) 1.8 L
ISOBUTYLSILANE 25 68 20 L
ISOOCTANE 2.1-23 L
ISOPENTANE 1.8 68 20 L
ISOPENTANE 1.9 32 0 L
JET FUEL (JP1) 2.1 770 25.0 L
JET FUEL (JP3) 2.0 770 25.0 L
JET FUEL (MILITARY-JP4) 1.7 69.8  21.0 L
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KEROSENE (COMMERCIAL) 70.0 21.1 L
LIME 2.6 75.0 23.9 S
LIME 10.9 75.0 23.9 S
LIME (REBURNED) 2.2 75.0 23.9 S
LIME 1% H20 4.2 75.0 23.9 S
LIME 2% H20 7.7 75.0 23.9 S
LIME GRANULATE 4.0 68 20 S
LIME POWDER 3.3 68 20 S
LIME, CARBON-DIOXIDE PROCESS 3.1 68 20 S
LIME, MUNSTER 1.8 RT RT S
LIME, PHOSPHORIC ACID 5.0 68 20 S
LIME, SLAKED, 4 WEEKS OLD 2.2 68 20 S
LIME, SLAKED, DOLOMITE 1.8 RT RT S
LIME, SLAKED, REFINED 4.0 68 20 S
LIMESTONE 9.0 75.0 23.9 S
LIMESTONE .6% H20 2.8 75.0 23.9 S
LIMESTONE 2% H20 2.3 75.0 23.9 S
LIQUID PARAFIN 2.0 68 20 L
LIQUIFIED AIR 1.5 L
LIQUIFIED HYDROGEN 1.2 L
LPG 1.6-1.9 L
METHANE 1.005-1.05 10 50 GA
METHANE (LIQ. NATURAL GAS) 1.7 -295.6 -182.0 L
METHANOL (WOOD ALCOHOL, METHYL ALCOHOL) 33.0 68 20 L
METHANOL (WOOD ALCOHOL, METHYL ALCOHOL) 37.5 32.0 0.0 L
METHANOL (WOOD ALCOHOL, METHYL ALCOHOL) 56.6 -112.0 -80.0 L
METHANOL, IMPURE 20.4 68 20 L
METHOXYTRIMETHYLSILANE 3.2 77.0 25.0 L
METHYL MERCAPTAN 7.6 35.0 1.7 L
METHYL NAPHTHALIN 2.7 77 25
METHYL NITRATE 23.5 64 18 L
METHYL NITRATE 23.9 68 20 L
METHYLAMINE 9.4 77 25 L
METHYLAMINE 10.5 21.0 -6.1 L
METHYLAMINE 11.3 32 0 L
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METHYLAMINE 11.4 L
METHYLAMINE 16.7 -72.4 -58.0 L
METHYLNAPHTHALENE 2.7 68 20 L
METHYLNAPHTHALENE 2.7 104.0 40.0 L
METHYLPENTADIENE-(1,3) 2.4 77 25 L
METHYLPENTADIENE-(1,3) 2.5 122 50 L
METHYLPENTADIENE-(1,3) 3.2 -103 -75 L
METHYLPENTANE 1.9 68 20 L
METHYLTRIPHENOXYSILANE 3.6 77.0 25.0 L
MINERAL OIL 2.1 80.0 26.7 L
NAPHTHA (REFINERY CUT) 2.0 75.0 23.9 L
NAPHTHALENE 2.3 185.0 85.0 L
NAPHTHALENE 2.5 75.0 23.9 S
NAPHTHALENE 2.5 194 90 L
NAPHTHALENE 2.5 68 20 S
NAPHTHENIC ACID 2.6 68 20 L
NAPHTHOL 5.0 212.0 100.0 L
NAPHTHOLINE 2.5 75.0 23.9 L
NAPHTHONITRILE 6.4 70.0 21.1 L
NAPHTHONITRILE 16.0 158.0 70.0 L
NAPHTHYL NITRILE 19.2 72 22 L
NAPHTHYL SALICYLATE 6.3 68 20 L
NAPHTHYLAMINE 5.2 140.0 60.0 L
NAPHTHYLENEYLACETAMIDE 24.3 320.0 160.0 L
NAPTHONITRILE 6.4 69.8 21.0 L
NAPTHYL ETHYL ETHER 3.2 68 20 L
NITRICACID 50.0 14.0 -10.0 L
NITRICACID 97% HNO3 33.6 68 20 L
NITRICACID 98% HNO3 19.0 68 20 L
NITROGEN 1.00058 68 20 GA
NITROGEN 1.5 -346.0  -210.0 L
NITROGEN 1.4 -352 -213 L
NITROGEN 1.5 -318 2195 L
NITROGEN (LIQUIFIED) 1.3 =311L0) -190 L
NITROGEN (LIQUIFIED) 1.5 336.0 168.9 L
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N-METHYLDIETHANOLAMINE, (MDEA) 19-22 122-86 50-30
NONANE 1.8 2300 1100 L
NONANE 2.0 68 20 L
NONANE 2.1 -60.0  -51.1 L
OCTANE 1.061 GA
OCTANE 1.8 2300 1100 L
OCTANE 1.9 160.0  71.1 L
OCTANE 1.9 77 25 L
OCTANE 1.95 68 20 L
OCTANONE 7.4 2120 1000 L
OCTANONE 9.5 68 20 L
OCTANONE 125 -40  -200 L
OCTYLENE 4.1 66.2 19.0 L
olL 2.04-3 68 20 L
OlL/ DEA 124 2.4 68 20 L
OIL / WATER MIXTURE 24.2 68 20 L
OILB1 6.0 68 20 L
OILB3 4.2 68 20 L
oILD8 6.8 122 50 L
OIL, CONSERVE+C2733 2.4 68 20 L
OIL, FUEL (#2) 2.7 75.0 23.9 L
OIL, HB-40 2.3 77.0 25.0 L
OIL, HEATING 2.1 68 20 L
OIL, HEAVY 2.2 68 20 L
OIL, KEL-F GRADE #1 2.1 77.0 25.0 L
OIL, KEL-F GRADE #10 2.1 77.0 25.0 L
OIL, KEL-F GRADE #3 2.1 77.0 25.0 L
OlL, LUBE 2.1-2.4 68 20 L
OIL, MOBIL 2.3 68 20 L
OIL, MOTOR 2.6 68 20 L
OIL, MOTOR 10W40 AND SAE30 2.2 75.0 23.9 L
OIL, NON-CONDUCTIVE 3.0 68 20 L
OIL, PARAFFIN 2.2-4.7 68 20 L
OIL, PETROLEUM 2.1 68 20 L
OlL, PYRANOL 5.3 68 20 L
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OIL, SAE90

OIL, SAE90

OIL, TRANSFORMER (LUBE OIL)
OIL, TRANSIL

OIL, TRANSIL 10C

OIL, TRANSMISSION

OIL, TURPENTINE

PALLMAN CHIPS (WOOD, MOIST)
PAPER, WOOD, DRY

PE CHIPS

PE GRANULAT, WHITE (POLYETHYLENE)
PE POWDER, NON-STABILISED
PE, POWDER

PELLETS

PENTANDIONE

PENTANE

PENTANE

PENTANEDIOL

PENTANEDIONE

PENTANOL

PHENYLETHYLENE (STYRENE)
PHENYLETHYLENE (STYRENE)
POLYESTER (PLASTIC CHIPS)
POLYESTER (PLASTIC FLAKES)
POLYESTER (PLASTIC POWDER)
POLYESTER RESIN

POLYESTER RESIN

POLYESTER RESIN

POLYESTER RESIN

POLYESTER RESIN (FLEXIBLE)
POLYPROPYLENE
POLYPROPYLENE
POLYPROPYLENE, POWDER
POLYPROPYLENE, LIQUID
POLYPROPYLENE, PELLET

2.2
2.2
2.1
2.2
2.1
2.2
2.2
2.3
2.0
1.3
1.3
1.4
1.6
2.1
23.0
1.8
2.0
17.3
26.5
13.4
2.3
2.4
1.9
2.0
1.4
1.9
5.1
2.8
5.5
4.1
1.6
1.5
1.25
2.2-24
1.5-1.8

50
140
68
78.8
78.8
80.6
68
68
75.0
RT
RT
RT
RT
68
68
68
-130.0
73.4
86.0
77.0
167.0
77.0
75.0
75.0
75.0
68
68
75.0
75.0
75.0
68
75.0

68

10
60
20
26.0
26.0
27.0
20
20
23.9
RT
RT
RT
RT
20
20
20
-90.0
23.0
30.0
25.0
75.0
25.0
23.9
23.9
23.9
20
20
23.9
23.9
23.9
20
23.9

20
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POLYPROPYLENE, PLASTIC 1.60 75.0 23.9 S
POLYSTYRENE 2.5 S
POLYSTYRENE PLASTIC (PELLETS) 1.90 75.0 23.9 S
POLYSTYRENE RESIN 2.4 75.0 23.9 S
PROPANE 1.6 32.0 0.0 L
PROPANE 1.7 68 20 L
PROPANEDIOL 27.5 86.0 30.0 L
PROPANEDIOL DINITRATE 19.0 68 20 L
PROPANEDITHIOL 7.2 68 20 L
PROPANENITRILE 29.7 68 20 L
PROPANETHIOL 5.9 59.0 15.0 L
PROPANETRIOL 1,2-DIACETATE 18.2 -20.2 -29.0 L
PROPANETRIOL 1,3-DIACETATE 9.8 59.0 15.0 L
PROPENE 1.3 197.0 91.7 L
PROPENE 1.7 150.0 65.6 L
PROPENE 1.8 112.0 44.4 L
PROPENE 1.9 68 20 L
PROPENE 2.1 -63.4 -53.0 L
PROPYLAMINE 2.9 72 22 L
PROPYLAMINE 5.1 73.4 23.0 L
PROPYLAMINE 53 68 20 L
PROPYLBENZENE 2.4 68 20 L
PROPYLENE (LIQUID) 11.9 L
PROPYLENE GLYCOL 29.5 68 20 L
PROPYLENE GLYCOL (PG) 25-28 122-86 50-30 L
PYRAZINE 2.8 120.0 48.9 L
PYRIDINE 2.8 122.0 50.0 L
PYRIDINE 12.3 77 25 L
PYRIDINE 12.5 68 20 L
REBURNED LIME 2.2 S
RESIN 1.5 68 20

RESIN, NATURAL 2.2 RT RT S
RESIN, POLYESTER "ATLAS", +C2480 PECHINEY 2.3 68 20

RESIN, TECHNICAL PURITY 24.5 68 20

ROCK SALT 0-25MM 4.3 68 20 S
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SALT 3.0-15.0 S
SALT WATER 32.0 68 20 L
SAWDUST 13 RT RT S
SAWDUST, (DRY) 1.6 75.0 23.9 S
SHAVINGS-DUST, DRY 13 68 20 S
SHAVINGS-DUST, MOIST 2.0 68 20 S
SLAKED LIME, POWDER 2.0-3.5 S
SLATE 7.0 75.0 23.9 S
SODA (SODIUM CARBONATE) 4.6 RT RT S
SODA (SODIUM CARBONATE) 5.1 RT RT S
SODA (SODIUM CARBONATE) 5.6 RT RT S
SODIUM CARBONATE (10H20) 5.3 75.0 23.9 S
SODIUM CARBONATE (ANHYD) 8.4 75.0 23.9 S
SODIUM CARBONATE (SODA, SODA ASH) 5.3-8.4 S
SODIUM HYDROXIDE 25.8 68 20

SODIUM HYPOCHLORITE 6.7 S
SODIUM PHOSPHATE 16-1.9 S
SODIUM SULFITE 5

SODIUM TRIPOLYPHOSPHATE 2.3 75.0 23.9 S
SODIUM TRIPOLYPHOSPHATE 47 77 25 S
STEAM AT 0.3 PSI (0.02 BAR) 1.0002 68 20 GA
STEAM AT 14.7 PSI (1 BAR) 1.006 211 100  GA
STEAM AT 225 PSI (15.5 BAR) 1.064 392 200 GA
STEAM AT 577 PSI (39.7 BAR) 1.152 482 250 GA
STEAM AT 1246PSI (85.9 BAR 1.351 572 300 GA
STEAM AT 2398 PSI (165 .4 BAR) 1.863 662 350 GA
STEARATE (2458 A) 1.1 68 20
STEARATE (2458 B) 1.4 68 20
SULFATE, FINE 3.6 68 20 S
SULFINYL ANILINE, (TRIFLUOROMETHYLSAULFONYL)-N- 15.1 168.8  76.0 L
SULFINYLANILINE 7.0 77.0 25.0 L
SULFITE, SPENT LIQUOR 32.0 68 20 L
SULFUR 2.2 75.0 23.9 S
SULFUR 3.4 752.0 4000 L
SULFUR 3.5 4470 2306 L
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SULFUR 3.5 S
SULFUR 3.55 244.0 117.8 L
SULFUR 1.6-3.4 75.0 23.9 S
SULFUR CHLORIDE 3.0 77.0 25.0 L
SULFUR CHLORIDE 4.8 59 15 L
SULFUR DIOXIDE 14.0 68 20 L
SULFUR DIOXIDE 15.0 32 0 L
SULFUR DIOXIDE 17.6 -4.0 -20.0 L
SULFUR DIOXIDE 17.7 -6 -21 L
SULFUR, POWDER 1.6-3.6 S
SULFURIC ACID 21.9 68 20 L
SULFURICACID, 15% 31.0 68 20 L
SULFURIC ACID, 95% 8.3 68 20 L
SULFURICACID, 96% 7.8 68 20 L
SULFURICACID, 97% 8.6 68 20 L
SULFURICACID, 98% 7.2 68 20 L
SULFURICACID, CONC. 3.5 70 21 L
TAR PASTE BT 80/125 WITH BITUMEN 4.0 68 20 S
TAR PASTE T 40/60, VERY THIN 4.7 68 20 S
TAR PASTE TV 49/51, VERY THICK 4.3 158 70 S
TAR, CRUDE 4.0 68 20 L
TAR, CRUDE WITH 4.1% MOISTURE 5.5 68 20 L
TAR, OIL 3.8 86 30 L
TETRA (METHYLPROPOXY) SILANE 2.6 77.0 25.0 L
TETRAETHOXYSILANE 2.5 68 20 L
TETRAETHYLSILANE 2.1 68 20 L
TETRAMETHYLSILANE 1.9 68 20 L
TETRAPENTOXYSILANE 2.8 77.0 25.0 L
TETRAPHENOXYSILANE 3.5 140.0 60.0 L
TETRAPROPOXYSILANE 3.2 77.0 25.0 L
TOLUENE 2.0 360.0 182.2 L
TOLUENE 2.2 260.0 126.7 L
TOLUENE 2.4 32.0 0.0 L
TOLUENE 2.3 68 20 L
TOLUENE DIISOCYANATE 5.1 68 20 L
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TOLUENE, (TRIFLUOROMETHYLSULFONYL) 23.4 104.0 40.0 L
TRANSFORMER OIL 2.1 68 20 L
TRIETHANOLAMINE, (TEA) 24-28 122-86 50-30 L
TRIETHOXYMETHYLSILANE 3.8 77.0 25.0 L
TRIETHYLSILANE 2.3 68 20 L
TRIHEXOXYMETHYLSILANE 29 77.0 25.0 L
TRIMETHOXYMETHYLSILANE 4.9 77.0 25.0 L
TRIMETHYLCHLOROSILANE 10.2 32.0 0.0 L
TRIMETHYLHEXOXY SILANE 2.7 77.0 25.0 L
TRIMETHYLISOPROPOXYSILANE 2.9 77.0 25.0 L
TRIMETHYLPHENOXYLSILANE 3.4 77.0 25.0 L
TRIMETHYLPHENYLSILANE 2.4 77.0 25.0 L
TRIMETHYLPROPOXYSILANE 2.9 77.0 25.0 L
TRIPROPOXYMETHYLSILANE 34 77.0 25.0 L
TRIS(1-METHYLETHOXY)METHYLSILANE 3.3 77.0 25.0 L
TRIS(BUTOXYMETHYL)SILANE 3.1 77.0 25.0 L
TRIS(SEGBUTOXYMETHYL)SILANE 3.0 77.0 25.0 L
UREA 2.9 RT RT S
UREA 3.5 71.6 22.0 L
UREA 3.5 75.0 23.9 S
UREA RESIN 6.2-9.5 S
VASELIN OIL 1.6 68 20 L
VASELINE 2228 77.0 25.0 S
WATER 10.1 687 364 L
WATER 20.4 248 120 L
WATER 34.5 390 199 L
WATER 80.4 68 20 L
WATER 88.0 32 0 L
WATER 48.0-55.0 212 100 L
WATER AT 0.3 PSI (0.02 BAR) 80.0 68 20 L
WATER AT 1305 PSI (90 BAR) 19.69 578 303 L
WATER AT 14.5 PSI (1 BAR) 55.0 211 100 L
WATER AT 2175 PSI (150 BAR) 14.30 649 343 L
WATER AT 2320 PSI (160 BAR) 13.57 658 348 L
WATER AT 580 PSI (40 BAR) 26.94 482 250 L
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WATER, DEIONIZED
WATER, DEMINERALISED

