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FOREWORD

The purpose of this Guide to Good Practicesis to provide Department of Energy (DOE)
contractors with information that can be used to validate and/or modify existing programs relative
to Conduct of Operations. This Guide to Good Practicesis part of a series of guides designed to
enhance the guidelines set forth in DOE Order 5480.19, Conduct of Operations Requirements for
DOE Facilities.
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GUIDE TO GOOD PRACTICESFOR
EQUIPMENT AND PIPING LABELING

INTRODUCTION

This Guide to Good Practices is written to enhance understanding of, and provide direction
for, “Equipment and Piping Labeling,” Chapter XVI11 of Department of Energy (DOE)
Order 5480.19, Conduct of Operations Requirements for DOE Facilities. The practicesin
this guide should be considered when planning or reviewing labeling programs. Contractors
are advised to adopt procedures that meet the intent of DOE Order 5480.19.

“Equipment and Piping Labeling” is an element of an effective Conduct of Operations
program. The complexity and array of activities performed in DOE facilities dictate the
necessity for a coordinated labeling program to promote safe and efficient operations.
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2. OBJECTIVE

The objective and criteria are derived from DOE Order 5480.19. They are intended to aid
each facility in meeting the intent of the order.

An equipment labeling program is established and maintained to ensure that facility personnel
are able to positively identify the equipment they operate.

Criteria:

a

Equipment, components, and piping that require labeling are identified by the facility.

Label information meets regulatory requirements and is consistent with facility
procedures.

Label materials and means of attachment are compatible with the components and
environment where they are used.

Labels are properly placed and oriented to enhance readability and component
identification.
Checks to verify that labels are correct are included in designated operating

procedures.

Procedures are established to replace lost or damaged labels and to acquire new labels
when needed.
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DISCUSSION

A well-established and maintained labeling program is essential for safe, reliable operation
and maintenance of DOE facilities. During the period December 1990 through August 1992,
DOE facilities reported more than 40 occurrences in which ineffective or incorrect labeling of
equipment and piping contributed to errors in implementation of lockout/tagout, maintenance
on the wrong equipment, inadvertent equipment startup, failure of designated safety or
backup systems, or improper operation of facility equipment. The consequences, or potentia
conseguences, of these occurrences include personnel injury, equipment damage, release of
hazardous or toxic material, and loss of proper control of nuclear materials and processes.

An effective labeling program will clearly identify each component required in the operation
of the facility, warn of specific hazards, and clearly identify emergency equipment. Effective
labeling will enhance training effectiveness and help reduce operator and maintenance errors
resulting from incorrect identification of facility equipment. Effective labeling will help
reduce personnel exposure to radiation or hazardous materials by reducing the time spent
identifying components. Piping labels that identify the contents, or at least the type of hazard
represented by the contents, and the normal direction of flow will aid in preventing or
mitigating leaks and spills. Labels on electrical equipment identifying the applicable feeder
panel or breaker will aid in isolation for lockout/tagout, and will aid in quick and accurate
response to equipment emergencies.

Labels should be designed to present information in a manner that will enhance operations
and maintenance. The equipment names and number designations used on labels should be
consistent with those used in procedures and drawings. Label size, placement, arrangement,
fabrication materials, color coding, lettering size and type style can al affect the usability of
labels. The Electric Power Research Institute (EPRI) report, EPRI NP-6209, Effective Plant
Labeling and Coding, contains research data and illustrations showing how to use labels
effectively in control room and plant environments.

To remain effective, the labeling program must be an ongoing process. Maintenance
activities involving removal or replacement of equipment may also result in loss or
misplacement of component labels. Spills, passage of time, or other environmental factors
may cause labels to become damaged or unreadable. Equipment modifications may result in
new label requirements. Facility procedures should provide instructions for temporarily
labeling components, and a central point of contact to ensure timely response to ongoing
labeling requirements.
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4. GOOD PRACTICES

4.1

4.2

Components Requiring L abeling

Facilities should establish written guidelines for labeling components, systems, and
hazards that personnel may be expected to encounter in the course of their work. The
following items should be considered for the labeling program:

OO

O o

Cabinets, including internal
components (relays, terminals, etc.)
Circuit breakers (4.16kV, 480V,
120VAC/DC, etc.)

Electrical busses

Electrical distribution and lighting
panels

Emergency equipment (fire alarm
stations, eye wash stations, €tc.)
Equipment components (motors,
valves, pumps, etc.)

