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NOTE: This gui de specification covers the
requi renents for process instrunentation and contro
systens.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR)

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

PART 1 GENERAL

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: Use Section 43 21 29 FLOW MEASURI NG EQUI PMENT
[ POTABLE WATER] [ SEWAGE TREATMENT PLANT] for sinple
liquid fl ow applications.

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

1.1 REFERENCES

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.
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Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE (ANSI)
ANSI INCI TS 154 (1988; R 2004) Information Technol ogy
O fice Machi nes and Supplies -
Al phanuneri c Machi nes- Keyboard Arrangenent

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE FUN | P (2009) Fundanental s Handbook, |-P Edition

ASHRAE FUN SI (2009) Fundanental s Handbook, SI Edition
AVERI CAN WATER WORKS ASSOCI ATI ON ( AWM

AWM C606 (2006) G ooved and Shoul dered Joints
ASME | NTERNATI ONAL ( ASVE)

ASME B31. 8 (2007) Gas Transnission and Distribution
Pi pi ng Systens

ASME BPVC SEC VIII D1 (2007; Addenda 2008; Addenda 2009) Boil er
and Pressure Vessel Code; Section VIII
Rul es for Construction of Pressure Vessels
Division 1
ASTM | NTERNATI ONAL ( ASTM

ASTM A 536 (1984; R 2009) Standard Specification for
Ductile Iron Castings

ASTM B 88 (2009) Standard Specification for Seam ess
Copper Water Tube

ASTM B 88M (2005) Standard Specification for Seanl ess
Copper Water Tube (Metric)

ASTM D 1238 (2004c) Melt Flow Rates of Thernopl astics
by Extrusion Pl astoneter

ASTM D 1693 (2008) Standard Test Method for
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Envi ronmental Stress-Cracking of Ethyl ene
Pl astics

ASTM D 2000 (2008) Standard C assification Systemfor
Rubber Products in Autonotive Applications

ASTM D 635 (2006) Standard Test Method for Rate of
Burni ng and/or Extent and Time of Burning
of Self-Supporting Plastics in a
Hori zontal Position

ASTM D 638 (2008) Standard Test Method for Tensile
Properties of Plastics

ASTM D 792 (2008) Density and Specific Gavity
(Relative Density) of Plastics by
Di spl acenent

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE 100 (2000; Archived) The Authoritative
Dictionary of |EEE Standards Terns

| EEE 142 (2007) Recommended Practice for G ounding
of Industrial and Conmercial Power Systens
- | EEE Green Book

| EEE 802. 3 (2008) Standard I nformation
Technol ogy- - Tel ecomuni cati ons and
I nf ormati on Exchange Between
Systens-- Specific Requirenents Part 3:
CSMA CD Access Method and Physical Layer
Speci fications

| EEE C37.90 (2005) Standard for Relays and Rel ay
Systens Associated Wth Electric Power
Appar at us

| EEE C37.90.1 (2002) Standard for Surge Wthstand

Capability (SWC) Tests for Relays and
Rel ay Systens Associated with Electric
Power Appar at us

| EEE C62.41.1 (2002; R 2008) Cuide on the Surges
Envi ronment in Low Voltage (1000 V and
Less) AC Power Circuits

| EEE C62.41.2 (2002) Recommended Practice on
Characterization of Surges in Low Voltage
(1000 V and Less) AC Power Circuits

| NTERNATI ONAL ELECTROTECHNI CAL COWM SSI ON (| EC)

| EC 61131-3 (2003) Progranmable Controllers - Part 3:
Programm ng Languages

| NTERNATI ONAL TELECOVMUNI CATI ON UNI ON (I TU)

| TU V. 34 (1998) Data Comuni cation Over the
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Tel ephone Net wor k

| TU V.42 bis (1990) Data Communi cation over the
Tel ephone Network: Data Conpression
Procedures for Data Circuit Term nating
Equi prent (DCE) Using Error Correction
Procedures

| SA - | NTERNATI ONAL SOCI ETY OF AUTOVATI ON (I SA)
| SA 7.0.01 (1996) Quality Standard for Instrument Air

| SA M296. 1 (1982) Tenperature Measurenent
Ther nocoupl es

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI Cl12.1 (2008) Electric Meters Code for
El ectricity Metering

NENVA 250 (2008) Enclosures for Electrical Equipnment
(1000 Vol ts Maxi mum

NEMVA | CS 1 (2000; R 2005; R 2008) Standard for
Industrial Control and Systens: Ceneral
Requi rement s
NEVA | CS 2 (2000; Errata 2006; R 2005; Errata 2008)
Standard for Controllers, Contactors, and
Overl oad Rel ays Rated 600 V
NEMVA | CS 3 (2005) Standard for Industrial Control and
Systenms: Medium Vol tage Controllers Rated
2001 to 7200 Volts AC
NEVA | CS 4 (2005) Term nal Bl ocks
NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)
NFPA 70 (2008; AMD 1 2008) National Electrical Code
NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)
NI ST SP 250 (1991) Calibration Services Users Quide
TELECOVMUNI CATI ONS | NDUSTRY ASSOCI ATI ON (TI A)
TI A-232-F (1997; R 2002) Interface Between Data
Termi nal Equi pnrent and Data
Circuit-Term nati ng Equi pnent Enpl oyi ng
Serial Binary Data Interchange

U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)

40 CFR 60 St andards of Perfornmance for New
Stati onary Sources

47 CFR 15 Radi o Frequency Devi ces

SECTI ON 40 95 00 Page 10



47 CFR 68 Connection of Term nal Equi pnent to the
Tel ephone Net wor k

UNDERWRI TERS LABORATORI ES (UL)

UL 1059 (2001; R 2004 thru 2006) Standard for
Term nal Bl ocks

UL 508 (1999; R 1999 thru 2008) Standard for
I ndustrial Control Equi pnent

UL 94 (1996; R 1997 thru 2009) Standard for
Tests for Flammability of Plastic
Materials for Parts in Devices and

Appl i ances
1.2 DEFI NI TI ONS

Definitions, Synbols, and engi neering unit abbreviations shall conformto
| EEE 100, as applicable.

1.3 SYSTEM DESCRI PTI ON

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Add site specific requirements. Suppl ement
this specification with drawi ngs which include a
pi ping and i nstrumentation diagram (P& D) and a
conpr ehensi ve control (Il adder) diagram

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

The process instrunentation and control systen shall be used to nonitor and
control the operation of process equi pnent as specified and in accordance
with the sequence of control and control schematics shown on the draw ngs.
The control systemshall provide for operator interaction, overall contro
system supervi si on, and process equi pnment control and nonitoring. Provide
hardwar e configured and sized to support expansion as specified and shown
on the draw ngs.

1.3.1 CGeneral Requirenents

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

NOTE: Provide a brief and concise description of
the control system |Include nmajor pieces of

equi prent to be nonitored or controlled and a bri ef
description of how the control systemw |l operate
or nmonitor the equipnent, the type of data to be

| ogged and/or available for reports, trending, etc.
The information shall be site specific.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

The control systemshall consist of [ ].

1.3.2 Qper ation

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Show the nmini mum nunber of control panels to
be provided on the drawi ngs. Provide setpoint
ranges, alarmsettings and other paraneters not
addressed in the sequence of control in a data
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base/setting table on the draw ngs.

Rk bk kR IR R R Ik O O S S R AR Rk R R Rk O o O R Rk O R R R b I Rk o

The control system provided under this specification shall operate using
direct digital control (DDC) algorithnms or |adder |ogic type and
supervisory control to provide the required sequences of operation. |nput
data to the controller shall be obtained by using instrunents and controls
interfaced to mechanical, electrical, utility systens and other systens as
shown and specified. Al required setpoints, settings, alarmlimts, and
sequences of operation shall be as identified [in the database/ settings
tables] [and] [or] [sequences of operation shown on the draw ngs]. The
nunber and | ocation of control panels shown on draw ngs shall be provided
as a mnimum

1.3.3 Poi nt s

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: Provide an input/output (1/0O summary table

on the drawings. List all inputs to and outputs
fromthe control system |Identify each point type,
anal og, digital, pulse accunulator; input, output,
control, nonitoring, etc. |Identify alarns, software

and failure node setting associated with each point
in the table. Label each point so that it can be
easily referenced to the control system schematic
drawi ngs or process and instrunentation draw ngs.

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

Inputs to and outputs fromthe control systemshall be in accordance with
the Input/Qutput (I/0O Sunmmary Tabl e shown on the drawi ngs. Each connected
anal og output (AO, analog input (Al), digital output (DO, digital input
(D), pulse accumul ator (PA) input and other input or output device
connected to the control systemshall represent a "point" where referred to
in this specification.

1.3.4 Data Transni ssion Systens (DTS)

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: Include in the project specification any of
the following UFGS for the appropriate DIS: Section
27 10 00 BUI LDI NG TELECOVUNI CATI ONS CABLI NG SYSTEM
Section 33 82 00 TELECOVMUNI CATI ONS QUTSI DE PLANT
(CsP).