WATER, DISTILLED

WATER, FROZEN (ICE)

WATER, HEAVY

WATER, HEAVY (DEUTERIUM OXIDE)

WAX

WAX

WAX:PARAFFIN

WAX:PARAFFIN

WAX:PARAWAX

WAX:PETROLEUM

WAX:PETROLEUM

WOOD CHIPPINGS, WOOD MOIST

WOOD CHIPS

WOOD PULP DUST

WOOD SHAVINGS, COARSE AND COMPACT
WOOD SHAVINGS, COARSE AND LOOSE
WOOD SHAVINGS, DRY

WOOD SHAVINGS, FINE AND COMPACT
WOOD SHAVINGS, FINE AND LOOSE
WOOD SHAVINGS, MOIST

WOOD, DRY

XYLENE

XYLENE (C8H10) (P-)

XYLENE (
XYLENE (
XYLENE (
XYLENE (
XYLENE (

M-)
M-)
0-)
0-)
P

")

30.0
30.0
34.0
3.2
78.3
80.0
1.8

2.4-6.

1.9
2.2
2.3
2.1
3.0
2.3
1.1
1.5
1.4
1.1
1.2
1.3
1.1
1.7
2-6
2.4
2.2
2.3
2.4
2.5
2.6
2.3

68

77.0
10.0

77
68
68

250.0
75.0
75.0

300.0

200.0

68
68
68
68
68
68
68
68
68

77
56
86
68
77
68
68

20

25.0
-12.0

25
20
20

121.1
23.9
23.9

148.9
93.3

20
20
20
20
20
20
20
20
20

25
13
30
20
25
20
20
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15.2 - Conversion matrixes

15.2.1 Temperature Conversion

-459.4°to 0° 1°to 60° 61° to 290° 300° to 890° 900° to 3000°
C FC F C FC F C FC F C FC F C FC F

-273  -459.4 -17.2 1 33.8 16.1 61 141.8 149 300 572 482 900 1652
-268 -450 -16.7 2 35.6 16.7 62 143.6 154 310 590 488 910 1670
-262 -440 -16.1 3 37.4 17.2 63 145.4 160 320 608 493 920 1688
257 -430 -15.6 4 39.2 17.8 64 147.2 166 330 626 499 930 1706
-251 -420 -15.0 5 41.0 18.3 65 149.0 171 340 644 504 940 1724
-246 -410 -14.4 6 42.8 18.9 66 150.8 177 350 662 510 950 1742
-240 -400 -13.9 7 44.6 19.4 67 152.6 182 360 680 516 960 1760
-234 -390 =133 8 46.4 20.0 68 154.4 188 370 698 521 970 1778
-229 -380 -12.8 9 48.2 20.6 69 156.2 193 380 716 527 980 1796
-223 -370 -12.2 10 50.0 21.1 70 158.0 199 390 734 532 990 1814
-218 -360 =117/ 1 51.8 21.7 71 159.8 204 400 752 538 1000 1832
212 -350 =17,1 12 53.6 22.2 72 161.6 210 410 770 549 1020 1868
-207 -340 -10.6 13 55.4 22.8 73 163.4 216 420 788 560 1040 1904
-201 -330 -10.0 14 57.2 233 74 165.2 221 430 806 571 1060 1940
-196 -320 -9.4 15 59.0 239 75 167.0 227 440 824 582 1080 1976
-190 -310 -8.9 16 60.8 24.4 76 168.8 232 450 842 593 1100 2012
-184 -300 -8.3 17 62.6 25.0 77 170.6 238 460 860 604 1120 2048
-179 -290 -7.8 18 64.4 25.6 78 172.4 243 470 878 616 1140 2084
-173 -280 =72 19 66.2 26.1 79 174.2 249 480 896 627 1160 2120
-169 -273  -459.4 5.7 20 68.0 26.7 80 176.0 254 490 914 638 1180 2156
-168 -270 -454 -6.1 21 69.8 27.2 81 177.8 260 500 932 649 1200 2192
-162 -260 -436 -5.6 22 71.6 27.8 82 179.6 266 510 950 660 1220 2228
-157 -250 -418 -5.0 23 73.4 28.3 83 181.4 271 520 968 671 1240 2264
Glbll -240 -400 -4.4 24 75.2 28.9 84 183.2 277 530 986 682 1260 2300
-146 -230 -382 -3.9 25 77.0 29.4 85 185.0 282 540 1004 693 1280 2336
-140 -220 -364 5}3) 26 78.8 30.0 86 186.8 288 550 1022 704 1300 2372
-134 -210 -346 -2.8 27 80.6 30.6 87 188.6 293 560 1040 732 1350 2462
=128 -200 -328 2% 28 82.4 31.1 88 190.4 299 570 1058 760 1400 2552
-123 -190 -310 -1.7 29 84.2 31.7 89 192.2 304 580 1076 788 1450 2642
-118 -180 -292 =]l 30 86.0 32.2 90 194.0 310 590 1094 816 1500 2732
-112 -170 -274 -0.6 31 87.8 32.8 91 195.8 316 600 1112 843 1550 2822
-107 -160 -256 0.0 32 89.6 333 92 197.6 321 610 1130 871 1600 2912
-101 -150 -238 0.6 33 91.4 339 93 199.4 327 620 1148 899 1650 3002
-96 -140 -220 1.1 34 93.2 34.4 94 201.2 332 630 1166 927 1700 3092

-90 -130 -202 1.7 35 95.0 35.0 95 203.0 338 640 1184 954 1750 3182

-84 -120 -184 22 36 96.8 35.6 96 204.8 343 650 1202 982 1800 3272

=79 -110 -166 2.8 37 98.6 36.1 97 206.6 349 660 1220 1010 1850 3362

-73 -100 -148 33 38 100.4 36.7 98 208.4 354 670 1238 1038 1900 3452

-68 -90 -130 3.9 39 102.2 37.2 99 210.2 360 680 1256 1066 1950 3542

-62 -80 =112 4.4 40 104.0 37.8 100 212.0 366 690 1274 1093 2000 3632

-57 -70 -94 5.0 4 105.8 43 110 230 371 700 1292 1121 2050 3722

ol -60 -76 5.6 42 107.6 49 120 248 377 710 1310 1149 2100 3812

-46 -50 -58 6.1 43 109.4 54 130 266 382 720 1328 1177 2150 3902

-40 -40 -40 6.7 44 111.2 60 140 284 388 730 1346 1204 2200 3992

-34 -30 =22 7.2 45 113.0 66 150 302 393 740 1364 1232 2250 4082

-29 -20 -4 7.8 46 114.8 71 160 320 399 750 1382 1260 2300 4172

-23 -10 14 8.3 47 116.6 77 170 338 404 760 1400 1288 2350 4262

-17.8 0 32 8.9 48 118.4 82 180 356 410 770 1418 1316 2400 4352
9.4 49 120.2 88 190 374 416 780 1436 1343 2450 4442

10.0 50 122.0 93 200 392 421 790 1454 1371 2500 4532

10.6 51 123.8 99 210 410 427 800 1472 1399 2550 4622

11 52 125.6 100 212 413.6 432 810 1490 1427 2600 4712

1.7 53 127.4 104 220 428 438 820 1508 1454 2650 4802

12.2 54 129.2 110 230 446 443 830 1526 1482 2700 4892

12.8 55 131.0 116 240 464 449 840 1544 1510 2750 4982

13.3 56 132.8 121 250 482 454 850 1562 1538 2800 5072

13.9 57 134.6 127 260 500 460 860 1580 1566 2850 5162

14.4 58 136.4 132 270 518 466 870 1598 1593 2900 5252

15.0 59 138.2 138 280 536 471 880 1616 1621 2950 5342

15.6 60 140.0 143 290 554 477 890 1634 1649 3000 5432

(1)  Locate temperature in middle column. If in degrees Celsius, read Fahrenheit equivalent in right hand column; if in degrees Fahrenheit, read Celsius

equivalent in left hand column. @
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15.2.2 Pressure conversion

Inches® Inches®

From/[to
| pi | ea | o | mmio | Mg [ mmhg | Bas | msars | kgiem | gmicm |
1

[ ps | 6.8948  27.7620  705.1500  2.0360 517149  0.0689  68.9470  0.0703  70.3070
[ kea  [ECRPEN 1 40266 ~ 102.2742  0.2953 75006  0.0100  10.0000  0.0102 10197
T oos1 02483 1 25.4210 0.0734 18650  0.0025 24864  0.0025  2.5355
EEET o004 00098 0.0394 1 0.0028 0.0734 00001  0.0979  0.00001  0.0982
BESTE o<z 3387 136195 345936 1 254000  0.0339 338639  0.0345 34532
BT o093 01331 05362 136195 0.0394 1 0.0013 13332 00014  1.3595
B3 #5040 100000 402180 102150 295300 750060 1 1000  1.0197  1019.72
BEE o045 01000 04022 10.2150 0.0295 07501 0.001 1 0.0010  1.0197
142233 97.9047 394408  10018.0  28.9590 735559  0.9000 980700 1 1000
00142 00979 03944 100180  0.0290 07356  0.0009  0.9807  0.001 1

(1)  EXAMPLE
1 mm Hg =0.5362 inH20 = 1.3332 mBars
97 mm Hg = 97(0.5362) = 52.0114 inH20
97 mm Hg = 97(1.332) = 129.3204 mBars

(2) at60°F

(3) at32°F

15.2.3 Volume conversion

[Fromito| em> | iter | w [ i | 0 | ye [ foz | Apt | gt | gal | galmp.) [bbitoi) | bbifia) |

m 1 0.001  1X10° 0.06102 3.53X10° 1.31X10# 0.03381 0.00211 0.00106 2.64X10* 2.20X10* 6.29X10° 8.39X10°

1000 1 0.001  61.02 003532 000131 33.81 2113 1057 02642 02200 0.00629 0.00839

1X10° 1000 1 6.10X10¢ 3531 1308 3.38X10¢ 2113 1057 2642 2200 6290  8.386
MM 1639  0.01639 1.64X10° 1  5.79X10* 2.14X10° 0.5541 0.03463 0.01732 0.00433 0.00360 1.03X10+4 1.37X10*
(TN 2 83X10° 2832 0.02832 1728 1 003704 957.5 59.84 29.92  7.481 6.229  0.1781 0.2375
el 7.65X10° 7645 0.7646 4.67X10° 27 1 2.59X10° 1616  807.9 2020 1682 4809  6.412

29.57 0.02957 2.96X10¢ 1.805 0.00104 3.87X10° 1 0.06250 0.03125 0.00781 0.00651 1.86X10*2.48X10*

473.2 0.4732 4.73X10* 28.88 0.01671 6.19X10* 16 1 0.5000 0.1250 0.1041  0.00298 0.00397
946.4  0.0463 9.46X10“ 57.75 0.03342 0.00124 32 2 1 0.2500 0.2082  0.00595 0.00794
3785 3.785 0.00379 231.0 0.1337 0.00495 128 8 4 1 0.8327  0.02381 0.03175
4546 4.546  0.00455 277.4  0.1605 0.00595 153.7 9.608 4.804 1.201 1 0.02859 0.03813
1.59X10° 159.0 0.1590 9702 5.615 0.2079 5376 336 168 42 34.97 1 1333

(1) 1cord=128ft3=3.625m3

15.2.4 Flow rate conversion

1 15.85 0.03532 2.119 2266 543.8
0.06309 1 0.00223 0.1337 1.429 3430
28.32 448.8 1 60 641.1 1.54X10¢
0.4719 7.481 0.01667 1 10.69 2565
0.04415 0.6997 0.00156 0.09359 1 2
0.00184 0.02917 6.50X10% 0.00390 0.04167 1

