
Michael (Mike) Goodrich is a consulting Senior Rotating
Machinery Engineer, with TOTAL RAFFINAGE MARKETING, in
Harfleur, France. He was recruited by Total in 2001 as a
Rotating Machinery Specialist and retired in 2008. He is currently
a consultant representing Total on the API SOME committee, the
API 682, 685, and 610 task forces and authoring various company
specifications. Prior to Total, Mr. Goodrich served an engineering
apprenticeship at Rolls Royce Aero Engine division and went on to
pursue a variety of activities as an engineer in the Merchant Navy,
a pilot in the Royal Air Force, and a safety engineer designing
equipment for the food industry before leaving for France to join
Dresser Rand as a Project Engineer on centrifugal compressors.
There he also worked in marketing, product design, and finally
became responsible for the FCC hot gas expander product and
after-market sales in Europe.

ABSTRACT

The API 682 (2004) seal “Arrangement” selection logic is a
questionnaire posing questions about customer experience, local
regulations and seal leakages requiring a vendor, customer
iterative dialogue. The proposed selection procedure overcomes
this shortfall using the internationally recognized Globally
Harmonized System Hazard codes (2003) and safety information
within the pumped fluid Material Safety Data Sheet (MSDS). The
major advantage of this approach is that an MSDS includes local
requirements regarding personnel exposure and environmental
limitations, and is in a constant state of revision as local rules and
regulations change or as the hazard codes of substances change.
This allows the selection procedure to remain valid regardless of
these revisions.
The intent of this paper is to encourage users and the industry

generally to adopt this or a similar approach leading to a consistent,
safety-orientated selection of seals with a clear, repeatable
decision logic.

INTRODUCTION

Although mechanical seals are selected every day by users,
contractors, and seal vendors, there is no universally accepted
system for choosing between a single seal and a pressurized or
unpressurized dual seal. The selection guideline in annex A of ISO
21049/API 682 (Ref 1) includes a flowchart of questions referring
to customer experience, local regulations and expected seal
leakages that require a vendor-customer iterative dialogue to reach

a selection of the seal arrangement. User specifications or seal
selection templates often dictate the type, arrangement and
category based on a variety of service conditions, but these
specifications are often proprietary and consistency between them is
somewhat coincidental. Presented here is the TOTAL Refining and
Marketing procedure for selecting a mechanical seal arrangement
based on internationally established hazard classifications. 

ISO 21049/API 682 OVERVIEW

There are four basic parameters defining an ISO 21049/API 682
(2004) pump seal:

• Category
• Type
• Flush plan
• Arrangement

The selection of the category, type and flush plan for a particular
application is well covered in Annex A of ISO 21049/API 682. 

• Seal category is selected primarily by seal chamber dimensions
that are determined by the pump design in which the seal is to
be installed.

• Seal type selection is dictated by seal chamber pressures and
temperatures leading to different materials, springs or bellows. 

• Seal flush plan is chosen as a function of the selected seal
arrangement. 

Annex A guides the user through the selection of these parameters
with clear, simple to use logic diagrams and tables. Users of the
ISO 21049/API 682 standard will almost unanimously agree that
the selection of seal category, type and flush plan is covered
adequately in the standard. In addition, the technical aspects
associated with the selection of these seal parameters are well
known by most users and seal vendors.

SEAL ARRANGEMENTS

There are three arrangements proposed by ISO 21049/API 682
and they are illustrated in Figure 1:

• Arrangement 1, previously called “single seal”
• Arrangement 2, previously called “tandem” or “dual” or “dual
unpressurized”

• Arrangement 3, previously called “double” or “dual pressurized”
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Figure 1 Illustration of Seal Arrangements.

