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FOREWORD

The Iranian Petroleum Standards (IPS) reflect the
views of the Iranian Ministry of Petroleum and are
intended for use in the oil and gas production
facilities,  oil  refineries, = chemical and
petrochemical plants, gas handling and processing
installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can select
his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the user.
This addendum together with the relevant IPS
shall form the job specification for the specific
project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the relevant
technical committee and in case of approval will
be incorporated in the next revision of the
standard.

Standards and Research department
No.19, Street14, North kheradmand

Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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GENERAL DEFINITIONS:

Throughout this Standard the following
definitions shall apply.

COMPANY :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas Company, National Petrochemical
Company and National Iranian Oil Refinery And
Distribution Company.

PURCHASER :

Means the “Company” where this standard is a
part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part
of contract document.

VENDOR AND SUPPLIER:

Refers to firm or person who will supply and/or
fabricate the equipment or material.
CONTRACTOR:

Refers to the persons, firm or company whose
tender has been accepted by the company.
EXECUTOR :

Executor is the party which carries out all or part of
construction and/or commissioning for the project.

INSPECTOR :

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work

SHALL:

Is used where a provision is mandatory.
SHOULD:

Is used where a provision is advisory only.

WILL:

Is normally used in connection with the action by
the “Company” rather than by a contractor,
supplier or vendor.

MAY:

Is used where a provision is completely
discretionary.
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1. SCOPE

This Standard covers the Engineering and
Installation of control centers for process
operations. The term control center, as used in
this Standard defines a building which
encompasses the control room with control
panels and other associated control equipment,
auxiliary room, computer equipment room (if
required), associated offices, utility and
mechanical equipment, and any other facilities
housed within the building. The standard covers
guidelines for locating the control center in
reference to the processing units controlled from
it, discusses factors associated with the design
and engineering of the building, primarily those
factors affecting the instrumentation within the
building, and presents common practices for the
construction and installation of the various types
of control panels and auxiliary control
equipment. Regarding DCS requirements,
reference shall be made to IPS-G-IN-250
"Engineering and Construction Standard for
Distributed Control Systems".

Note 1:

This standard specification is reviewed and updated
by the relevant technical committee on Aug 2005, as
amendment No. 1 by circular No. 277.

Note 2:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on April 2010, which is issued as
revision (1). Revision (0) of the said standard
specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent specified
herein, form a part of this standard. For dated
references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For undated
references, the latest edition of the referenced
documents (including any supplements and
amendments) applies.
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API(AMERICAN PETROLEUM INSTITUTE)

RP 500 "Recommended Practice for
Classification of Locations
for Electrical Installations at
Petroleum Facilities
Classified as Class 1,
Division 1 and Division 2"

RP 505 "Recommended Practice for
Classification of Locations
for Electrical Installations at
Petroleum Facilities
Classified as Class 1, Zone 0,
Zone 1 and Zone 2"

RP 540 "Electrical ~ Installation in
Petroleum Processing Plants”

Section 7-Lighting, Table 4-
[lluminances Currently
Recommended for
Petroleum, Chemical and
Petrochemical Plants

RP 554 "Process Instrumentation
and Control, Control
Centers"

IEC (INTERNATIONAL
ELECTROTECHNICAL COMMISSION)

IEC 60079 "Electrical Apparatus for
Explosive Gas
Atmospheres"

IES (ILLUMINATION ENGINEERING
SOCIETY)

Table G1 "[lluminances Currently
Recommended for
Petroleum, Chemical and
Petrochemical Plants"

ISO (INTERNATIONAL ORGANIZATION
FOR STANDARDIZATION)

ISO 11064 "Ergonomic  Design  of

Control Centers Parts 1~5"

ITUOINTERNATIONAL
TELECOMMUNICATION UNION)

ITU-R M.539-3

"Technical and Operational
Characteristics of International
Radio Paging Systems"
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IPS IRANJAN PETROLEUM STANDARDS)

IPS-E-EL-100 "Engineering and Equipment
Standard  for  Electrical
System  Design(Industrial
&Non-Industrial)"

IPS-E-IN-180 "Engineering Standard for
Instruments Electrical Power
Supply and Distribution
Systems"

IPS-E-IN-190 "Engineering Standard for
Transmission Systems"

IPS-C-IN-190 "Installation and
Construction Standard for
Transmission Systems"

IPS-M-IN-220 "Material =~ Standard  for
Control Panels and System

Cabinets"

IPS-G-IN-250 "Engineering and
Construction Standard for
Distributed Control
System (DCS)"

IPS-M-TP-125 "Material and Equipment
Standard for White Alkyd
Paint for Top Coat Finish"

IPS-E-SF-260 "Engineering Standard for
Automatic Detectors and
Fire Alarm Systems".

IPS-G-SF-900 "General Standard for Noise
Control and Vibration"

3. UNITS

This Standard is based on International System
of Units (SI), as per IPS-E-GN-100 , except
where otherwise specified.

4. GENERAL

It is recommended practice to centralize control
of process units, particularly when their
operations are integrated. Centralization of
control requires a careful choice of control center
location; evaluation of control center building
design factors, and regulation of the building
internal environment for the comfort of operating
personnel and protection of the control
equipment.
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5. CONTROL CENTER LOCATION

In selecting a control center location, the
following factors shall be considered:

5.1 Control Center Size

a) Control center size will vary in accordance
with the number of process units to be
controlled from that location.

b) It also contains auxiliary equipment such
as, power supplies, logic cabinets, etc.

¢) Auxiliary equipments shall be installed in a
separate rooms, especially those which are
not to be manipulated by the Operators, such
as Logic Cabinets, Power Supplies, etc.

d) The future expansion shall be taken into
consideration.

e) Since it is a working quarter for operators,
process engineers, and technicians, it is
usually necessary to provide such facilities as
offices, conference rooms, etc.

f) The installation of a computer may require
a separate computer room along with offices
for analysis or programming, or both.

g) The computer shall be located so as to
minimize cabling lengths between the
computer room and both the auxiliary and
control rooms.

5.2 Safety Aspects

5.2.1 Area classification

a) It would be very costly and, in many cases,
very restrictive if it were necessary to install
explosion proof equipment in the control
center.

b) Therefore, the building shall be located in
safe area, where this is absolutely not
possible; the building shall be pressurized to
be safe internally. In classifying areas, the
latest edition of IEC 60079, API RP 500 and
API RP 505, Classification of Areas for
Electrical ~ Installations in  Petroleum
Refineries, or any other equivalent standard
shall be considered.
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5.2.2 Recommended distance from process
units

a) If possible, the control center shall be
located far enough from the operating areas
so that the vapors will be dispersed before
reaching the control center.

b) The minimum distance between the control
center and process units shall be 20 meters.

