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PART 1 GENERAL

REFERENCES
CONTROL SYSTEM DESCRIPTION
.1 Control System General Requirements
.2 Control System Operation
.3 Control System Points
.4 Symbols, Definitions, and Abbreviations
ENVIRONMENTAL CONDITIONS
SUBMITTALS
DATA TRANSMISSION SYSTEMS (DTS)
EQUIPMENT REQUIREMENTS
.6.1 Materials and Equipment
.6.2 Nameplates
Sequencing of Construction
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PART 2 PRODUCTS

2.1 GENERAL REQUIREMENTS
2.2 MONITORING AND CONTROL PARAMETERS
2.2.1 Transmitter
2.2.2 Off-Gas or Vapor Service
2.2.3 Liquid Service
2.2.4 Flow Sensor
2.2.4.1 Flow Nozzle
2.2.4.2 Flow Switch
2.2.4.3 Magnetic Flowmeter
2.2.4.4 Natural Gas or Propane Flow Meter
2.2.4.5 Orifice Plate
2.2.4.6 Paddle Type Flowmeter
2.2.4.7 Pitot Tube
2.2.4.8 Annular Pitot Tube
2.2.4.9 Positive Displacement Flowmeter
2.2.4.10 Turbine Meters
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Insertion Turbine Flowmeter

Ultrasonic Flowmeter
Variable Area Flowmeter
Venturi Tube

Vortex Shedding Flowmeter

Level Instrumentation

Bubble Type Level Sensor

Capacitance Type Level Sensor

Conductivity Switch

Displacement Type Level Switch

Mercury Float Switch
Reed Sensor
Ultrasonic Sensor
Leak Detection

Pressure Instrumentation

Pressure Sensor
Pressure Switch
Differential Pressure

Differential Pressure Switch

Pneumatic to Electric (PE)
Temperature Instrumentation

Fluid Temperature Range

Switch

Resistance Temperature Detector (RTD)

Continuous Averaging RTD

Infrared Temperature Sensor

Temperature Switch
Thermocouple
Thermowell

Ammonia Gas

Process Analytical Instrumentation

Calorimeter (Heat Capacity/Fuel Value)

Carbon Dioxide

Carbon Monoxide

Chlorine Gas

Chlorine in Liquid
Combustible Gas
Calorimetric Analyzer
Flame Ionization Detector
Hydrogen Sulfide Gas
Oxides of Nitrogen (NOx)
Oxygen Gas

Oxygen Dissolved

(FID)

Gas

Oxygen Reduction Potential (ORP)

Ozone (03) Gas

Ozone (03) in Water

pH Monitoring
Photoionization Detector

Total Dissolved Solids (TDS)

Water Turbidity

Electrical Instrumentation

Hour Meter
Watt-Hour Meter

Miscellaneous Measurements

COMPRESSED AIR STATIONS
Air Compressor Assembly
Compressed Air Station Specialties

2.1
2.2
.2.3

Refrigerated Dryer, Filters and Pressure Regulator

Coalescing Filter
Flexible Pipe Connections
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4 Vibration Isolation Units
5 Compressed Air Piping
Barrier Jacket

PROGRAMMABLE LOGIC CONTROLLER (PLC)
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PLC General Requirements
Modular PLC

.1 Central Processing Unit (CPU) Module
.2 Communications Module

.3 Power Supply Module

.4 Input/Output (I/0) Modules

Loop PLC

Central Processing Unit (CPU)
Power Requirements

On-Off Switch

Parameter Input and Display
Self Tuning

Manual Tuning

Program Storage/Memory Requirements
Input/Output Characteristics
Wiring Connections

On-Off Switch

Diagnostics

Accuracy

SOFTWARE

Operating System

.1 Startup
.2 Failure Mode

Functions
Analog Monitoring
Logic (Virtual)

Analog Totalization
Trending
Alarm Processing

1
2
.3 State Variables
4
5

1 Digital Alarms
.2 Analog Alarms
.3 Pulse Accumulator (PA) Alarms

Constraints

.1 Equipment Constraints Definitions
.2 Constraints Checks

Control Sequences and Control Loops
Command Priorities
Resident Application Software

.5.7.1 Program Inputs and Outputs
.5.7.2 Failure Mode

CONTROL PANELS
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Components

Enclosures

Controllers

Standard Indicator Light
Selector Switches

Push Buttons

Relays

Terminal Blocks

Chart Recorder

Event Recorders

.10 Autodialer
.11 Alarm Horns

Panel Assembly

SECTION 13405 Page 3



NN

N INDDNDDNDNDDNDDN

N oo NNDNDNDNDNDDN

N

A0 O oo DNDNDOO

NI NN NN DNDNDNDNDDNDDNDNDNNDNDDNDDNDDNDJ

0 NDNOWOGOBWNNDNNOONMNDNNDNDDNDDNDOONDNDDNDNDNDDNDDNDN

o

Electrical Requirements
Power Line Conditioner
4.1 85 Percent Load

.2 Load Changes
Grounding

Convenience Outlet
Panel Interior Light
Ventilation System
Heating System

IO U OO W
IS

.10 Air Conditioning System

CENTRAL STATION AND OPERATORS WORKSTATION EQUIPMENT

1 Central Station and Operators Workstation Computer
7.1.1 Minimum Processor Operating Speed
7.1.2 RAM Memory

7.1.3 Power Supply

7.1.4 Real Time Clock (RTC)

7.1.5 Input/Output (I/0) Ports

7.1.7 SVGA Color Monitor

7.1.9 Hard Disk

7.1.10 Floppy Disk Drives

7.1.11 Zip Drive

7.1.12 Modem

7.1.14 CD Drive

7.1.15 Network Interface Card

2 Operator's Workstation Computer

3 Printer

4 LAN System

5 LAN Hubs

6 Uninterruptible Power Supply (UPS)

7 Portable Tester/Workstation

8 Communication and Programming Device

CENTRAL STATION SOFTWARE

Graphical Operations

Graphical User Interface
Display Information

System Graphics Implementation
Display Editor

Graphical Object Oriented Programming
Charting

System Menus and Displays
Hard-Copy Screen Request
Command Software

Command Input

Command Input Errors
Special Functions
Operator's Commands

Level of Addressing

System Access Control
Alarms

.1 Digital Alarms

.2 Analog Alarms

.3 Alarm Messages

.4 Alarm Classes

Pop-up Note Function

Real Time Clock Synchronization
System Reaction

.6.1 Occurrence

.6.2 Location

Report Generator
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1 Periodic Automatic Report

2 Request Report Mode

Data Interchange

Control Panel and DTS Circuit Alarms
Central Station Database

1 Database Definition Process
Dynamic Database

Dynamic Database Update

Static Database

Central Station Static Database Update
Workstation Access to Dynamic Data
Historical Data Storage and Retrieval
Trending

Analog Monitoring

Analog Totalization

LAN Software

o Ul wN

1 Access Control
2 Multiple Sessions
.3 Other Functions and Configurations

DATA COMMUNICATION REQUIREMENTS
.1

2
3
4

Central Station/Workstation
Central Station/PLC

Modem Communication

Error Detection and Retransmission

CONSUMABLE SUPPLIES
FACTORY TEST

.11.1
.11.2
.11.3

EXE

EQUI
1

1.1,

Equipment
1.1,
1.1,
1.1,
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Factory Test Setup
Factory Test Procedure
Factory Test Report

CUTION

PMENT INSTALLATION REQUIREMENTS
Installation
1 Isolation, Penetrations of Buildings and Clearance from