The selection of the seal arrangement in ISO 21049/API 682 is
carried out using a flowchart of questions that require the user to
have an extremely wide knowledge of subjects varying from
local environmental and safety requirements to the normal
expected seal leakages of the, as yet, unselected seal. This
questionnaire is more complicated than the tables and logic
diagrams selecting seal category, type and flush plan, but does
assist an informed user. 
However, in most cases, seal vendors propose or users dictate

the required seal arrangement based on “shared experience”
and knowledge between company employees and seal vendors,
often based on a simple generic description of the fluid to be
sealed. This is one possible explanation why seal requirements
vary significantly between users and the choice of seal arrangement
can vary between operating facilities in the same company and
between companies resulting in a somewhat subjective selection
process. Worth noting is that the selection of the seal arrangement
has the largest impact on seal leakage and therefore safety, and
arguably should strive to be a more transparent, global, objective
selection process.
While this author recognizes that in most cases there is more

than one technical solution that will comply with user requirements
and local regulation on monitoring and leakage limits, the following
selection procedure provides a consistent and repeatable seal
arrangement selection using primarily the hazard classifications of
the fluid according to the internationally recognized United
Nations Globally Harmonized System.

THE GLOBALLY HARMONIZED SYSTEM

In 2003, the United Nations adopted the Globally Harmonized
System of Classification and Labelling of Chemicals (GHS) (Ref
2). The GHS includes criteria for the classification of health,
physical and environmental hazards, as well as specifying what
information should be included on labels of hazardous chemicals
and in material safety data sheets.
At the end of 2008, which was the original goal, the implementation

of GHS into the laws of each of the 67 participating countries,
listed on the United Nations Economic Commission for Europe
(UNECE) website (Ref 3), varies from being complete in some
countries to various promises of completion at a later date. This
means that in many countries the GHS hazard classification or

“H statement” may not yet be available, in which case the
European hazard classification or “R phrase” may be used.
The R phrase classification has been in existence since 1967
(Ref 4) and is well known by industrial hygienists throughout
the world. 
As each country includes the GHS within its legal framework it

will include a list of dangerous substances to be used to establish
the H statements applicable to a given substance or mixture of
substances. Figure 2 is an example showing part of the classification
for gasoline from the European list of substances included in the
EU Regulation 1272/2008 (Ref 5) that introduced GHS into
European law.

Figure 2. Extract from EU Regulation 1272/2008 Substance List.

The European list includes over 8000 substances and the GHS
also includes rules for the classification and hence H statements of
mixtures of substances to obtain an overall classification according
to the concentration of each substance within the mixture.

The H Statement Codes and R Phrases

These two hazard classifications describe a simple code for
different types of hazard. The (H)azard statement is the GHS
method of classification and the (R)isk phrase is the older
European method (Ref 4). The EU started phasing out the R phrase
and replacing it by the H statement in December 2008. This
process is expected to be complete by 2015. Some examples of H
statement codes are given in Table 1.

Table 1. Examples of H Statement Codes.

R phrases range from R 1 to R65 and are very similar to the H
statement codes. The equivalents of Table 1 are shown in Table 2
and a conversion table (Ref 6) exists in the EU Regulation
1272/2008. Users of systems such as the National Fire Protection
Association (NFPA) (Ref 7) diamond will recognize the principle
of these codes.

Table 2. Equivalent R Phrase Codes for Table 1.

Each of these hazard codes has a clear and concise definition
within the GHS and within the legislative text for each country
that adopts the system. Table 3 shows, as an example, the GHS
definitions for flammable liquids given by the EU Regulation
1272/2008 (Ref 8). Therefore to be classified as H224—extremely
flammable liquid, a liquid must have a flash point <23�C and an
initial boiling point #35�C.
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Table 3. Extract from EU Regulation 1272/2008, Flammable Liquids.