¢) Control centers shall be located away from
sources of vibration.

d) The control center shall preferably be
located on high ground so that open drainage
lines or hydrocarbon spills will not carry
hydrocarbon vapors to the control center.

5.2.3 Protection from external explosions

Large control centers created to consolidate
operations have also created a consolidation of
risk. Damage to the building containing all the
control systems necessary for the operation of a
complete plant or a large number of process units
could result in a very costly shutdown of a
tremendous amount of equipment. This situation
has made it to consider constructing these
control centers with an appropriate degree of
blast resistance.

5.3 Accessibility and Communication

a) Location of the control center near the
physical center of the plant will reduce signal
transmission distances and the time it takes
for an operator to reach the more remote
areas.

b) Location of the control center on the
periphery of the plant will increase the
average signal transmission distances and
could curtail operator inspection of the more
remote areas.

¢) The use of electronic transmission systems
and radio communication will circumvent
these aforementioned problems.

d) Peripheral location will likely prove to be
fewer problems from the viewpoint of future
expansion and hazard criteria.
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5.4 Environmental Factors

a) The direction of the prevailing winds, and
noise from the process areas, shall be
considered, when locating the control center.

b) The control center shall be located up wind
from cooling towers, possible sources of
hydrocarbon vapors, or other hazardous
and/or corrosive gases such as hydrogen
sulfide or chlorine.

¢) The control center shall be located in an
area where the water table is below the
entrance of cables in to the control center.

6. CONTROL CENTER BUILDING
REQUIREMENTS

6.1 Interior Space Considerations
6.1.1 Panels

a) Panels shall be arranged to permit the
operator to survey the maximum panel area.

b) It is desirable to design the control room
based on size and number of control panels.

6.1.2 Consoles

a) Where consoles are installed as separate
components from the panels, they shall be
located in front of the control panel, with a
minimum aisle of 2 meters between the
console and the panel.

b) If necessary, these devices can be

integrated with the panel instruments into one
console or panel.

6.1.3 Auxiliary equipment and utilities

Space shall be provided for auxiliary control
equipment and other control center facilities,
such as auxiliary equipment racks, termination
cabinets, computer main frames, office space for
personnel, housekeeping facilities, etc.

6.2 Architectural Considerations

6.2.1 General design considerations

a) Blast-resistance design shall include
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consideration of foundation, exterior walls,
roof, doors and hardware, and air intakes.

b) Building codes and standards in force for
the particular geographic area shall be used to
cover snow loading, wind loading and
seismic requirements.

6.2.2 Windows and doors

a) Because all openings in the exterior of
blast-resistance type of building are
considered weak points, they shall be kept to
the absolute minimum.

b) Blast-resistant design usually ~ precludes
exterior windows.

6.2.3 Lighting

a) Typical in-service-lighting intensity in
various areas of the control room shall
be as follow:
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b) The use of diffusers and nonreflecting
glass on instrument bezels will minimize
glare appearance and physical discomfort.

¢) Rear panel lighting could either be
incandescent or fluorescent.

d) An emergency lighting system around the
perimeter of the panel shall be connected to
an emergency supply so that in the event of a
power failure, orderly limited operation or
shutdown action can be executed.

For more information on luminance’s see
API 540 Section 7- Table 4, IES Table GI,
or [PS-E-EL-100 Appendix G- Lighting and
Wiring.
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a) The minimum recommended floor to
ceiling height shall be 3 meters in order to
accommodate equipment and provide a good
appearance.

b) An economic ceiling shall be a non-
dusting type of acoustical tile or board with
an exposed grid suspension system.

6.2.5 Floor design

a) An access to computer floor, a false floor
shall be used in rooms with electronic
instrumentation  (including DCS  and
computer rooms).

b) This type of floor simplifies the routing of
cables between control panels and auxiliary
equipment or consoles.

¢) It is also easily adaptable to additions or
revisions to the control room equipment.

d) A floor height of 65 cm to 75 cm from the
true floor to the top of the false floor is
recommended.

e) An alternative design would be one with a
cable spreading and distribution room below
the control room, used as auxiliary room,
which provides a place for installation of
auxiliary equipment, as well.

f) The true floor shall be designed in a way to
hold the full weight of control panels and
other control room equipment plus certain
safety factor addition. An equipment shall be
mounted on metallic structure fixed to the
false floor

6.2.6 Painting

a) The interior and exterior painting shall
follow the industrial standards in force (Refer
to IPS-M-TP-125 "White Alkyd Paint for Top
coat").

b) A smooth color gradation from the floor to
ceiling and color continuity throughout the
building shall be considered.
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¢) All cables under false floor shall be laid on
trays/ ladders.

6.2.7 Cable entry

a) The initial installation shall have a
generous allowance for additional future
requirements.

b) Ducts, conduits cable trenches, or entry
plates shall be sealed in accordance with
applicable standard (IPS-C-IN-190) to
prevent the entrance of vapors.

6.3 Internal Environment
6.3.1 Air conditioning

a) Air conditioning equipment shall be
selected and sized to maintain the conditions
that are conductive to human comfort and
required to protect the instrumentation
located in control centers.

b) The extent of air conditioning sizing other
than for human comfort shall be governed by
the type of equipment housed within the
control center and the ambient conditions
outside the control center. Under all
conditions, the temperature should be
maintained at 22°C £2°C; the humidity shall
be between 50 and 60% RH and the rate of
change in temperature shall not exceed
0.25°C/ minute.

¢) Consideration shall be given to potential
problems caused by air conditioning failure.

d) Either local fans or redundant air
conditioning systems shall be considered to
prevent serious overheating of electronic
equipment.

6.3.2 Air purification

In addition to providing for human comfort, air
purification shall be considered to protect the
instrumentation in the control center against
corrosion, abrasion, extraneous electrical leakage
conducting paths, and potentially hazardous fire
or explosive conditions.

6.3.3 Positive air pressure system

a) When control centers are located in
hazardous areas and contain general purpose
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electrical equipment or other potential
ignition sources, they shall be designed to
prevent the entry of flammable atmospheric
vapors or gases in order to achieve a general
purpose classification.

b) The prevention of the entry of flammable
atmospheric vapors or gases shall be
accomplished with a positive pressure
ventilation system using a clean air source in
conjunction with effective safeguards against
ventilation failure.

¢) The system shall be capable of maintaining
a pressure of at least 5 mm Water Column in
the control center with all openings closed.

d) In case of external fire or spill of
hazardous material, the air conditioning
system shall be placed on total recirculation
with no intake of air.