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

Data transm ssion systens for communication [ between PLCs] [and] [between
PLCs and the central station] shall be provided in [Section 27 10 00

BUI LDI NG TELECOVMUNI CATI ONS CABLI NG SYSTEM [ Section 33 82 00
TELECOVMUNI CATI ONS QUTSI DE PLANT (OSP)] and as shown on the draw ngs.

1.4 SUBM TTALS

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the minimumrequired for adequate quality control

SECTION 40 95 00 Page 12



A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
subnmittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO' for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA proj ects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
CGovernment.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Installation
Wring

Detail drawi ngs containing conplete piping, wiring, schematic,
flow diagrans and any other details required to denpnstrate that
the system has been coordinated and will properly function as a
unit. Piping and Instrunmentation (P& D) draw ngs (prepared using
i ndustry recogni zed device synbols, clearly defined and descri bi ng
pi pi ng designations to define the service and naterial s of
i ndi vi dual pipe segnents and i nstrunment tags enploying | nstrunent
Soci ety of Anerica suggested identifiers). Include in the
Drawi ngs, as appropriate: product specific catalog cuts; a
drawi ng index; a list of synbols; a series of draw ngs for each
control system using abbreviations, synbols, nonmenclature and
identifiers as shown; valve schedul es; conpressed instrument air
station schenmatics and ASME air storage tank certificates for each
type and nake of conpressed instrunent air station

SD- 03 Product Data

Conpressed Air Stations

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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NOTE: Delete the requirenent for conpressed air
station on systens that do not utilize pneunmatic
devi ces.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

I nstrumentation conpressed-air station schenmatic di agram show ng
equi prent utilized, including conpressor with notor output and
vol tage; starter; isolators; manual bypasses; tubing sizes; drain
pi ping and drain traps; reducing valves; air-dryer; and data on
manuf acturer's nanmes and nodel nunbers, nounting, access, and
cl earance requirenents. Include in the air-conpressor and
air-dryer data calculations of the air consunption of
current-to-pneunmatic transducers (IPs), pneumatic control valves
and of other control system devices to be connected to the
conpressed-air station; the nunber of starts per hour, the running
tinme for the unit selected; and the conpressed air-supply dewpoi nt
tenperature at 552 kPa 80 psig.

Control Draw ngs

Manuf acturer's descriptive and technical literature, performance
charts and installation instructions. Product specific catal og
cuts shall be in booklet form indexed to the unique identifiers,
and shall consist of data sheets that docunent conpliance with the
specification. Were nultiple conponents are shown on a catal og
cut, the application specific conponent shall be marked.

Sensors and Meters

Manuf acturer's descriptive and technical literature, catal og
cuts, perfornmance charts and installation instructions.

Trai ni ng Manua

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 denonstrate that the contro
system perforns in accordance with the sequence of control
Include a list of the equipment to be used during the testing plus
manuf acturer's nanme, nodel nunber, equi prent function, the date of
the latest calibration and the results of the latest calibration

Factory Test Procedure

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

NOTE: Delete this requirenent if a factory test is

not necessary.
E R R R R R

Docunent ati on contai ning factory test nethods and procedures.
SD- 06 Test Reports
Factory Test Report

Testing, Adjusting and Conm ssi oni ng
Performance Verification Test(PVT)
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Endur ance Test
Test results in report format.
I nsertion Turbine Fl owreter

Cal i bration test data.

SD-07 Certificates

Control and Sensor Wring
Certified test results for surge protection
G ound Rods

Certification stating that the test was perforned in accordance
with | EEE 142,

SD-10 Operation and Mai ntenance Data

I nstrunentation and Control System

[Six] [ ] compl ete copies of operating instructions
outlining the step-by-step procedures required for systemstartup
operation and shutdown. Include in the instructions |ayout,
wiring and control diagranms of the systemas installed, the
manuf acturer's name, nodel nunber, service manual, parts list and
a brief description of all equipnent and their basic operating
features

[Six] [ ] conpl ete copies of maintenance instructions
listing routine maintenance procedures, possible breakdowns and
repairs and troubl e shooting guides.

1.5 SI TE ENVI RONMENTAL CONDI TI ONS

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: Provide the following site specific
environnental conditions. Enter the appropriate
seisnic paraneters from UFC 3-310-04, AWM D100 or
AWM D103.

EE R R R I R S I R R I I O R R R R O S R R R R R R I I O R R I

Capacity and design of the air noving equi pment and accessories shall be

suitable for 24-hour full |oad service and shall neet the follow ng
criteria.
a. Location
1. Latitude [ ].
2. Longitude [ ___
3. Altitude (above MBL) [ ] mft
4. Seisnic paraneters [ 1.

Heati ng Degree Days [ ].

W nt er Design Tenperatures
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1. CQutside Air (Ventilation) [ ] (99%.

2. Qutside Air (Heat Loss) [ ] (97.5%.

3. Inside Air Tenperature [ ] degrees C degrees F
d. Cooling Degree Days [ ].

e. Sumer Design Tenperatures

1. Qutside Air (Ventilation) [ ] DB (1% .

2. CQutside Air (Ventilation) [ ] MCVB (1% .

3. CQutside Air (Heat M ninum [ ] DB (2.5%

4, Qutside Air (Heat M ninun [ ] (2.5%

5. Inside Air Tenperature [ ] degrees C degrees F
f Cont am nants | ] [dust] [dirt] [corrosive environnent]

[ hazardous environnent].

.6 SEQUENCI NG

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Edit to include specific and unique

requi renents for conponents or el enents of the
project. Describe those itens which nust be

i nstall ed, conmi ssioned and avail able for benefici al
use prior to other, interconnected el enents being
avail abl e for denolition, deconm ssioning, or other
construction activity which may affect their ability
to performtheir intended function

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

Construction shall be sequenced as follows: [__ ].

PART 2 PRODUCTS

.1 MATERI ALS AND EQUI PMENT
1.1 St andard Products

Materi al s and equi prent shall be standard unnodified products of a

manuf acturer regularly engaged in the manufacturing of such products.
Units of the sane type of equipnent shall be products of a single
manufacturer. |Itens of the sanme type and purpose shall be identical and
supplied by the same manufacturer, unless replaced by a new version
approved by the Governnent.

2.1.2 Nanmepl at es

Each naj or conponent of equi prment shall have the nmanufacturer's nane and
address, and the nodel and serial nunber in a conspicuous place. Lami nated
pl asti c nanepl ates shall be provided for equipnent devices and panel s

furni shed. Each naneplate shall identify the device, such as pump "P-1" or
val ve "VLV-402". Labels shall be coordinate with the schedul es and the
process and instrumentation drawings. Laninated plastic shall be 3 mm 1/8
inch thick, white with black center core. Nameplates shall be a m ni num of
25 by 75 mm 1 by 3 inches with mininmur 6 nm 1/4 inch high engraved bl ock
lettering. Nameplates for devices smaller than 25 by 75 mr 1 by 3 inches
shal |l be attached by a nonferrous metal chain. All other namepl ates shal
be attached to the device.
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2.2 GENERAL REQUI REMENTS

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

Show hazardous area classification on the draw ngs.

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

Equi pment | ocated outdoors, not provided with climte controlled encl osure,
shal | be capabl e of operating in the anbient tenperature range indicated in
par agr aph ENVI RONVENTAL CONDI TI ONS, unl ess ot herwi se specified. Electrica
equi pnment will conformto Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM
Equi prent and wiring nust be in accordance with NFPA 70, with proper

consi deration given to environnental conditions such as noisture, dirt,
corrosive agents, and hazardous area classification.

2.3 MONI TORI NG AND CONTROL PARAMETERS

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: Provide a schedule on the draw ngs that
includes all required instrunentation. Provide
device information such as: Al pha-Numeric
designator, the operating range (pressure,
tenperature, flow) of construction naterial, nedia
to be nonitored or controlled, control signal, valve
type (2-way, 3-way, nornally open, normally closed,
etc.). Include autonmatic control valves and
manual |y operated control val ves.

It may be appropriate to defer the enclosure
requirenents to the electrical section or to provide
different enclosures for different areas: indoor

out door, areas with hazard classification indicated
on the drawings, etc. Wthin an area, the

requi renents shoul d be consistent.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

The control system shall be conplete including sensors, field
preanplifiers, signal conditioners, offset and span adjustnents,
amplifiers, transducers, transmtters, control devices, engineering units
conversions and algorithns for the applications; and shall maintain the
speci fied end-to-end process control |oop accuracy from sensor to display
and final control elenment. Control equipnment shall be powered by a 120
vAc, single phase, 60 Hz power source, with local transfornmers included as
needed for signal transm ssion and subsystem operation. Connecting
conductors shall be suitable for installed service. Enclosures shall be
rated for NEMA [1] [4] [4X] [7] [9] [12] |

2.3.1 Transnitter

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

NOTE: Show all panels on the drawi ngs. Distance
between transnitter and sensor is critical

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Unl ess indicated otherw se, each sensor shall be provided with a
transmtter, selected to match the sensor. Except where specifically

i ndi cated otherwi se on the drawi ngs, the transmtter shall be provided with
a[four] [___ ] digit or anal og visual display of the measured paraneter
and shall provide a [4 to 20 mAdc] [ ] output signal proportional to
the I evel of the nmeasured parameter. Accuracy shall be plus or mnus [0.5]
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2.