2 Device Mounting

3 Pneumatic Tubing

4 Grooved Mechanical Joints
Sequences of Operation

NSTALLATION OF EQUIPMENT

Control Panels
Flow Measuring Device

.1 Flow Nozzle

Flow Switch

Magnetic Flowmeter

Natural Gas or Propane Flowmeter
Orifice Plates

Paddle Flowmeter

Annular Pitot Tubes

Positive Displacement Flow Meters

.9 Turbine Meters

.10 Insertion Turbine Flowmeters
.11 Ultrasonic Flowmeter

.12 Variable Area Flowmeter

.13 Venturi Flowmeter

.14 Vortex Shedding Flowmeters

Level Instruments

.1 Liquid Level Sensor (Bubble Type)
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3.2.3.2 Capacitance Liquid Level Sensors
3.2.3.3 Conductivity Switch
3.2.3.4 Displacement Type Liquid Level Switch
3.2.3.5 Mercury Float Switches
3.2.3.6 Ultrasonic Sensor
3.2.4 Pressure Instruments
3.2.5 Temperature Instrument Installation
3.2.5.1 RTD
3.2.5.2 Temperature Switches
3.2.5.3 Thermometers and Temperature Sensing Elements
3.2.5.4 Thermocouples
3.2.6 Process Analytical Instrumentation
3.2.6.1 Ammonia Monitor
3.2.6.2 Carbon Dioxide Measurement
3.2.6.3 Carbon Monoxide Measurement
3.2.6.4 Chlorine in Air
3.2.6.5 Chlorine in Water
3.2.6.6 Combustible Gas Sensor
3.2.6.7 Hydrogen Sulfide
3.2.6.8 NOx Monitor
3.2.6.9 Oxygen and Ozone in Air Monitor
3.2.6.10 Dissolved Oxygen
3.2.6.11 PH and ORP Sensor
3.2.6.12 Total Dissolved Solids
3.2.7 Instrument Shelters
3.2.8 Electric Power Devices
3.2.8.1 Potential and Current Transformers
3.2.8.2 Hour Meters
3.2.8.3 Watt-hour Meters
3.2.8.4 Transducers
3.2.8.5 Current Sensing Relays and Current Transducers for Motors
3.2.9 Output Devices
3.2.10 Enclosures
3.2.11 Transformers
3.3 WIRE, CABLE AND CONNECTING HARDWARE
3.3.1 LAN Cables and Connecting Hardware
3.3.2 Metering and Sensor Wiring
3.3.2.1 Power Line Surge Protection
3.3.2.2 Sensor and Control Wiring Surge Protection
3.4 SOFTWARE INSTALLATION
3.5 FIELD TESTING AND ADJUSTING EQUIPMENT
3.5.1 Testing, Adjusting and Commissioning
3.5.2 Performance Verification Test (PVT)
3.5.3 Endurance Test
3.5.3.1 Phase I (Testing)
3.5.3.2 Phase II (Assessment)
3.5.3.3 Exclusions
3.6 MANUFACTURER'S FIELD SERVICES
3.7 INSTRUMENTATION AND CONTROL SYSTEM
3.8 FIELD TRAINING
3.8.1 Preliminary Operator Training
3.8.2 Additional Operator Training
3.8.3 Maintenance Training
3.8.4 Specialized Training
3.8.4.1 Flow Meter Training
3.8.4.2 Specialized Sensor Training

-- End of Section Table of Contents --
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SECTION 13405

PROCESS CONTROL
08/04

khkkhkkkhkhkkhkhkkhkhkkkhkhkkkhkhkkkhkhkkkhkkhkhkhkhkhkkhkhkkhkhkkhkhkkkhkkhkhkkkhkkkhkkhkhkkhkhkkhkkkhkkkkkkkkkkkkk
NOTE: This guide specification covers the
requirements for process instrumentation and control
systems.

Comments and suggestions on this guide specification
are welcome and should be directed to the technical
proponent of the specification. A listing of
technical proponents, including their organization
designation and telephone number, is on the Internet.

Recommended changes to a UFGS should be submitted as

a Criteria Change Request (CCR).
Use of electronic communication is encouraged.

Brackets are used in the text to indicate designer

choices or locations where text must be supplied by

the designer.
khkkhkkkhkhkkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkkkkkkhkhkhkkkkhkkhkhkkhkhkkhkkkhkhkkkkkkkkkkk*k

PART 1 GENERAL

Khkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhdhkkkkkkkkkkkkkkkkhkkhhhkkkddkdkhhkkkhhhhhk ko k
NOTE: Use section 13401N FLOW MEASURING EQUIPMENT
[POTABLE WATER] [SEWAGE TREATMENT PLANT] for simple

liquid flow applications.
khkkhkkhkhkhkhkhkhkkhkhkkkhkhkkkhkhkkkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkkkhkhkkkkkkkkkkkkkkhkkhkhkkhkhkkkhkkkkkkkkkkkk

1.1 REFERENCES

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhhkhhhkhkhhhhhhhhhhhhhhhhhddhhdhhdhdhhhdhhdhdhdddhhddhhhhkdddx

NOTE: Issue (date) of references included in
project specifications need not be more current than
provided by the latest guide specification. Use of
SpecsIntact automated reference checking is
recommended for projects based on older guide

specifications.
khkkhkkhkhkhkhkhkhkkhkhkkhkhkkkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkkkkkkkhkkkhkhkhkhkkhkhkkhkkkkhkkkkkkkkkkk*k
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The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSTI)

ANSI C12.1 (2001) Electric Meters Code for
Electricity Metering

ANSI C37.90 (1989) Relays and Relay Systems Associated
with Electric Power Apparatus

ANSI C37.90.1 (1989) Surge Withstand Capability (SWC)
Tests for Protective Relays and Relay
Systems

ANSTI X3.154 (1988; R 1994) Office Machines and
Supplies - Alphanumeric Machines-Keyboard
Arrangement

ANSI X3.64 (1979; R 1990) Additional Controls For Use

With the American National Standard Code
for Information Interchange

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING
ENGINEERS (ASHRAE)

ASHRAE Hdbk-IP (2001) Fundamentals Handbook,I-P Edition
AMERICAN WATER WORKS ASSOCIATION (AWWA)

AWWA C606 (1997) Grooved and Shouldered Joints
ASME INTERNATIONAL (ASME)

ASME B31.8 (2000) Gas Transmission and Distribution
Piping Systems

ASME BPVC SEC VIII D1 (2001) Boiler and Pressure Vessel Code;
Section VIII, Pressure Vessgels Division 1
- Basic Coverage

ASME FED (1971; Sixth Edition) Fluid Meters Their
Theory and Application

ASTM INTERNATIONAL (ASTM)

ASTM A 536 (1984; R 1999el) Ductile Iron Castings
ASTM B 88 (2002) Seamless Copper Water Tube

ASTM B 88M (1999) Seamless Copper Water Tube (Metric)
ASTM D 1238 (2001el) Melt Flow Rates of Thermoplastics

by Extrusion Plastometer

ASTM D 1693 (2001) Environmental Stress-Cracking of
Ethylene Plastics
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ASTM D 2000 (2001) Rubber Products in Automotive
Applications

ASTM D 635 (2003) Rate of Burning and/or Extent and
Time of Burning of Plastics in a
Horizontal Position

ASTM D 638 (2002a) Tensile Properties of Plastics

ASTM D 638M (1996) Tensile Properties of Plastics
(Metric)

ASTM D 792 (2000) Density and Specific Gravity
(Relative Density) of Plastics by
Displacement

ELECTRONIC INDUSTRIES ALLIANCE (EIA)

EIA ANSI/EIA/TIA-232-F (2002) Interface Between Data Terminal
Equipment and Data Circuit-Terminating
Equipment Employing Serial Binary Data
Interchange

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991) Recommended Practice for Surge
Voltages in Low-Voltage AC Power Circuits

IEEE Std 100 (2000) IEEE Standard Dictionary of
Electrical and Electronics Terms

IEEE Std 142 (1992) Recommended Practice for Grounding
of Industrial and Commercial Power Systems
- Green Book

IEEE Std 802.3 (2002) Information Technology -
Telecommunications and Information
Exchange Between Systems LAN/MAN -
Specific Requirements - Part 3: Carrier
Sense Multiple Access with Collision
Detection (CSMA/CD) Access Method and
Physical Layer Specifications