6.3.4 Fresh air intake

The source of air for positive air pressure
systems in control centers shall be free of
hazardous concentrations of flammable vapors,
gases, corrosive contaminants, and any other
foreign matter, by taking the inlet air from non-
classified location and air filtration.

Gas detectors and relevant alarms shall be
installed in air intake ducts of the control rooms.

6.3.5 Noise

a) Noise within the control center, especially
within the control room; shall be limited to
reduce the possibility of hearing damage and
physical discomfort and enable -effective
speech communication either direct or by
telephone, radio, intercom, and so forth.

b) Sound absorption materials shall be
considered to reduce the noise level to a
maximum of 50 decibels absolute with the
room unoccupied. For more information refer
to: IPS-G-SF-900 "Noise Control and
Vibration”.

6.4 Hazardous Vapor and Fire Detection
System Requirements

a) Hazardous-vapor detection systems shall
be installed in control centers which have
unclassified interiors due to pressurization.
These would be essentially hydrocarbon
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detectors but other devices such as fire or
smoke and toxic material detectors may also
be installed.

b) A sufficient number of portable CO, fire
extinguishers of suitable size shall be
provided in the control room as well as the
auxiliary rooms.

6.5 Electrical and Instrumentation Grounding

a) Reliable ground systems shall be provided
to electrically ground panel Dboards,
computers, temperature consoles, and related
control equipment.

b) For more details refer to_IPS-E-IN-190
"Engineering Standard for Transmission
System”.

¢) Lightning arrestors shall be provided
wherever applicable.

7. ARRANGEMENT OF
CENTERS EQUIPMENT

CONTROL

7.1 General

The purpose of this arrangement is to show the
control center and its relationships with other
relevant sub-systems. A typical example of this
is illustrated in figure 1. The descriptions and
functions of sub-systems for example process
units control consoles and panels, power
systems, communications systems and so on,
shall also be identified.
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Culside
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r Locai control stations | :
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Training

Equipment room
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Fig. 1- TYPICAL ARRANGEMENT OF CONTROL CENTERS AND THEIR
RELATIONSHIPS WITH OTHER SUB-SYSTEMS
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7.2 Control Consoles and Panels

7.2.1 General

The purpose of control consoles and panels is to
aid operating personnel in maintaining efficient
and safe performance of the process plant for
which they are responsible from a location
remote from the plant.

The instrumentation mounted in the console or
panel must provide current and historical plant
operating data as well as warn of plant
malfunctions.

7.3 Consoles Styles

The operator interface for DCS and computer
systems is mainly via monitor and keyboard
combinations. These are usually mounted in
freestanding consoles.
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General industry practice dictates that a
minimum of two operational displays, together
with their dedicated key boards, are necessary to
provide sufficient data and access to controls for
safe plant operation .it is recommended that at
least one additional monitor, keyboard set to be
provided to allow for malfunction of one of the
other sets.

DCS/ computer consoles are also likely to house
auxiliary equipment such as system loading
devices, indicators, recorders, alarm
annunciators, and various push buttons and
switches to display and/or control critical plant
variables. Hard copy printers and screen copiers
are also sometimes provided. Console
configurations may be multiunit, in-line or
wraparound styles. Heights vary, but most are
designed for operation from a seated position. A
writing surface is recommended.

It is most common that DCS consoles be
provided as standard equipment by the DCS
vendor. Usually the vendor will provide for
some degree of customization of the standard
design to meet user’s specific requirements.

Other types of consoles are those dedicated to a
specific function especially when used in
conjunction with control panels. These include
(among others) compressor surge control
systems, compressor/pump vibration detector
systems, and so forth. A typical console is shown
in Figure 2.

7.4 Space Considerations

Clearances of 1500 millimeters should be provided
around consoles to permit adequate operations and
maintenance access. Console doors should be
removable to accommodate hardware servicing
and ready access to all wiring.

7.5 DCS/Monitor Installation Consideration

Many signals in video display consoles are high
frequency, low-level signals making them
susceptible to noise from power, ground, or
adjacent signal wires. Consequently, signal
protection should be provided by means of
shielded cable. Individual signal wires must be
of twisted pair construction. Ground leads should
be kept as short and as straight as possible with
few connections. Some video display console
installations require dedicated system earth
grounds.
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Signal cables should not be routed along the
same cable ways as power cables nor routed
close to electric motors or other equipment
capable of generating significant amounts of
electromagnetic interference. Cable length
should be kept to a minimum to avoid excessive
cable capacitance and impedance, which may
lead to signal attenuation and distortion. Long
cable length also increases the possibility of
electrical noise pickup.

Radio frequency interference may impact the
normal operation of console equipment;
therefore, sources of radiation such as portable
radio transmitters should be operated away from
consoles and other control center equipment.
However, the use of remote transmitters with
carefully placed and shielded handsets will
permit console operators to communicate with
the field and will not have an adverse effect on
console equipment.
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7.6 Panel Styles

7.6.1 General

The type of panel selected is dependent on a
number of factors such as space available, need
for graphic displays, number of instruments per
operator, and so forth. Since many users have
different concerns in panel design, the following
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typical designs are presented for consideration
rather than as recommendations.

Panels may be freestanding cubicles or be built
into the control room and extend from floor to
ceiling.

Analog displays are usually mounted in the
vertical or near vertical face of the panel with
alarm annunciators generally mounted above. It
is common for the alarm annunciators to be tilted
forward of the vertical plane for better visual
access.

7.6.2 Conventional panels

A conventional panel is defined as a panel with
instruments, mounted in horizontal and vertical
rows.

7.6.3 Semi graphic panels

The semi graphic panel combines the
compactness of a conventional panel with a
process flow plan located above grouped
instruments. Semi graphic panel board shapes
are shown in Figure 2.

7.7 Fire and Gas Detection Systems (F&G)

Fire and Gas Detection Systems is the
combination of fire and gas detection systems
connected to emergency shut-down system and
also activate automatic extinguishing systems.

7.7.1 Fire detection system

Fire detectors and associated control panel to
detect and alarm to personnel for evacuation of
the plant area and building as well as to indicate
the location of the incident to fire brigade to
proceed to the scene of the incident (if
available).

7.7.1.1 Wherever "the siren" is mentioned in this
section, this could mean a number of sirens
operated in parallel when required for adequate
coverage of extensive premises.

7.7.2 Alarm panel
7.7.2.1 The alarm panel shall have indicating
lamps for;

- Individual alarms,

- Group alarms,
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- Power "on",

- System faults such as; electricity supply
failure, over-current, low battery voltage,
system failure.