2.

[1] [2] [5] [ ] percent of full scale reading with output error not
exceeding plus or mnus [0.25] [0.5] [__ ] percent of [the calibrated
measurenment] [full scale]. Transmitter shall be |ocated where indicated,
nounted integrally with the sensor, pipe nmounted, wall nounted or installed
in the control panel. The distance between the sensor and transmtter

shal | not exceed the manufacturer's recomendation. Field preanplifiers
and signal conditioners shall be included when necessary to maintain the
accuracy from sensor to the programmble |ogic controller or recorder.

3.2 O f-Gas or Vapor Service

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

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

requi renents upstream and downstream of the process.

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

Sensors and neters 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 fpmr with correspondi ngly higher constriction velocities over a

fluid tenperature range from mnus [18] [25] [ ] degrees Cto [40] [50]
[66] [ ] degrees C minus [O] [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]
[ 1 psi gage.

. 3.3 Li quid Service

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

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

requi renents upstream and downstream of the process.

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

Sensors and neters in liquid service shall be rated for continuous duty
service at fluid approach velocities from [0.1] [0.75] [__ ] ms to [2]
[3] [ ] ms [0.327] [2.5] | ] ft/s to [7] [10] [___ ] ft/s with
correspondi ngly higher constriction velocities over a fluid tenperature
range from [O] [__ ] degrees Cto [40] [50] [__ ] degrees C [32]

] degrees F to [105] [120] [___ ] degrees F at pressures up to [70]
[350] [700] [1000] [__ ] kPa [10] [50] [100] [250][__ ] psi gage.

3.4 FI ow Sensor

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: Most flow neters need strai ght unobstructed
pi pi ng of 10 pi pe dianmeters upstreamand 5 pipe

di ameters downstream Verify that the location wll
allow installation neeting the criteria or that the
accuracy of type of flow neter selected is not
affected by the location. Design includes attendant
el ements such as nounting devices, differential
pressure transmitter and interpretive ancillary
components in this and other sections and on the
drawi ngs to conplete the system

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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Liquid flow indication shall be provided in L/s gpn. [Of-gas] [or]

[ Vapor] flow indication shall be provided in cubic msecond cubic feet per
m nute. Pressure taps shall incorporate appropriate snubbers. Unless
indicated otherwise, the flow transmtter shall produce a signal that is
proportional to the volunetric flow rate, conpensated for fluid
tenmperature, and shall have an accuracy of plus or minus [1] [3] [___ ]
percent of [full flow] [the actual flow]. Flowtransmitter shall be

| ocated within 5 m 15 feet of the flow elenent. The flow transnitter shal
include a [digital] [__ ] readout of the volunetric flowrate to [3]
[ ] significant figures. [The controller shall be provided with a

m ni mum of three alarmlights. The first alarmlight shall indicate when
the I ower (warning) detection | evel has been exceeded. The second al arm
light shall indicate when the upper (alarm detection |evel has been
exceeded. The third alarmlight shall indicate a controller mal function,
including | oss of power or loss of sensor input.] [The controller shall be
provided with a mininmumof three sets of dry contacts rated in accordance
with NEMA I CS 1. The first set of contacts shall close when the | ower
(warni ng) detection | evel has been exceeded. The second set of contacts
shal | cl ose when the upper (alarnm) detection |evel has been exceeded. The
third set of contacts shall close when a controller nmal function has
occurred, including | oss of power or |loss of sensor input.] The alarm

| evel s shall be individually adjustable. The controller shall be provided
with an audi bl e warning horn that sounds when the upper detection |evel has
been exceeded, and a warning horn silence button. The controller shal
provide a [4-20 mAdc] [__ ] output signal to the progranmable |ogic
controller, proportional to the neasured paraneter. The controller shal

be provided with an internal battery to maintain operation for a m ni mum of
12 hours if power is lost. Flowrate shall be controlled to within plus or
mnus [5] [ ] percent of the design flow

.3.4.1 Fl ow Nozzl e

Fl ow nozzl e shall be made of austenitic stainless steel. The inlet nozzle
formshall 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 tenperature and pressure, flange bolting, or
ot her nethods of installing the nozzle in the pipeline. The outside

di ameter 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.

.3.4.2 Fl ow Swi tch

Fl ow switch shall have a repetitive accuracy of plus or mnus [10] [__ ]
percent of actual flow setting. Switch actuation shall be adjustable over
the operating flowrange. Flow switch for use in [water] [contamn nated
groundwat er] [sewage] [air] [vapor] [gas] [hot gas] [corrosive vapor]
[ ] systemshall be rated for use and constructed of suitable materials
for installation in the environment encountered. The flow switch shal

have non flexible paddle with Form C snap action contacts, rated in
accordance with NEVA | CS 1.

.3.4.3 Magneti ¢ Fl ownet er

Magnetic fl owneter shall be non-intrusive and shall neasure fluid flow
through the use of a self generated magnetic field. The magnetic flow

el ement shall be encapsulated in [type 300 stainless steel] [or] [anodized
aluminunj. Flowreter shall be capable of nmeasuring clean or dirty flow up
to a maxi mum flow velocity of [3] [__ ] ms [10] [__ ] fps. The
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nmetering tube shall be constructed of [316 stainless steel] [anodized
aluminun] [rmaterial conpatible with the fluid being measured]. The maxi num
pressure drop across the neter and appurtenances shall be 34 kPa 5 psi at
the maxi mum fl ow rate.

.3.4.4 Nat ural Gas or Propane Fl ow Meter

Fl omret er for natural gas or propane flows, corrected to standard
conditions, of up to 0.02 cu. nisec 2500 cfh shall be of the positive

di spl acenment di aphragm or bellows type and for flows above 0.02 cu. msec
2500 cfh, shall be of the axial flow turbine type. Meters shall be

desi gned specifically for natural gas or propane supply netering and rated
for the pressure, tenperature and flow rates of the installation.

Per manent neters 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 m ni mumturndown ratio
of [10] [___ ] to[1] [___ ] with an accuracy of plus or minus [1]
[ ] percent of actual flow rate. The nmeter index shall include a

di rect reading mechanical totalizing register and electrical inpulse dry
contact output for renmote nonitoring. The electrical inpulse dry contact
out put shall provide not less than 1 pulse per 2.8 cubic neters 100 cubic
feet of gas and shall require no field adjustnent or calibration. The
hi ghest el ectrical inpulse rate available fromthe manufacturer, not
exceedi ng 10 pul ses per second, for the installed application shall be
provi ded.

.3.4.5 Oifice Plate

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

NOTE: Show the operating ranges and ratings on the
drawi ngs for operating pressures and fl ow
Differential pressure output ranges for flow
conditions are to be coordinated. Accuracy of
conputed flow will be inproved with inclusion of
tenperature and pressure of upstream conditions.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Oifice plate shall be nmade of [304] [316] series stainless steel sheet.
The outl et 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 dianeter or one-eighth of the orifice bore,
whi chever is smaller] [be 3.3 nmr 0.125 inch nonminal]. The orifice plate
shall be flat within 0.10 mm 20 mils. The orifice surface roughness shal
not exceed 0.5 micron 0.02 mls. Oifice plates shall be concentric plates
with a square and sharp upstream edge of the orifice. Oifice bore shal

be designed to match the operating paraneters stated in the draw ngs.

Pl ate shall be pernmanently identified with line size, flange rating,
orifice bore dianeter, plate thickness and naterial.

.3.4.6 Paddl e Type FI ownret er

Sensor accuracy shall be plus or mnus [2] [__ ] percent of rate of flow,

m ni mum operating flow velocity shall be [0.3] [ ] ms [1.0] [__ ] fps.
Sensor repeatability and linearity shall be plus or mnus [1] [__ ]
percent. Sensor shall be non-magnetic, with forward curved inpeller blades
designed for water containing debris. Wtted materials shall be made from
non-corrosive materials and shall not contam nate water. The sensor shal

be provided with isolation valves.
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2.3.4.7 Pi t ot Tube

The velocity sensing el enent shall be of the pitot tube type. Each
transmtter shall have a |l ow range differential pressure sensing el enent
and a square root extractor. Sensing elenment accuracy shall be plus or
mnus 1 percent of full scale. Transmtter accuracy shall be plus or mnus
0. 25 percent of the calibrated measurenent. Overall accuracy shall be plus
or mnus [3] [___ ] percent over a range of 2.5 to 13 ms 500 to 2500 fpmr
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 fpn.

2.3.4.8 Annul ar Pitot Tube

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: Annul ar pitot tubes should not be used where
the flowis pulsating or where pipe vibration is
allowed. Pulse flowis characteristic of positive
di spl acenent punps and bl owers.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

Sensor shall have an accuracy of plus or mnus [2] [__ ] percent of ful
flow and a repeatability of plus or minus [0.5] [__ ] percent of neasured
val ue. Annular pitot tube shall be averaging type differential pressure
sensors with four total head pressure ports and one static port nade of
austenitic stainless steel. The total head pressure ports shall extend
dianmetrically across the entire pipe.