IEEE Std 802.4 (1990; R 1995) Information Processing
Systems, Local Area Networks: Part 4:
Token Passing Bus Access Method and
Physical Layer Specifications

INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)

IEC 61131-3 (2003) Programmable Controllers - Part 3:
Programming Languages

INTERNATIONAL TELECOMMUNICATION UNION (ITU)
ITU V.34 (1998) Data Communication Over the
Telephone Network: A Modem Operating at

Data Signaling Rates of up to 33,600 bits
for use on the General Switched Telephone

SECTION 13405 Page 9



Network and on Leased Point-to-Point
Two-Wire Telephone Type Circuits

ITU V.42 bis (1990) Data Communication over the
Telephone Network: Data Compression
Procedures for Data Circuit Terminating
Equipment (DCE) Using Error Correction
Procedures

ISA - THE INSTRUMENTATION, SYSTEMS AND AUTOMATION SOCIETY (ISA)

ISA MC96.1 (1982) Temperature Measurement
Thermocouples
ISA S7.0.01 (1996) Quality Standard for Instrument Air

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2003) Enclosures for Electrical Egquipment
(1000 Volts Maximum)

NEMA ICS 1 (2000) Industrial Control and Systems:
General Requirements

NEMA ICS 2 (2000) Industrial Controls and Systems:
Controllers, Contactors, and Overload
Relays Rated Not More than 2000 Volts AC
or 750 Volts DC

NEMA ICS 3 (1993; R 2000) Industrial Control and
Systems: Medium Voltage Controllers Rated
2001 to 7200 Volts AC

NEMA ICS 4 (2000) Industrial Control and Systems:
Terminal Blocks

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2002) National Electrical Code
NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST)

NIST SP 250 (1998) Calibration Services Users Guide
U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

40 CFR 60 Standards of Performance for New
Stationary Sources

47 CFR 15 Radio Frequency Devices

47 CFR 68 Connection of Terminal Equipment to the
Telephone Network

UNDERWRITERS LABORATORIES (UL)
UL 1059 (2001; Rev thru Mar 2004) Terminal Blocks

UL 508 (1999; Rev thru Dec 2003) Industrial
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Control Egquipment

UL 94 (1996; Rev thru Dec 2003) Tests for
Flammability of Plastic Materials for
Parts in Devices and Appliances

.2 CONTROL SYSTEM DESCRIPTION

khkkhkkhkhkhkkhkhkkhkhkkhkhkkkhkhkkkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkkkkhkkkkhkkkkhkhkhkkhkhkkhkhkkkkkkkkkkkkkk*k
NOTE: Add site specific requirements. Supplement
this specification with drawings which include a
piping and instrumentation diagram (P&ID) and a

comprehensive control (ladder) diagram.
kkhkkhkhkhkhkhhkhkhkhkkhkhkkhkkkhkkkkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkhkhkhkhkhkhkkkkkkkkkkkkkkx*k

The process instrumentation and control system shall be used to monitor and
control the operation of process equipment as specified and in accordance
with the sequence of control and control schematics shown on the drawings.
The control system shall provide for operator interaction, overall control
system supervision, and process equipment control and monitoring. The
Contractor shall provide hardware configured and sized to support expansion
as specified and shown on the drawings.

.2.1 Control System General Requirements

khkkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkkkkkkkkkkkhkkkhkhkkkhkkkkkkkkkkkkkkkx*k
NOTE: Provide a brief and concise description of
the control system. Include major pieces of
equipment to be monitored or controlled and a brief
description of how the control system will operate
or monitor the equipment, the type of data to be
logged and/or available for reports, trending, etc.

The information shall be site specific.
khkkhkkhkhkhkkhkhkkhkhkkkhkkkhkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkkkkkkkkhkkkkkhkkkhkhkkhkhkkkhkkkkkkkkkkk*k

The control system shall consist of [ 1.

2.2 Control System Operation

khkkhkkkhkhkkhkhkkhkhkkhkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkkkkkkhkhkhkkkkhkkhkhkkhkhkkhkkkhkhkkkkkkkkkkk*k
NOTE: Show the minimum number of control panels to
be provided on the drawings. Provide setpoint
ranges, alarm settings and other parameters not
addressed in the sequence of control in a data

base/setting table on the drawings.
khkkhkkhkhkhkkhkhkkhkhkkkhkkkhkhkkkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkkhkhkkkhkkkhkkkkhkkkkkhkhkkkhkhkkkhkkkkhkkkkkkkkkkk*k

The control system provided under this specification shall operate using
direct digital control (DDC) algorithms or ladder logic type and
supervisory control to provide the required sequences of operation. Input
data to the controller shall be obtained by using instruments and controls
interfaced to mechanical, electrical, utility systems and other systems as
shown and specified. All required setpoints, settings, alarm limits, and
sequences of operation shall be as identified [in the database/ settings
tables] [and] [or] [sequences of operation shown on the drawings]. The
number and location of control panels shown on drawings shall be provided
as a minimum.
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1.2.3 Control System Points

khkkhkkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkkkkkkkkhkkkhkkhkkkkhkhkkkhkhkkkkkkkkkkkkkkk

NOTE: Provide an input/output (I/O0) summary table

on the drawings. List all inputs to and outputs

from the control system. Identify each point type,

analog, digital, pulse accumulator; input, output,

control, monitoring, etc. Identify alarms, software

and failure mode setting associated with each point

in the table. Label each point so that it can be

easily referenced to the control system schematic

drawings or process and instrumentation drawings.
khkkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkkkhkkkkkkkkkkkkkhkkhkhkhkkhkkkkkkkkkkkkkkkx*k

Inputs to and outputs from the control system shall be in accordance with
the Input/Output (I/0) Summary Table shown on the drawings. Each connected
analog output (AO), analog input (AI), digital output (DO), digital input
(DI), pulse accumulator (PA) input and other input or output device
connected to the control system shall represent a "point" where referred to
in this specification.

1.2.4 Symbols, Definitions, and Abbreviations

Symbols, definitions, and engineering unit abbreviations shall conform to
IEEE Std 100, as applicable.

1.3 ENVIRONMENTAL CONDITIONS

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhhkhkhkhhhhhhhhhhhhhdhhhhdhdhhdhhddhdhhdhhdhhdddhddhddddddhhhkhhdd*x

NOTE: Provide the following site specific
environmental conditions. Enter the appropriate
seismic parameters from TI 809-04, AWWA D100 or AWWA
D103.

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhhkhhhhhkhkhhhhhkhhhhhhhdhhhhdhhhdhhhhhhhdhhdhdhddhddhhhkhkhdd*x

Capacity and design of the air moving equipment and accessories shall be
suitable for 24-hour full load service and shall meet the following
criteria.

a. Location

Latitude 1.
Longitude 1.
Altitude (above MSL) [ 1 m. ft.
Seismic parameters 1.

b. Heating Degree Days [ 1.

c. Winter Design Temperatures

Outside Air (Ventilation) [ ] (99%).

Outside Air (Heat Loss) [ 1 (97.5%).
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Inside Air Temperature [ ] degrees C degrees F.

d. Cooling Degree Days [ ].

e. Summer Design Temperatures
Outside Air (Ventilation) [ 1 DB (1%).
Outside Air (Ventilation) [ 1 MCWB (1%).
Outside Air (Heat Minimum) [ 1 DB (2.5%).
Outside Air (Heat Minimum) [ 1 (2.5%).
Inside Air Temperature [ 1 degrees C degrees F.
f. Contaminants [ 1 [dust] [dirt] [corrosive environment]

[hazardous environment] .

.4 SUBMITTALS

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhkhhkhhhhhkhkhhhhhhhhhhhhhhdhhdhhhddhdhdhhdhddhhdddddhhhkhddd*x

NOTE: Submittals must be limited to those necessary
for adequate quality control. The importance of an
item in the project should be one of the primary
factors in determining if a submittal for the item
should be required.