7.7.2.2 The panel shall have operating controls:
- On/off (per group),
- Test (simulating alarm condition),
- Cancel the audible alarm,

- Reset the system (clear input memory).

7.7.2.3 When the alarm and control panels are
located in the fire station, consideration should
be given to the use of the typical fire alarm
systems available commercially. The control
panel shall match the size and appearance of the
alarm panel. The complete alarm and pertinent
control system, together with logic circuitry and
electricity supply, shall preferably be arranged in
one cubicle or cabinet.

7.7.2.4 When the alarm and control panels are
located in the control room, preference should be
given to a design matching other alarm/control
systems in the control room. The logic circuitry
and electricity supply shall then be
accommodated in the auxiliary room.

7.7.3 Control system

7.7.3.1 General

The fire alarm and control system shall comprise
of an alarm system and a control system. The
location of the alarm and control panel shall be
in the fire station or in the central control room.

The control of fire fighting systems for control
rooms and digital computers is not covered
herein and shall be specified by the vendors.

For more information about Fire and Gas
Detection Systems references should be made to
IPS-E-SF-260  “Engineering  Standard for
Automatic Detectors and Alarm Systems”.
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7.8 Instrument Arrangements

Instruments should be arranged in configurations
that reflect the process flow.

A system that enables an operator to quickly
identify any particular instrument is desirable
and should be considered in the panel layout.

Nameplates, color codes, or symbols frequently
are used. Spare panel space, about 20 percent, is
recommended to allow for future modification
and expansion.

Normally, a limitation is placed on the maximum
and minimum heights for mounting instruments
on the panel. Typical vertical density is three or
four rows.

The density of instrument varies with the type of
panel, type of instruments, complexity of the
process, and preference of the user. Average
panel density for the various types of panels
based on recording and controlling instruments
per running meter is tabulated in Table 1.
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7.9 Space Considerations

Clearance between the back of the panel and
auxiliary equipment racks, located along the
wall, should be a minimum of 1500 millimeters.
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7.10 Fabrication
7.10.1 Control room panels

Control room panels are usually freestanding in
the form of a box, with a panel front bolted or
welded to the frame.

Louvered openings and cooling fans should be
provided to remove heat. Heat-producing items
should be mounted in the higher portions of the
panel to prevent heat from coming in contact
with other equipment in the panels.

Cables, conduit, pneumatic tubing, or piping
entering or leaving the panel should be provided
for in the panel supporting structure through the
use of bulkheads or conveniently located
termination points. Consideration should be
given to the most convenient point for power and
signals to enter the panel.

7.10.2 Field panels

Field-mounted panels are wusually made of
standard steel or corrosion resistant thermoplate.
They may be located in areas where atmospheric
corrosion is severe. Field panels may be enclosed
and should have rear-access doors for service.
Doors should be gasketed and furnished with
latches (preferably 3-point locking).

Air purging may be required for environmental
reasons as well as for electrical safety. The panel
should be provided with steel top and canopy
with lighting installed beneath the extended
canopy. The framework should be made of
structural steel shapes.

Lifting lugs should be provided for field handling.
Instrument heat dissipation must be provided. Figure
4 illustrates typical field panels. Special
consideration should be given to environmental and
local conditions in the selection of finishes for
outdoor mounted panels and material.

7.10.3 Auxiliary racks

Racks may be used to house control system
components. Racks should be freestanding and
framed in structural steel shapes. Environmental
conditions may require that they be enclosed and
provided with doors.
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Fig. 4- TYPICAL FIELD PANELS
..\"3 39l diged ‘5l.b glub —fJ&&

7.11 Electrical Installation

a) For detailed information concerning
electrical installation, Refer to IPS-C-IN-190
"Construction Standard for Transmission
Systems". Electrical installation shall be in
accordance with the latest edition of relevant
IPS  electrical  standards. The area
classification and instrument components will
determine the minimum enclosure size,
conduit, and sealing requirements.

b) For ease of maintenance and checking, it is
desirable to terminate incoming and outgoing
field leads in auxiliary racks, and to mount in
the racks such items as power supplies,
current alarm relays, annunciator
components, loop protection auxiliary devices
for analyzers, and resistors for computer
inputs.

¢) All incoming and outgoing electrical leads
shall be terminated on suitably enclosed
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terminal strips except for low-level signals
which shall run directly to instruments. AC
wiring shall terminate in cabinet separate
from DC wiring. Special consideration shall
be given to the requirements of intrinsically
safe installations.

d) AC power wiring shall be run in separate
conduit or duct from DC signal and power
wiring. The conduits, trays, or ducts shall be
separated as far as practical to avoid signal
distortion.

7.11.1 Electrical supply

a) AC power supply to panel will be 230-Volt
or 110-volt, 50 Hz, 3-wire, grounded, single
phase.

b) DC power supply required for loop power
to electronic instruments may be furnished
from externally mounted common power
sources, back-of-panel mounted instrument
power units, or power supplies built into the
receiving instruments.

¢) Refer to IPS-E-IN-180 & IPS-E-IN-190
"Power Supply and Transmission Systems
Standards".

7.11.2 Wiring

a) AC Power

(AC) wiring shall be 2.5 mm? stranded with a
standard color code and 600-volt insulation.
The following color code shall be adhered:

AC supply hot : Brown

AC supply neutral : Light Blue

Ground : Green/Yellow

Alarm system : Yellow

Control and shutdown system : Red

Each device requiring AC power shall be
wired so that when wires are removed from
any one device (1) power will not be
disrupted to any other device and (2) ground
will not be broken from any other device. 10

to 20 percent spare space shall be provided
for power wiring.
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It is recommended that a 230 V/110 Volt AC
service or convenient outlet independent of
instrument power supplies to be provided for
each panel section to allow plugging in
portable tools or test instruments.

Each wire end shall be tagged for
identification by means of a printed slip-on
sleeve, self-stick label, or similar means.

b) DC Power and Signal

DC power wiring shall be 2.5 mm? stranded,
although larger wire size will likely be
required for supply (+) and return (-) buses.
Current densities must be checked to
determine required wire size.

DC signal wire shall be 1.5 mm? stranded.

Thermocouple extension wire shall be 1.5
mm? (multi-conductor cables shall be 0.5
mm? and color coded as per IPS Standard
with wire types). (Usually, thermocouple
wiring shall be run directly to the receiving
instruments from the field thermocouples).

Each wire end for power, signal and
thermocouple wiring shall be tagged for
identification by means of a printed slip-on
sleeve, self-stick label, or similar means.