The definitions for Acute Toxicity H331 and H332 are far more
complicated relying on a number of detailed toxicity test results on
rats giving LD50 (oral and dermal) and LC50 (inhalation) values.
Anybody wishing to understand more about toxicity definitions
and testing should refer to the GHS text ST/SG/AC.10/30 Rev 2 or
the EU Regulation 1272/2008.
To obtain the “H statement codes,” the purchaser must supply

to the vendor a Material Safety Data Sheet (MSDS) for the
pumped fluid according to the GHS legislation in the country
where the seal will be used. The latest EU Regulation 1272/2008
defines all substances that are considered hazardous according to
GHS and includes a conversion table (Ref 6) from R phrases to
H statement codes.

THE MATERIAL SAFETY DATA SHEET

The MSDS is a document that is defined in standards such as
ANSI Z400.1-2004, OSHA Form 174, European directives and other
national standards and is in current use throughout the petroleum and
petrochemical industries. Some standards such as ANSI and OSHA
do not currently include H statements or R phrases although OSHA
is working on the introduction within the near future.
Today all producers of petroleum and petrochemical products

worldwide are obliged to supply an MSDS for any finished chemical
product that leaves the plant and in some cases intermediate
substances and mixtures that do not leave the plant. Therefore these
companies already have procedures and expertise in place to create
these documents for any intermediate products being pumped
that have not already been classified, and their industrial hygienists
will already be aware of the arrival of GHS and the H statement
and will have been using the R phrase since 1967 for many
international products especially those destined for Europe. 
Purchasers who do not have such expertise can easily find

professional authors of MSDSs, many of whom already work for
the large petroleum companies and are also already well-versed in
the use of H statements and R phrases within MSDSs. These
authors usually have databases and software available to rapidly
supply an MSDS for the applicable country giving the necessary
information to use this seal selection procedure.

GROUPING H STATEMENT
CODES AND R PHRASES 

For this selection procedure, all applicable H statement codes
and R phrases have been sorted into four groups.

• Group I being those R phrases and H statement codes for
products that are intrinsically dangerous by their presence, hence
requiring the maximum sealing possible.

• Group II includes those R phrases and H statement codes that are
considered intrinsically dangerous due to their toxicity and put
personnel at risk primarily by inhalation. This group requires a
treatment of the risk from equipment that, by design or during

operation, normally has a small but quantifiable leakage that may
cause personnel to be continually exposed to a polluted atmosphere. 

• Group III covers those R phrases and H statement codes that are
potentially dangerous but require a second parameter (e.g., ignition
source) for that danger to be realized. Therefore personnel are not in
danger simply due to the presence of small quantities of the
substance but a real danger occurs if the primary sealing mechanism
fails and large quantities of the substance are released. This group
therefore requires a treatment (sometimes known as “secondary
containment”) of the risk due to unplanned excessive leakage.

• Group IV includes the remaining R phrases and H statement
codes for less hazardous fluids that existing drainage systems
within the plants keep from entering the environment.

The grouping of H statement codes and R phrases is made with
the following assumptions:

• Seals shall be operated within their design limits.
• Operators shall be equipped with the protective equipment
recommended in the MSDS.

• Standard operating practices should include all the precautions
on the MSDS. 

A simplification of the philosophy behind this grouping is
that basically:

• Group I fluids require an Arrangement 3 seal. 
• Group II fluids require an arrangement subject to the concentration
of hazardous substances within the fluid and the likely concentrations
of those substances around the pump seal due to the small but
continuous leakage from most seals.

• Group III fluids should require an Arrangement 1 seal but due to the
potential hazard in the event of a seal failure, an Arrangement 2 seal is
required to limit the leakage caused by the failure of the inner seal. This
is primarily a question of containment in the event of failure.

• Group IV fluids require an Arrangement 1 seal since a failure of
the seal would not put personnel attending the failure at risk.

Tables 4 and 5 give the group numbers for each H statement and
R phrase. The selection procedure selects the seal arrangement based
on the Group within which the pumped liquid falls. Because the
liquid being considered usually has more than one H statement, each
H statement has to be considered to establish the Group to be used.