(1)  bbl refers to bbl oil = 42 gallons

17
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15.2.5 Equivalents

Measure Of VOIume

1 micron 0.000001 meter 1 cu centimeter 0.061 cuin.
1mm 0.03937 in. 1 cuinch 16.39 cu cm
Tmm 0.00328 ft 1 cu decimeter 0.0353 cu ft
1 centimeter 0.3937 in. 1 cu foot 28.317 cu decimeters
1inch 2.54 centimeters 1 cu yard 0.7646 cu meters
1inch 25.4 mm 1 stere 0.2759 cord
1 decimeter 3.937in. 1 cord 3.264 steres
1 decimeter 0.328 foot 1 liter 0.908 gt dry
1 foot 3.048 decimeters 1 liter 1.0567 qts lig
1 foot 30.48 cm 1 quart dry 1.101 liters
1 foot 304.8 mm 1 quart liquid 0.9463 liters
1 meter 39.37in. 1 dekaliter 2.6417 gals
1 meter 1.0936 yds 1 dekaliter 1.135 pecks
1 yard 0.9144 meter 1 gallon 0.3785 dekaliter
1 dekameter 1.9884 rods 1 peck 0.881 dekaliter
1 rod 0.5029 dekameter 1 hectoliter 2.8375 bushels
1 kilometer 0.62137 mile 1 bushel 0.3524 hectoliter
1 mile 1.6093 kilometers
1 sq centimeter 0.1550 sq in. 1 gram 0.03527 ounce
1 sq centimeter 0.00108 sq ft 1 ounce 28.35 grams
1sqinch 6.4516 sq centimeters 1 kilogram 2.2046 pounds
1 sq decimeter 0.1076 sq ft 1 pound 0.4536 kilogram
1sqft 929.03 sq cm 1 metric ton 0.98421 English ton
1sqft 9.2903 sq dec 1 English ton 1.016 metric ton
1 sq meter 1.196sqyds  1kg 2.205 pounds
1sqyard 0.8361 sq meter 1 cu in. of water (60 °F) 0.073551 cu in. of mercury (32 °F)
1 acre 160sqrods 1 cuin. of mercury (32 °F) 13.596 cu in. of water (60 °F)
1sqrod 0.00625 acre 1 cu in. of mercury (32 °F) 0.4905 pounds
1 hectare 2.47 acres
1 acre 0.4047 hectare
1 sq kilometer 0.386 sq mile
1 sq mile 2.59 sq kilometers
Circumference of a circle 2 Tir
Circumference of a circle Tid
Area of a circle Tir2
Area of a circle Tid2/4
1 ft/sec 0.3048 m/sec
1m/sec 3.2808 ft/sec
1lb/cuin 27.68 gram/cu cm
1gr/cucm 0.03613 Ib/cuin.
1lb/cu ft 16.0184 kg/cu m
1kg/cum 0.06243 Ib/cu ft

12
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15.2.6 English to metric system conversion

To Convert from:
acre-feet

cubic feet (cu ft) (US)
cubic feet (cu ft) (US)
cubic feet (cu ft) (US)
cu ft/min

cu ft/min

cu ft/sec

cubic inches (US)
cubicinches (US)
cubicinches (US)
feet (US)

feet (US)

feet/min

feet/min

feet/min

ft/sec2

gallons (US)

gallons (US)
gallons/min

US gal/min
US gal/sq ft/
grains (troy)
grains (troy)
grains/gal (US)
grains/gal (US)
inches (US)

inches (US)

miles (US)

miles (US)

miles/hr

miles/hr

miles/min

ounces (avoirdupois)
ounces (US fluid)
ounces (US fluid)
pounds (av)

pounds (av)/sq in
pounds (av)

pounds (av)
pounds/cu ft
pounds/ft
pounds/gal (US)
pounds/gal (US)
quart (US liq)

quart (US liq)

square feet (US)
square feet (US)
square inches (US)

min

To:

cubic meters
cubic centimeters
cubic meters
liters

cu cm/sec
liters/sec
liters/min

cubic meters
liters

milliliters (ml)
meters
millimeters (mm)
cm/sec
kilometers/hr
meters/min
km/hr/sec

cucm (ml)

liters

liters/sec

cu meters/hr

cu meters/hr/sq meters
grams
milligrams (mg)
grams|liter

ppm
centimeters (cm)
millimeters (mm)
kilometers (km)
meters

cm/sec
meters/min
kilometers/hr
grams

ml

liters

grams

kgr/cm2
kilograms

grains

grams/|
grams/cm
grams/ml
grams/liter

ml

liters

sqcm

sq meters

sqcm

Multiply by:

1233
28,317
0.0283
28.32
472
0.472
1699
1.64X10°
0.0164
16387
0.3048
304.8
0.508
1.829X10?
0.305
1.0973
3785
3785
0.063
0.227
2.45
0.0648
64.8
0.0171
17.1
2.54
25.4
1609
1609
44.7
26.82
96.6
28.35
29.6
0.0296
453.6
0.071
0.4536
7000
16.02
14.88
0.12
119.8
946.4
0.946
929
0.0929
6452

Convert Column 2 to Column
1
Multiply by:
8.11 X104
3.53X10°
35.33
0.035
0.0021
2119
5.886 X 10
61,024
61024
0.0610
3281
3.28X103
1.97
54.68
3.28

0.911
2.64 X104
0.264
15.87

4.4

0.408
15432
0.01543
58417
0.0584
0.3937
0.0394
0.6215
6.214X 104
0.0224
0.0373
1.03X 1072
0.0353
0.0338
33.81
0.0022
14223
2205
14.2X10°
0.0624
0.067
8345
8.34X 103
0.001057
1057
1.08X 1073
10.76
0.155




15.2 - Conversion matrixes

15.2.7 Decimal equivalents

I T R

1/8=0.125 1/16=0.0625 1/32=0.03125 1/64=0.015625 33/64=0.515625

1/4=0.250 3/16-0.1875 3/32-0.09375 3/64=0.046875 35/64 = 0.546875

3/8-0.375 5/16=0.3125 5/32=0.15625 5/64=0.078125 37/64=0.578125

1/2=0.500 7/16=0.4375 7/32-0.21875 7/64=0.109375 39/64 =0.609375

5/8=0.625 9/16=0.5625 9/32=0.28125 9/64=0.140625 41/64 = 0.640625

3/4=0.750 11/16=0.6875 11/32=0.34375 11/64=0.171875 43/64=0.671875

7/8=0.875 13/16=0.8125 13/32=0.40625 13/64=0.203125 45/64=0.703125

15/16=0.9375 15/32 = 0.46875 15/64=0.234375 47/64=0.734375

17/32=-0.53125 17/64 = 0.265625 4964 =0.765625

19/32=0.59375 19/64 =0.296875 51/64 =0.796875

21/32=0.65625 21/64=0.328125 53/64=0.828125

23/32-0.71875 23/64=0.359375 55/64 = 0.859375

25/32-0.78125 25/64 =0.390625 57/64 =0.890625

27/32=0.84375 27/32-0.421875 59/64 =0.921875

29/32=0.90625 29/32=0.453125 61/64=0.953125

31/32=0.96875 31/64=0.484375 63/64 =0.984375

15.2.8 Multiplication factors

atto a one-quintillionth 0.000 000 000 000 000 001 10®
femto f one-quadrillionth 0.000 000 000 000 001 107
pico p one-trillionth 0.000 000 000 001 101
nano n one-billionth 0.000 000 001 10°
micro m one-millionth 0.000 001 10°
milli m one-thousandth 0.001 102
centi c one-hundreth 0.01 102
deci d one-tenth 0.1 107
uni one 1.0 10°
deka da ten 10.0 10
hecto h one hundred 100.0 102
kilo k one thousand 1000.0 10°
mega M one million 1000 000.0 106
giga G one billion 1000 000 000.0 10°
tera T one trillion 1000 000 000 000.0 10"




15.2 - Conversion matrixes

15.2.9 Maximum permissible ID and minimum wall in accordance with ASTM A106 pipe

minal Wall Th ess and Inside Diameters

Schedule|Schedule|Schedule|Standard| Schedule|Schedule| Extra |Schedule|Schedule| Schedule |Schedule |Schedule|Dbl. Ext.
10 20 30 Weight 40 60 Strong 80 100 120 140 160 Strong

Wall 0.060  0.060 0083  0.083
(ERN 2T Y 0302 0302 0.254  0.254
Wall 0077 0.077 0110 0.110
e | @556 | g, 0402 0.402 0335 0335
Wall 0.080  0.080 0110 0.110
Sl | OEE | 0531 0531 0470 0.470
2 osse Wl 0095  0.095 0129 0129 0164 0257
i LD. 0.665  0.665 0.508  0.598 0528 0341
s r0ss Wl 0099 0.099 0135 0135 0191 0270
; L.D. 0.868  0.868 0.79  0.796 0.684  0.527
L 1z Wl 0116 0.116 0157  0.157 0219 0313
: 1.D. 1098  1.098 1017 1.017 0893 0704
Wall 0123 0123 0167  0.167 0219 0334
LA ESZEN Mo} 1431 1431 1341 1.341 1238 1.007
v rete Wl 0127 0127 0175 0175 0.246 0350
: 1D. 1662 1.662 1566 1.566 1424 1216
5 e Wal 0135 0.135 0191 0.191 0300  0.382
; 1.D. 2137 2137 2025 2.025 1806 1.643
Wall 0178 0.178 0242 0242 0328 0483
202 | 2893 | 1y 2551 2551 2423 2423 2250 1.940
S ggy Wl 0189 0.189 0263 0.263 0383 0525
; 1.D. 3153 3.153 3006 3.006 2765  2.481
Wall 0198  0.198 0278 0.278 0.557
U2 | 4081 | 4 3636 3.636 3475 3475 2018
o agay Wl 0207 0207 0295  0.295 0.205 0465  0.590
: 1.D. 417 4117 3942 3942 3.942 3602 3.352
s sepe Wl 0226 0226 0328 0328 0.438 0.547  0.656
: 1.D. 5174 5.174 4969 4.969 4.751 4532 4313
6 cogs Wl 0245 0245 0378 0378 0.492 0628 0.756
! 1.D. 6198 6.198 5032 5932 5.704 5431 5176
. Wall 0219 0242 0282 0282 0355 0438 0438 0519 0628 0711 0793 0766
LD. 8250 8203 8124 8124  7.977 7813 7813 7.650 7431  7.267 7102 7.156
10 10saa Wl 0219 0269 0319 0319 0438 0438 0519 0628 0738 0875 0984
; 1.D. 10406  10.307 10205 10.205 9.969 9.969 9.806 9.587 9369  9.094 8875
1 12sas Wl 0219 0289 0328 0355 0492 0438 0601 0738 0875 0984  1.148
: 1.D. 12406 12266 12188 12133 11.860 11.969 11.642 11.369 11.094 10.875 10.548
14 1agos Wall 0219 0273 0328 0328 0383 0519 0438 065 0820 095 1094 1230
d LD. 13.656 13.548 13438 13438 13327 13.056 13.219 12781 12454 12181 11.906 11.633
16 16004 WAl 0219 0273 0328 0328 0438 0574 0438 0738 0902 1066 1258 1394
i LD. 15656 15548 15438 15438 15219 14.946 15219 14619 14290 13.962 13577 13306
18 1s0os WAl 0219 0273 0383 0328 0492 065 0438 0820 1012 1203 1367 1558
: LD. 17.656 17.548 17327 17438 17.110 16781 17.219 16454 16071 15688 15360 14977
50 g0qg5 Wall 0219 0328 0438 0328 0519 0711 0438 0902 1121 1313 1531 1722
: LD. 19.688 19469 19250 19469 19.087 18704 19250 18321 17.883 17500 17.063 16.681
o gaqgs Wall 0219 0328 0492 0328 0601 0847 0438 1066 1340 1586 1804 2050
: LD. 23688 23469 23.142 23469 22.923 22431 23.250 21.994 21.446 20954 20.517 20.025
Wall 0273 0438 0547 0328 0.438
30030125 b0 29579 20250 29.031 29.469 29250

(1) 0.D.—MAX. |.D.—MAX. WALL—MIN.




15.2 - Conversion matrixes

15.2.10  Dimensions of welded and seamless pipe carbon and alloy steel

wa | Nominal WallThickness and nsde Dismeters
Inside Diameter Schedule 10S* Schedule 40S Schedule 80S

8 0.405 o : 0307 0260 0213
14 0.540 YYS!I ) 323?3 gggi 81(113
s 0675 vl : i 043 025
12 0840 i 677 d.674 0o22 0546
W o o o ot
, 315 Wall 0.065 0.109 0.133 0.179

1.D. 1.185 1.097 1.049 0.957
114 1660 el Ton0 e 1350 1278
oo me ox 01 o oz
2 2375 i 2245 2187 2007 Tox
2172 2475 o, 2705 2605 s 2325
3 3500 oy 3354 3260 3088 2900
T I I I R R
e e v o om0 o 02
5 5.563 i 5345 5295 5047 asns
o e o1 ot om0 os
8 8625 iy 5407 8329 Tost 7625
10 10.750 s 1000 i 16,030 5750°+
12 12.750 YYS!I 1Oé .145363 102 1 38900 1Oé ?()7050 . 101' iOSO 0
14 14.000 WS” 103‘ .165;8 10?;,1682%1 ; .
e e ) 15670 15,624 : :
18 U0 YYS” 1% .166750 1()? .1582%& . :
20 20000 YYS” 1055.1682%1 10é.253684 -
24 24.000 al e e :
30 30.000 o 2500 2376 :

NOTE!

All dimensions given for inches. The wall thicknesses shown represent nominal or average wall dimensions which
are subject to 12.5% mill tolerance.

Sizes 14” through 30” show dimensions commonly used in the industry.

*Schedule 55 and 10S wall thicknesses do not permit threading in accordance with ASA B2.1.

**Schedule 40S and schedule 80S in these sizes do not agree with schedule 40 and schedule 80 of ASA

B36.10 and that they are identical to standard weight and extra strong respectively of ASA B36.10.