2.3.4.9 Positive Displacenment Fl owneter

Qut put accuracy shall be plus or mnus 2 percent of the flow range. The
flow neter shall be a direct reading, gerotor, nutating disk or vane type
di spl acenment device rated for liquid service. A counter shall be nmounted
on top of the neter, and shall consist of a non-resettabl e nechanica
totalizer for local reading, and a pulse transmtter for renote reading.
The totalizer shall have a six digit register to indicate the vol une passed
through the neter in L gallons. A sweep-hand dial will indicate dowmm to 5 L

1 gallon. The pulse transnitter 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 maxi mum pressure drop at full flow shal
be 35 kPa 5 psi gage.

2.3.4.10 Tur bi ne Meters

ER R I I I R R R R R I I I R R R R R I I I R R R R S S I R R R R S S I I R R R I I R O I I I R R R I I I
NOTE: Verify that the location will allow
installation with the mni num strai ght unobstructed
pi pi ng of 10 pipe dianeters upstreamand 5 pipe
di amet ers downstream

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

Turbine nmeters shall be [series 300 stainless steel] [bronze] with an
accuracy of plus or mnus [1] [__ ] percent from[30] [__ ] percent to
100 percent of actual flow.

2.3.4.11 I nsertion Turbine Fl owmret er

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Verify that the location will allow

SECTION 40 95 00 Page 21



installation with the mininum strai ght unobstructed
pi pi ng of 10 pipe dianmeters upstream and 5 pipe

di ameters downstream Pl acenent downstream of the
bl ower or punp is preferable for head | oss

consi derati ons.

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

Desi gn of the flownreter probe assenbly shall incorporate integral flow,
tenmperature, and pressure nonitoring. The meter flow sensing el enent shal
operate over the tenperature range with a pressure loss limted to [1]
[ ] percent of operating pressure at maximumflow rate. The interna
tenmperature transnmitter shall nonitor the full tenperature range of the
fluid. The integral pressure transnmitter shall nonitor the pressure range
with end limts of [O0] [__ ] MPa [O] [__ ] psi to 2 MPa 300 psi gage.
The flowreter el ectronics shall be scaled and rescaled in the field when
application data changes. The flowneter shall be designed for installation
in pipe sizes of 75 mr 3 inches and | arger to accommpdat e maxi num probe
insertion depths up to 1.1 m 44 inches. The retractor assenbly shall have
a rotor depth gage having graduations of 2.5 mr 0.1 inches to determ ne
exact position of turbine rotor in the pipe. The neter retractor assenbly
and the turbine rotor assenbly shall be constructed of [Series 300
stainless steel] [_ ] with [polytetrafluoroethylene (PTFE)] [ ]
seals. The meter retractor assenbly shall be designed to protect the
turbine rotor during insertion into the pipeline. Retraction of the
turbine rotor shall be acconplished by using a hand wheel. The retractor
assenbly shall include an isolation valve providing a neans of remnoval of
the meter fromservice to allow for field naintenance and field repl acenent
of the rotor assenbly or parts. The turbine rotor shall be designed to
al | ow conmpensati on for bearing wear w thout affecting rotor calibration.
The turbine rotor shall have an over range operating capacity of 150
percent of maxinumflow for up to 5 seconds. The rotor shall be calibrated
at the factory in an actual flow of simlar fluid over the flow range
performed on test equi pnent with accuracy traceable to the Nationa
Institute of Standards and Technology (NIST). A copy of the calibration
test data, including all of the physical paraneters under which the
calibration tests were perforned, 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 ninus
deviation fromthese figures. Turbine flowreter accuracy shall be plus or
m nus 1 percent of reading for a mnimumturndown ratio of 1:1 through a
maxi mum turndown ratio of 50:1. Repeatability shall be plus or mnus 0.25
percent of reading. Accuracy of the transmitter shall be plus or mnus
0.25 percent over the calibrated span. The turbine rotor response tine
frommnimumto nmaxi mum flow shall be less than 10 nmilliseconds.

2.3.4.12 U trasoni c Fl owreter

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

NOTE: Doppler nmeters rely on reflectors in the
flowing liquid. To obtain reliable nmeasurenents
attention must be given to the lower limts for
concentrations and sizes of solids or bubbles. The
flow nmust al so be rapid enough to keep these
materials in suspension. One manufacturer gives
values of 1.8 nis (6 ft/s) for solids and 0.75 m's
(2.5 ft/s) for small bubbles. To performwthin
their stated specifications, some Doppler neters
require a mni nrum Reynol ds nunber of 4, 000.
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2.

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

To performw thin stated specifications, one type of
transit-tinme nmeter requires a nini mum Reynol ds
nurmber of 10, 000.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

U trasonic flowreter shall utilize high frequency [ Doppler shift]
[transit-tinme] transducer. Flowreter shall be capable of nmeasuring flow up
to a mximumflowrate of [5] [ ] ms [15] [

.3.4.13 Vari abl e Area Fl owreter

Meters shall have an accuracy of plus or mnus [5] [__ ] percent of ful
scale. The flowreter body shall be clear acrylic plastic with [brass]
[stainless steel] end fittings. The float shall be [glass] [or] [stainless
steel]. The nmetering tube shall be tapered and shall be provided with a
direct reading flow scal e engraved on the neter body.

.3.4.14 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 sane as that of the throat
casting material. The surface of the throat lining shall be nachined to a

plus or minus 1.2 mcron 50 mls finish, including the short curvature

| eading fromthe converging entrance section into the throat. The nmetering
tube shall be rated for continuous duty service at mninmum pressure of

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

.3.4.15 Vort ex Sheddi ng Fl ownret er

The accuracy shall be within plus or minus [0.8] [__ ] percent of the
actual volunetric flow The flow neter body shall be nade of austenitic
stainless steel. Flowneter shall be rated for continuous duty service at
m ni mum pressure of [700] [__ ] kPa [100] [__ ] psi gage. The vortex
sheddi ng fl owreter body shall not require removal fromthe piping in order
to replace the sheddi ng sensor.

3.5 Level Instrunentation

EE R R R I R S I R R I I O R R R R O S R R R R R R I I O R R I

NOTE: Indicate the location and the NFPA hazard
classification on the drawi ngs. Hazard
classification of sunps and tank interiors
frequently differ fromthe general area hazard
classification. Include a schedule of |evel sensing
el enents with operating range requirenents.
Tabul ati on of devices is to be included on the

drawi ngs. Conponent identifiers are to be
coordinated with the drawi ngs. Use the Instrunent
Soci ety of Anerica (ISA) suggested al phanurneric
system for devel opnent of discrete device nunbering.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Pressure taps shall incorporate appropriate snubbers. Relays and housing
shall be intrinsically safe or explosion proof as required by the NFPA
hazard rating for conpatibility with the contents of the tank or sunp.
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[ The controller shall be provided with a mininmumof three alarmlights.

The first alarmlight shall indicate when the | ower (warning) detection

| evel has been exceeded. The second alarmlight shall indicate when the
upper (alarm detection |level has been exceeded. The third alarmlight
shall indicate a controller malfunction, including | oss of power or |oss of

sensor input.] [The controller shall be provided with a mninum of three
sets of dry contacts rated in accordance with NEVA I CS 1. The first set of
contacts shall close when the | ower (warning) detection |evel has been
exceeded. The second set of contacts shall close when the upper (alarm
detection | evel has been exceeded. The third set of contacts shall close
when a controller mal function has occurred, including |oss of power or |oss
of sensor input.] The alarmlevels shall be individually adjustable. The
controller shall be provided with an audi bl e warni ng horn that sounds when
the upper detection |level has been exceeded, and a warning horn silence
button. The controller shall provide a [4-20 nAdc] [__ ] output signa
to the programmabl e logic controller, proportional to the neasured
paraneter. The controller shall be provided with an internal battery to
mai ntai n operation for a mninmmof 12 hours if power is |ost.

.3.5.1 Bubbl e Type Level Sensor

Bubbl er type liquid | evel sensor shall be of the hydrostatic bal ance type,
operating fromconpressed air. Each gauging systemshall contain the
following: an air set including [conpressor] [or] [connection to plant
air], conpressed air pressure regulating valve, air filter and noisture
trap; a sight feed bubbler with built-in adjusting needl e valve; a tank
entry gland with air supply and equalized pilot signal connections; a 13 m
1/2 inch [standard wei ght 316 stainless steel] [schedule 80 carbon steel]
dip tube; a direct reading circular gauge 300 nr 12 inch in dianeter
calibrated for the connected tank and tank |iquid; connections to the
circular gauge and to the pressure transducer for zero setting and
calibration check; a connecting bubbler supply and equalized pil ot signa
[copper] [alum num [stainless] tubing with mnimumfield made joints; and
a pressure transmitter, selected to correspond to the range required to
gauge the connected tank.

.3.5.2 Capaci tance Type Level Sensor

Liquid |l evel sensor shall produce a signal that is proportional to the
neasured |level. Sensor shall be capacitance type. The transnmitter shal
have non-interacting zero and span adjustnents, and shall have an accuracy
of plus or minus [0.1] [__ ] percent of calibrated span. Assenblies
shal | include wall bracket or nounting plate, austenitic stainless steel
rods, stainless steel bolts and corrosion resistant housing.