Table 4. H Statement Group Table.
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Table 5. R Phrase Group Table.

Figure 3 shows an example of an MSDS for gasoline. This MSDS
classifies gasoline with R phrases because the introduction of H
statement codes is so recent that few companies have revised their
MSDSs at this time. These R phrases are repeated in Table 6 for clarity.

Figure 3. An Example of an Extract from a Typical MSDS for
Unleaded Gasoline. 

Table 6. R Phrases for this Example of Gasoline.

Using the European Regulation 1272/2008 (Ref 6) these R
phrases translate to the equivalent H statement codes shown in
Table 7.

Table 7. Equivalent H Statement Codes for Table 6.

Table 4, the H statement grouping table from the proposed
selection procedure, gives the groups shown in Table 8. The group
for this example of gasoline would therefore be group II that is the
most severe group within Table 4.

Table 8. Groups Given from Table 4.

The user enters at the top of the seal arrangement selection logic
shown in Figure 4. Starting at the top of the seal selection logic
diagram, gasoline has a specific gravity greater than 0.5, is not
Group I, has a viscosity less than 700 cSt, and for this example is
considered below 250�C and not self igniting. Therefore the Group
II selection box directs the user to the Group II Seal Arrangement
Selection Chart shown in Figure 5.

Figure 4. Seal Arrangement Selection Logic First Step.

Figure 5.Group II Seal Arrangement Selection Chart.

The user enters this chart with the mass percentage of each of
the components within gasoline that are considered dangerous and
therefore have personnel exposure limits (Ref 9) dictated by the
country in which they will be used. This information is available in
sections 3 and 8 of the MSDS and is shown in Figures 6 and 7. 
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Figure 6. Page 3 of an MSDS Showing Composition and Ingredients.

Figure 7. Page 8 of an MSDS Showing Occupational Exposure Limits.

It can be seen in section 3 of the MSDS that this unleaded
gasoline is a complex mixture but that the components that are of
concern are gasoline, benezene, n-hexane, toulene, ethylbenzene,
trimethylbenzenes (isomers), xylenes (any isomers), isopentane,
n-pentane, methanol, and ethanol because they have applicable
personnel exposure limits.
The mass percentages given in section 3 are the maximum

amounts of each component that gasoline may contain and these
are used to enter the Group II seal arrangement selection chart.
Sometimes the percentages are given in volume percent, which
requires the user to convert to mass percent using Equation (1)

Sg = Specific gravity

The personnel exposure limits, for each component, applicable to
the country or state where the seal is to be installed, are given in
section 8 of the MSDS and for this example are shown in Figure 7.
These limits may be given as a threshold limit value for an 8 hour
time weighted average (TLV-TWA) or as a 15 minute short term
exposure limit (STEL). This procedure uses the TLV-TWA value for
safety and because the STEL values are not always given. 
As can be seen in Figure 7 the occupational exposure limits are

sometimes given in mg/m3 instead of ppmv. This can be converted
to ppmv by using Equation (2).

For convenience these values have been inserted in Table 9 and
are compared to the American Occupational Safety and Health
Personnel exposure limits.

Table 9. Comparison of French and US Exposure Limits.

Plotting the Table 9 values on the Group II seal arrangement
selection chart Figure 5 creates Figure 8, which demonstrates the
variation in allowable exposure limits between the two countries
and a preliminary seal arrangement selection.

Figure 8. Overlay of Figure 5 with French and US Exposure Limits.

It can be seen that for this selection procedure the gasoline used
would require an Arrangement 2 seal due primarily to the benzene
content and that a similar gasoline with 2 percent benzene would
require an Arrangement 3 seal. It can also be seen that there are
different limits for each country and that for a given mixture the
seal arrangement may differ between those countries.
Once it has been established that an Arrangement 2 seal is

required the user must return to the Seal Arrangement Selection
Logic flowchart shown in Figure 9. Replying to the questions leads
the user back to an Arrangement 2 seal due to the flashing nature
of gasoline and the seal arrangement selection is complete.