Equipment subsystems

Exits, evacuation routes

Facility location codes (buildings,
columns/rows, floorg/elevations)
Floor drains

Label Information

Oo0Oo0O0 @)

O o

OO0

Fluid and gas lines (piping, ventilation
ducts, etc.)

Fire protection systems and equipment
Fuse blocks or fuse locations

Gauges, meters, and other indicators
Major equipment systems (e.g.,
emergency generator, heating and air
conditioning system, etc.)

Motor control centers

Protective equipment, first aid
equipment, safety devices

Room doors (list major equipment inside
hazardous or radiation areas)

Safety hazards and warnings

Storage containers, cabinets, storage
spaces

Test equipment, special tools

A label should provide a concise and meaningful verbal description of the function
(noun name) of an item being identified, and a unique alphanumeric code identifying
the system and component, as shown in Appendix A. Noun names and alphanumeric
codes used on labels should be consistent with those used in al facility procedures,
round sheets, alignment checklists, engineering drawings, and piping and instrument
diagrams. Information on control panel labels should be consistent with the
information on labels attached to the equipment being controlled. Alphanumeric codes
should be developed in a manner that will aid personnel in consistently identifying the
correct component and prevent misidentification. For example, two parallel motor
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control centers may be identified as MCC-1A and MCC-1B, but identifying them as
MCC-1A and MCC-1-1A may lead to confusion.

Abbreviations and acronyms used on labels should come from the facility's approved
list of abbreviations and acronyms, and should be commonly understood. Example
lists of system designator codes and component function codes are shown in Appendix
A.

The following additional guidelines should be considered when developing labels for
specific components.

C Labesingalled on electrical cabinets, panels, and equipment should indicate the
maximum voltage present.

C Labels placed outside doors to rooms should identify the major equipment items
contained within.

C Labelsfor electric motors and other electrical equipment should identify the power
supply (e.g., distribution panel, circuit breaker, etc.).

C Labelsfor pneumatic actuators should identify the respective isolation valves.

C Labeson piping should indicate the contents (or hazard) and the normal flow
direction. Piping containing radioactive fluids, toxic materials, or explosive gases
should be uniquely marked. (Appendix B identifies a standard method for labeling
piping using color codes to indicate the level of hazard.)

Color coding or shape coding can enhance the information presented on alabel. For
example, facilities having multiple units or parallel trains of equipment may color code
labels using a distinctive color for each unit or equipment train, or they may code each
unit with a unique label shape (e.g., unit A labels are triangular, unit B labels are
rectangular, unit C labels are round). These practices have been shown to reduce
misidentification.

Color coding can aso be used to identify functional groups of components, such as
components connected to the emergency power bus. When color coding is used, it
should be applied consistently and have only one meaning for each color or
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combination of colors. Appendix B describes several applications of color coding for
labels, control panels, and components.

In some facilities, bar coding is added to equipment labels to facilitate automated data
taking or maintenance tracking. Facilitiesinvolved in extensive relabeling of existing
equipment or installation of new equipment systems may find it worthwhile and cost
effective to add bar coding.

Label Placement

Labels should be placed on or near the components being identified in a manner that
clearly associates the label with its respective component. Appendix C shows how the
method used when applying labels can affect the operator's ease of use and the
accuracy of identification.

Labels for components should be permanently attached to the components (e.g.,
attached to the valve yoke, not to aremovable part such as the handwheel) in away
that will not interfere with the normal operational use or testing of the component.
Valves operated by reach rods or chains, or other remotely operated components,
should have an additional label installed at the operating device. Labelsfor chain
operators should be attached to a small piece of tubing through which the chain
passes, so the label always remains at the bottom of the chain loop. If the valveis
difficult to be seen from the operating location, the label should indicate the open and
close direction for the chain or other operator.

Label materias (including adhesives and other means of attachment) should be
compatible with the components and environment where they are used. Labels made
with embossed plastic tape frequently curl and fall off the panels to which they have
been attached. Metal labels or wire attachments made of dissimilar metals can cause
galvanic corrosion of the component, label, or attachment device. Use of adhesives
containing chlorides can cause corrosion of stainless steel components.
High-temperature, humidity, chemical, or radiation environments may preclude the use
of certain label materials.

Labels should normally be constructed of non-reflective materials. This helps ensure
readability of the label under a variety of lighting conditions. Labels that must be read
in dim light or during blackout conditions may require the use of reflective or
phosphorescent materials.
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If possible, the text of all labels should be oriented as shown in Figure 1a. Labels for
vertical runs of piping and conduit may require that the label be oriented vertically.
When vertical labels are necessary, the text should be oriented as shown in Figure 1b.
Labels should never be oriented like those shown in Figure 1c.