22




15.3 - Saturated steam tables

15.3.1 Saturated steam table (Metric units) (page 1 of 2)

i Specific Enthalpy (k] /k:
Gage Pressure Absolute Temperature gheaiic P Py (lkg)

. Volume (m3]
b P b C
( ar) ressure( ar) ( ) kg) sat qUid “

-1,0 0,008 3,8 160 15,8 2493 2509
-1,0 0,02 17,5 67 73,5 2460 2534
=150 0,05 32,9 28,2 137,8 2424 2562
-0,9 0,1 45,8 14,7 191,8 2393 2585
-0,8 0,2 60,1 7,65 2515 2358 2610
-0,7 0,28 67,5 5,58 282,7 2340 2623
-0,7 0,35 72,7 4,53 304,3 2327 2632
-0,6 0,45 78,7 3,58 329,6 2312 2642
-0,5 0,55 83,7 2,96 350,6 2299 2650
-0,4 0,65 88 2,53 368,6 2288 2657
0.3 0,75 91,8 2,22 384,5 2279 2663
-0,2 0,85 95,2 1,97 398,6 2270 2668
-0,1 0,95 98,2 1,78 411,5 2262 2673
0,0 1 99,6 1,69 417,5 2258 2675
0,0 1,01325 100 1,673 419,11 2257 2676
0,1 1,1 102,32 1,5492 428,9 2251 2679
0,3 13 107,13 1,3252 449,2 2238 2687
0,6 1,6 113,32 1,0913 475,4 2221 2696
1,0 2 120,23 0,88554 504,8 2202 2707
13 23 124,71 0,77694 523,8 2189 2713
1,6 2,6 128,73 0,6927 540,9 2178 2719
2,0 3 133,54 0,60567 561,5 2164 2725
2 Bi5 138,88 0,5241 584,3 2148 2733
3,0 4 143,63 0,46232 604,7 2134 2739
3,5 4,5 147,92 0,41384 623,2 2121 2744
4,0 5 151,85 0,37478 640,2 2109 2749
5,0 6 158,84 0,31556 670,5 2086 2757
6,0 7 164,96 0,27275 697,1 2066 2764
7,0 8 170,41 0,24032 721,0 2048 2769
8,0 9 175,36 0,21486 742,7 2031 2774
9,0 10 179,88 0,19435 762,6 2015 2778
11,5 12,5 189,81 0,15698 806,7 1979 2786
14,0 15 198,28 0,13171 844,7 1947 2792
16,5 17,5 205,72 0,11342 878,3 \% 2796
19,0 20 212,37 0,09958 908,6 1890 2799
21,5 22,5 218,4 0,0887 936,3 1865 2801
24,0 25 223,94 0,07994 962,0 1840 2802
26,5 27,5 229,06 0,07271 985,9 1817 2803
29,0 30 233,84 0,06666 1008,4 1795 2803
34,0 35 242,54 0,05705 1049,8 1753 2803
39,0 40 250,33 0,04977 1087,5 1713 2801
44,0 45 257,41 0,04405 1122,2 1676 2798
49,0 50 263,92 0,03944 1154,5 1640 2794
54,0 55 269,94 0,03564 1185,0 1605 2790
59,0 60 275,56 0,03244 1213,8 1571 2784
64,0 65 280,83 0,02972 12411 1538 2779

&)




15.3 - Saturated steam tables

15.3.1 Saturated steam table (Metric units) (page 2 of 2)

Gage Pressure Absolute Temperature (°C) Specific Volume Specific Enthalpy (kj/kg)

(CED) Pressure (bar) (m3/kg)
e T e ]

69,0 70 285,8 0,02737 1267,4 1505 2772
74,0 75 290,51 0,02533 1292,7 1473 2766
79,0 80 294,98 0,02352 1317,1 1441 2758
84,0 85 299,24 0,02191 1340,7 1410 2751
89,0 90 303,31 0,02048 1363,6 1379 2743
94,0 95 307,22 0,01919 1386,0 1348 2734
99,0 100 310,96 0,01802 1407,8 1317 2725
109,0 110 318,04 0,01598 1450,2 1255 2706
119,0 120 324,64 0,01426 1491,3 1194 2685
129,0 130 330,81 0,01278 1531,4 1131 2662
139,0 140 336,63 0,01149 1571,0 1067 2638
149,0 150 342,12 0,01035 1610,3 1001 2611
159,0 160 347,32 0,009319 1649,8 932 2582
169,0 170 352,26 0,00838 1690,0 858 2548




15.3 - Saturated steam tables

15.3.2 Saturated steam table (English units) (page 1 of 2)

(e AT ﬁ?«::;ﬂ:g Temperature vfuﬁﬁférizu. Specific Enthalpy (B.T.U./Lb.)
(Lbs.[Sq.In.) |1 Isq. In.) (°F) ft./Lb.)
7
-14.59 0.11 38 2634.2 6.02 1072.1 1078.1
-14.58 0.12 40 2445.8 8.03 1071.0 1079.0
-14.55 0.15 46 1963.7 14.05 1067.6 1081.6
-14.51 0.19 52 1589.2 20.06 1064.2 1084.2
-14.46 0.24 58 1292.2 26.06 1060.8 1086.9
-14.43 0.27 62 1129.2 30.06 1058.5 1088.6
-14.36 0.34 68 926.5 36.05 1055.2 1091.2
-14.34 0.36 70 868.4 38.05 1054 1092.1
-14.28 0.42 74 764.1 42.05 1051.8 1093.8
-14.23 0.47 78 673.9 46.04 1049.5 1095.6
-14.2 0.5 80 642 47.60 1047.5 1095.1
-13.7 1 101 334 69.69 1035.3 1105.0
-12.7 2 126 174 93.97 1021.6 1115.6
-11.7 3 142 119 109.33 1012.7 1120.0
9.7 5 162 74.0 130.10 1000.4 1130.6
-7.2 7.5 180 50.3 147.81 989.9 1137.7
-4.7 10 193 38.4 161.13 981.8 1143.0
-0.7 14 209 28.0 177.55 971.8 1149.3
0.0 14 696 212 26.8 180.00 970.2 1150.2
1.3 16 216 24.8 184.35 967.4 1151.8
2.3 17 219 23.4 187.48 965.4 1152.9
3.3 18 222 22.2 190.48 963.5 1154.0
4.3 19 225 21.1 193.34 961.7 1155.0
53 20 228 20.1 196.09 959.9 1156.0
7.3 22 233 18.4 201.25 956.6 1157.8
10.3 25 240 16.3 208.33 951.9 1160.2
15.3 30 250 13.7 218.73 945.0 1163.7
20.3 35 259 11.9 227.82 938.9 1166.7
25.3 40 267 10.5 235.93 933.3 1169.2
30.3 45 274 9.40 243.28 928.2 11715
35.3 50 281 8.51 249.98 923.5 1173.5
40.3 55 287 7.78 256.19 919.1 1175.3
45.3 60 293 717 261.98 915.0 1177.0
50.3 65 298 6.65 267.39 911.1 1178.5
55.3 70 303 6.20 272.49 907.4 1179.9
60.3 75 307 5.81 277.32 903.9 1181.2
65.3 80 312 5.47 281.90 900.5 1182.4
70.3 85 316 5.16 286.90 897.3 1183.6
75.3 90 320 4.89 290.45 894.2 1184.6
80.3 95 324 4.65 294.47 891.2 1185.6
85.3 100 328 4.42 298.33 888.2 1186.6
90.3 105 331 4.22 302.03 885.4 1187.5
95.3 110 335 4.04 305.61 882.7 1188.3
100.3 115 338 3.88 309.04 880.0 1189.1
105.3 120 341 3.72 312.37 877.4 1189.8




15.3 - Saturated steam tables

15.3.2 Saturated steam table (English units) (page 2 of 2)

s e e ture Specific Specific Enthalpy (B.T.U./Lb.)
Pressure Volume (Cu.

Lbs.[Sq. In. °F
Whslsain) | pcfqmy | | Rt

Gage Pressure

110.3 125 344 3.60 315.60 874.9 1190.5
1153 130 347 3.45 318.73 872.4 1191.2
120.3 135 350 3.33 321.77 870.0 1191.8
125.3 140 353 3.22 324.74 867.7 1192.4
130.3 145 356 3.20 327.63 865.3 1193.0
1353 150 358 3.01 330.44 863.1 1193.5
140.3 155 361 2.92 333.18 860.8 1194.0
145.3 160 363 2.83 335.86 858.7 1194.5
150.3 165 366 2.75 338.47 856.5 1195.0
155.3 170 368 2.67 341.03 854.5 1195.4
160.3 175 370 2.60 343.54 852.3 1195.9
165.3 180 373 2.53 345.99 850.3 1196.3
170.3 185 375 2.46 348.42 848.2 1196.7
175.3 190 377 2.40 350.77 846.3 1197.0
180.3 195 380 2.34 353.07 8443 1197.4
185.3 200 382 2.28 355.33 842.4 1197.8
210.3 225 392 2039 366.10 833.2 1199.3
2353 250 401 1841 376.02 824.5 1200.5
260.3 275 409 1678 385.24 816.3 1201.6
285.3 300 417 1541 393.90 808.5 1202.4
3353 350 432 1324 409.81 793.7 1203.6
385.3 400 444 1160 424.2 779.8 1204.1
435.3 450 456 1030 437.4 766.7 1204.1
485.3 500 467 0.926 449.7 754.0 1203.7
585.3 600 486 0.767 472.3 729.8 12021
685.3 700 503 0.653 492.9 706.8 1199.7
785.3 800 518 0.565 511.8 684.9 1196.7
885.3 900 532 0.496 529.5 663.8 1193.3
985.3 1000 544 0.442 546.0 643.5 1189.6
12353 1250 572 0.341 583.6 595.6 1179.2
1485.3 1500 596 0.274 617.5 550.2 1167.6
1985.3 2000 635 0.187 679.0 460.0 1139.0
2485.3 2500 668 0.130 742.8 352.8 1095.6
2985.3 3000 695 0.084 823.1 202.5 1025.6
3211.3 3226 706 0.0522 925.0 0 925.0




15.4 - Glossary

Active leg

Aregulator and a nitrogen blanket used to prevent
vapor condensation in the vapor space. A top
transmitter is required because the regulatoris not a
perfect controller.

Address (HART®)

Units using HART protocol may be multi-dropped
to communicate digitally with a control system. The
HART address range is 0 to 15.

Address (MODBUS®)

Units using MODBUS to communicate with host
system may have addresses ranging from 1 to 247.

Antenna

The transmitting and receiving part of a radar level
gauge that directs the radar signal toward the
material being measured. Different types of antennas
are available to fit different applications. Examples
are: cone, parabolic and still-pipe antennas

API

The abbreviation for American Petroleum Institute.
APl is a trade association representing American
OilandGas industry. API has led the development
of petroleum and petrochemical equipment and
operating standards for more than 75 years. For
Level measurement the Manual of Petroleum
Measurement Standard is applicable. www.api.org

ASU

The abbreviation for Average Sensing Unit—an
accessory to a custody transfer level measurement
system. The ASU receives multiple temperature
sensor input readings, averages the appropriate
temperature readings (from submerged sensors),
and sends the average temperature input to the level
device.

Attenuation

The reduction in the level of a quantity, such as the
intensity of a wave, over an interval of a variable, such
as the distance from a source.

Average area

The average area of a tank is used for calculating
density and is expressed as volume per level
(example: bbls/ft, liters/meter, gallons/ft, etc.)

B

Balanced remote seal system

A situation where the remote seal system (diaphragm
seal, capillary and fill fluid) is the same on both the
high and the low pressure side of a transmitter.

Baumé

An indication of specific gravity in degrees. Baumé is
calibrated in accordance with, or according to, either
of two arbitrary hydrometer scales for liquids lighter
than water, or for liquids heavier than water.

Blanking distance
See dead zone

Brix
The determination of sugar concentration by density
measurement.

Build-up

The coating of process material, from liquids or
solids, on the sensor. The build-up may be wet, dry,
conductive or non-conductive.

C

Capacitance

An electrical term referring to the property of an
electric nonconductor that permits the storage

of energy as result of electric displacement when
opposite surfaces of the nonconductor are
maintained at a difference of potential. The unit of
capacitance is the Farad.

Capacitance probe

An electrically isolated rod inserted into a vessel to
measure level or interface level. It consists of a probe
and transmitter pre-calibrated by the manufacturer.
As the level or interface changes, a corresponding
change in capacitance changes between the rod
and the vessel, or between the rod and the ground.
Measured capacitance is proportional to liquid level

The information needed for proper calibration
includes: the dielectric constant of the product,
the angle of probe insertion, the length of inactive
section, and the length of the probe.

Capacitance transmitter

A device consisting of a set electronics for the
capacitance probe that outputs a calibrated signal
proportional to level or interface level.

&




15.4 - Glossary

Capacitive span
The amount of capacitance increase sensed by

a capacitance probe, with a specific probe and a
specific level change.

CDS

The abbreviation for Configuration Data Sheet.
A detailed survey form that identifies all the data
needed to fully configure a device.

Closed tank

A tank that is not open to atmospheric pressure. It
may be either pressurized or evacuated of pressure.

Concentric shield

A circular plate surrounding a probe. It is a
sometimes used with capacitance probes to provide
a second capacitance plate. This is done when:

the measurement is made in nonmetallic tanks,

in metal tanks without straight walls, or when the
distance between the capacitance plates needs to be
minimized.

Condensate pot

In DP applications, the condensate pot is located

at the bottom of a dry leg. It is used for collecting
any moisture that may appear in the dry leg due to
variances of temperature in the dry leg. Typically, a
drain valve or spout is located on the condensate pot
to remove any accumulated moisture from the dry

leg.

Conversely, in wet leg applications, the condensate
pot is located at the top of wet leg where it is used to
hold a constant fluid height. This is especially useful
in steam applications where the system sees large
pressure variations that could cause the wet leg to
lose fluid.

Conductive

The ability of a material to transmit the flow of
electricity. Usually measured in micromhos. It is the
reciprocal of resistance.

Configuration

The process of downloading information into a device
that determines how it operates. Configuration
includes a completed customer configuration

data sheet (CDS) and the CDS data that has been
downloaded into the device.

Continuous level

An on-line measurement of a material throughout
its entire span. The level of the process material is
indicated at any point.

Critical zone

The distance above the pins, in a floating roof tank,
within which the mass of the roof is only partially
supported by the product (i.e., once the level is
equal to the pin height plus the critical zone the
roof becomes free floating and is totally supported
by the product). This zone is usually marked on the
strapping table for the tank.

Custody Transfer

Custody transfer in the oil and gas industry refers

to the transactions of raw and refined petroleum
between tanks and tankers; tankers and ships

and other transactions. During custody transfer,
accuracy is of great importance to both the company
delivering the material and the recipient. This type
of transfer must meet requirements set by industry
bodies such as APl or ISO and metrology standards
such as OIML, PTB, GOST among others.

D

Dead zone
A zone where measurements are not performed.

Density

An expression of mass per volume that is usually
expressed in grams per cubic centimeter or pounds
per cubic foot. Density varies with temperature.

Fluid densities are stated for a specific reference
temperature. The density of wateris 1 gram per cubic
centimeter at4° C.

Density (measured)
The density measured at the product temperature

Density (standard)

The density of a product at a reference temperature.
The density measured is corrected back to a
reference temperature, typically 60° F (15° C) per API
standard.

Density correction

A method for correcting density to standard or
reference conditions. API 2540 is the standard for
petroleum products. If the product is non-petroleum,
a polynomial is derived from a product density versus
a temperature table of approximately 20 points.
Dielectric
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A nonconductor of direct electric current; an
insulator.

Dielectric constant

The ratio of the conductivity of a material to that of a
vacuum. It is a unitless value representing a material's
influence on an electric field. A lower value indicates
higher electrical insulation properties.

In radar level applications, a material with a higher
dielectric constant is more reflective of a radar signal.