¢) Inter wiring

Terminal strips shall be provided at all
shipping section joints for inter panel section
wiring. Terminals shall be on both sides of
the joints with short interconnecting jumper
leads provided between the terminals.
Terminals shall be enclosed in boxes and
wires pulled back in panel boxes for
shipment.

7.11.3 Disconnect switches

Disconnect switches on the AC power supply to
each temperature indicating instrument and each
annunciator can be single pole for the usual one-
side-grounded supply system.

It is common practice to have one disconnect
switch serve as many as six instruments when
only chart-drive power is involved. For cabinet
type annunciators with multiple-alarm units, one
power disconnect switch is usually used for each
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cabinet. Each disconnect switch shall be clearly
labeled to identify the particular instruments or
alarm unit served by that switch. Each 110 Volt
AC-powered electronic instrument shall be
provided with a separate power disconnect
switch. A standard 3-pin grounding or twist-lock
plug may be used instead of a switch. Power is
often distributed to such plugs through a plug
mold/wire mold channel.

7.11.4 Terminal blocks

a) Terminal blocks shall be provided on
panels and sub assemblies for power-supply
wiring, alarm-system wiring, and electrical
transmission lines.

Normally, no terminal blocks are permitted
for thermocouple extension wires, nor for
some types of analyzers (pH and so forth). It
is preferred that these be run directly to the
receiving instrument. The terminal blocks
shall be clearly identified with permanently
marked terminal numbers and terminal block
number.

b) 25 percent spare terminals shall be
considered. Good practice indicates the use of
doors on terminal strip enclosures. As a
minimum, covers shall be provided for
terminals.

7.11.5 Panel board grounding

a) The panel shall be grounded through
attachment to a ground bus which is attached
to the panel. The principle reason for the bus
is to ground the instrument circuits, but it will
also ground the panel if the two are properly
connected.

On some installations the instrument ground
system must be isolated from other system
grounds. This requires the instrument ground
bus to be electrically isolated from the panel,
its ground, AC power supply grounds, and
incoming conduit or trays.

b) Separate ground buses for AC and DC
circuits offer a reasonable safeguard against
feedback through the ground system from one
instrument to another. Such buses shall be
typically copper, 6 mm thick and 25 to 40
mm wide. Each panel section shall have its
own buses, with the center of the buses
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connected to a ground point, which is
common to all panel section grounds and
from which an adequately sized conductor
leads to the earth ground.

¢) For a detailed discussion of panel
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7.12 Piping S A VY-V
7.12.1 Supply header a8 Lol dgd 1-1Y-V

a) Practice regarding instrument air supply to
panels varies. On small panels with few
instruments, it is preferable to use a separate
pressure reducing filter-regulator for each
instrument. The more commonly used system
consists of a single air header supplied from
two parallel filters and regulators, each
capable of supplying 100 percent of the panel
requirements. Each filter and regulator
combination shall be provided with inlet and
outlet block valves. The reduced air pressure
header shall be 14" in diameter, or larger as
required. If pressure drop considerations
require more than a 2" diameter header for
extremely long panels, a duplicate dual
reducing station arrangement shall be
furnished at each end of the header.

b) Individual take-offs, /4" size for each user
are brazed, or if the header wall has sufficient
thickness, threaded into the top of the header.
Each take-off shall be valved and provided
with nameplate to show service. Ten percent
spare valved and plugged take-offs shall be
provided for future use. Where more than one
panel section is required to make-up the panel
length, unions shall be provided on the header
between panel sections for interconnection in
the field. A valved drain connection (bottom
of header) is desirable at the end of the header
remote from the reducing stations. A header
pressure gage is also required so the
regulators can be adjusted, along with a

pressure switch to alarm a low header
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pressure and a relief valve to protect against

overpressure.

¢) Consideration shall be given to
prefabricated copper or aluminum sections
which can be purchased in sizes from 1" to 3"
with Ys-inch NPT taps and standard lengths of
1200 mm (special 2400 mm).

These can be assembled with copper water-
tube fittings for complete header make-up.

7.12.2 Interconnecting tubing

Interconnecting tubing on the panel can be
copper, aluminum, or plastic with tubing fittings
of brass, aluminum, or nylon. Copper tubing,
shall be 4" OD with 1 mm wall
thickness, soft annealed. Aluminum tubing shall

when used,

be %" OD, 1 mm wall thickness, seamless
annealed aluminum alloy, ASTM B 210 Gr. 106
Temper O. The tubing shall be supported by
clamping to panel structure and shall be arranged

for access to instrument components.

Plastic tubing should preferably be color coded.
It shall be run in plastic ducts with covers.

7.12.3 Bulkhead connections

Control and  transmission  lines and
interconnecting lines between panels and field
shall be brought to bulkhead fittings.

The simplest form of bulkhead consists of a steel
plate with bulkhead fittings to join the tubing
from the field to the tubing from the panel
instruments. In a normal prefabricated panel, the
connections from or to the field instruments are
the only ones required to be made during
installation of the panel. Each bulkhead
connection shall be clearly labeled with the
designation of the particular instrument and
connection it serves. A take-off connection in the
piping from the bulkhead connection to the panel
instruments shall be considered for testing or for
future connection to a logging system or to other
instruments. 10 percent to 20 percent spare
bulkhead connections shall be considered for the
future addition of instruments.

27

285 S G b g led adlal Jlas

&S 4l i eemiesll by e sliend (g

- % Lol ¥ b)) glaojlal o |, bl olsies
£5) yrasko 1Yo+ o linl Jsb g Jlas! e NPT
a9 Oyge Wb wged 5yl S Grerlee YF-- o1
NSl
oz ol Glass oo VAT L olg 0 1) Lo
ol 18 eolatwl 090 JolS Lol ddo el

515 YLl LS 4l Y-V

et i | Al e gkl o s YLl _iS b

03kl b patnogll iy 5l GYLail b Sadly b g porinasl]

S8 gl Wb eoliinl &0 40 (ome o 1S 4L il

.. \ .
l:ra).’&yjjs)lo.»l,.n\ o)|9.10 wl;babc.u‘; L§>)l>
‘5?)[5 }Jas 6|)|o ..\;l; g5‘°5'“"""°9]—| LSL‘M%.L; ..\......»L ‘5;)‘? _s..j)s

Il .. \
Sl 315 500 Cge terken Vo fls s b gl
ASTM B210 Gr.106 Temper O | ,> i1 ,3 b puiceg|
B s 9 Jate obl ojlo 4 05 Jawgs Wb (25 4l il