.3.5.3 Conductivity Switch

The switch shall detect the presence of a fluid by neasuring the electrica
resi stance between a sensor and a ground el ectrode. Electrodes shall be
constructed of [316 stainless steel] [Hastelloy] [titaniun. El ectrodes
shall be fully clad using [polyol efin] [polytetrafluoroethylene (PTFE)].
The conductivity switch shall be capable of [1] [2] [3] [4] separate |eve
set points. The switch shall [be provided with] [use the container as] a
ground el ectrode. Electrode |engths shall be as necessary, based on the
application and to neet the requirenents of the control sequence. A relay
swi tching point shall be provided for each sensor. Contacts shall be rated
for a maxi mum of 240 vAc, 5 AL Switch shall have a maxi mum response tine
of 2 seconds. Assenbly shall be [flange nounted] [NPT thread (male)]
[including surface nmounting bracket] and suitable for the indicated

SECTI ON 40 95 00 Page 24



envi ronment .
.3.5.4 Di spl acenent Type Level Switch

Liquid level switch shall be displacenent type, having a m ni mum of two
tandem floats with each float independently activating a set of FormC
contacts at two different level settings. Each switch shall have a narrow
differential band. The nmounting connections shall be threaded, flanged or
surface mounted to suit the application. Al surfaces in contact with the
tank contents shall be austenitic stainless steel. The switch enclosure
shal | be expl osi on proof for use in a hazardous environnent, conplete with
a sealed water tight junction box, term nal block, and nounting plate.

Each set of contacts shall be snap action, dry contact type with one
normal Iy open and one normally cl osed, contact rated in accordance with
NEMA | CS 1. The switch shall be actuated by a nagnetically equi pped

stainl ess steel displacer. Repetitive accuracy shall be plus or mnus 6 m
1/4 inch of actual displacer setting.

.3.5.5 Mercury Float Switch

Fl oat switch assenblies for use in liquid systens shall consist of wall
bracket or nounting plate, galvanized steel rods, stainless steel bolts,
expl osi on proof and corrosion resistant housing, and intrinsically safe

rel ays. Each switch shall consist of two nornmally open mercury switches,
encapsul ated in epoxy resin. The float casing shall be polypropyl ene. The
switch cable shall be oil resistant thernoplastic cable with 4 No. 18 gauge
stranded copper conductors, rated for 600 Volt application.

.3.5.6 Reed Sensor

Sensor shall consist of a transmitter tube with a reed strip |ocated
inside. The tube Iength shall [be of sufficient Iength to permt

adj ustment of switch actuation within process paraneters] [extend the ful
hei ght of the tank]. A float containing a permanent nmagnet shall fit over

the transmtter tube and shall nmove up and down with the liquid | evel. The
transmtter tube and sliding float assenbly shall be as required for the
application as shown on the drawings. Wtted parts shall be [ 1, [316

stainless steel,] [PVC/] [pol ypropyl ene,] or [polytetrafl uoroethylene
(PTFE)] suitable for the installed service indicated. Assenbly shall be
[flange nounted] [NPT thread (male)] [include surface nounting bracket].

.3.5.7 U trasoni c Sensor

The sensor shall be mcroprocessor based and shall provide continuous,
non-contact |evel neasurement of liquids and solids utilizing mcrowave
pul sed tinme of flight neasurenent nethod. The sensor shall operate in a
frequency band approved for industrial use. The sensor shall be capabl e of
neasuring in a range of 0 to [7] [1] [___ ] mOto [20] [3] [___ ] feet
with an accuracy of plus or mnus [1] [__ ] percent of full scale. The
sensor shall be capabl e of distinguishing between real echoes, reflections
and background noi se. The sensor shall automatically conpensate for
tenmperature changes. The sensor shall be capable of operating in a
tenmperature range from minus [25] [ ] degrees Cto [40] [50] [__ ]
degrees C mnus [15] [__ ] degrees F to [105] [120] [ ] degrees F
Assenbly shall be [flange nounted] [NPT thread (male)] [include surface
mounting bracket] of sufficient size to elimnate echoing and suitable for
the installed environnent indicated. Mounting assenbly shall be suitable
for service without requiring entry or drainage of the [vessel] [sunp]
where | evel is being neasured.
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2.

3.5.8 Leak Detection

Doubl e wal | ed contai nnent system | eak detectors shall use el ectrodes
nounted in the interstices of double walled containment systens with a
mnimmtine delay of [0.5] [__ ] seconds. Leak detectors for open
systens shall be nounted at slab or floor level with either a mininmumtine
delay of [0.5] [__ ] seconds or a mininumbuilt-in-vertical adjustment of
(31 [ ] mv [1/8] [ ] inch to prevent activation due to high

hum dity. Detector shall have a contact rating of 1.0 anps resistive or
200 nA inductive at 28 vDc. Leak detector panel shall indicate the

| ocation and detector causing the alarnmed state. The indicator shall be
manual reset type. A framed, non-fading half-size as-built location map in
| am nated plastic shall be provided for the cable | eak detection systemin
doubl e cont ai nnent pi ping systens indicating the as installed system
configuration; sensing string | ayout shall be furnished. Marks in neters
feet along the length of pipeline interstitial cable shall be provided as
references to | ocate | eaks.

3.6 Pressure I nstrunmentation

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Indicate on the drawi ngs where visua

i ndi cation of the neasured pressure is required.

I ncl ude a schedul e of pressure sensing elenments with
operating range requirenments. Include a tabulation
of devices drawi ngs. Conponent identifiers are to
be coordinated with the draw ngs using the

I nstrument Society of Anerica (|ISA) suggested

al phanuneric system for devel opment of discrete

devi ce nunberi ng.
EE IR R I Sk S S I S I S R R R Rk I Sk kS I R R Ik S S I Sk I R Sk A O

Pressure taps shall incorporate appropriate snubbers. The controller shal
be provided with a mininmumof three [alarmlights. The first alarmlight
shal | indicate when the | ower (warning) detection |evel has been exceeded.
The second alarmlight shall indicate when the upper (alarn) detection

| evel has been exceeded. The third alarmlight shall indicate a controller
mal function, including | oss of power or |oss of sensor input] [sets of dry
contacts rated in accordance with NEMA I CS 1. The first set of contacts
shal | cl ose when the | ower (warning) detection |evel has been exceeded.
The second set of contacts shall close when the upper (alarn) detection

| evel has been exceeded. The third set of contacts shall close when a
controll er mal function has occurred, including |oss of power or |oss of
sensor input]. The alarmlevels shall be individually adjustable. The
controll er shall be provided with an audi bl e warni ng horn that sounds when
the upper detection |evel has been exceeded, and a warning horn silence
button. The controller shall provide a [4-20 nAdc] [__ ] output signa
to the programmabl e logic controller, proportional to the neasured
paraneter. The controller shall be provided with an internal battery to
mai ntai n operation for a mninmmof 12 hours if power is lost. Pressures
shall be controlled to within plus or mnus [5] [ ] percent of design
pressures.

.3.6.1 Pressure Sensor

The sensing el ement shall be either capsul e, 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
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accuracy of plus or minus [1.0] [__ ] percent of full scale selected to
put the design range of the neasured pressure in the mddle third of the
transducer's range. Pressure shall be neasured in kPa psi gage with a
range, plus or mnus [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

.3.6.2 Pressure Swi tch

Sensors shall be di aphragm 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 adjustnent span of [20] [ ] to[40] [___ ]
percent of the range of the switch. The switch shall have FormC
snhap-action contacts rated in accordance with NEVA | CS 1.

.3.6.3 Differential Pressure

The sensor/transmitter assenbly accuracy shall be plus or mnus [2] [__ ]
percent of full scale. The over pressure rating shall be a m ni num of
[300] [__ ] percent of the operating pressure. Transnmitter shall be
suitable for installation with the | ow pressure connection renoved.

.3.6.4 Differential Pressure Sw tch

Each switch shall be an adjustabl e diaphragm or bell ows operated device,
with taps for sensing lines for connection of pressure fittings designed to
sense fluid pressure. [For measuring air, gas or vapor streamdifferentia
pressure, these fittings shall be of the angled-tip type with tips pointing
into the air stream] The adjustable differential range shall be a maxi num
of [0.037] [0.125) [__ ] kPa [0.15] [0.5] [__ ] inches water at the | ow
end to a mnimumof [0.087] [1.49] [__ ] kPa [0.35] [6.0] [__ ] inches
water at the high end. Two Form C contacts rated in accordance with

NEMA | CS 1 shall be provided.

.3.6.5 Pneurmatic to Electric (PE) Switch

Each switch shall have an adjustable set point range of [20] [

[137] [___ ] kPa [3.0] [___ ] to[20] [___ ] psi gage and an adjustable
differential from [13] [__ ] to[41] [__ ] kPa [2.0] [___ ] to [6.0]
[ ] psi. Contacts shall be Form C rated in accordance with NEVA | CS 1.