Z ol [N
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6 2l

9 Z |9

O N o

Figure la. Preferred Figure 1b. Acceptable Figure 1c. Unacceptable
orientation for all labels. orientation for vertical label orientation.

labels.

Labels should be readable from the normal operating location or position (i.e., an
operator should not be required to manipulate the label before reading it). The
character height of label text should be based on the reading distance, available
illumination, and importance of the information.

C The minimum character height for good illumination environments can be
determined by multiplying the nominal reading distance by 0.004. For example, if
the nominal reading distance for an operator standing directly in front of a panel is
28 inches, the minimum label character height would be 0.112 inches (0.004 x 28
inches).

C The preferred height for label characters giving critical information or in areas of
adverse illumination is 0.006 times the reading distance. For example, if the
reading distance is 28 inches, the preferred character height would be 0.168 inches
(0.006 x 28 inches).

10
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4.4 Replacing Labels

441

4.4.2

Identifying Lost or Damaged L abels

Facilities should establish procedures to ensure that missing, damaged, or
incorrect labels are promptly replaced. Since labels may be removed or
misplaced during maintenance activities, facility procedures should require
operators to verify labels when the equipment is returned to service.
Operators performing component alignments or rounds should verify that
labels are present, readable, and undamaged. A column can be added to valve
line-up sheets or system alignment checklists to ensure that label condition
and accuracy are checked during system line-ups. Checks may also be added
to preventive maintenance procedures (PMs), or other procedures, to ensure
that components are correctly labeled.

Operators should watch for use of informal labeling methods (e.g., black
marking pen) as these may represent places where formal labeling should be

applied.
Providing New L abels

The operations supervisor (or other designated management authority) should
review and approve al requests for new or replacement labels. Labeling
requirements should also be evaluated during the planning of design changes
or temporary modifications. Conflicts involving component identification
(e.g., inconsistent component numbers or names used in procedures or
drawings) should be resolved before labels are approved.

If anew label cannot be immediately provided, atemporary label should be
installed until a correct permanent label can be obtained. All labels should be
installed by personnel knowledgeable of the components and their function in
the system to prevent inadvertent equipment operation during label
installation, and to prevent interference with normal component operation.
The attachment of temporary or permanent labels should be independently
verified to ensure that the label is properly attached to the correct component
and all the label information is correct.

11
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Facilities may find it advantageous to obtain label-making equipment, so
replacement labels can be produced on site. The EPRI report, Effective Plant
Labeling and Coding, cited in Section 3, discusses various methods for
providing replacement labels and estimates the delay time and the cost
associated with each.

12
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SUPPLEMENTAL RESOURCES
The following sources provide additional information pertaining to topics discussed in this Guide
to Good Practices:
DOE Order 5480.19. Conduct of Operations Requirements for DOE Facilities.
DOE Order 5480.19, Chapter XVII11, “Equipment and Piping Labeling.”
Electric Power Research Ingtitute, EPRI NP-6209, Effective Plant Labeling and Coding (1989).

American National Standards Institute, ANSI A 13.1-1996, Scheme for the Identification of
Piping Systems.

13
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LABEL INFORMATION

A-1



DOE-STD-1044-93

INTENTIONALLY BLANK



DOE-STD-1044-93

LABEL INFORMATION

System Component

Function

Component
Number

Designator

AHU

2ND FLOOR SOUTH
AIR HANDLING UNIT

k MCC-21A

HVAC - 004B \
J

Power
Supply

Figure A-1. Label Information

Labels should provide a concise and meaningful verbal description of the function (noun name) of
the item being identified. Labels should also provide a unique alphanumeric code identifying the
system and the component. In some facilities, particularly where duplicate systems or parallel
trains of equipment are used, additional identifying information may be required to ensure that
each label uniquely identifies a single component.

Noun names and alphanumeric codes used on labels should be consistent with those used in
procedures, drawings, and other facility documents. Any abbreviations or acronyms used in noun
names, system designator codes, or component function codes should be standardized, commonly
understood, and identified on the facility approved list. 1t may be helpful to list systems and
components by name and by designator to make it easier for personnel to locate the correct name
associated with a label code, asillustrated in the following tables.