2Bl s BB 380 Il Slgol sl a8 05,8

ol il (5, a8 gl l—’h->f ab (Sl 85 b
g 0ols jgue il b (Sdl eSTs 5l b b 4l
ol oYlasl ¥-1Y-V

235 Jate ol Jlail Sy 4 ok

L soVgd amio SG 5l JSiite Sl Jlal S5 (p 5 00l
sl al 4 axly 5l e al 3le Jate g b Jlas!
V] il iy Jsoaxs sbl 50 ol 580 5 sl
&S sied el s e p b g 9oly @330 )l &
sebr b Sl Jlail j2 10,5 ©)90 Wb s ceai ol
)90 a5 (Jlail g abgaye 335 Jlpl b conz o Sllo s
sl (s o5 Wyl 5o el Jlasl Sy il cel ki
STl by palejl plxl caz 3o Jlnl obb 5 <l
Syge b 330 )l s Plag 5 S el S &
Sl b b Jlasl wsjs Yo B Ve oS 3 axgs

Do azb )5 iy o il Slgsl ST gla dangs



IS

April 2010/ \YAR ¢93,3,8

IPS-G-IN-220(1)

8. ERGONOMIC DESIGN CONSIDERATION
8.1 Shared Visual Displays, Off-Workstation

The requirements presented in this clause
concern the location of shared visual displays
within the control room. Many differing
technologies can be used for overview visual
displays, including banks of closed -circuit
television (CCTV) monitors, hard-wired mimics
and static maps/diagrams. When designing
control room layouts for these differing
solutions, the constraints imposed by the various
solutions will need to be considered. Such
constraints include limitations on viewing angle,
contrast ratios and image construction. As an
alternative to large shared displays, the option of
presenting this information on the control
workstation, with smaller schematics, should be
considered.

8.2 Horizontal and Vertical Viewing Distances

In particular, the following has to be taken into
account.

8.2.1 Where off-workstation visual displays
need to be used on a regular or continuous basis,
the preferred position is directly in front of the
control room operator such that they can easily
be seen when looking over the control
workstation or can be scanned by eye-movement
alone (see Figure 5).
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1. Operator
2. Horizontal visual field
3. Off-workstation visual display

Note: This plan view is intended to show general
principles
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8.2.2 Where the information presented on an off-
workstation shared visual display does not have
to be read whilst operating the console, or
provides secondary information, the displays can
sometimes be mounted to one side of the control
workstation. Such displays should be positioned
so that all information required can be reliably
read, from the control room operator’s normal
position, by a simple rotation of the control
chair.

8.2.3 For very large off-workstation visual
displays, which need to be monitored on a
continual or regular basis, it is recommended that
control room operators be allocated sections of
the common display which they can effectively
and conveniently monitor.

8.2.4 Where the information on an off-
workstation overview visual display needs to be
regularly used by control room operators, the
design of the visual display and the layout of the
control room should ensure that all of the
information which needs to be used by a control
room operator can be seen from the normal
working position for both the wvertical and
horizontal planes.

8.2.5 Necessary information presented on shared
overview visual displays shall be visible by
personnel, with applicable Sth to 95th percentile
body dimensions of the user population, from
their normal working positions (see annex B).
There can be a requirement for safety critical
information to be seen. Under these
circumstances, the user percentile range to be
accommodated may need to be greater.

Operational information presented on the lowest
part of an off-workstation visual display shall be
visible to a 5th percentile, seated, non-upright
control room operator.

The following formula may be used to determine
this measurement:
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Where:

H; is the lowest height at which the visual
display can be seen;

H, is the design-eye-position, measured from the
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floor to the outer corner of the eye; 5th percentile
shall be applied;

Note: H. is a combination of the adjusted seat

height and the anthropometric data of “eye
height, sitting” (see annex B).

H. is the height of the console;

D is the horizontal distance between the front
edge of the console and the surface of the wall
panel;

D, is the depth of the console;

d horizontal distance between the design-eye-
position and the front edge of the console.

For an explanation of the dimensions, see Figure
6.
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Note :

The appropriate data for the expected user
population should be applied; sample data are
presented in annex B.
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8.3 Maintenance Access

In particular the following has to be taken into
account.

8.3.1 Space shall be allowed for maintenance
such that inadvertent activation of equipment or
systems is avoided.

8.3.2 Experience shows that items of equipment
housed on mimic panels should be mounted at
least 700 mm above the finished floor height for
reasons of visibility and access for maintenance.

8.3.3 Rear access to control workstations is
recommended, since it allows control staff to
continue their operations. Adequate clearance
behind the control workstation should be
allowed for a kneeling maintenance engineer to
work. Some suggested space provisions based on
world populations are presented as guidelines in
Figure 7.

8.3.4 Off-workstation panels and displays
sometimes require maintenance access to the
rear. For such units, adequate space shall be
allowed for the larger maintenance technician
from the user population, 95th percentile (see
annex B) and consideration given to the use of
ladders and carrying of tool boxes.

8.3.5 Where heavy or bulky items of equipment
need to be removed, the appropriate manual
handling guidelines should be consulted. It is
sometimes necessary to provide mechanical
assistance or hoist points.

Access to service ducts and serviced equipment
should, wherever practical, be from outside the
control room.
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. Standing work position
. Stooping work position
. Kneeling work position

. Squatting work position

1
f |
B
3
g;
£

See Table 2 and annex B for further details on
dimensions.
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Fig. 7- MINIMUM SPACE REQUIREMENTS FOR MAINTENANCE OF CONTROL PANELS
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TABLE 2- MINIMUM SPACE REQUIREMENTS AND ALLOWANCES THAT
NEED TO BE TAKEN INTO CONSIDERATION

Oy 1,8 A v b a5 jlro g p3Y gLAS Plas— T Jgur

Dimension * Minimum space requirements (mm) Allowances to be taken into consideration
slay (hoskeo) o3 (sLtd il Sgu 4t 5 JLa5 55 ayly a5 jlxe 30

1910 for largest maintenance technician p95°

A PIS" Slypass (eSS 2 55 552

30 for shoes b i sl
700 for largest maintenance technician P95

? PIS’ lyrass (oSS 2555 S
760 for largest maintenance technician P95

¢ POS” Sl as (iS55 )52 e
1500 for largest maintenance technician P95

P POS” s (iS5 (2 55 )52
760 for largest maintenance technician P95

- PIS’ lymass (oSS 255 3 S
1370 for largest maintenance technician P95
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760 for largest maintenance technician P95
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1220 for largest maintenance technician P95

8 POS” Sl (iS55 52

a. These dimensions in Table 2 relate to
alternative postures adopted for maintenance

and are illustrated in Figure 7.
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8.4 General Principles for Environmental shamo (>hb ¢l p (oogos Jgol F-A
Design

The following nine general ergonomic principles 0 sheme (Phb S e S (SeegisSl Jel 4
shall be followed for good environmental design. CX 8 18 Jes 0590 b
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Note 1: It is important to recognize that design
features related to one particular environmental
principle can have an impact on other principles.