Dielectric material

The insulating material between the plates of a
capacitor

Differential pressure

The pressure applied to both the low and high side
of the transmitter. Used in pressurized applications
where the head pressure is applied to both the high
and low sides of the transmitter so as to cancel each
other out.

Displacer

A level measurement technology using a precisely
sized float that when immersed in a fluid will be
buoyed up by a force equal to the weight of the
fluid displaced. A change can be detected by this
proportional change in apparent weight.

Dryleg

The use of tubing (possibly heat traced and insulated
to keep the productin a vapor state) running from
the vapor space to the low pressure side of the
installed pressure transmitter(s). The transmitter(s)
are used in the differential pressure mode. This
method allows the transmitters to be calibrated with
a lower pressure span. No top transmitter is needed,
although one could be used to monitor the vapor
pressure.

Dynamic Vapor Compensation

A continuous correction for the change in vapor
dielectric properties where an on-line vapor dielectric
measurement is accomplished through the use of a
reflector at a known distance.

E

Electromagnetic spectrum

The classification of electromagnetic waves by
frequency and wave length.

Electromagnetic wave

An electromagnetic wave in which both the electric
and the magnetic fields vary periodically usually at
the same frequency.

Electronic remote sensors

A method where two independent pressure sensors
are used to measure level or differential pressure.

Elevation

Aterm used to indicate that the lower calibrated
value of the span of the pressure transmitter is not
based at zero differential pressure, but below zero.
Thus, zero is elevated. For example, a span of -10 to
+50in. H20 is elevated.

Farad

The basic metric unit of electrical capacitance
measurement.

Float gauge

The traditional technique for measuring level.

A buoyant float resting on a liquid surface is
mechanically connected to a gauge head by a
perforated tape. A spring motor in the gauge head
keeps the tape taut. The tape perforations are
counted and related to a liquid level.

Floating roof

Aroof on an upright cylinder tank that rests on the
product stored inside the tank. The roof height
follows any changes in product level. This prevents
the product inside the tank from easily evaporating.
The floating roof has legs (or pins) that prevent the
floating roof from resting on the floor of the tank
when the tank is empty.

Flow rate

The flow rate is positive when pumping into the tank
and negative when pumping out. The flow rate is
calculated as: (volume of tank 1 - volume of tank

2) | the calculation period. Flow rate can also be
calculated using level or mass.

Flow rate calculation period
The time between flow rate calculation updates.

FMCW

The abbreviation for Frequency Modulated
Continuous Wave. In radar level terminology, it refers
to a continuous radio sine wave that is generated
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with a changing (modulated) frequency providing a
highly accurate and stable level measurement.

Formula based

A calculation based on the dimensions of the tank to
determine the volume of a tank at a certain level.

Foundation Fieldbus

An all-digital, serial, two-way communications
system that serves as the base-level network in a
plant or factory automation environment. It is an
open architecture, developed and administered by
the Fieldbus Foundation.

It's targeted for applications using basic and
advanced regulatory control, and for much of the
discrete control associated with those functions.

Frequency

The number of vibrations or cycles per unit of time,
measured in Hertz, or cycles per second.

Full trim

In a pressure transmitter, the sensor trim function in
which two accurate, end-point pressures are applied,
and all output is linearized between them.

G

Gamma

The high energy electromagnetic waves similar to
x-rays. The most common type of radiation used in
nuclear level devices.

Gauge board

Traditional technique for measuring tank level.

A buoyant float resting on a liquid surface is
mechanically connected to an indicator mounted on
the side of the tank.

Gauge well
See stilling well.

Generator

The unit within a radar gauge that produces an
electromagnetic wave by using an oscillator.

Guide poll
See stilling well.

Guided wave radar (GWR)

A method using a low frequency microwave pulse
where the signal travels from the transmitter along
the length of the probe. When the signal reaches a
media with a different dielectric constant, the signal
will be reflected back to the transmitter. The distance
to the surface is subtracted from the gauge height to
determine level. GWR may also be used to measure
interface level if the first fluid has a low dielectric and
the second fluid has a higher dielectric. In this case,
a portion of signal is reflected back from the low
dielectric fluid and the rest of the signal travels to the
second media.

HART®

An acronym for Highway Addressable Remote
Transducer. A communications standard that
provides simultaneous analog and digital signal
transmission between control rooms and field
devices. HART superimposes digital communications
on a 4-20 mA line. The analog signal is locked at 4 mA
when in multi-drop mode.

Head effect

In a remote seal system of a differential pressure
transmitter, the head effect is a change in pressure
exerted by the fill fluid column due to a change in
a fluid’s density. This happens when the ambient
temperature of the capillary changes.

Head pressure

The pressure in a tank due to the weight of the
product liquid in the tank. It does not include the
vapor pressure in a pressurized tank.

Heat trace

A method used to keep the tank and transmitter
flanges at a constant temperature. Mainly used with
viscous products or products that may condense or
solidify at cooler temperatures.

Hertz

A unit of frequency used to measure electromagnetic
waves in cycles per second.

Homogeneous

The consistent distribution of the characteristics of a
material throughout its entire quantity.
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Hot tap

A method for installing a flange connection on a tank
without taking the tank out of service.

Hydrostatic

The measurement of the pressure or force/area
exerted by a column of liquid.

Inactive shield
See concentric shield.

Interface

The point at which two fluids meet. Although it can
also refer to the interface of a liquid and a vapor, it
normally refers to the interface of two immiscible
(non-mixable) liquids.

Inventory level

The term associated with the accurate level
measurements needed for inventory management
and/or custody transfer applications. Usually, the
accuracy of these measurements needs to better
than £1/8in. or +3 mm. See also process level.

K

K constants

Correction coefficient used for calculating product
expansion due to changes in temperature.

L

Level
The height of a column of liquid or solid material.

Level switch

Alevel switch is used to indicate when the level has
reached a predefined point. A level switch may be
used to protect the tank from overfilling. It is typically
located near the top of a tank so that when the
product submerges its contacts, the level switch will
activate a controller to shut off the flow of product
into the tank. A level switch may also be used for low
level indication or for pump protection.

Lower range value (LRV)

The range value corresponding to the analog output
value 4 mA.

Mark-space

A communications method used by traditional
tank measurement devices. The baud rate is
approximately 200 bits per second. The maximum
wiring distance is 10,000 ft. (3,048 meters).

Mass
The weight of a material.

Mass (effective)
Mass calculated with buoyancy effects.

Mass (true)
Mass calculated without buoyancy effects.

Micro impulse radar
See Guided wave radar

Microwave

A comparatively short electromagnetic wave,
between 1 mm and 1 meter in length. Microwaves
are used by radar devices to detect the surface of a
material.

MODBUS®

A communications protocol developed by Gould-
Modicon to distribute digital communications
between a host system and a field device.

Multidrop

A communications method where several
transmitters are connected to a single
communications transmission line. With the

HART smart protocol, up to 15 transmitters can be
connected on a single twisted pair of wires. Each
transmitter is identified by a unique address (1-15).

Multi-spot temperature sensor

A sensor that measures temperature with several
spot temperature sensors placed at different heights
in one probe to provide a product temperature
profile and an average temperature.

N

Near zone

Referred to as the region directly below the upper
reference point of a guided wave radar transmitter
and includes a distance up to 3.3 ft (1 m).
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Non-conductive

The ability of a material to resist the flow of electrons.
See conductive.

Non-contact

An instrument that does not touch the process, but
may require an opening in the tank wall to function.
Ultrasonic and radar are non-contact devices.

Non-intrusive

An instrument or sensor that may require an opening
in the tank wall and may come in contact with the
process, but does not disrupt the flow or movement
of the process. Pressure transmitters are examples of
non-intrusive devices because they do not protrude
into the process. Non contacting radar is non-
intrusive.

Non-invasive

An instrument or sensor that does not have any
contact with the product, nor does it require an
opening in the tank wall. Nuclear is a noninvasive
device. Radar can be used non-invasively on plastic or
fiberglass tanks.

Nuclear

A method of measuring level or density with the

use of radioactive source emitting (or nucleonic)
gamma rays. Low level gamma energy is beamed
through the walls of a tank. The process level blocks
the energy transmission and a detector measures
the energy received on the opposite side of the tank.
The amount of energy received is proportional to the
level.

(0]

Open tank

Atank that is not pressurized. Atmospheric pressure
is seen by the product surface.

OoIML

The International Organization of Legal Metrology is
an intergovernmental treaty organization consisting
of 57 member countries and several observing
members.

OIML develops global procedures and guidelines
concerning the manufacture and use of measuring
instruments for legal metrology applications.
www.oiml.org

Pin height

The height at which the floating roof is totally
supported by the pins, rather than the product.

Picofarad

One-trillionth farad (10-12 farad). Common unit used
in calculation and discussion of capacitance values
occurring in level applications.

Point indication
Yes/No indication of attained level.

Point level

The term associated with detection of the presence
or absence of material at a specific level height.

Pressure transmitter

A device commonly used for measuring level in
process applications. It uses the principle that the
measured hydrostatic pressure is equal to the height
of the fluid multiplied by its specific gravity.

Probe end projection (PEP)

A method of inferring level with guided wave radar
where the end of the probe is used in combination
with the media’s dielectric constant to calculate the
location of the surface. It is used in low dielectric
media where the end of the probe is detectable
below the surface and the actual surface is too weak
to reflect the signal reliably.

Process level

The term associated with continuous level
measurements in the process industries. Generally,
the accuracy requirements of this measurement
are not as stringent as with inventory level. See also
inventory level

Product temperature

The temperature of the material being measured.

It may be a manually entered constant if no
temperature sensor is installed on the tank.

If a sensor is used, it is automatically used for
compensation purposes. Temperature compensation
is needed for standard volume and density
calculations. It is also needed for compensation of
signal travel time for ultrasonic transmitters when
the vapor space temperature is different from
ambient conditions.
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PROFIBUS (Process Field Bus)

A standard for field bus communication in
automation technology.

PROFIBUS DP (Decentralized Peripherals)

Is used to operate sensors and actuators via a
centralized controller in production (factory)
automation applications. The many standard
diagnostic options, in particular, are focused on here.

PROFIBUS PA (Process Automation)

Is used to monitor measuring equipment via a
process control system in process automation
applications. This variant is designed for use in
explosion/hazardous areas.

Propagation

To cause to spread out and affect a greater number or
greater area.

Pulse radar

A method of using radar to measure level. The radio
signal is generated in pulses and the time-of- flight
for the return signal is measured to determine
material level.

Radar

An acronym for radio detecting and ranging. A
device or system for locating an object by means of
super high frequency radio waves. Radio waves are
reflected from an object or surface and received,
observed and analyzed by the receiving part of

the device, in such a way that characteristics (such
as distance and direction) of the object may be
determined.

Radio frequency (RF)
Aband or range of high frequency microwaves.

Rag layer

A layer that sometimes forms in-between two

fluids. Since it is a combination of the two fluids and
possibly some vapors, it can create some error in the
measurement of the exact location of the interface.
Rathole

A hole formed in the center of a bin of dry solid
material. Often occurs with fine powders where air
becomes entrapped and the wall friction causes the
material to be trapped as dead space. Ratholing can
cause periods of no flow conditions or uncontrolled

flooding.

Receiver

The part of a radar transmitter that receives return
signals reflected from the surface of a material or
obstructions within a tank.

Reference

Usually the point on a tank where the level is equal to
zero. All sensor mounting heights are measured from
the reference point.

Reference temperature

The temperature at which actual density and actual
volume are referenced to calculate standard density
and standard volume. This reference temperature is
required for all applications where standard density
and volume calculations are required.

Reflectivity

The degree to which an object can reflect light,
images, sound waves, or microwaves back to an
instrument.

Remote seal

Remote seal systems act as a pressure transport
medium between the process and the sensor of
the pressure transmitter. Remote seals are used:
when it is necessary to isolate the transmitter from
the process due to high process temperature, for
corrosive or viscous products, for applications that
require the use of sanitary connections, to avoid
contamination between batches, or when there is a
need to make density or interface measurements.

Remote seal system

A combination of the remote diaphragm seal,
capillary, and fill fluid attached to a transmitter. A seal
system may be one high pressure, low pressure, or
both sides of a pressure transmitter.

RTD

The abbreviation for Resistance Temperature
Detector. A device that predictably changes its
resistance when a change in temperature is detected.

S

Sensor trim

The digital trim function that allows adjustment
of the digital process variable reading to a precise
pressure input. Zero trim and full trim are the two
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sensor trim functions.

Servo gauge

Atraditional technique for measuring level. A
displacer rests on a liquid surface and is connected
via a wire to a detector plate. The detector plate
drives a servo motor to raise or lower the displacer
to keep a constant tension on the wire. The servo
motor is attached to a drum that stores any excess
measuring wire. Each revolution of the drum is
associated with the level of the product.

SIL
Safety Integrated Level

SIS
Safety Instrumented System.

Specific gravity

The ratio of the density of a compound to the density
of water. It is a dimensionless number. If a compound
has a density of 13.6 g/cc and water has a density of
1g/cc, the compound’s specific gravity is 13.6. If a
compound has a density of 75 pounds per cubic foot
and water has a density of 62.4 pounds per cubic
foot, the specific gravity of the compound is 1.2.

Still pipe
See stilling well.

Stilling well

A large diameter pipe, mounted vertically inside

the tank, travelling the entire height of the tank to
function as a baffle. It is also known as a gauge well,
still pipe, or guide pole. It is used with level gauges
that float on the product surface and some top
down non- contact level measurement technologies.
The stilling well minimizes the effect of any tank
turbulence on the product surface. In tank gauging
the stilling well is also used for sampling and hand-
gauge measurements.

Strapping method

Identifies the tank strapping method used for the
tank. It uses two methods: strapping table (actual) or
formula based (calculated).

Strapping table

Atable (usually created by the manufacturer of the
tank) that shows a volume versus level relationship.

Stratification (density)

The division or settlement of some products into
layers, based on their density. The density at the top
of the tank can be different from the density at the
bottom of the tank. Density stratification can affect
the level and volume calculations but has virtually no
effect on mass.

Stratification (temperature)

The difference in the temperature of products inside
the tank that have a higher temperature near the
tank shell (due to the sun), than in the middle of the
tank. This temperature difference causes the product
to expand differently throughout the tank, affecting
gross volume and level.

Strike plate

A plate mounted horizontally on the inside wall near
the bottom of the tank. The strike plate is used as

a reference point when measuring level by hand
dipping. The floor of a tank is not always used as

a reference point when hand dipping due to the
possible deformation of the tank floor when the
product s in the tank.

Supernatant
The clear fluid above a sediment or precipitate.