A-3



Arranged by System Name

stem Name
Air, Compressed
Air, Instrument
Electrical, Low-Voltage
(#240V)
Electrical, Medium-Voltage
(>240V, #4.16kV)
Fire Protection
Heating, Ventilation, and Air
Conditioning
Steam, Heating
Steam, High Pressure
Waste, Process Liquid
Waste, Sanitary
Water, Deionized
Water, Domestic

Code
CA
1A
ELLV

ELMV
FPS

HVAC
HTS
HPS
LPW
SWR
DIW
DW

DOE-STD-1044-93

Table A-1. System Designator Codes

Arranged by Designator

Code
CA
DIW
DW
ELLV

ELMV

FPS
HPS
HTS
HVAC

A
LPW
SWR

System Name

Air, Compressed

Water, Deionized

Water, Domestic

Electrical, Low-Voltage
(#240V)

Electrical, Medium-Voltage
(>240V, #4.16kV)

Fire Protection

Steam, High Pressure
Steam, Heating

Heating, Ventilation, and Air
Conditioning

Air, Instrument

Waste, Process Liquid
Waste, Sanitary

Table A-2. Component Function Codes

Arranged by Component Function

Component Function
Air Handler
Annunciator

Circuit Breaker
Compressor

Condenser

Damper

Heat Exchanger
Indicator, Current (Electric)
Indicator, Flow
Indicator, Voltage
Motor Control Center
Pump

Transformer

Valve, Air-Operated
Valve, Motor-Operated

Code
AHU
ANN
CB
CMP
COND
DMP
HX

Fi

El
MCC
PMP
XFMR
AQV
MOV

Arranged by Code

Code
AHU
ANN
AQV
CB
CMP
COND
DMP
El

Fi

HX

I
MCC
MOV
PMP
XFMR

Component Function
Air Handler
Annunciator

Valve, Air-Operated
Circuit Breaker
Compressor

Condenser

Damper

Indicator, Voltage
Indicator, Flow

Heat Exchanger
Indicator, Current (Electric)
Motor Control Center
Valve, Motor-Operated
Pump

Transformer
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COLOR CODING
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COLOR CODING

Color coding may be used in a number of ways to enhance the labeling of equipment and piping,
as discussed below. When color coding is used, it should be applied consistently and have only
one meaning for each color or combination.

Highlighting Critical Component Controlsor Groups of Controls

One common use of label color coding isto provide easy recognition of critical controls, such as
emergency stop or emergency shutdown controls. The use of red-on-white or white-on-red labels
for these controls can set them apart from the standard labels used on the remainder of the control
panel. To further accentuate critical controls or groups of controls, red functional demarcation
lines can be used in association with red labels.

Associating Related Controls and Displays

The design of some control panels places gauges, meters, and other quantitative displays on an
upper section of the panel and the associated controls on the lower section of the panel. Color
coding can be used to help operators rapidly make the correct associations between
control-display pairs. Methods include:

C Color-coded display bezels or labels, with matching color control handles or labels

C Color-coded paint patches on the control panel surface surrounding displaysand  controls.

Showing Functional Demar cation of Controls

Functionally related groups of control panel components can be identified by using taped
demarcation lines or the “paint patch” or “color patch” method. When using taped demarcation
lines, standard operating controls may be grouped using one color (e.g., black lines), critical
controls using another (e.g., red lines), and annunciator controls using a third (e.g., orange or
yellow lines), asillustrated in Figure B-1. The “paint patch” or “color patch” method (see Figure
B-2) usually consists of a different color background on the control panel for each system,
matching the paint colors used on facility components and piping.

Use of demarcation lines that are too bold, or extensive use of color in either of the above
methods, can result in a control panel that is visually overwhelming. Consultation with graphic

arts or visual communication arts personnel may help avoid problemsin this area. Facilities

B-3
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choosing to use color coding may benefit from testing on a full-scale mockup before applying the
coding system to control panels and components.

Preventing Wrong-Unit, Wrong-System, or Wrong-Train Errors
Wrong-unit errors can occur in the performance of operations or maintenance when identical

components are used in parallel units. To reduce the errors, a unit color code can be applied to
the following:

C Labels C Floors

C Wals C Doors

C Equipment bases, pedestals, and curbing C Stencil marking backgrounds

C Valve handwheels C Paper used for procedures or other

unit-specific documents

Errorsinidentification also occur when similar or identical components are used in more than one
system (e.g., portions of compressed air, fuel oil, lube oil, and cooling water systems may have
similar piping and components), or when redundant equipment trains are installed (e.g., identical
equipment may be installed in safety monitoring trains A and B). Color-coded labels and other
color-coding methods listed above may be applicable to systems and equipment trains. In
addition, some facilities have applied color-coded paint to all painted components of designated
systems; for example, all piping and components of the compressed air system are painted blue,
the lube oil system is painted orange, the steam system is painted tan, etc.