Figure 9. Seal Arrangement Selection Logic Second Step.

PROS AND CONS, A DISCUSSION 

To verify the effectiveness of this procedure, the API 682 task
force carried out a comparison between this procedure and the
procedures of another major oil company and a major seal vendor
who used another user proprietary method. The comparison was
carried out using the MSDSs of seven different pump applications
taken from an actual ongoing project. The results can be seen in
Table 10. These results show that the author’s company seal
selection procedure presented here basically agrees with current
practices, but demonstrates a more conservative approach. 
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Table 10. Comparison with Other Selection Methods.

This conservatism does not restrict the highly experienced user
or purchaser from retaining the basic procedure and writing their
own overlay specification by regrouping the H statement codes in
a more or less conservative manner according to the users
operation and methods. Alternatively moving the selection bands
for each arrangement in the Group II seal arrangement selection
chart up or down would have a similar effect. Therefore this
procedure remains an excellent basis for most users due to the ease
with which it can be modified to suit their local requirements,
while maintaining a common selection methodology.
This procedure introduces a new requirement that the industry

may, at first, find difficult to accept and that is the need for the
purchaser to create the MSDS for the fluid to be sealed. This will
create a workload that the purchaser is not in the habit of handling
and may be onerous during the initial stages of a project when exact
fluid compositions may not be available. To assist in such cases users
may refer to documents such as the Conservation of Clean Air and
Water in Europe (CONCAWE) report 06-05 (Ref 10) for refinery
substances and the National Institute for Occupational Safety and
Health (NIOSH) pocket guide (Ref 11) to chemical hazards or EU
Regulation 1272/2008 Tables 3.1 and 3.2 for chemical substances.
The Concawe report 06-05 has taken all the refinery substances

from the EU directives and created very useful subgroups, each
with its applicable R phrases. The Concawe report is available as a
download and will, no doubt, soon be revised to include the
applicable H statements.
Experience has shown that using these documents for an initial

selection during early engineering and cost estimating gives a
reasonable orientation for seal arrangement selection allowing
engineering to continue until the specific composition of the fluid
is known.
While the creation of an MSDS may seem to be an increase in

workload and hence cost, there are a number of advantages that
spin off from this document.

• The MSDS tends to remain with the pump and seal data sheet in
the user’s archives allowing personnel who were not present during
the seal selection to understand how and why the selection was made.

• In the event that the pumped (and seal) fluid changes during the
life of the pump, operators can quickly establish if the existing seal
meets the new conditions safely by comparing the MSDS of the
new fluid to that of the original.

• The detailed composition of the fluid that must be made to
establish the MSDS will allow the seal vendors to be more precise
in their selections compared to current practice where the fluid is
often very loosely described.

• The MSDS is a very valuable document during safety studies such
a HAZOP and Risk analysis because they allow those carrying out the
analysis to understand better the hazards associated with each fluid.

• Substances that are classified under GHS are regularly reassessed
and new substances are added as technology advances and knowledge

of those substances improves. This means that a seal chosen for a
particular application today may not be correct tomorrow. Therefore
this procedure avoids the risk run by many today who select a
seal arrangement based on what has been used historically for that
particular process stream. 

CONCLUSION

The author recognizes that this is a conservative selection
procedure; it was created for a company that places safety above all
other considerations. A more detailed analysis of each application
may reveal alternative seal arrangement and instrumentation
solutions that are equally suited to a particular application. The
publication of this selection procedure was made primarily to assist
those who find themselves in the position of having to purchase a
seal without having the depth of knowledge or experience
necessary to fine tune the selection to achieve the most cost
effective solution. It allows the user to select a seal that will not
necessarily be the cheapest, but will be safe for personnel and the
environment and as required by local regulations.
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