.3.7 Tenperature I nstrunmentation

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

NOTE: Conponent identifiers are to be coordinated
with the drawi ngs using the Instrunent Society of
America (1 SA) suggested al phanuneric system for
devel opnent of discrete devise nunbering.

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

The controller shall be provided with a nmininmumof three [alarmlights.

The first alarmlight shall indicate when the | ower (warning) detection

| evel has been exceeded. The second alarmlight shall indicate when the
upper (alarm detection |level has been exceeded. The third alarmlight
shall indicate a controller malfunction, including | oss of power or |oss of
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sensor input] [sets of dry contacts rated in accordance with NEVA | CS 1.
The first set of contacts shall close when the | ower (warning) detection

| evel has been exceeded. The second set of contacts shall close when the
upper (alarm detection |level has been exceeded. The third set of contacts
shal |l cl ose when a controller mal function has occurred, including | oss of
power or |oss of sensor input]. The alarmlevels shall be individually
adjustable. The controller shall be provided with an audi bl e warni ng horn
that sounds when the upper detection | evel has been exceeded, and a warning
horn silence button. The controller shall provide a [4-20 mAdc] [__ ]
output signal to the programmble logic controller, proportional to the
neasured paraneter. The controller shall be provided with an interna
battery to maintain operation for a mninmumof 12 hours if power is |ost.

2.3.7.1 Fl ui d Tenperature Range

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Include a schedul e of tenperature sensing

el ements with operating range requirenents. The
followi ng includes sanple tables to assist in
defining the exposure and service requirenents
Alternatively, tabul ation of devices may be included
on the drawings. Include a table on the draw ngs
with the foll ow ng headi ngs:

I D No. Descri ption M ninmum C Maxi mum
C Type

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

Al'l devices shall be suitable for process tenperatures, which define the
exposure of the elenent, and are described in the table on the draw ngs.
Mercury shall not be used in thernoneters.

a. Type A shall be binetal thernmonmeter: Direct reading, hernetically
seal ed, suitable for external adjustnment. Accurate within 1 percent of
full range. Stainless steel construction. Conplete with thernowell.

b. Type B shall be renote readi ng gas/vapor thernoneter: Direct

readi ng, [stainless steel] [alum num] [phenolic] case designed for
panel rmounting, conplete with arnor cable, bulb and ancillary
conponents for conplete system Mvenentless design, resistant to
shock and vibration and free fromerror created by elevation. Provided
wi th gas operated nol ecular sieve. Accurate within 1 percent over ful
range.

c. Type C shall be: [ ].
2.3.7.2 Resi st ance Tenperature Detector (RTD)
RTD shall be platinum w th an accuracy of plus or minus [0.1] [__ ]
percent at 0 degrees C 32 degrees F. RTD shall be encapsul ated in [epoxy,]

[stainl ess steel Series 300,] [anodized al um nun] [or copper].

2.3.7.3 Conti nuous Averagi ng RTD

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Indicate on the drawi ngs where averagi ng
tenperature probes are required.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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Conti nuous averagi ng RTD shall have an accuracy of plus or mnus [0.5] [2]
[ ] degrees C [0.9] [3.6] [___ ] degrees F at the reference
tenmperature, and shall be of sufficient Iength to ensure that the

resi stance represents an average over the cross-section in which it is
installed. The sensor shall have a bendabl e copper sheath.

2.3.7.4 Infrared Tenperature Sensor

Infrared tenperature sensor shall be encapsulated in series 300 stainless
steel or anodized alum num Sensor shall have an accuracy of plus or mnus
1 percent of tenperature neasured or 1.4 degrees C 2.5 degrees F, whichever
is less.

2.3.7.5 Tenmperature Switch

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Include a table on the drawings with the
fol |l owi ng headi ngs:

I D No. Description M ni mum C Maxi mum C

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

Al'l devices shall be suitable for process tenperatures, which define the
exposure of the elenent, and as described in the table shown on the

drawi ngs. Tenperature switch shall have a repetitive accuracy of plus or
mnus [1] [ ] percent of the operating ranges shown. Switch actuation
shal | be adjustable over the operating temperature range. The switch shal
have Form C snap action contacts, rated in accordance with NEVA | CS 1.

2.3.7.6 Ther nocoupl e

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: Ther nocoupl es shoul d not be used for
nmeasuring tenperatures bel ow 260 degrees C (500
degrees F).

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Ther nocoupl e shall be factory assenbled with Series 300 stainless stee
sheathing. Wring insulation shall be magnesi um oxide. M ninuminsulation
resistance wire to wire or wire to sheath shall be 1.5 negohmat 500 V dc.
Ther nocoupl e shall be [Type E, ] [Type K, ] [Type J,] [or] [Type R].

Ther nocoupl e error shall not exceed that specified in | SA MC96.1. Al

wire/ cable fromthernocouple to transmtter shall be of the type necessary
to match the thermocoupl e used. Transmitter selected shall match the type
of thermocouple provided. The transmitter shall include automatic cold
junction reference conpensation with span and of fset adjustnents, and
upscal e open thernocoupl e detection.

2.3.7.7 Ther nowel |

Thernmowel | shall be monel, brass, or copper for use in water |ines; wought
iron for neasuring flue gases; and austenitic stainless steel for other
applications. Calibrated thernowells shall be provided with threaded plug
and chain, 50 mr 2 inch | aggi ng neck and inside dianmeter insertion neck as
required for the application. The thernowell shall include a connection
box, sized to accommodate the tenperature sensing devise.
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2.

3.8 Process Anal ytical |nstrunmentation

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: Add requirenents for additional site specific
measur enent s, including span and accuracy for any
application not included in this specification

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

Probes shall be easily renmovable without interrupting service. Sanpling
punps shall be included where necessary or applicable to the sensing
device. For sensors integral to the electronic controller the sanple may
be drawn directly into the sensor or may be drawn through a sanpl e tube.
For sensors renotely located the sanple may be drawn through a sanple
tube. CQutdoor sanple tubes shall be heat traced. Sensor and controller
construction shall be suitable for operation in the nonitored nmedi um
Systens requiring automated zero and calibration gas or reagents shall be
provided with [ ] days supply of calibration gas or reagent. The
controller shall be provided with a mininumof three [alarmlights. The
first alarmlight shall indicate when the | ower (warning) detection |eve
has been exceeded. The second alarmlight hall indicate when the upper
(alarm detection | evel has been exceeded. The third alarmlight shal
indicate a controller malfunction, including | oss of power or |oss of
sensor input] [sets of dry contacts rated in accordance with NEVA | CS 1.
The first set of contacts shall close when the |ower (warning) detection

| evel has been exceeded. The second set of contacts shall close when the
upper (alarm detection |evel has been exceeded. The third set of contacts
shal | cl ose when a controller mal function has occurred, including | oss of
power or |oss of sensor input]. The alarmlevels shall be individually
adj ustable. The controller shall be provided with an audi bl e warning horn
that sounds when the upper detection | evel 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
nmeasured paraneter. The controller shall be provided with an interna
battery to maintain operation for a mninmumof 12 hours if power is |ost.

.3.8.1 Ammoni a Gas

The sensor shall be capable of nonitoring ammonia in the range of [O0]

[ ] to[10] [___ ] mg/L with an accuracy of plus or mnus [1] [__ ]
percent of full scale reading. The sensor response tine shall be [90]
[ ] percent in a maxinmnumof [20] [__ ] seconds.

.3.8.2 Cal ori meter (Heat Capacity/Fuel Val ue)

Calorinmeter shall be a self-contained device capabl e of neasuring the heat
capacity of a sanple. The colorinmeter shall neasure the heat rel eased from
the sanple by igniting the sanple reading use of multiple tenperature
sensors. The sensor shall be capable of detecting nmethane in the range of
[0) [ ] to[100] [___ ] ppmv with an accuracy of plus or ninus [1]
[ ] percent of full scal e reading.

.3.8.3 Car bon Di oxi de

Conti nuous em ssions nonitoring systens (CEM5) for neasuring CO2 shall be
provided with install ed back-up devices. The CEMS shall conply with

40 CFR 60, Appendix B, Performance Specification 2 and the Q¥ QC

requi renents of 40 CFR 60, Appendix F. Calculation of em ssion rates shal
be in conformance with 40 CFR 60, Appendix A, Reference Method 19. The
sensor shall be capable of detecting carbon dioxide in the range of [0]
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[ ] to[100] [___ ] ppmv with an accuracy of plus or minus [1] [__ ]
percent of full scale reading. The sensor response tine shall be [90]
[ ] percent in a maximumof [60] [__ ] seconds. The controller shal

nonitor [a single point] [nultiple points].
.3.8.4 Car bon Monoxi de

Conti nuous em ssions monitoring systems (CEMS) for neasuring CO shall be
provided with installed back-up devices. The CEMS shall conply with

40 CFR 60, Appendix B, Performance Specification 4 and the Q¥ QC

requi renments of 40 CFR 60, Appendix F. Calculation of emnission rates shal
be in conformance with 40 CFR 60, Appendix A, Reference Method 19. The
sensor shall be capable of detecting carbon nonoxide in the range of [0]

[ ] to [50] [100] [500] mg/L with an accuracy of plus or mnus [1]
[ ] percent of full scale reading. The sensor response time shall be
[90] [ ] percent in a maxinmumof [60] [__ ] seconds.