Suppression

Aterm used to indicate that the lower calibrated
value of the span of the pressure transmitter is not
based at zero differential pressure but above zero.
Thus, zero is suppressed. Example: A span of +20 to
+100in. H20 is suppressed.

T

Tank diameter

The inner diameter of the tank. This dimension is
always measured horizontally, despite the tank
shape. Itis the length dimension of a horizontal bullet
type tank.

Tank elevation
The elevation of the site where the tank is located.

Tank height

The total inside height of the tank. Height is always
measured vertically, despite the tank shape. It is the
diameter of a horizontal bullet type tank.

Tank I.D.
The name of the tank in text or numerals.
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Tank tag
The instrument number.

Tank type

The tank shape that best describes the tank. This
is needed for correctly calculating a formula based
strapping table. Some examples of different tank
types are: upright cylinder, horizontal cylinder,
sphere, upright bullet and horizontal bullet.

Tapering
The decrease in the strength of a signal between two
points or between two frequencies.

Temperature range

The minimum and maximum range of temperatures
encountered by the product during operation.

Temperature sensor

A device that measures the temperature of the
product inside the tank. Typically this is an RTD,
although the bottom pressure transmitter with local
temperature sensor could also be used. See also
multi-spot temperature sensor

Thermal expansion

The amount of expansion of material due to changes
in temperature. Usually measured in mm/m/° C.

Thermo well

The housing for a temperature sensing device
protruding into a tank. It allows an RTD to be
replaced even when the tank s in use (full).

Threshold

Used with top-down technologies as a filtering
method. Different amplitude thresholds are used in
order to filter out unwanted signals in order to pick
up the correct pulses.

Time domain reflectometry (TDR)
See Guided Wave Radar

Time-of-flight

The elapsed time from the instant a particle leaves a
source to the instant it reaches a detector.

Traditional volume

The volume calculated from a strapping table and
level measurement.

Transducer

A device that receives information in the form of one
quantity and converts it to information in the form of
the same or another quantity.

Transfer type

The method by which the product will be transferred
to and from the tank—either gross volume, standard
volume, level, or mass.

Transition zone

A short distance from either the reference peak

or the end of the probe where the signal peak and
reference or end of probe peak may be merged.
Measurements in this area may not meet accuracy or
linearity specifications. The length of the transition
zones is dependent on probe type and dielectric
constant of the measured media.

Transmitter

A transducer that responds to a measured variable
by means of a sensing element and converts it to a
standardized transmission signal.

Trim near zone

Software functionality that minimizes the Upper
Transition Zone and ensures that measurement
performance in the near zone is maintained.

U

Ullage

The amount that a container (as a tank) lacks of being
full. Also could be thought of as the vapor space
above the product in the vessel. Sometimes referred
to as “outage.”

Ullage pressure
See vapor pressure.

Ultrasonic

A method of measuring level where a sound pulse
is transmitted from the instrument to the surface
of the material. The sound pulse is reflected off the
surface and the echo is detected by the instrument.
The amount of time to return to the instrument is
inversely proportional to the level.

Upper null zone

The distance designated from the upper reference
point where no measurements will be recognized
by the device. Used with top down level devices to
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ignore undesired peaks close to the device.

Unbalanced remote seal

A situation where the remote seal system (diaphragm
seal, capillary, and fill fluid) is different on the high
and low sides of a pressure transmitter.

Upper range value (URV)

The range value corresponding to the analog output
value, 20 mA.

Vapor compensation

A calculation used to correct for properties of the
vapor.

Vapor pressure

Pressure of the vapor in the vapor space of a
pressurized tank.

Vent hole

The hole near the top of the stilling well that allows

air release as fluid rises in the tube. Ensures that the
level within the tube is equal to the vessel level at all
times.

Vented tank

Atank that is covered but not pressurized. A vent
located on top of the tank releases any pressure
buildup.

Viscosity

The resistance that a gaseous or liquid system offers
to flow when it is subjected to a shear stress. Also
known as flow resistance.

Volume

The amount of space occupied as measured in cubic
units (as in., ft., and meters).

Volume (measured)
The volume measured at product temperature.

Volume (roof)

The volume of product displaced by the weight of the
floating roof.

Volume (standard)
The volume of a product at a reference temperature.

The volume measured is corrected back to a
reference temperature, typically 60° F (15° C) per API
standard.

w

Water bottom level
The level of water at the bottom of a tank.

Water bottom volume
The volume of water at the bottom of a tank.

Wave guide

The entire path, in a radar gauge, through which the
radar signal travels. It includes the coaxial-to-wave
guide adapter, the housing- to-flange adapter, and
the mounting flange.

Wave length

A measure, expressed in meters, of the length of each
complete electromagnetic wave.

Wet leg

Afilled reference connection between the vapor
space area of a tank and the low pressure side of the
transmitter. Wet legs are used when condensation is
common and dry legs are impractical. The pressure
exerted by the weight of the fluid in the wet leg must
be compensated for in the calibration of the pressure
transmitter.

Wetted parts
The portion of an instrument exposed to a process.

z

Zero level

Physical material level at which a level instrument is
calibrated to indicate either “0%” or “low level.”

Zero trim

A zero-based, one-point adjustment used in
differential pressure applications to compensate for
mounting position effects or zero shifts caused by
static pressure.
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15.5 - Frequently Asked Questions

18.5.1  General questions
Can | datalog with a Rosemount 3490?

The Rosemount 3493 model does have data logging
capabilities, but the 3491 and 3492 do not. The
Rosemount 3490s accept input from a 4-20mA or
HART transmitter. The 3493 can log up to 7000
values which can be down loaded to a PC.

Which devices can talk HART?

All of the level devices can talk HART except for:
Hydrostatic, Rosemount 3101, 2110,2120, 2130,
Mobrey MCU200/433, Hydrastep and Hydratect.

18.5.2

Can | use solar or battery power?

General radar

Rosemount 3308 is the only radar that operates
solely on a battery, which makes it suitable for
installations where there is no infrastucture.

Most devices will run on 12-24V dc (direct current),
although there are some devices that runon 110

or 220V. A few devices may operate on low power
or wireless with battery power. Level instruments
can be powered using a combination of solar panels
and batteries as long as this equipment is sized
appropriately. Sizing the batteries is based on the
total number of components to be powered, their
required voltage and their current consumption.

When using wireless THUMs on radar how much
power do | need?

When wiring Rosemount radars with an Emerson
Wireless THUM™ Adapter, add 2.5V dc to the power
requirements. THUM adapters must be mounted

in IS installations but can be remotely mounted if
combined with non-IS transmitters.

5408 | 5300 | 3300

Power 12 to

Explosion/ 20-42.4V
require- 42.4V 16-42V
M~ Flameproof de dc de
HART i

L 14.5t0

remote 42.4v 22.5to 17.5to

mounted ch 42.5V dc 42V dc

THUM

.S/ 12to  16-30V  11-30V

Standard 30V dc dc dc

. 145to 18.5t0 13.5to

WIth THUM 550 4 30vde  30vde
Power Explosion/ 16-32V N/A
require- Flameproof dc

ment:
Foundation
Fieldbus

Is/

Standard N/A 9-30V dc NA

21=117/05

FISCO Vde

NA

Power

require-
ment:
Modbus

N/A  8-30Vdc 8.30V dc

Table 18.5.1: Power supply requirements for Rosemount radars

Why should | use radar technology?

The radar signal is virtually unaffected by the tank
content and tank atmosphere, temperature or
pressure. The measurement is not influenced by
changing material characteristics such as density,
dielectric properties and viscosity. Since there are
no moving parts, the transmitters are virtually
maintenance free.

What is the principle of operation?

Radar level measurement technology can be broken
down into two different categories; pulsed and
Frequency Modulated Continuous Wave (FMCW).
Before the release of the new generation of FMCW
radars, an advantage with pulsed technology was
that it required less processing power. Therefore
most two-wire gauges are based on pulsed
technology.

With FMCW, higher accuracy can be achieved but
more processing power is required and therefore
FMCW-radars are typically four-wire. However,
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recent advances have resulted in some 2-wire

FMCW devices. With pulsed transmitters the level
measurement is a function of the time taken from
the radar signal to travel to the surface and back.
With FMCW gauges the transmitter constantly emits
a swept frequency and the distance is calculated by
the difference in frequency of emitted and received
signals.

Are radar gauges safe?

Yes. The emitted signal is less than three percent of
maximum leakage allowed from a microwave oven.
Radar waves are of no greater intensity than the
constant radio, cellular and other communication
waves that surround us every day. Furthermore the
transmitter is normally placed in a metallic tank
that acts as a Faraday’s cage and therefore the radar
waves are isolated within the tank.

What is the difference in frequency between pulsed
technology quided wave radar and non-contacting
radar?

With guided wave radar the pulsed microwave is
guided down the tank by the probe, making it less
sensitive to disturbances than free propagating
microwaves. Non-contacting radar uses a carrier
frequency, typically 6 Hz or 26 Hz, to carry the
microwaves, which are radiated into the tank with an
antenna.

What generates and transmits the microwave pulse in

Rosemount 5300 and 5408 radars?

The microwave pulse is generated in the microwave
module. A crystal clock with a pulse repetition
frequency (PRF) of 1.8 MHz triggers a pulse
generator. A short pulse (1 ns), is then generated

by fast transistors on the pulse generator circuit.

The generated pulses are then transferred via the
coupling net and out/in to the probe/antenna and
into the tank. The reflected microwave is transferred
back to the transmitter via the coupling net into the
receiver, and then processed by the transmitter logic.

The Rosemount 5408 uses a microwave module
especially designed for optimal performance in
demanding applications. The measurement principle
is fast-sweep Frequency Modulated Continuous Wave
(FMCW). Radar signals are continuously transmitted
towards the product surface with a microwave
frequency modulated over a span. The level is
proportional to the frequency difference between
currently received and transmitted signals. FMCW
technology maximizes radar signal strength and

produces a robust and reliable measurement (with
30 times more power on the surface than traditional
two-wire non-contacting radars). The unique design
also allows the transmitters to operate with only 12V
dc lift-off voltage and they are also self-powered for
up to 2 seconds to maintain operation despite cable
glitches or lightning.

How does the frequency of the radar affect the
measurement?

A higher frequency provides a more concentrated
narrow beam which can be useful in applications
where there are obstacles present in the tank

such as man-ways, agitators or heating coils. The
downside of high frequency is that the measurement
is more affected by vapors, dust and product build
up on the antenna, low frequency radar which has
alonger wavelength and wider beam angle, tends

to cope better with steam, dust, condensation,
contamination and turbulent surfaces.

In what way does the dielectric constant (DC) of the
media affect the measurement?

Electromagnetic energy is emitted from all radar
devices. When the emitted signal reaches a point
where there is a change in DC, usually the media
surface, some of the signal is reflected back to the
transmitter. The amount of energy that is reflected
back to the transmitter is proportional to the DC of
the media. A rule-of-thumb is that the value of the
dielectric constant represents the percentage of
energy that is reflected. Thus a DC of eight means
that eight percent of the emitted energy is reflected
back to the transmitter. Fundamentally, media with
a higher DC provide stronger return signals and are
therefore easier to measure.

Does radar work on foam?

The effects of foam on a radar measurement can be
difficult to predict. In some applications the foam
may dampen out the signal completely while other
types of foam may be transparent to the transmitter.
The thickness, density and the dielectric constant are
factors that need to be considered when evaluating
an application with foam.

On dry foam the microwave typically passes through
and detects the liquid surface below. On medium
foam the signal can be absorbed or scattered and
the results are therefore hard to predict. If the foam
is wet the microwaves are often reflected from the
foam surface and thereby the foam surface level is
measured.
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The frequency at which the radar operates also
affects how foam is measured. Lower frequency
radars (6 to 26 GHz) in general penetrate foam to a
larger extent than higher frequency radars.

Will two or more radar units in one vessel conflict
with each other?

You can use more than one non-contacting radar unit
in one tank since the signatures from the transmitters
are unique, so they will not interfere with each other.
Guided wave radars may however interfere with each
others if the probes are installed too close to each
other. For that reason the probes need to be installed
a certain distance away from each other, unless
coaxial probes are used.

Will radio noise or other interference cause
problems?

The transmitters use a specific narrow frequency and
are therefore not prone to disturbances from other
sources. It is very uncommon with disturbances and
it is rare that the disturbance source operates at
precisely the same frequency as the transmitter.
Furthermore, the transmitters are often installed in
metallic tanks that provide a Faraday's cage which
prevents electromagnetic disturbances from the
outside to enter the tank.

With guided wave radar, if disturbances are present
in the tank and a Rosemount 3300 is used, the
coaxial probe is recommended, since the radar
signal travels inside of the pipe, undisturbed by the
interference sources on the outside. When using a
Rosemount 5300, a coaxial probe is only required if
the disturbances are very close. Otherwise because
of the advanced signal processing capabilities, minor
disturbances can be ignored with threshold settings.

Are there any restrictions on the nozzle height?

Since the nozzle, and especially the lower end

of the nozzle, can create interfering echoes, it is
recommended that the height of the nozzle is kept
within certain values depending on the type of probe
| antenna and type of transmitter used. For more
information regarding these values please refer

to section 6.7 process connection - guided wave
radar installation guidelines or section 7.4 nozzle
considerations - non-contacting radar installation
guidelines.

Are there any restrictions on the nozzle diameter?

In conjunction with the above statement, the
nozzle diameter also affects the measurement,

since a diameter nozzle that is too small will

create disturbance echoes. For more information
regarding these values please refer to section 6.7
process connection - guided wave radar installation
guidelines or section 7.4 nozzle considerations - non-
contacting radar installation guidelines.

Are there any restrictions when measuring in stilling
wells?

Stilling wells should be an all-metal material.
Non-metallic stilling wells or sections are not
recommended for non-contacting radar. Plastic,
plexiglas, or other non-metal materials do not
shield the radar from outside disturbances and offer
minimal, if any, application benefit. See section
6.13 Mounting in chamber/stilling well - guided
wave radar installation guidelines and section 7.10
Mounting in chamber/stilling well- non-contacting
radar installation guidelines for further information.
All pipes 5" and bigger should use the 5900C or
5900S with the array antenna. Refer to best practices
for using radar in still pipes and chambers on
Emerson.com

What are DDs and DTMs, and how do they affect
configuration tools and host systems for the radar

products?

Device Descriptors (DDs aka EDDs) offer access to
configuration and diagnostics for Rosemount radars
in DD compatible host systems such as AMS Device
Manager, DeltaV and 475 Field Communicator. It is
also possible to view the echo curve that can be used
for advanced configuration and troubleshooting.
Device Type Managers (DTMs) offer similar
functionality as DDs, but are used in FDT/DTM
compatible host systems. The echo curve is available
also in DTMs.