A “G” following a submittal item indicates that the
submittal requires Government approval. Some
submittals are already marked with a “G”. Only
delete an existing “G” if the submittal item is not
complex and can be reviewed through the Contractor’s
Quality Control system. Only add a “G” if the
submittal is sufficiently important or complex in
context of the project.

For submittals requiring Government approval on Army
projects, a code of up to three characters within
the submittal tags may be used following the "G"
designation to indicate the approving authority.
Codes for Army projects using the Resident
Management System (RMS) are: "AE" for
Architect-Engineer; "DO" for District Office
(Engineering Division or other organization in the
District Office); "AO" for Area Office; "RO" for
Resident Office; and "PO" for Project Office. Codes
following the "G" typically are not used for Navy
projects.

Submittal items not designated with a "G" are
considered as being for information only for Army
projects and for Contractor Quality Control approval

for Navy projects.
khkkhkhkhkhkhkhkhkhkkkhkhkkhkhkkhkkkkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkkhkhkkkhkkkkkkkkkkkkkkx*k

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are [for Contractor Quality Control
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approval.] [for information only. When used, a designation following the
"G" designation identifies the office that will review the submittal for
the Government.] The following shall be submitted in accordance with
Section 01330 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Installation
Wiring

Detail drawings containing complete piping, wiring, schematic,
flow diagrams and any other details required to demonstrate that
the system has been coordinated and will properly function as a
unit. Piping and Instrumentation (P&ID) drawings (prepared using
industry recognized device symbols, clearly defined and describing
piping designations to define the service and materials of
individual pipe segments and instrument tags employing Instrument
Society of America suggested identifiers). Drawings shall
include, as appropriate: product specific catalog cuts; a drawing
index; a list of symbols; a series of drawings for each control
system using abbreviations, symbols, nomenclature and identifiers
as shown; valve schedules; compressed instrument air station
schematics and ASME air storage tank certificates for each type
and make of compressed instrument air station.

SD-03 Product Data

Compressed Air Stations

R R R o R R R R R R R R R R R R R o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

NOTE: Delete the requirement for compressed air
station on systems that do not utilize pneumatic

devices.
khkkkhkhkhkkhkhkhkkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkkhkkkkkkkkk

Instrumentation compressed-air station schematic diagram showing
equipment utilized, including compressor with motor output and
voltage; starter; isolators; manual bypasses; tubing sizes; drain
piping and drain traps; reducing valves; air-dryer; and data on
manufacturer's names and model numbers, mounting, access, and
clearance requirements. Air-compressor and air-dryer data shall
include calculations of the air consumption of
current-to-pneumatic transducers (IPs), pneumatic control valves
and of other control system devices to be connected to the
compressed-air station; the number of starts per hour, the running
time for the unit selected; and the compressed air-supply dewpoint
temperature at 552 kilopascals 80 psig.

Instrumentation and Control System

Manufacturer's descriptive and technical literature, performance
charts and installation instructions. Product specific catalog
cuts shall be in booklet form, indexed to the unique identifiers,
and shall consist of data sheets that document compliance with the
specification. Where multiple components are shown on a catalog
cut, the application specific component shall be marked.

Sensors and Meters
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Manufacturer's descriptive and technical literature, catalog
cuts, performance charts and installation instructions.

Training Manual

Instruction manual within [ ] days of Notice to Proceed.
Performance Verification Test (PVT)

The performance verification test procedure; it shall refer to
the actions and expected results to demonstrate that the control
system performs in accordance with the sequence of control. A
list of the equipment to be used during the testing shall be
included. The list shall also include manufacturer's name, model
number, equipment function, the date of the latest calibration and

the results of the latest calibration.

Factory Test Procedure

R R R o o kR R R R R R R R R R o o R R R ok ok R R R R R R R R R R R o o o o o ok o o o R o o R R R R R R Rk

NOTE: Delete this requirement if a factory test is

not necessary.
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Documentation containing factory test methods and procedures.
SD-06 Test Reports
Factory Test Report
Testing, Adjusting and Commissioning
Performance Verification Test (PVT)
Endurance Test
Test results in report format.
Insertion Turbine Flowmeter
Calibration test data.
SD-07 Certificates
Control and Sensor Wiring
Certified test results for surge protection.

Ground Rods

Certification stating that the test was performed in accordance
with IEEE Std 142.

SD-10 Operation and Maintenance Data
Instrumentation and Control System
[Six] [ ] complete copies of operating instructions
outlining the step-by-step procedures required for system startup,
operation and shutdown. The instructions shall include layout,

wiring and control diagrams of the system as installed. The
instructions shall include the manufacturer's name, model number,
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service manual, parts list and a brief description of all
equipment and their basic operating features.

[six] [ ] complete copies of maintenance instructions
listing routine maintenance procedures, possible breakdowns and
repairs and trouble shooting guides.

1.5 DATA TRANSMISSION SYSTEMS (DTS)

khkkkkhkhkhkhkhkhkkhkhkkkhkkkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkkhkkkhkkkkhkkkkhkhkkhkhkkhkkkhkkkkkkkkkkkkk
NOTE: Include in the project specification any of
the following UFGS for the appropriate DTS: Section
16710 BUILDING TELECOMMUNICATIONS CABLING SYSTEM,
Section 16711 TELECOMMUNICATIONS OUTSIDE PLANT (OSP).

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhhkhhhhhkhkhhhhhkhhhhhhhdhhhhdhhhdhhhhhhhdhhdhdhddhddhhhkhkhdd*x

Data transmission systems for communication [between PLCs] [and] [between
PLCs and the central station] shall be provided in Section [ ] and as
shown on the drawings.

1.6 EQUIPMENT REQUIREMENTS
1.6.1 Materials and Equipment

Materials and equipment shall be standard unmodified products of a
manufacturer regularly engaged in the manufacturing of such products.
Units of the same type of equipment shall be products of a single
manufacturer. Items of the same type and purpose shall be identical and
supplied by the same manufacturer, unless replaced by a new version
approved by the Government.

1.6.2 Nameplates

Each major component of equipment shall have the manufacturer's name and
address, and the model and serial number in a conspicuous place. Laminated
plastic nameplates shall be provided for equipment devices and panels
furnished. Each nameplate shall identify the device, such as pump "P-1" or
valve "VLV-402". Labels shall be coordinate with the schedules and the
process and instrumentation drawings. Laminated plastic shall be 3 mm 1/8
inch thick, white with black center core. Nameplates shall be a minimum of
25 by 75 mm 1 by 3 inches with minimum 6 mm 1/4 inch high engraved block
lettering. Nameplates for devices smaller than 25 by 75 mm 1 by 3 inches
shall be attached by a nonferrous metal chain. All other nameplates shall
be attached to the device.

1.7 Sequencing of Construction

R R R R R ok R R R kR R Rk R R o R R ok kR R R R R R R R R R R R R R R R R ok R o o R R R

NOTE: Edit to include specific and unique
requirements for components or elements of the
project. Describe those items which must be
installed, commissioned and available for beneficial
use prior to other, interconnected elements being
available for demolition, decommissioning, or other
construction activity which may affect their ability

to perform their intended function.
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Construction shall be sequenced as follows: [ ].
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PART 2 PRODUCTS
2.1 GENERAL REQUIREMENTS

R R R R ok R R R R R R Rk R R R o o R ok ok ok kR R o R R R R R R R R o o R R R R R R R R R R

Show hazardous area classification on the drawings.
khkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkkkhkhkkhkhkhkhkhkhkkhkhkhkkhkhkkkhkkkkkkkkkkkkkhkkkhkhkkkhkhkkkkkkkkkkkkkkx*k

Equipment located outdoors, not provided with climate controlled enclosure,
shall be capable of operating in the ambient temperature range indicated in
paragraph ENVIRONMENTAL CONDITIONS, unless otherwise specified. Electrical
equipment will conform to Section 16402 INTERIOR DISTRIBUTION SYSTEM.
Equipment and wiring must be in accordance with NFPA 70, with proper
consideration given to environmental conditions such as moisture, dirt,
corrosive agents, and hazardous area classification.