Principle 1: Operator task demands and comfort
shall be the primary focus when designing
control centre environments.

Principle 2: In order to optimize operator’s
performance and comfort, levels of illumination
as well as temperature shall be adjustable in
accordance with the operator’s needs.

Principle 3: Where conflicting demands exist
between different environmental features (i.e.
thermal conditions, air quality, lighting,
acoustics, vibration, and interior design and
aesthetics), a balance shall be sought which
favors operational needs.

Note 2: One way to achieve this would be to
consult experts in human factors and ergonomics
with the aim of identifying optimal compromises
between conflicting demands, e.g. to design a
lighting system in which old and new equipment
work in parallel in upgraded control centers.

Principle 4: External factors providing
operational information (e.g. security views,
weather conditions) shall be taken into account
when designing the control centre.

Principle 5: Environmental factors work in
combination and shall be taken into account in a
holistic way, i.e. the whole environmental entity
needs to be taken into account, (e.g. interaction
between air conditioning systems generating
noise and the acoustic environment).

Principle 6: Environmental design shall be used
to mitigate the detrimental effects of shift work,
e.g. raising ambient air temperature in the early
morning.

Note 3: A complementary approach would be to
consider improved shift work schedules.

Principle 7: The design of environmental
systems shall take account of future change (e.g.
equipment, workstation layouts, and work
organization).

Note 4: This can be done by designing for
flexibility (location of lighting, ventilation ducts,
etc.). Another possible measure would be to
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reserve extra capacity in the environmental
systems.

Principle 8: The quality of the working
environment shall be an integral part of the
overall design process for control centers, as
shown in Figure 1.

Note 5: The steps presented in Figure 1 are part
of a wider process discussed in ISO 11064-1

Principle 9: An iterative and multi-disciplinary
design approach shall be taken in order to
achieve an appropriate balance between
buildings, equipment and the control centre
environment. This approach shall be checked
and evaluated as the design develops.

Note 6: This approach is necessary because most
building and equipment design features have a
potential impact on the design of the control
centre environment. For example, the heat
dissipation of lighting equipment can affect an
air conditioning system.
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9. PAGING

The following technical and operational
characteristics of the systems. stations and
equipment for land mobile radio-paging should
be adopted for systems intended for international
use.

9.1 Operational and
Characteristics

System

9.1.1 Design principles

The radio-paging system should be designed as
an extension of the telecommunications
networks taking into account the limitations due
to one-way transmission on the radio path.

9.1.2 Receiver operation when changing
paging zones

The procedure by which a user can obtain
service when moving from one paging zone or
system to another (even internationally), should
be as simple as possible. Manual adjustment of
the receiver should not be required.

9.1.3 Messages

The system should enable the transmission and
reception of additional messages of different
types, such as the telephone number of the caller
or longer numeric or alpha-numeric messages. It
should be possible to use different types of
receivers for different types of messages.

A large variety of messages should be possible,
including pre-defined messages, (e.g. tone-only
messages), long alphanumeric messages or any
other type of coded messages using full
transparent data capability. For numeric
messages the length is typically some tens of
numeric characters. For alphanumeric messages
the typical length could be between some tens of
characters up to several thousands of characters.
The type of the application and the size of the
display associated with the receiver may limit
the possible length of the messages. As far as
transparent data messages are concerned. the
same limitation may apply. This limitation is
also tied to the transmission capacity on the
radio path of such a paging system.
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9.1.4 Priority calls

Although it may be possible to have users that
are given priority (higher or lower) according to
the chosen subscription, this facility may not be
available outside the home network (the
operator network with which a subscriber has
signed a subscription).

9.1.5 Authorization codes

It should be possible for subscribers who so
wish, to have authorization codes that have to be
used by the caller when calling such a
subscriber.

Authorization codes may be required by the
network operator for a customer to access some
supplementary services. e.g. priority call.

9.1.6 Group calls

It should be possible to call several subscribers
as group.

9.1.7 Receiver identification

Each receiver should be identified uniquely in
the system in which it is to operate. Where
administrations combine national systems to give
international service, they should ensure that no
two receivers used for this purpose have the
same identity, except when required for group
calling.

9.1.8 Battery saving techniques

As low power consumption is essential for the
receiver, the system should include methods for
battery saving.

9.2 Control Centre Characteristics

9.2.1 Function

The control centre should perform the store and
forward functions for paging calls for national
and international service.

The control center is linked with other control
centers of paging operator networks through a
standardized interface in order to provide
international service. The control center is
connected also with the access networks through
interfaces from which it receives paging
messages. These interfaces should follow the
appropriate ITU- T Recommendations according
to the type of access network.
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9.2.2 Access network signals

The control centre is connected to different
telecommunication networks which allow
originators to access the paging system. These
telecom networks are called access networks
and are chosen by each network operator
according to the type of access offered to the
customer. The control centre therefore has to
accept and generate telecommunication
networks signals agreed for national and
international networks.
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APPENDICES
APPENDIX A

Recommendations for Environmental Design

A.1 General

The figures in this annex are presented for
general guidance only. For each control-room
project, the specific ergonomic requirements
associated with the operators’ tasks need to be
addressed for the selection of the most
appropriate values. Specialist advice should be
sought where needed.

A.2 Thermal Environment

The following values, here presented as
recommendations, are based on requirements
given in ISO 7730.

a) For Sedentary Activity During Winter
Conditions:

1) the operative temperature should be
between 20 °C and 24 °C (i.e. 22 °C+ 2 °C);

2) the vertical air temperature difference
between 1.1 m and 0.1 m above floor (head
and ankle level) should be less than 3 °C;

3) the surface temperature of the floor
should normally be between 19 °C and 26
°C, but floor heating systems can be
designed for 29 °C ;

4) the mean air velocity should be less
than 0.15 m/s;

5) the radiant temperature asymmetry
from windows or other cold vertical
surfaces should be less than 10 °C (in
relation to a small vertical plane 0.6 m
above the floor);

6) the relative humidity should be between
30 % and 70 %.

b) For Sedentary Activity During Summer
Conditions:

1) the operative temperature should be
between 23 °C and 26 °C (i.e. 24.5°C£ 1.5
0

O);
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2) the vertical air temperature difference
between 1.1 m and 0.1 m above floor (head
and ankle level) should be less than 3 °C

3) the mean air velocity should be less than
0.15 m/s;

4) the relative humidity should be between
30 % and 70 %.