DDs and DTMs used in host systems provide easy
access to transmitters from the control room.
Available features (e.g. echo curve support) depend
on the capability of the host system and the DD/DTM.

DDs and DTMs for specific hosts are available to
download on Emerson.com/Rosemount.
(Rosemount Radar Master is a point-to-point
configuration tool streamlined for Rosemount radar
configuration and troubleshooting. This tool is not
based on DD or FDT/DTM technology.)
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How do | know if the Fieldbus measurement device is

fully interoperable with my control system?

Emerson has a long standing program of carrying
out work with other vendors to test Emerson
devices on competitive hosts. For more than a
decade this program has established that the
Rosemount Foundation Fieldbus strategy works well
on competitive hosts. All level Fieldbus Foundation
devices have DD or DTMs that allow them to operate
with specific host systems. These DDs and DTMs
are tested for compatibility with individual host
systems through the Fieldbus Foundation Host
Interoperability Support Test (HIST). To find out if
these tests are complete for a specific device and
host system, go to the Fieldbus Foundation website
(www.fieldbus.org) and look for the registered
product list.

Some system vendors also provide a list of devices
that have been tested on their systems. In addition,
some competitive host vendors provide Emerson
with comprehensive test reports. Some provide
test summaries and certificates. Some don’t
provide external documentation, but still test for
interoperability and work with Emerson to address
any issues that may be revealed. In any case, testing
can be validated between Rosemount field devices
and host systems.

18.5.3

What is the principle of operation for quided wave
radar?

The Rosemount 3300, 3308 and 5300 series use
TDR (Time Domain Reflectometry) technology
which means the transmitter sends out radar pulses.
The actual level measurement is a function of the
time taken from when the electromagnetic signal

is emitted to the time at which the echo from the
media is received.

Guided wave radar

What is the frequency of guided wave radar?

Radar frequency usually refers to carrier-frequency.
Guided wave radar does not use a carrier frequency
like non-contacting radar and therefore it is not
relevant to talk about the frequency.

How do you interpret the electrical distance in the
tank plot in Radar Configuration Tools (RCT) and
Rosemount Radar Master (RRM)?

The electrical distance that is shown on the x-axis of
the tank plot is used when comparing the distance

measured by the transmitter and the real distance.

Due to the influence from the dielectric properties on
the wave propagation speed, the electrical distance
values have to be adjusted when the wave is not
traveling through air. The electrical length shows the
distance with the assumption that the wave travels

in air. Practically this means that the distance to the
first level peak will have the same electrical distance
and real distance. When the waves continue down
through the media, the real length from the surface
to the end of the probe or to the interface level can be
calculated through the formula below:

Real distance = Electrical distance
v DC of media

The distance to the upper product can be read
straight from the plot while the interface distance has
to be calculated using the formula above.

How viscous can the measured media be?

The different probes have different maximum limits
regarding the viscosity of the measured media. Single
probes are more suitable for high viscosity media
while the coaxial probe can be used on low viscosity
media. The guidelines for the different probes and
examples of viscosity are shown below:

Coaxial 500 cP
Twin leads 1500 cP
Single leads 8000 cP

Table 18.5.2: Probe type and viscosity

T

Water 1cP
Light machine oil 102 cP
Heavy machine oil 233 cP
Honey 10000 cP

Table 18.5.3: Media and viscosity

How will coating affect the measurement?

If coating forms on the probe, the measured signal
will be weaker. If the media itself has a high dielectric
constant some coating is not of much concern, but
if itis a low DC media, coating can be a problem. If

a twin probe or a coaxial probe is used the coating
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can cause bridging between the two leads and this
will create false echoes that can lead the transmitter
to interpret a bridge as the actual level. A single lead
probe is recommended in coating applications.
Coating can cause an accuracy influence. Maximum
error due to coating is 1-10% depending on probe
type, dielectric constant, coating thickness and
coating height above product surface.

What are the special considerations for interface
measurement?

The Rosemount 3302, 3308 and 5302 can measure
both level plus interface, and the Rosemount 5302
is the ideal choice for measuring the level of oil, and
the interface of oil and water, or other liquids with
significant dielectric differences. The Rosemount
3301 and 5301 can measure interface with a fully
immersed probe. For more information see section
6.5 Interface - guided wave radar installation
guidelines.

Can the Rosemount 3302 and 5302 read multiple
interfaces?

No. The Rosemount 3302 and 5302 can measure
the surface layer and only one liquid/liquid interface.
There are criteria which must be metin order to
measure the interface of two liquids. Please see
section 6.5 Interface - guided wave radar installation
guidelines.

Can guided wave radar measure emulsion layers?

In general, emulsion layers are hard to predict and
when present, the interface will sometimes measure
at the top of the emulsion layer, sometimes at the
bottom and at other times somewhere within the
emulsion layer. The results will vary with the fluid
mix and will be dependent on the differences in the
DCs of the two layers. In many cases, the interface
will be measured at the top of the emulsion layer.
Small emulsion layers (< 2 in. (50 mm)) may not be
detected at all.

Are there special flanges available for replacing
displacers?

Yes. Masoneilan and Fisher 249B and 249C displacer
flanges are available. The code for Masoneilan is TM,
the code for Fisher 249B and 2598B is TF, and the code
for Fisher 249Cis TT.

Will the guided wave radar see sand in the bottom of

avessel?

No. Since the sand will be embedded in water which

is a high dielectric media (DC™80) the transmitter will
only see the water. The same is true for all media that
are embedded in water.

Is there an inactive part of the probe?

No, however probes do have transition zones which
are areas where measurements are non-linear or
have reduced accuracy. These occur at the very top
and bottom of the probe. The measuring range is
reduced by the upper and lower transition zones,
creating an effective measuring range between
them. The desired measurement points should be
in the effective measuring range, but interference
can still be created in the transition zones. How large
the upper and lower transition zones are depends
on probe type and the dielectric constant of the
measured media. For details please refer to section
6.2 transition zones — guided wave radar installation
guidelines.

What outputs are available?

Measurement data is transmitted as an analog mA
signal with a superimposed digital HART signal
(Rosemount 3300/5300) or Foundation™ Fieldbus
signal (Rosemount 5300). The HART signal can be
used in multidrop mode. By sending the digital HART
signal to the optional HART Tri-loop, it is possible to
have up to three additional 4-20 mA analog signals.
The HART signal can also be used with an Emerson
THUM for wireless transmission of the HART data.
Modbus communication is also available for the
Rosemount 3300 and 5300.

How close to the tank wall can the probe be
mounted?

Like the nozzle, the tank wall can also affect the
measurement through disturbance echoes. The
minimum distance to the tank wall is the same as
the distance to any disturbing object that may be
present in the tank. If there are obstacles presentin
the tank the coaxial probe is the best probe to use.
If the tank wall is metallic and smooth the probe
can be mounted closer to the wall. For details please
refer to section 6.8 Free space — guided wave radar
installation guidelines.

What are the special considerations when measuring
ammonia?

Tanks with anhydrous ammonia have a heavy vapor
above the surface that attenuates the signal from the
radar transmitter. A higher pressure in the tank will
cause a more attenuated signal. A special formula

is therefore used to evaluate what the maximum
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measuring range is in anhydrous ammonia as a
function of the pressure in the tank. The results are
shown below. See also the section on ammonia,
anhydrous (NH3) in chapter 4. Note that, when
measuring hydrous (aqueous) ammonia, this formula
does not apply. Hydrous or aqueous ammonia has a
high dielectric constant and therefore provides good
reflection.

Figure 18.5.1: Measuring range in psi vs ft.

Figure 18.5.2: Measuring range in bar vs meters

What pull force will break a flexible single lead probe?

In solids applications, media might cause down-
pull forces on silo roofs. The silo roof must be able
to withstand the probe collapse load or at least

the maximum probe tensile load. The tensile load
depends on the silo size, material density, and the
friction coefficient. Forces increase with the buried
length and the silo and probe diameter. In critical
cases, such as for products with a risk for build-up, it
is better to use a 0.24 in (6 mm) probe. Depending
on their position, forces on probes are generally
two to ten times greater on probes with tie-down
than on probes with ballast weights. For more
detailed information regarding measurement of
solids please refer to section 6.12 Considerations for
solid applications — guided wave radar installation
guidelines.

For the 0.16in. (4 mm) in diameter cable the tensile
strength is 2698 Ib (12 kN) and the collapse load is
3597 Ib (16 kN). For the 0.24 in. (6 mm) in diameter
cable the tensile strength is 6744 Ib (29 kN) and

the collapse load is 7868 Ib (35 (kN). Note: Abrasive
media can wear out the probe. Consider using non-
contacting radar or a PA coated probe. PTFE coated
probes are not recommended for solids applications.

What is the damping unit and what is the default
value?

The damping value is the parameter that defines how
fast the device reacts to a change of the level, and
the units are in seconds. The default value is set at 10
seconds for Rosemount 3300 Series and 2 seconds
for the Rosemount 5300 Series. The default value
provides a good output current accuracy and stability
as well good response time. The damping can be set
to a lower or higher value if the application needs it,
for example rapid level changes. A high value makes
the level steady but the device reacts slowly to level
changes in the tank. A low value makes the device
react quickly to level changes but the presented level
value can be somewhat jumpy.

Is there a way to use the Rosemount 3300 Series in
Foundation Fieldbus systems?

It is possible to use the Rosemount 848T as a
converter from HART to FF. You will not be able to do
any advanced configuration but you will be able to
read the primary variable, look at the status, set hi
and low alarms and some other standard FF functions
through the Al block.

What measurement error will an incorrect dielectric
constant cause on an interface level?

Errors due to changes in the medium’s dielectric
values can be significant. It is calculated by:

Physical Thickness — Physical Thickness
 dielectric A \ dielectric B

Error =

For example, if the physical thickness is 20 in. (51 cm)
and dielectric varies from 2 to 4:

Error =

20 20 = 4.14in.(11cm)
V2 V4

18.5.4

Can | power up an explosion proof Rosemount 5408
with Rosemount 3490?

Non-contacting radar

The Rosemount 3490 controller provides a nominal
24V dcintrinsically safe supply. Most HART
transmitters will require a minimum input voltage
to work correctly and for HART communication to
function. Increasing the load current in the loop will
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resultin a decrease in the terminal output voltage of
the Rosemount 3490 controller which under certain
conditions could be as low as 12.8V dc.

The explosion proof version of the Rosemount
5408 has a minimum input voltage requirement as
follows:-

15.5Vdcat21.75mA, 20V dcat3.75 mA

The explosion proof version of Rosemount 5400
would not be suitable for use with a Rosemount
3490.

What is the principle of operation for Rosemount
non-contacting radars?

The Rosemount 5408 uses FMCW technology. The
transmitter constantly emits a swept frequency signal
and the distance is calculated by the difference in
frequency between the emitted and received signal
at any point in time. One advantage with FMCW

is that higher accuracy can be achieved. For more
general information regarding the principle operation
please refer to "What is the principle of operation"
under general questions.

How close to the tank wall can a non-contacting
transmitter be mounted?

The minimum distance to the tank wall depends on
which antenna is used. With a more concentrated
beam (larger antenna), the closer to the tank wall
the device can be mounted. For detailed information
please refer to section 7.3 Mounting location, non-
contacting radar installation guidelines.

Are there any special considerations when installing
non-contacting radars in a stilling well?

Even though process radars generally provide robust
operation installed in still pipes, all process radars
regardless of make or type are designed to perform
at their very best during free propagation. Installed

in still pipes, the process radar’s accuracy may be
affected due to the microwave propagation through
the still pipe. For highest accuracy in still pipes,

we have developed the Rosemount 5900 Radar

Level Gauges with unique array antennas utilizing a
low-loss microwave mode dedicated for still pipes.
Installation in a stilling well can be required either
when the existing tank connection includes a stilling
well or when the measurement is improved by
measuring in a stilling well (e.g. with turbulence).
The cone antenna is used for stilling well applications
and the size of the antenna should match the size of
the stilling well. For optimal accuracy the inside of the
stilling well must be clean and free from deposit, rust,

gaps ,slots etc. The largest stilling well / antenna that
can be used is 8 in. For more detailed information on
measurement in stilling wells please see section 7.10
- Mounting in chamber/stilling well - non-contacting
radar installation guidelines.

Why do you use process seal antennas?

To isolate electronics from process in tank such as
vapor and corrosion. The process seal antenna is
also resistant against condensation and build-up. It
is an all PTFE antenna (all materials exposed to tank
atmosphere are made of food-grade modified PTFE).
Itis also 3-A certified and thus suitable for hygienic
applications. The process seal antennas are available
with flanged as well as Tri-Clamp tank connections.

What is the difference between a cone and a horn
antenna?

They are just different names for the same type of
antenna.

18.5.5  Switches

Which cassette do | use?

The relay switch cassette is the most common when
IS certification is not required. For more information
on cassette selection, refer to section output
selection in Switch Installation Guidelines (chapter
11)

Can | replace just the electronics in the field?

For the Rosemount 2110, 2140 and 2160, electronics
are not replaceable. For the Rosemount 2120

and 2130 with non-IS electronics, the electronic
cassette can be replaced in the field by following

a simple replacement procedure as advised in

a manual supplement. For IS electronics, the
electronic cassette cannot be replaced in the field as
this operation must be performed at an approved
manufacturing location.

Can the electronics types be interchanged in the
field?

For the Rosemount 2110, 2140 and 2160, electronics
are not interchangeable. For the Rosemount 2120
and 2130 for non-IS electronics, the electronic
cassettes can be interchanged in the field by
following a simple replacement procedure as

advised in a manual supplement. In the event that a
switch is fitted with an alternative electronics type,
the instruments label will also need to be updated
accordingly.
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For IS electronics, the electronic cassette cannot

be interchanged in the field because they have a
different fork type from non-IS versions which are not
compatible with non-IS electronics.

Can | use solar or battery power?

A lower power consumption variant of the
Rosemount 2120 is available, which runs from a 12V
supply. This makes it suitable for use where power

is limited, including solar and battery-powered
applications.

The wireless Rosemount 2160 is powered by a
replaceable power module.

Can | replace the fork sensor in the field?

No, it is not possible to replace the fork sensorin the
field. The fork is specifically tuned to the housing.

Can the Rosemount 2100 series be used for solids
applications?
No, the 2100 series is not recommended for solids

applications. The 2100 series is a liquid level switch
only.

Rosemount 2140 has a special setting enabling it
to be used to detect settled "wet" sediment in the
base of a vessel eg. sand in a separator or saltin a
brine tank (Sand Switch functionality). Refer to the
Sediment detection section in chapter 4 Liquid level
Applications and technology

Do vibrating fork switches detect foam?