2.2 MONITORING AND CONTROL PARAMETERS

R R R o o kR R R R R R R R R R o o R R R ok ok R R R R R R R R R R R o o o o o ok o o o R o o R R R R R R Rk

NOTE: Provide a schedule on the drawings that
includes all required instrumentation. Provide
device information such as: Alpha-Numeric
designator, the operating range (pressure,
temperature, flow) of construction material, media
to be monitored or controlled, control signal, valve
type (2-way, 3-way, normally open, normally closed,
etc.). Include automatic control valves and
manually operated control valves.

It may be appropriate to defer the enclosure
requirements to the electrical section or to provide
different enclosures for different areas: indoor,
outdoor, areas with hazard classification indicated
on the drawings, etc. Within an area, the

requirements should be consistent.
khkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkkhkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkkhkhkkhkhkkkkkkkkkkkkkkx*k

The control system shall be complete including sensors, field
preamplifiers, signal conditioners, offset and span adjustments,
amplifiers, transducers, transmitters, control devices, engineering units
conversions and algorithms for the applications; and shall maintain the
specified end-to-end process control loop accuracy from sensor to display
and final control element. Control equipment shall be powered by a 120
vAc, single phase, 60 Hz power source, with local transformers included as
needed for signal transmission and subsystem operation. Connecting
conductors shall be suitable for installed service. Enclosures shall be
rated for NEMA [1] [4] [4X] [7]1 [9] [12] [ 1.

2.2.1 Transmitter

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhkhkhkhkhkhhkhhhkhkhhhhkhkhhhhhhhhhhhdhhhhhhhdhhdhhhhddddddhhhhkhddx

NOTE: Show all panels on the drawings. Distance
between transmitter and sensor is critical.
khkkkkhkkkkkkhkkhkkkkhkkhkhkkkkhkkkkkkhkhkkkkkkkhkkkhkkkkhkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkk

Unless indicated otherwise, each sensor shall be provided with a

transmitter, selected to match the sensor. Except where specifically
indicated otherwise on the drawings, the transmitter shall be provided with
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a [four] [ ] digit or analog visual display of the measured parameter
and shall provide a [4 to 20 mAdc] [ ] output signal proportional to
the level of the measured parameter. Accuracy shall be plus or minus [0.5]
[1] [2] [51 [ ] percent of full scale reading with output error not
exceeding plus or minus [0.25] [0.5] [ ] percent of [the calibrated
measurement] [full scale]. Transmitter shall be located where indicated,
mounted integrally with the sensor, pipe mounted, wall mounted or installed
in the control panel. The distance between the sensor and transmitter
shall not exceed the manufacturer's recommendation. Field preamplifiers
and signal conditioners shall be included when necessary to maintain the
accuracy from sensor to the programmable logic controller or recorder.

2.2.2 Off-Gas or Vapor Service

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhhkhhhhhkhkhhhhhkhhhhhhhdhhhhdhhhdhhhhhhhdhhdhdhddhddhhhkhkhdd*x

NOTE: If there are substantial temperature or
pressure changes across a blower or unit process, it
may be cost effective to specify differing

requirements upstream and downstream of the process.
khkkhkhkhkhkhkhkhkhkhkkhkhkkhkkkhkhkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkkhkhkhkhkkkkkkkkkkkkkkkx*k

Sensors and meters in [off-gas] [or] [vapor] service shall be rated for
continuous duty service at fluid approach velocities from 2.5 to 25 m/s 500
to 5000 fpm with correspondingly higher constriction velocities over a

fluid temperature range from minus [18] [25] [ ] degrees C to [40] [50]
[66] [ ] degrees C minus [0] [15] [ ] degrees F to [105] [120]

[150] [ ] degrees F at pressures from minus [50] [ ] kPa gage up to
[100] [700] [ ] kPa gage minus [7.2] [ ] psi gage up to [15] [100]

[ ] psi gage.

2.2.3 Liquid Service

khkkhkkhkhkhkkhkhkkhkhkkkhkkkhkhkhkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkkhkhkkkkkkhkkhkkkhkkhkhkkkhkhkkhkkkhkhkkkkkkkkkkkk
NOTE: If there are substantial temperature or
pressure changes across a pump or unit process, it
may be cost effective to specify differing

requirements upstream and downstream of the process.
khkkhkhkhkhkhkhkhkhkhkkhkhkkhkhkkhkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkkhkhkkkhkkkkkkkkkkkkkkx*k

Sensors and meters in liquid service shall be rated for continuous duty

service at fluid approach velocities from [0.1] [0.75] [ ] m/s to [2]

(3] [ ] m/s [0.327] [2.5] [ ] ft/s to [7] [10] [ ] ft/s with

correspondingly higher constriction velocities over a fluid temperature

range from [0] [ ] degrees C to [40] [50] [ ] degrees C [32]

[ ] degrees F to [105] [120] [ ] degrees F at pressures up to [70]

[350] [700] [1000] I 1 kPa [10] [50] [100] [150]1[ 1 psi gage.
2.2.4 Flow Sensor

R R R o R ok R R R R R R Rk R R R o o R ok ok ko ko R R R R R R R R R R ko o o o o ok o R o R R R R R R R R Rk

NOTE: Most flow meters need straight unobstructed
piping of 10 pipe diameters upstream and 5 pipe
diameters downstream. Verify that the location will
allow installation meeting the criteria or that the
accuracy of type of flow meter selected is not
affected by the location. Design includes attendant
elements such as mounting devices, differential
pressure transmitter and interpretive ancillary
components in this and other sections and on the
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drawings to complete the system.
khkkhkhkhkhkhkhkhkhkhkkhkhkkhkkkhkkkhkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkkhkkkkkkkkkkkkkhkkhkhkhkkhkkkkkkkkkkkkkkkx*k

Liguid flow indication shall be provided in L/s gpm. [Off-gas] [or]

[Vapor] flow indication shall be provided in cubic meters per second cubic
feet per minute. Pressure taps shall incorporate appropriate snubbers.
Unless indicated otherwise, the flow transmitter shall produce a signal
that is proportional to the volumetric flow rate, compensated for fluid
temperature, and shall have an accuracy of plus or minus [1] [3] [ ]
percent of [full flow] [the actual flow]. Flow transmitter shall be
located within 5 meters 15 feet of the flow element. The flow transmitter
shall include a [digital] [ ] readout of the volumetric flow rate to
[3]1 [ ] significant figures. [The controller shall be provided with a
minimum of three alarm lights. The first alarm light shall indicate when
the lower (warning) detection level has been exceeded. The second alarm
light shall indicate when the upper (alarm) detection level has been
exceeded. The third alarm light shall indicate a controller malfunction,
including loss of power or loss of sensor input.] [The controller shall be
provided with a minimum of three sets of dry contacts rated in accordance
with NEMA ICS 1. The first set of contacts shall close when the lower
(warning) detection level has been exceeded. The second set of contacts
shall close when the upper (alarm) detection level has been exceeded. The
third set of contacts shall close when a controller malfunction has
occurred, including loss of power or loss of sensor input.] The alarm
levels shall be individually adjustable. The controller shall be provided
with an audible warning horn that sounds when the upper detection level has
been exceeded, and a warning horn silence button. The controller shall
provide a [4-20 mAdc] [ ] output signal to the programmable logic
controller, proportional to the measured parameter. The controller shall
be provided with an internal battery to maintain operation for a minimum of
12 hours if power is lost. Flow rate shall be controlled to within plus or
minus [5] [ ] percent of the design flow.