Identifying Hazards in Piping Contents

A standard published by the American National Standards Institute, Scheme for the Identification
of Piping Systems, ANSI A 13.1-1996, specifies a method for identifying the contents and hazards
in piping systems. A standard method of identification is particularly important when components
in piping systems may be operated or manipulated by personnel from outside the facility, such as
firefighters or outside maintenance personnel. The standard identifies the following practices for
labeling piping systems:

C Thelegend (text) of the label must identify the contents of the piping and the hazard (e.g.,
“hot water,” “air - 100 psig,” “sulfuric acid,” etc.)

B-4
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C Arrows must be used with labels to indicate the direction of flow

C Thelabel and arrow, or the pipe itself, should be color-coded to indicate the contents and
level of hazard. The following color codes have been identified for this purpose:

Piping Contents Label Color Legend Color
Materials inherently hazardous Y ellow Black

(e.g., flammable, chemically active,
toxic, dangerous temperatures or pressures,
radioactive)

Low-hazard liquids or liquid admixtures near Green White
ambient temperature and pressure

Low-hazard gases or gaseous admixtures near Blue White
ambient temperature and pressure

Fire quenching materials Red White
(e.g., water, foam, CO2, Halon, etc.)

C Labels (with arrows) are required in the following locations:

Close to valves or flanges

Adjacent to changesin direction and branches

Both sides of barrier penetrations (where pipes pass through walls or floors)

At intervals on straight pipe runs sufficient for identification.

B-5
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Figure B-1. Demarcation lineson a control panel.
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Figure B-2. Color patch method on a control panel.
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LABEL PLACEMENT

Labels should be placed on or near the components being identified in a manner that clearly
associates the label with its respective component and removes any ambiguity. Labels on control
panels should be consistently placed above, below, or on components so that the operator is
conditioned to finding and identifying information accurately. However, even when labels are
placed consistently above or below components, the results can be confusing, as shown in Figure
C-1.

ST /L [ | /L [ HSI0

O

SIAS MANUAL
ACTUATION
CHAN B

SIAS
RESET
CHAN B

O
O

CNTMT ISOLATION
SIGNAL RESET
CHAN B

HS-18

CNTMT ISOLATION
MANUAL ACTUATION

CNTMT SPRAY
SIGNAL RESET
CHAN B

RECIRCULATION
SIGNAL RESET
CHAN B

Hs-11

CNTMT SPRAY
MANUAL ACTUATION

RECIRCULATION
MANUAL ACTUATION

CHAN B CHAN B CHAN B

HS-8 HS-1 HS-5

)
)
)

1 1

Figure C-1. Labelsevenly spaced between components.

To accurately identify the correct label with each component in the portion of the control panel
illustrated above, the operator would be required to search for indications of the labeling system
used, by checking the top of the panel, the bottom of the panel, or a separate legend. This
increases the chance of identification errors.

Where control panels contain many rows or columns of equally spaced components and labels, the
facility can reduce the risk of misidentification by “connecting” the labels to the components they

identify using brackets or tie lines, as shown in Figure C-2.
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S

ASI0

.@

NORM BLOCK

SIAS
MANUAL
ACTUATIO

SIAS
RESET
CHAN B

SIAS B
BLOCK

e
CNTMT CNTMT RECIRCUL
ISOLATIO SPRAY ATION
N SIGNAL SIGNAL
HS-18 HS-3 HS-11
e
CNTMT CNTMT RECIRCUL
ISOLATIO SPRAY ATION
N MANUAL MANUAL
HS-8 HS-1 HS-5
P &N &N

Figure C-2. Labelstied to components.

A better approach to labeling control panelsisto place each label closer to the component it
identifies than to any other component. The label for a control device (e.g., switch) should be
placed above the control so the operator's hand does not block view of the label when
operating the control. This method isillustrated in Figure C-3.
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Figure C-3. Labels placed near the componentsthey identify.

A final refinement for control panel labeling is the design of escutcheon plates, i.e., labels that
enclose or surround each control panel device. These plates may be simple shapes, or they may
be designed as graphic illustrations of the component being monitored or controlled, as shown in
Figures C-4 and C-5.

SIAS
RESET
CHAN B

Figure C-4. Simple escutcheon plate labels.

C-5
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HOLDUP TANK
DRAIN VALVE
V-47 PR-9

A-2 COOLING WATER
PUMP START \

CLOSE

EC-12

Figure C-5. Graphic escutcheon plate labels.
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