The effects of foam can be difficult to predict,
however Rosemount 2100 is designed to switch
in liquids rather than foams. The technology

has good resistance to foam. However in some
cases where a dense foam is present it may be
possible to detect a small fork frequency shift-
even though the device does not actually "switch"
from dry to wet. Rosemount 2140 and 2160 with
HARTcommunication protocol enable the fork
frequency to be monitored.

How to vibrating fork switches react to media build
up on the fork tines?
In general the Rosemount 2100 series has good

resistance to light to moderate build up on the fork
tines without any effect on reliability.

However, it is important that the tines are not
"bridged" by heavy build up, since this can resultin an
incorrect "wet" measurement. Advanced diagnostics
included in some variants can detect build up so that
cleaning can be carried out before functionality is
affected.

My application is "corrosive". Which process wetted
materials are suitable?

A number of wetted material types and polymer
coatings, are available to suit applications involving
corrosive media (e.g. acids, alkalis, salts etc.) including
hastelloy, ECTFE (Halar) and PFA. It is the customer's
responsibility to ensure chemical compatibility with
the materials of construction selected.

18.5.6

Why are chambers used?

Chamber questions

Externally mounting a level measurement instrument
(e.g. a guided wave radar) in a chamber gives a
number of benefits:

a.  The chamber may be valved off to allow live
instrument maintenance without disturbing the
process.

b. Isolating the chamber for live maintenance of
measurement instruments increases safety
where high process temperatures, pressures or
hazardous liquids are present

c.  Level measurements can be made without
interference from internal structures inside the
tank (e.g. agitators, heat exchangers)

d. Achamber can minimize level changes in vessels
with turbulent liquid by calming the surface

How do | ensure the guided wave radar is sized
correctly with the chamber?

Refer to chapter 14- Combining guided wave radar
with Rosemount chambers to provide a complete
point solution, for assistance on best practices in
sizing and installing.
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The Rosemount chamber has two designs - why?

Standard T-Piece

Figure 18.5.3: Chamber designs

With the standard design, the process connections
are welded directly onto the chamber body keeping
the number of welds to a minimum. This increases
safety, due to fewer welded joints.

In instances when a larger process connection (e.g.
1%-in. (40mm) or 2-in. (50mm)) is required on a
3-in. (80mm) chamber, the T-piece design is used so
that the larger process connections can fit onto the
smaller chamber body.

NOTE!

As more components are required with this design,
there are more weld joints. The standard design
should therefore be regarded as the first choice unless
it is critical to have 17%-in (40mm). or 2-in. (50mm)
process connections on a 3-in. (80mm) chamber.

Why does the Rosemount chamber use weld-neck
flanges?

Weld neck flanges with full penetration welds are
used throughout on the Rosemount chamber. This
is the industry's preferred standard. Stress levels are
reduced compared to alternatives such as slip-on
flanges.

18.5.7 Differential Pressure level

Does a balanced | symmetrical capillary assembly
eliminate all temperature effects?

This type of system is traditionally specified because
it supposedly compensates for all temperature
effects. For example, as the outdoor temperature

changes (whether from night to day or season to
season), the oil volume in the capillary will expand
and contract, causing changes in the internal
pressure of the capillary system. These changes in
pressure will result in measurement error, called “seal
temperature effect”. A balanced symmetrical system
was initially thought to cancel out this error, because
the same expansion | contraction of oil volume

will occur on both the high and low sides of the
transmitter. While this may be true, there is another
source of temperature error that is not addressed.

When a capillary seal system is installed and there
is a vertical separation between the two seals (such
as on vessels and distillation towers), there is “head
pressure” that is exerted on the low side of the
transmitter from the weight of the oil in the capillary.
As the temperature conditions change, the density
of the oil in the capillary will fluctuate and cause a
change in the head pressure that is measured by
the transmitter. This source of erroris called “head
temperature effect.” While balanced systems can
cancel out seal temperature effect, they do not
compensate for head temperature effect.

The asymmetrical design of a Tuned-System
Assembly purposely induces seal temperature effects
to counteract the head temperature effects that will
always be present on any vertical installation. This
results in less net temperature effects for better
performance and faster time response.

What special considerations should be accounted for
in vacuum applications?

When selecting a fill fluid for use in a capillary system
that will be installed on a vacuum application, it is
important to verify that the fill fluid will not vaporize
when subject to vacuum conditions. The point at
which a fluid will turn to a vapor state is dependent
on the operating temperatures and pressures of the
process. The Instrument Toolkit sizing software can
verify a specified fill fluid will not vaporize for a given
application.

Another consideration for vacuum applications is the
mounting location of the transmitter. Differential
pressure transmitters have a 0.5 psia (25 mmHgA)
static pressure limit. In vacuum applications, the
transmitter needs to be mounted at or below the
bottom seal depending on the static limit. A rule of
thumb is to mount the transmitter one meter (3.28
ft.) below the bottom seal, so there will always be at
least 0.5 psia (25 mmHgA) on the transmitter.
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Finally, the entire transmitter [ seal assembly should
be specified with “all-welded” construction for

any vacuum application that will be at or below

6 psia (300 mmHgA). This type of construction
eliminates all gasket and threaded connections for
a 100% hermetically sealed system that is designed
to maximize performance and robustness in deep
vacuum conditions.

Can | use Electronic Remote Sensor technology on
every DP level application in my plant?

Electronic Remote Sensor technology is designed for
taller vessels and distillation towers, and applications
with lower static pressures. Because the sensors in
aRosemount 3051S ERS System are specified and
sized based on the combined static pressure and the
DP column from the liquid level, the technology is
not designed for use in applications with high static
pressures and small DP spans. Because a Tuned-
System Assembly is sized just on the DP column, this
type of technology will continue to be the optimal
solution for smaller, higher pressure vessels. ERS
technology should be the first consideration for
applications with tap to tap distances >15ft (3m)
and static pressures <800 psi (55 bar). Published
performance specifications are available for ERS
systems with Enhanced Performance option. The
Instrument Toolkit sizing software can further assist
with selecting the optimal technology for each
application.

Are additional seal types, materials and options
available beyond what is published in the product
data sheet?

Yes, additional seal types, materials, and options are
available. Contact your local Emerson representative
for information on special seal types and requests.

18.5.8  Emerson Wireless 775 THUM Adapter
How does the THUM Adapter work?

The THUM adapter easily attaches to any 2 or 4-wire
HART device and uses WirelessHART technology

to transmit the measurement and/or diagnostic
information. The THUM adapter, which consists of
aradio transmitter, receiver, microprocessor, and
antenna, plugs into a standard electrical conduit
connection. Itis electrically connected to the loop
wiring and accesses HART data without affecting the
analog control signal.

HART data passes through the network to the
Wireless Gateway. The gateway brings data from all
the devices together into a central location.

How many HART devices can be used on a single
Wireless Gateway?

Up to 100.

What is the minimum number of devices for a robust
WirelessHART network?

Best practices show that the benefits of redundant
pathways can be seen in as little as 2 devices.
Customer installations show that networks are

very robust with as little as 5 devices. The simplest
case of a self-organizing network is a point to point
architecture with each device connected to the
gateway. As more devices are added, the robustness
of the network increases significantly.

How many hosts can communicate with a single
Wireless Gateway?

Many at the same time. For example: legacy host
systems (PLCs, DCS) and AMS Device Manager.

Is a site survey required?

No. Emerson Wireless solutions for field networks
use self-organizing WirelessHART technology, making
wireless signals immune to possible obstacles or
barriers. However, for tank gauging, due to the long
distances between the tanks, a plot plan using the
wireless snap-on tool is required, to ensure a strong
and reliable network.

Can WirelessHART devices, such as the Rosemount
2160 vibrating fork, and wired HART devices with the

THUM Adapter all be on the same network?

Yes.

With what devices will the THUM adapter work?

The THUM adapter is designed to work with any two
or four wire HART Revision 5 or higher devices, which
applies to all Rosemount process level devices.

Is battery power required?

No. The THUM Adapter has been designed so that
it draws power from a 4-20 mA signal without
compromising the loop, or overall quality and safety.

Are there any special requirements for the power
supply when connecting the THUM Adapter?

During normal operation, or in fault condition,
the THUM Adapter will cause a maximum drop of
2.5 volts in the connected loop. It is important to
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ensure that the power supply can provide at least 2.5
volts more than the minimum input voltage of the
transmitter to make sure it works properly with the
THUM Adapter installed.

Does the THUM Adapter affect device approvals?

Yes, the THUM Adapter can provide annunciation
of signal strength and other diagnostic applications
configured by the user.

What other diagnostics can the THUM Adapter
transmit?

The THUM Adapter is classified as intrinsically safe
and can be placed on an IS loop without affecting
device approvals.

Can linstall the THUM Adapter on my application
with some vibration?

Some applications may have heavy vibrations close to
the maximum specification according to the product
documentation for the transmitter. This may include
vessels with heavy agitation, rapid fluid movement,
orin cases where external equipment may induce
vibrations. In these cases, the effects of vibration

may become excessive for additional items attached
to top-mounted devices. If this is likely, remote
mounting of the THUM Adapter is recommended.

What is the maximum cable length between the
remote mounting kit and the transmitter?

The cable length is restricted by the maximum length
that can be used for HART communication and also
by the IS entity parameters for the THUM Adapter
and the transmitter, depending on the cable being
used. Read more about the HART communication
restrictions here:

https://fieldcommgroup.org/

What additional tools do | need to get the benefits of
the THUM Adapter?

You will need a Wireless Gateway to access the
measurement and diagnostic information unlocked
by the THUM Adapter. From the Wireless Gateway
the information can be integrated into your system
through one of many ways such as Serial, TCP, and
OPC. AMS Suite can be used as convenient way to
access the information made available by the THUM
Adapter.

What type of data can the THUM Adapter provide?

The wireless transmission supports multivariable data
handled by the transmitter, such as level, interface,
distance, volume and temperature, as well as alerts
and device warnings.

Can advanced diagnostics and the THUM adapter tell
me when the signal strength drops, e.qg. when the
sensor is coated?

The THUM Adapter enables access to all the
information often left stranded in the transmitter.
To name a few: distance to target, echo size/signal
strength, transmitter temperature, loop testing,

as well as Signal Quality Metrics in the Rosemount
5300 guided wave radar. To put it simply, the THUM
Adapter unleashes the features of the level devices.

Can | view echo curves for my radar transmitters
when using the THUM Adapter in a 4-20 mA system?

Yes, you can view the echo curves in AMS, or any host
system that supports the use of enhanced DDs, such
as the Rosemount 5300 Series, but it will take longer
than with a direct connection.

18.5.9

What are the main benefits of selecting a tank
gauging system that is based on high precision radar

technology?

There are several reasons and features that make
aradar technology system an excellent choice for
tank gauging. The Rosemount Tank Gauging System
provides the highest accuracy with custody transfer
approvals, including the OIML R85:2008 and other
national legal meterological approvals. It also
complies with the international standard API MPMS
chapter 3.1B and chapter 7 and more.

In addition, radar level gauge technology provides an
outstanding reliability with no moving parts and only
the antenna inside the tank. With its FMCW radar
technique it enables the highest accuracy, reliable
and stable level measurement with no need for
periodical re-calibrations. The instrument accuracy is
+/-0.02 in. (0.5mm). Top-down installation provides
easy and fast installation and commissioning. Overall,
using such a system results in a low total cost of
ownership.

Tank gauging

We need to comply with OIML R85, what do we need
to think about?

The OIML standard R85 is available in two versions,
one from 1998 and the most recent from 2008. The
Rosemount Tank Gauging System complies with the
latest version, OIML R85:2008.
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What type of communication bus is the Rosemount
Tank Gauging System using?

The Rosemount Tank Gauging System
communication is based on an open industry
standard, Foundation™ Fieldbus, which allows
integration of any device supporting this
communication protocol. The system can also
easily connect to virtually all major host systems
via Modbus, Modbus TCP, OPC or IEC 62591
(WirelessHART)

Is there a wireless tank gauging solution?

Yes, the Rosemount Tank Gauging System supports
Emerson’s wireless solution, which is based on IEC
62591 (WirelessHART), the industry standard for
wireless field networks. There are already thousands
of tank gauges delivered all over the world using
wireless communication.

We are looking to use the Rosemount Tank Gauging
System in a Safety Instrumented system (SIS). Is that
possible and what SIL levels can be achieved?

The Rosemount 5900S Radar Level Gauge is the
world’s first SIL 3 certified radar level gauge for overfill
prevention. The highest level of safety can now be
achieved with a single gauge, and only one tank
opening, without compromising the custody transfer
accuracy grade. Certification has been carried

out by Exida. Rosemount 59005 is also available

with SIL 2 certification, and this is also the case for
Rosemount 5900C. Other system components are
also SIL certified, such as the Rosemount 5300 and
Rosemount 5408 level transmitters. They can be used
for separate continuous overfill measurements in a
tank gauging system.

There are several different antennas available, but
they are quite different in both shape and size. Why
do we need to have different antennas?

There are different storage tank types, and the
various antennas are made to fit these different tanks.
Each antenna is optimized according to the specific
tank, in order to achieve the best measurement
performance. It is important to follow the guidelines
for where to use each antenna. For example, the array
antenna is designed for use in various still-pipes,

with the antenna sized to fit the pipe. The Parabolic
antenna is designed for mounting on a fixed roof
tank and also to withstand heavily condensing and
sticky products, while the Horn antenna is designed
to fit smaller tank nozzles. Specific LPG/LNG antennas
are also available to meet the demands in such

applications. The antennas are developed based
on over 35 years of experience in the radar level
measurement market.

The parabolic antenna in your antenna offering is
fairly large. Normally we do not have such large
nozzles on the tank. How and where do you mount
such an antenna?

The Parabolic antenna is 440 mm (17 in.) in diameter
and is designed to fit virtually all manway covers on
fixed roof tanks.

Can you use radar to measure the water interface in
the bottom of the storage tank?

Measuring the water level in the bottom of a tank is
important to determine the real product volume.
Another important measurement to obtain the real
volume is product temperature. The radar gauge
itself does not measure the water level, but there is
an integrated water level sensor located at the end of
the multiple spot temperature sensor. In this way the
user will get product level, product temperature and
level of water in the bottom of the tank.

When installing a multiple spot temperature sensor,
how should the individual spot sensors be positioned?

There are recommendations and guidelines in both ISO
and API standards to have a temperature spot in at least
every 3 m (3.84 ft.). For an accurate and precise average
temperature measurement Emerson recommends
atemperature spot per every 2 m (6.56 ft.). It is also
important to put the lowest spot at a minimum of
500 mm (1.64 ft.) above the tank bottom and the

top spot at a minimum of 500 mm (1.64 ft.) below
the tanks high-high level alarm point. This is to enure
temperature readings represent product temperature
with minimum influence from the outside.
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