.2.4.1 Flow Nozzle

Flow nozzle shall be made of austenitic stainless steel. The inlet nozzle
form shall be elliptical and the nozzle throat shall be the quadrant of an
ellipse. The thickness of the nozzle wall and flange shall be such that
the accuracy will not be degraded by distortion of the nozzle throat from
strains caused by the pipeline temperature and pressure, flange bolting, or
other methods of installing the nozzle in the pipeline. The outside
diameter of the nozzle flange or the design of the flange facing shall be
such that the nozzle throat shall be centered accurately in the pipe.

.2.4.2 Flow Switch

Flow switch shall have a repetitive accuracy of plus or minus [10] [ ]
percent of actual flow setting. Switch actuation shall be adjustable over
the operating flow range. Flow switch for use in [water] [contaminated
groundwater] [sewage] [air] [vapor] I[gas] [hot gas] [corrosive vapor]

[ ] system shall be rated for use and constructed of suitable materials
for installation in the environment encountered. The flow switch shall
have non flexible paddle with Form C snap action contacts, rated in
accordance with NEMA ICS 1.

.2.4.3 Magnetic Flowmeter

Magnetic flowmeter shall be non-intrusive and shall measure fluid flow
through the use of a self generated magnetic field. The magnetic flow
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element shall be encapsulated in [type 300 stainless steel] [or] [anodized
aluminum] . Flowmeter shall be capable of measuring clean or dirty flow up
to a maximum flow velocity of [3] [ 1 m/s [10] I ] fps. The
metering tube shall be constructed of [316 stainless steel] [anodized
aluminum] [material compatible with the fluid being measured]. The maximum
pressure drop across the meter and appurtenances shall be 34 kPa 5 psi at
the maximum flow rate.

.2.4.4 Natural Gas or Propane Flow Meter

Flowmeter for natural gas or propane flows, corrected to standard
conditions, of up to 0.02 cu. m/sec 2500 cfh shall be of the positive
displacement diaphragm or bellows type and for flows above 0.02 cu. m/sec,
2500 cfh, shall be of the axial flow turbine type. Meters shall be
designed specifically for natural gas or propane supply metering and rated
for the pressure, temperature and flow rates of the installation.
Permanent meters shall be suitable for operation in conjunction with an
energy monitoring and control system. Meter body shall be constructed of
[316 stainless steel] [ ]. Meter shall have a minimum turndown ratio
of [10] [ ] to [1] I ] with an accuracy of plus or minus [1]

[ ] percent of actual flow rate. The meter index shall include a
direct reading mechanical totalizing register and electrical impulse dry
contact output for remote monitoring. The electrical impulse dry contact
output shall provide not less than 1 pulse per 2.8 cubic meters 100 cubic
feet of gas and shall require no field adjustment or calibration. The
highest electrical impulse rate available from the manufacturer, not
exceeding 10 pulses per second, for the installed application shall be
provided.

.2.4.5 Orifice Plate

khkkhkhkhkhkhkhkhkhkkkhkhkkhkkkhkhkkhkhkkhkhkhkhkhkhkhhkhkhkhkhkhkhkkhkhkkkkkkkkkkkkhkkkhkhkkhkhkkkkkkkkkkkkkkx*k
NOTE: Show the operating ranges and ratings on the
drawings for operating pressures and flow.
Differential pressure output ranges for flow
conditions are to be coordinated. Accuracy of
computed flow will be improved with inclusion of

temperature and pressure of upstream conditions.
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Orifice plate shall be made of [304] [316] series stainless steel sheet.
The outlet side of the bore shall be beveled at a 45 degree angle. The
thickness of the cylindrical face of the orifice shall [not exceed
one-fiftieth of the pipe inside diameter or one-eighth of the orifice bore,
whichever is smaller] [be 3.3 mm 0.125 inch nominal]. The orifice plate
shall be flat within 0.10 mm 20 mils. The orifice surface roughness shall
not exceed 0.5 micron 0.02 mils. Orifice plates shall be concentric
plates with a square and sharp upstream edge of the orifice. Orifice bore
shall be designed to match the operating parameters stated in the drawings.

Plate shall be permanently identified with line size, flange rating,
orifice bore diameter, plate thickness and material.

.2.4.6 Paddle Type Flowmeter

Sensor accuracy shall be plus or minus [2] [ ] percent of rate of flow,
minimum operating flow velocity shall be [0.3] [ ] m/s [1.0] [ ] fps.
Sensor repeatability and linearity shall be plus or minus [1] [ ]
percent. Sensor shall be non-magnetic, with forward curved impeller blades
designed for water containing debris. Wetted materials shall be made from
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non-corrosive materials and shall not contaminate water. The sensor shall
be provided with isolation wvalves.

.2.4.7 Pitot Tube

The velocity sensing element shall be of the pitot tube type. Each
transmitter shall have a low range differential pressure sensing element
and a square root extractor. Sensing element accuracy shall be plus or
minus 1 percent of full scale. Transmitter accuracy shall be plus or minus
0.25 percent of the calibrated measurement. Overall accuracy shall be plus
or minus [3] [ ] percent over a range of 2.5 to 13 m/s 500 to 2500 fpm
scaled to air volume. The resistance to air flow shall not exceed 20 Pa
0.08 inch water at an air flow of 10 m/s 2000 fpm.

.2.4.8 Annular Pitot Tube
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NOTE: Annular pitot tubes should not be used where
the flow is pulsating or where pipe vibration is
allowed. Pulse flow is characteristic of positive

displacement pumps and blowers.
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Sensor shall have an accuracy of plus or minus [2] [ ] percent of full
flow and a repeatability of plus or minus [0.5] [ ] percent of measured
value. Annular pitot tube shall be averaging type differential pressure
sensors with four total head pressure ports and one static port made of
austenitic stainless steel. The total head pressure ports shall extend
diametrically across the entire pipe.

.2.4.9 Positive Displacement Flowmeter

Output accuracy shall be plus or minus 2 percent of the flow range. The
flow meter shall be a direct reading, gerotor, nutating disk or vane type
displacement device rated for liquid service. A counter shall be mounted
on top of the meter, and shall consist of a non-resettable mechanical
totalizer for local reading, and a pulse transmitter for remote reading.
The totalizer shall have a six digit register to indicate the volume passed
through the meter in liters gallons. A sweep-hand dial will indicate down
to 5 liters 1 gallon. The pulse transmitter shall have a hermetically
sealed reed switch which is activated by magnets fixed on gears of the
counter. The meter shall have a bronze body with threaded or flanged
connections as required for the application. The maximum pressure drop at
full flow shall be 35 kPa 5 psi gage.

.2.4.10 Turbine Meters

R R R R R ok R R R kR R Rk R R o R R ok kR R R R R R R R R R R R R R R R R ok R o o R R R

NOTE: Verify that the location will allow

installation with the minimum straight unobstructed

piping of 10 pipe diameters upstream and 5 pipe

diameters downstream.
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Turbine meters shall be [series 300 stainless steel] [bronze] with an
accuracy of plus or minus [1] [ ] percent from [30] [ ] percent to
100 percent of actual flow.
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2.2.4.11 Insertion Turbine Flowmeter
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NOTE: Verify that the location will allow
installation with the minimum straight unobstructed
piping of 10 pipe diameters upstream and 5 pipe
diameters downstream. Placement downstream of the
blower or pump is preferable for head loss

considerations.
khkkkhkhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkkhkhkhkkhkhkkkkkkkkk

Design of the flowmeter probe assembly shall incorporate integral flow,
temperature, and pressure monitoring. The meter flow sensing element shall
operate over the temperature range with a pressure loss limited to [1]