2.3.8.5 Chl ori ne Gas

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Foll ow Chlorine Institute Recommendati ons.
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Al parts of the chlorine neasurenent system including the sensors,
transmitters, controllers and peripheral devices, that my cone in contact
with chlorine or a chlorine-filled environnent shall be constructed of
materials suitable for this application. The chlorine sensor shall provide
continuous nonitoring of the chlorine level in the range from[O0] [__ ]
to [10] [___ ] mg/L with an accuracy of plus or mnus [1] [__
of the full scale reading. The sensor response tine shall be [90] [
percent in a maxi mum of [20] [ ] seconds.

.3.8.6 Chlorine in Liquid

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

NOTE: Follow Chlorine Institute reconmendati ons.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Al parts of the chlorine nmeasurement system including the sensors,
transmtters, controllers and peripheral devices, that may cone in contact
with chlorine or a chlorine-filled environment shall be constructed of
materials suitable for this application. Residual chlorine sensor shal
continuously nmonitor the chlorine residual. The sensor shall be capabl e of
detecting chlorine in the range of [0] [__ ] to [1] [5] [10] [20] [___ ]
nmg/L with an accuracy of plus or mnus [1] [__ ] percent of full scale
reading. The sensor response tinme shall be [90] [__ ] percent in a

maxi mum of [60] [ ] seconds.

.3.8.7 Conbusti bl e Gas

Conbusti bl e gas sensor shall be provided with a means to coll ect
representative continuous sanples and neasure for the presence of explosive
vapors. Conbustible gas sensor shall be poison resistant. Measuring range
shall be from[O] [__ ] percent of the | ower explosive limt (LEL) to 100
[ ] percent of the [lower explosive limt (LEL)] [upper explosive linit
(UEL)]. Response tine shall be less than [10] [__ ] seconds to indicate
[50] [ ] percent LEL when exposed to [100] [__ ] percent LEL. Zero
drift shall be less than [3] [__ ] percent per year. The sensor shal
have a m ni mum operational life of [1] [ ] year. The systemshall be
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provided with [ ] days of zero and calibration gas.

2.3.8.8 Calorinmetric Analyzer
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NOTE: Linmit the range to inprove the sensitivity.
Substitute the appropriate anal yzer nane and range
inthe first sentence. The remai nder of the

par agraph applies to any of the follow ng:

Phenol pht hal ein Alkalinity Analyzer 0 to [50] [100]
ng/ L.

Total Alkalinity Analyzer 0 to [50] [100] [500] ng/L.
Free Chlorine Analyzer 0 to [0.5] [1.0] [2.0] [5.0]
ng/ L.

Total Chlorine Analyzer 0 to [0.5] [1.0] [2.0] no/L.
Hexaval ent Chrom um Analyzer 0 to [0.2] [1.0] ng/L
Copper Analyzer 0 to [5.0] [10.0] ng/L.

Hardness Analyzer 0 to [0.5] [1.0] [2.0] [5.0] [10]
[20] [50] [100] no/L.

Silica Analyzer 0 to [25] [50] ng/L
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[Hardness] [ anal yzer shall be suitable for range of [O] [__ ] to
[0.5] [2.0] [2.0] [5.0] [210] [20] [50] [100] mg/L as [Calcium Carbonate
(CaC3) equivalent] [__ ]. Calorinmetric analyzer shall be an on-line

conti nuous readi ng process instrument using a colorinmeter that conpensates
for noderate changes in the |light source, the sanple cell condition, sanple

turbidity and background color. Analyzer shall include sanpling punps,
reagent storage and di spenser as well as colorineter and col ori neter
cell. System shal | be self-cleaning. Analyzer shall require no nore than

weekly instrunent standardization. Repeatability and reproducibility shal
be plus or minus [10] percent of the alarmtrip value on 1 and 2 ng/L range
and plus or mnus 4 percent of alarmtrip value on the renmining ranges.
Reagent requirenents shall be no greater than 1 L each of indicator and
buffer every two nonths for continuous operation.

2.3.8.9 Fl ame | oni zation Detector (FID)
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NOTE: A version w th non-nethane (NMOC) neasurenent
capability is avail able when regulations require it.
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A continuous flane ionization detector (FID) shall be installed on a punped
sanmpling line to neasure the total hydrocarbon (THC) content. The anal yzer
nmust had been configured at the factory for either H2 or H2/He fuel and
calibrated for propane or nethane equival ence. Accuracy shall be not |ess

than [ ] [4 ppnv] [10 percent of full scale] as nethane. Range and
span shall b e continuously variable. Precision shall be not |ess than
[ ] [1] percent of full scale. Twenty four hour drift of both zero and
span shall be no greater than plus or mnus [1] [__ ] percent of ful

scal e.
2.3.8.10 Hydrogen Sul fi de Gas

The hydrogen sul fide sensor shall be rated for continuous nmonitoring of the
hydrogen sulfide level in the range from[O] [__ ] to [10] [25] [50]
[100] [ ] ppmv with an accuracy of plus or mnus [1] [ ] percent of
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full scale reading. The sensor response tinme shall be [90] [__ ] percent
in a maxi mum of [60] [ ] seconds.

.3.8.11 Oxi des of Nitrogen (NOx) Gas

Conti nuous em ssions nmonitoring systens (CEMS) for neasuring NOx shall be
provided with install ed back-up devices. The CEMS shall conply with

40 CFR 60, Appendix B, Performance Specification 3 and the Q¥ QC

requi renents of 40 CFR 60, Appendix F. Calculation of em ssion rates shal
be in conformance with 40 CFR 60, Appendix A, Reference Method 19. NMonitor
shal | be designed to verify conpliance with standards for NOx normalized to
a 3 percent oxygen basis and shall have a range of from[0] [__
[100] [___ ] ppmv. Sensor shall be accurate to plus or nminus [5] [
ppnv. Sensor shall be conplete with automatic zero and span calibration
using a tinmed calibration gas system and shall require no periodic
calibration.

.3.8.12 Oxygen Gas

Conti nuous em ssions monitoring systems (CEMS) for neasuring O2 shall be
provided with installed back-up devices. The CEMS shall conply with

40 CFR 60, Appendix B, Performance Specification 2 and the Q¥ QC

requi renments of 40 CFR 60, Appendix F. Calculation of emnission rates shal
be in conformance with 40 CFR 60, Appendi x A, Reference Method 19. Oxygen
in air shall be nonitored by an oxygen sensor and el ectronic controller.
The oxygen sensor shall be rated for continuous nonitoring of the oxygen
level in air in the range of [0] [__ ] to[20] [25] [30] [__ ] percent
with an accuracy of plus or minus [1] [__ ] percent of full scale

readi ng. The sensor response time shall be [90] [__ ] percent in a

maxi mumof [60] [__ ] seconds. The controller shall have autonatic
zeroing and shall require no normal maintenance or periodic recalibration.

.3.8.13 Oxygen Di ssol ved

The di ssol ved oxygen sensor shall provide continuous neasure of dissol ved
oxygen. Wetted materials shall be [stainless steel,] [PVC] or glass.

Sensor shall be rated for continuous use to a depth of [15] [__ ] m [50]
[ ] feet and shall be automatically tenperature conpensating over the
tenperature range. Sensor shall be capable of neasuring dissolved oxygen

level of from[O] [___
accuracy of plus or mnus [1] [

] to[15] [__ ] ppmv. The sensor shall have an
] percent of full scal e reading.

.3.8.14  Oxygen Reduction Potential (ORP)

The sensor shall be [subnersible] [flowthrough] type. Sensor shall have a
range of plus or mnus [500] [__ ] mv and shall have an accuracy of plus
or mnus [0.1] [__ ] percent of sensor span. The sensor shal
automatically conpensate for tenperature over the tenperature range. The
sensor body shall be PVC, CPVC or epoxy and suitable for installation in
the environnent.

.3.8.15 Ozone (B) Gas
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NOTE: The standard instrunent provides the range
0-1, 000 ppmv (parts per mllion by volune) an
alternate display of ozone concentration is in

m | lipascals.
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Ozone in air shall be nonitored by a ozone gas sensor and el ectronic
controller. The sensor shall be capable of detecting ozone in the range of
[o) [ ] to [1,000] [__ ] ppmv with an accuracy of plus or mnus [1]
_____ ] percent of the full scale reading. The sensor response tine shal
be [90] [__ ] percent in a maxi numof [60] [ ] seconds.

.3.8.16 Ozone (GB) in Water

The di ssol ved ozone sensor shall provide continuous neasurenent of

di ssol ved ozone level from[O] [__ ] to[20] [___ ] mg/L. The sensor
shal | automatically conpensate for tenperature over the tenperature range.
The sensor shall have an accuracy of plus or minus [1] [__ ] percent of
the full scale reading. [Systemshall include variable area flow neter and
needl e valve to regulate rate of sanple flow through sensor unit.] [Sensor
shal |l be suitable for direct subnersion.]