¢) Control room operators should be able to
increase control room temperatures by 1 °C to
2 °C in the early hours of the morning to
compensate for diurnal rhythms.

d) In order to limit thermal shock to people
moving between the inside and outside of the
control room, consideration should be given
to buffer zones which offer an intermediate
temperature.

e¢) Where maintenance staff and others are
expected to work for extended periods in
equipment rooms, appropriate attention
should be given to their needs concerning
thermal and lighting requirements.

A.3 Air Quality

The control room should be supplied with
outdoor air in sufficient quantities to dilute
internally generated pollutants.

Note. The UK Health and Safety Executive
considers that current guidelines of 8 1/s (29
m’/h) of outdoor air supply per person is
sufficient for a no-smoking environment.

Carbon dioxide concentrations should not exceed
1.8 g/m’ [= 910 ppm] when the control room is
at full occupancy.

A.4 Lighting

a) [lluminance levels on work surfaces where
paperwork is  undertaken should be
“maintained” at a level of 200 Ix to 750 Ix
with an upper limit of 500 Ix where VDUs are
used; this can be a combination of ambient
and task lighting,

b) Dimming should be provided with a lower
limit of “maintained” 200 Ix on the work
surface at all times.
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¢) For working areas where mainly
paperwork is undertaken, an illumination
level of 500 Ix should be maintained.

d) Electric lighting should achieve a glare
index (UGR) of 19 or less for all work
positions.

e) Lamps with a general colour-rendering
index of over 80 should be used.

f) High-frequency control gear should be used
to avoid flicker.

g) Where self-illuminated equipment is used,
its contrast ratio to the immediate surrounds
should not exceed 3:1 and its contrast ratio to
the peripheral parts of the visual field should
not exceed 10:1.

h) The average luminance of luminaries and
bright room surfaces should not exceed 1 000
cd/m2 for class I and class II screens, and
should not exceed 200 cd /m” for class III
screens.

i) For direct lighting the following maximum
luminary luminance should be followed:
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Maximum luminance where some
negative polarity software used

Types I and II 1 000 cd/m2
(good or moderate screen treatment)
(Lwgio b g3 0T, b olxis) 1T 5 T gyl Foyoyie pgads Voot
Type 111 200 cd/m2
(no screen treatment)
(Gl amio 313 g 1 glsl Grie pgas Yo

NOTE : Based on ISO 9241-6.

ISO 9241- 6 _lul 4 255910

j) For indirect lighting:

- The average luminance on the ceiling, or
other surfaces lit directly, should not exceed
500 cd/m?;

- The peak luminance should not exceed 1
500 cd/m?;

- The luminance should vary gradually
across the surfaces being directly lit.
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A.5 Acoustic Environment

The ambient noise in the control room should
not exceed 45 dB LAeq,T. The background level
should be in the range 30 dB to 35 dB LAeq,T,
to maintain a degree of aural privacy, obtained
by reducing the signal-to-noise ratio in the area
in question. It is generally considered that
ambient noise levels should not be less than 30
dB (A-weighted).

LAeq is pressure level measurement parameter.
Full form of LAeq is " Equivalent continuous A-
weighted sound pressure level". It is widely used
around the world as an index for noise.
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Laeq = 10*log[1/(t,-t;) * Integration of (PzA/PZO) between interval [t; t5]]

Where:

L aeq = equivalent continuous A-weighted sound
pressure level [dB]
po = reference pressure level = 20pPa

pa= A-weighted pressure [Pa]
t; = start time for measurement [s]

t; = end time for measurement [s]

Auditory alarms should be approximately 10 dB
above the background sound spectrum of the
control room in order to be audible, and less than
15 dB higher than the background to avoid
startling staff  and affecting speech
communication. Mid-frequency reverberation
times should not exceed 0.75 s and should
preferably be closer to 0.4 s — dependent on
room. Specialist advice should be sought if
required.

A.6 Interior Design

In selecting materials and finishes for the control
areas the following should be considered.

a) The reflectance value of the floor finishes
should be between 0.2 and 0.3.

b) Wall finishes should have a surface
reflectance of between 0.50 and 0.60. The
surface reflectance value should not fall
below 0.50, as values below this can increase
the contrast between the ceiling and walls,
contribute to a gloomy environment, and
increase electric light power consumption.
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¢) The glazing bars and solid areas of the
partitions should have a similar reflectance
value (0.5 to 0.6) to the periphery walls.

d) Where indirect lighting systems are used,
ceilings should be white, should be of matt
finish and should have a minimum surface
reflectance of 0.8.
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APPENDIX B @ Cewg
(Anthropometric Data of The World )
Population) (Ol Caroz 50 g b ojlail)
Human body measurements” Ps° P95°¢
F sl oy sl o3l mm mm
Stature (body height)
(el 5 £l ) ol 5 08 1390 1910
Sitting height At Sy 5o glis )| 740 1000
Eye height, sitting ai.is cdbqeia gl 620 880
Shoulder breadth (bideltoid)®
wls sl 320 500
Shoulder breadth (bi-acromial)
sl sl 285 430
Hip breadth (standing)(eolws)opmb (sligy 260 410
Knee height 5l b glasl 405 600
Lower leg length (popliteal height)
(55 o €850 4 ol s 320 >0
Elbow-grip length 5,1 aesS Job 270 410
Buttock-knee length 91y b cyusls Jobo 450 670
Buttock-heel length ~ acsl b oyl Jobo 830 1190
Hip breadth (sitting)  (awz)l sligg 260 440
Foot length L Jsb 200 300

a. Source: Hans W. Jiirgens, Ivar A. Aune,
Ursula  Pieper:  International data  on
anthropometry, Occupational safety and health
series No.65, published by the International
labour office, Geneva, Switzerland.

b. P5: 5th percentile (represents the physical size
drawn from the “small type” population, i.e. only
5%of the values lie below this lower limiting
value).

c. P95: 95 percentile (represents the physical size
drawn from the “large type” population, i.e. only
5%of the values lie above this upper limiting
value).

d. As an approximation, this measure is to be
used for “elbow to elbow” dimension if no
figures are available for the user population. The
“elbow to elbow” width is the maximum breadth
of the seated body, at elbow level, with the upper
arms hanging vertically and the hands resting on
the upper thighs.

Note: The table above covers the whole world
population. Where available, equivalent user
population data should be used.
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