[ ] percent of operating pressure at maximum flow rate. The internal
temperature transmitter shall monitor the full temperature range of the
fluid. The integral pressure transmitter shall monitor the pressure range

with end limits of [0] [ ] Mpa [0] [ ] psi to 2 MPa 300 psi gage.
The flowmeter electronics shall be scaled and rescaled in the field when
application data changes. The flowmeter shall be designed for installation

in pipe sizes of 75 mm 3 inches and larger to accommodate maximum probe
insertion depths up to 1.1 meters 44 inches. The retractor assembly shall
have a rotor depth gage having graduations of 2.5 mm 0.1 inches to
determine exact position of turbine rotor in the pipe. The meter retractor
assembly and the turbine rotor assembly shall be constructed of [Series 300
stainless steel] [ ] with [polytetrafluoroethylene (PTFE)] [ ]
seals. The meter retractor assembly shall be designed to protect the
turbine rotor during insertion into the pipeline. Retraction of the
turbine rotor shall be accomplished by using a hand wheel. The retractor
assembly shall include an isolation valve providing a means of removal of
the meter from service to allow for field maintenance and field replacement
of the rotor assembly or parts. The turbine rotor shall be designed to
allow compensation for bearing wear without affecting rotor calibration.
The turbine rotor shall have an over range operating capacity of 150
percent of maximum flow for up to 5 seconds. The rotor shall be calibrated
at the factory in an actual flow of similar fluid over the flow range
performed on test equipment with accuracy traceable to the National
Institute of Standards and Technology (NIST). A copy of the calibration
test data, including all of the physical parameters under which the
calibration tests were performed, shall be provided with each turbine
rotor. Calibration test data shall be analyzed to determine the rotor's
arithmetic average "K" factor, the best line fit and the plus or minus
deviation from these figures. Turbine flowmeter accuracy shall be plus or
minus 1 percent of reading for a minimum turndown ratio of 1:1 through a
maximum turndown ratio of 50:1. Repeatability shall be plus or minus 0.25
percent of reading. Accuracy of the transmitter shall be plus or minus
0.25 percent over the calibrated span. The turbine rotor response time
from minimum to maximum flow shall be less than 10 milliseconds.

2.2.4.12 Ultrasonic Flowmeter
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NOTE: Doppler meters rely on reflectors in the
flowing liquid. To obtain reliable measurements
attention must be given to the lower limits for
concentrations and sizes of solids or bubbles. The
flow must also be rapid enough to keep these
materials in suspension. One manufacturer gives
values of 1.8 m/s (6 ft/s) for solids and 0.75 m/s
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(2.5 ft/s) for small bubbles. To perform within
their stated specifications, some Doppler meters
require a minimum Reynolds number of 4,000.

Transit-time meters rely on an ultrasonic signal's
completely traversing the pipe, so the path must be
relatively free of solids and air or gas bubbles.

To perform within stated specifications, one type of
transit-time meter requires a minimum Reynolds
number of 10,000.
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Ultrasonic flowmeter shall utilize high frequency [Doppler shift]
[transit-time] transducer. Flowmeter shall be capable of measuring flow up
to a maximum flow rate of [5] [ ] m/s [15] [ ] fps.

.2.4.13 Variable Area Flowmeter

Meters shall have an accuracy of plus or minus [5] [ ] percent of full
scale. The flowmeter body shall be clear acrylic plastic with [brass]
[stainless steel] end fittings. The float shall be [glass] [or] [stainless
steel]. The metering tube shall be tapered and shall be provided with a
direct reading flow scale engraved on the meter body.

.2.4.14 Venturi Tube

Venturi tube shall be made of cast iron or cast steel. The throat section
shall be lined with austenitic stainless steel. Thermal expansion
characteristics of the lining shall be the same as that of the throat
casting material. The surface of the throat lining shall be machined to a
plus or minus 1.2 micron 50 mils finish, including the short curvature
leading from the converging entrance section into the throat. The metering
tube shall be rated for continuous duty service at minimum pressure of

[700]1 [ 1 kPa [100] [ ] psi gage.

.2.4.15 Vortex Shedding Flowmeter

The accuracy shall be within plus or minus [0.8] [ ] percent of the
actual volumetric flow. The flow meter body shall be made of austenitic
stainless steel. Flowmeter shall be rated for continuous duty service at
minimum pressure of [700] [ ] kPa [100] [ ] psi gage. The vortex
shedding flowmeter body shall not require removal from the piping in order
to replace the shedding sensor.

.2.5 Level Instrumentation
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NOTE: Indicate the location and the NFPA hazard
classification on the drawings. Hazard
classification of sumps and tank interiors
frequently differ from the general area hazard
classification. Include a schedule of level sensing
elements with operating range requirements.
Tabulation of devices is to be included on the
drawings. Component identifiers are to be
coordinated with the drawings. Use the Instrument
Society of America (ISA) suggested alphanumeric

system for development of discrete device numbering.
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Pressure taps shall incorporate appropriate snubbers. Relays and housing
shall be intrinsically safe or explosion proof as required by the NFPA
hazard rating for compatibility with the contents of the tank or sump.
[The controller shall be provided with a minimum of three alarm lights.
The first alarm light shall indicate when the lower (warning) detection
level has been exceeded. The second alarm light shall indicate when the
upper (alarm) detection level has been exceeded. The third alarm light
shall indicate a controller malfunction, including loss of power or loss of
sensor input.] [The controller shall be provided with a minimum of three
sets of dry contacts rated in accordance with NEMA ICS 1. The first set of
contacts shall close when the lower (warning) detection level has been
exceeded. The second set of contacts shall close when the upper (alarm)
detection level has been exceeded. The third set of contacts shall close
when a controller malfunction has occurred, including loss of power or loss
of sensor input.] The alarm levels shall be individually adjustable. The
controller shall be provided with an audible warning horn that sounds when
the upper detection level has been exceeded, and a warning horn silence
button. The controller shall provide a [4-20 mAdc] [ ] output signal
to the programmable logic controller, proportional to the measured
parameter. The controller shall be provided with an internal battery to
maintain operation for a minimum of 12 hours if power is lost.

.2.5.1 Bubble Type Level Sensor

Bubbler type liquid level sensor shall be of the hydrostatic balance type,
operating from compressed air. Each gauging system shall contain the
following: an air set including [compressor] [or] [connection to plant
air], compressed air pressure regulating valve, air filter and moisture
trap; a sight feed bubbler with built-in adjusting needle valve; a tank
entry gland with air supply and equalized pilot signal connections; a 13 mm
1/2 inch [standard weight 316 stainless steel] [schedule 80 carbon steel]
dip tube; a direct reading circular gauge 300 mm 12 inch in diameter
calibrated for the connected tank and tank liquid; connections to the
circular gauge and to the pressure transducer for zero setting and
calibration check; a connecting bubbler supply and equalized pilot signal
[copper] [aluminum] [stainless] tubing with minimum field made joints; and
a pressure transmitter, selected to correspond to the range required to
gauge the connected tank.

.2.5.2 Capacitance Type Level Sensor

Liquid level sensor shall produce a signal that is proportional to the
measured level. Sensor shall be capacitance type. The transmitter shall
have non-interacting zero and span adjustments, and shall have an accuracy
of plus or minus [0.1] [ ] percent of calibrated span. Assemblies
shall include wall bracket or mounting plate, austenitic stainless steel
rods, stainless steel bolts and corrosion resistant housing.

.2.5.3 Conductivity Switch

The switch shall detect the presence of a fluid by measuring the electrical
resistance between a sensor and a ground electrode. Electrodes shall be
constructed of [316 stainless steel] [Hastelloy] [titanium]. Electrodes
shall be fully clad using [polyolefin] [polytetrafluoroethylene (PTFE)].
The conductivity switch shall be capable of [1] [2] [3] [4] separate level
set points. The switch shall [be provided with] [use the container as] a
ground electrode. Electrode lengths shall be as necessary, based on the
application and to meet the requirements of the control sequence. A relay
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switching point shall be provided for each sensor. Contacts shall be rated
for a maximum of 240 vAc, 5 A. Switch shall have a maximum response time
of 2 seconds. Assembly shall be [flange mounted] [NPT thread (male)]
[including surface mounting bracket] and suitable for the indicated
environment.

.2.5.4 Displacement Type Level Switch

Liquid level switch shall be displacement type, having a minimum of two
tandem floats with each float independently activating a set of Form C
contacts at two different level settings. Each switch shall have a narrow
differential band. The mounting connections shall be threaded, flanged or
surface mounted to suit the application. All surfaces in contact with the
tank contents shall be austenitic stainless steel. The switch enclosure
shall be explosion proof for use in a hazardous environment, complete with
a sealed water tight junction box, terminal block, and mounting plate.
Each set of contacts shall be snap action, dry contact type with one
normally open and one normally closed, contact rated in accordance with
NEMA ICS 1. The switch shall be actuated by a magnetically equipped
stainless steel displacer. Repetitive accuracy shall be plus or minus 6 mm
1/4 inch of actual displacer setting.

.2.5.5 Mercury Float Switch

Float switch assemblies for use in liquid systems shall consist of wall
bracket or mounting plate, galvanized steel rods, stainless steel bolts,
explosion proof and corrosion resistant housing, and intrinsically safe
relays. Each switch shall consist of two normally open mercury switches,
encapsulated in epoxy resin. The float casing shall be polypropylene. The
switch cable shall be o0il resistant thermoplastic cable with 4 No. 18 gauge
stranded copper conductors, rated for 600 Volt application.

.2.5.6 Reed Sensor

Sensor shall consist of a transmitter tube with a reed strip located
inside. The tube length shall [be of sufficient length to permit
adjustment of switch actuation within process parameters] [extend the full
height of the tank]. A float containing a permanent magnet shall fit over
the transmitter tube and shall move up and down with the liquid level. The
transmitter tube and sliding float assembly shall be as required for the

application as shown on the drawings. Wetted parts shall be [ ], [316
stainless steel,] [PVC,] [polypropylene,] or [polytetrafluorocethylene
(PTFE)] suitable for the installed service indicated. Assembly shall be
[flange mounted] [NPT thread (male)] [include surface mounting bracket].

.2.5.7 Ultrasonic Sensor

The sensor shall be microprocessor based and shall provide continuous,
non-contact level measurement of liquids and solids utilizing microwave
pulsed time of flight measurement method. The sensor shall operate in a
frequency band approved for industrial use. The sensor shall be capable of
measuring in a range of 0 to [7] [1] [ ] m 0 to [20] [3] [ ] feet
with an accuracy of plus or minus [1] [ ] percent of full scale. The
sensor shall be capable of distinguishing between real echoes, reflections
and background noise. The sensor shall automatically compensate for

temperature changes. The sensor shall be capable of operating in a

temperature range from minus [25] [ ] degrees C to [40] [50] [ ]
degrees C minus [15] [ ] degrees F to [105] [120] [ ] degrees F.
Assembly shall be [flange mounted] [NPT thread (male)] [include surface
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mounting bracket] of sufficient size to eliminate echoing and suitable for
the installed environment indicated. Mounting assembly shall be suitable
for service without requiring entry or drainage of the [vessel] [sump]
where level is being measured.

.2.5.8 Leak Detection

Double walled containment system leak detectors shall use electrodes
mounted in the interstices of double walled containment systems with a

minimum time delay of [0.5] [ ] seconds. Leak detectors for open
systems shall be mounted at slab or floor level with either a minimum time
delay of [0.5] [ ] seconds or a minimum built-in-vertical adjustment of
[3]1 [ ] mm [1/8] [ ] inch to prevent activation due to high

humidity. Detector shall have a contact rating of 1.0 amps resistive or
200 mA inductive at 28 vDc. Leak detector panel shall indicate the
location and detector causing the alarmed state. The indicator shall be
manual reset type. A framed, non-fading half-size as-built location map in
laminated plastic shall be provided for the cable leak detection system in
double containment piping systems indicating the as installed system
configuration; sensing string layout shall be furnished. Marks in meters
feet along the length of pipeline interstitial cable shall be provided as
references to locate leaks.

.2.6 Pressure Instrumentation
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NOTE: Indicate on the drawings where visual
indication of the measured pressure is required.
Include a schedule of pressure sensing elements with
operating range requirements. Include a tabulation
of devices drawings. Component identifiers are to
be coordinated with the drawings using the
Instrument Society of America (ISA) suggested
alphanumeric system for development of discrete

device numbering.
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Pressure taps shall incorporate appropriate snubbers. The controller shall
be provided with a minimum of three [alarm lights. The first alarm light
shall indicate when the lower (warning) detection level has been exceeded.
The second alarm light shall indicate when the upper (alarm) detection
level has been exceeded. The third alarm light shall indicate a controller
malfunction, including loss of power or loss of sensor input] [sets of dry
contacts rated in accordance with NEMA ICS 1. The first set of contacts
shall close when the lower (warning) detection level has been exceeded.

The second set of contacts shall close when the upper (alarm) detection
level has been exceeded. The third set of contacts shall close when a
controller malfunction has occurred, including loss of power or loss of
sensor input]. The alarm levels shall be individually adjustable. The
controller shall be provided with an audible warning horn that sounds when
the upper detection level has been exceeded, and a warning horn silence
button. The controller shall provide a [4-20 mAdc] [ ] output signal
to the programmable logic controller, proportional to the measured
parameter. The controller shall be provided with an internal battery to

maintain operation for a minimum of 12 hours if power is lost. Pressures
shall be controlled to within plus or minus [5] [ ] percent of design
pressures.
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2.2.6.1 Pressure Sensor

The sensing element shall be either capsule, diaphragm, bellows, Bourdon
tube, or solid state as applicable for the installation. The pressure
transducer shall withstand up to 300 percent of rated pressure, with an
accuracy of plus or minus [1.0] [ ] percent of full scale selected to
put the design range of the measured pressure in the middle third of the
transducer's range. Pressure shall be measured in kPa psi gage with a
range, plus or minus [10] [ ] percent of design range and shall be
furnished with [display] [display and printout] to the nearest [1.0]

[ ] kPa [0.145] [ ] psi. The transmitter output error shall not
exceed [0.1] [ ] percent of calibrated span.

2.2.6.2 Pressure Switch

Sensors shall be diaphragm or Bourdon tube and shall be constructed of
[brass] [316 stainless steel] [ ]. Pressure switch shall have a
repetitive accuracy of plus or minus [5.0] [ ] percent of the operating
range and shall withstand up to [150] [ ] percent of rated pressure.
Switch actuation set point shall be adjustable over the operating pressure
range with a differential adjustment span of [20] [ ] to [40] [ ]
percent of the range of the switch. The switch shall have Form C
snap-action contacts rated in accordance with NEMA ICS 1.

2.2.6.3 Differential Pressure

The sensor/transmitter assembly accuracy shall be plus or minus [2] [ ]
percent of full scale. The over pressure rating shall be a minimum of
[300] [ ] percent of the operating pressure. Transmitter shall be
suitable for installation with the low pressure connection removed.

2.2.6.4 Differential Pressure Switch

Each switch shall be an adjustable diaphragm, or bellows operated device,
with taps for sensing lines for connection of pressure fittings designed to
sense fluid pressure. [For measuring air, gas or vapor stream differential
pressure, these fittings shall be of the angled-tip type with tips pointing
into the air stream.] The adjustable differential range shall be a maximum
of [0.037] [0.125] [ ] kpPa [0.15] [0.5] [ ] inches water at the low
end to a minimum of [0.087] [1.49] [ ] kpPa [0.35] [6.0] [ ] inches
water at the high end. Two Form C contacts rated in accordance with NEMA
ICS 1 shall be provided.

2.2.6.5 Pneumatic to Electric (PE) Switch

Each switch shall have an adjustable set point range of [20] [ ] to
[137] [ ] kPa [3.0] [ ] to [20] [ ] psi gage and an adjustable
differential from [13] [ 1 to [41] [ ] kPa [2.0] [ ] to [6.0]

[ ] psi. Contacts shall be Form C rated in accordance with NEMA ICS 1.

2.2.7 Temperature Instrumentation
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NOTE: Component identifiers are to be coord