.3.8.17 pH Moni tori ng
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NOTE: Limt the range to inprove the sensitivity.
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The sensor shall be [subnersible] [or] [flowthrough] type. Sensor shal
have a range of [1] [4] [5] [5.5] [___ ] pHunits to [8.5] [9] [11] [14]
[ ] pHunits and shall have an accuracy of plus or minus [0.1] [0.01]
[ ] pHunit. The sensor shall automatically conpensate for tenperature
over the tenperature range. The sensor body shall be PVC, CPVC or epoxy.

.3.8.18 Phot oi oni zati on Det ect or
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NOTE: Refer to other Section where concentration
data is given. Show sanpling points on the draw ngs.
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Cont anmi nant and background concentrations are [as follows:] [__ ].

Phot oi oni zation detector shall be provided with a nmeans to coll ect
representative conti nuous sanpl es and neasure for the presence of volatile
organi ¢ conpounds (VOCs). Sanpling points are as indicated on the

drawi ngs. The system shall be provided with autonmated zero and calibration
gas system

.3.8.19 Total Dissolved Solids (TDS)

The TDS sensor shall measure the specific conductance using a conductivity
sensor, displaying the total dissolved solids value in [milligrans per
liter (ng/L) of dissolved Nad equivalent] [m croohns (nmcroSi enens) per
centinmeter (uS/cm] and transmitting an anal og signal for renote
processing. Systemshall be industrial grade and suitable for measurenent
of conductivity in a solution [by insertion of the sensing elenment into the
pi peline, using a hot tap assenbly] [including a variable area flow neter
and needl e valve to regulate rate of sanple flow through sensor unit].
Sensor assenbly shall be suitable for periodic renoval for adjustnment and
cl eaning without requiring shut down of the process. Sensor shall be
suitable for range of [0] [___ ] to [10,000] [__ ] [mIligrans per liter
(mg/ L) of dissolved Nal equival ent] [m croohns per centineter (uS/cm].
Range shall be field verified for the application and adjusted as

required. Sensing elenment shall be constructed of [316 stainless steel]
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[ ] and gl ass, including tenperature elenment, and be capabl e of

conti nuous operation. Sensing elenment shall be unaffected by color in the
fluid, pressure, and rate of flow Sensor shall have autonmatic tenperature
conpensation and shall require no normal maintenance or periodic
recal i bration.

2.3.8.20 \Water Turbidity

System shall be conplete and include indicating nmeter, sensing el erent and
a transmtter. Systemshall be industrial grade and suitable for
neasurenent of turbidity by [insertion of the sensing elenent into the

pi peline, using a hot tap assenbly] [direct submersion of the sensing

el ement into the vessel or flow channel]. Sensor assenbly shall be
suitable for periodic renoval for adjustnent and cl eaning wi thout requiring
shut down of the process. Sensor shall be suitable for range from[O0]
[ ] to [2] [20] [200] Nephelonetric turbidity units (NTU). The
accuracy shall be plus or minus [2] [__ ] percent of full scal e reading.
Range shall be field verified for the application and adjusted as

required. Sensing elenment shall be constructed of [316 stainless steel]
[ ] and glass. Sensing elenment shall be unaffected by color in the
fluid, pressure, tenperature and rate of flow Sensor shall have automatic
zeroing and shall require no normal mmintenance or periodic recalibration.

2.3.9 El ectrical Instrunmentation

El ectrical power nmeasurements with a range for the specific application,
plus or minus [1.0] [__ ] percent of range (display and print to nearest
kWwh and kW. Electrical nmeasurenents with a range for the specific
application plus or mnus [1.0] [__ ] percent of range (display and print
to nearest [0.1] [__ ] for volts and anperes, and to the nearest [0.01]
[ ] for VAR and PF).

2.3.9.1 Hour Meter

Hour neter shall provide a totalized readout of the nunber of hours of
operation for the equi pnent nonitored. Meter shall provide readout with a
m nimumof [5] [6] [7] digits including [1] [___ ] decimal places. The

di splay shall be non-resettable. The nmeter shall be driven by a [24] [120]
[ 240] vAc synchronous notor.

2.3.9.2 Watt - Hour Meter

Watt-hour nmeters shall be in accordance with ANSI C12.1 and shall have
pul se initiators for renote nonitoring of watt-hour consunption. Meter
sockets shall be in accordance with ANSI Cl12.1. Pulse initiator shal
consist of Form C contacts with a current rating not to exceed 2 anperes
and voltage not to exceed 500 V, with conbinations of VA not to exceed 10
VA, and a life rating of one billion operations.

2.3.10 M scel | aneous Measurenent s
M scel | aneous neasurenents with a range for the specific application plus
or mnus [1.0] [__ ] percent of range (display and print to nearest [O0.1]
[ ] of the specified units.

2.4 COVPRESSED Al R STATI ONS
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NOTE: |If the control system does not utilize
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pneumati c devices, the air conpressor and
accessori es should be del et ed.
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2.4.1 Air Conpressor Assenbly

The air conpressor shall be a high-pressure conpressing unit with electric
nmotor. The conpressor shall be equipped with a nmotor with totally encl osed
belt guard, an operating-pressure switch, safety relief valves, gauges,
intake filter and intake silencer and conbi nation type nmagnetic starter

wi th under voltage protection and thernmal overload protection for each
phase, and shall be supported by a steel base nobunted on an air storage
tank. The air conpressor shall provide the conpressed air required for
control operation while operating not nore than one-third of the tinme. The
tank shall be of sufficient volune so that no nore than six conpressor
starts per hour are required with the starting pressure switch differentia
set at 140 kPa 20 psi gage. The air storage tank shall be fabricated for a
wor ki ng pressure of not |ess than 1380 kPa 200 psi gage and constructed and
certified in accordance with ASME BPVC SEC VIII Dl1. The tank shall be
provided with an automatic condensate drain trap with nmanual override
feature. [A second (duplex arrangement) conpressor of capacity equal to
the primary conpressor shall be provided, with interlocked control to
provi de automatic changeover upon mal function or failure of either
conpressor. A manual selector switch shall be provided to index the |ead
conpressor including the autonmatic changeover.]

.4.2 Conpressed Air Station Specialties
.4.2.1 Refrigerated Dryer, Filters and Pressure Regul ator

A refrigerated dryer shall be provided in the air outlet line of the air
storage tank. The dryer shall be of the size required for the ful
[delivery capacity of the conpressor] [air requirement of the contro
system]l. The air shall be dried at a pressure of not |ess than 483 kPa 70
psi gage to a tenperature not greater than 2 degrees C 35 degrees F. The
dryer shall be provided with an autonmatic condensate drain trap with nanua
override feature. The refrigerant used in the dryer shall be one of the
fl uorocarbon gases and have an ozone depletion potential of not nmore than
0.05. A 5 micron prefilter and coal escing-type oil removal filter with
shut-of f val ves shall be provided in the dryer discharge. Each filter bow
shall be rated for 1034 kPa 150 psi gage maxi mum wor ki ng pressure. A
pressure regulator with high side and | ow side pressure gauges and a safety
val ve shall be provided downstreamof the filter. Pressure regulators of
the relieving type shall not be used.

.4.2.2 Coal escing Filter

A coal escing prefilter, together with an automatic drain valve, shall be
provided for renoval of liquids. The flow through the prefilter shall be
frominside to outside and reduce an entrained quantity of 50 ppmv oil to
0.0013 ppnv effluent liquid oil and water and renove all particul ates
greater than 0.6 micron absolute. The prefilter housing (bow) shall be
fitted with a drain port to elimnate collected |Iiquids and provide
sufficient sunmp volume to prevent liquid re-entrai nment, and an automatic
drain valve with adjustable cycle and drain tines. Prefilter pressure drop
shall be less than 21 kPa 3 psi saturated. A particulate after filter,
outside to inside flow, designed to renove desiccant fines shall be
provided. The after filter cartridge shall have a particul ate renoval
rating of 0.5 micron absolute. Both prefilter and after filter housings
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shall allow for service of elenents w thout renoving the entire assenbly
fromthe system Filter life shall be stated and guaranteed by the vendor

.4.2.3 Fl exi bl e Pi pe Connecti ons

The flexi bl e pipe connectors shall be designed for 1034 kPa 150 psi gage and
121 degrees C 250 degrees F service and shall be constructed of rubber,

pol ytetrafl uoroethyl ene (PTFE) resin or braided corrosion-resistant steel,

bronze, monel or gal vani zed steel. The connectors shall be suitable for

the service intended and may have threaded or sol dered ends. The |ength of

the connectors shall be as recommended by the manufacturer for the service

i nt ended.

.4.2. 4 Vibration Isolation Units

The vibration isolation units shall be standard products wth published
| oadi ng ratings and shall be single rubber-in-shear, double rubber-in-shear
or spring type.

.4.2.5 Conpressed Air Piping

Control air delivered to the systemshall conformto ISA 7.0.01. Air lines
for pneumatic controls shall be seam ess copper tubing or nonnetallic
tubing. Nonnetallic tubing shall be conpounded from pol yethyl ene. Air
lines concealed in walls shall be hard-drawn copper tubing or nonnetallic
tubing in rigid conduit. Term nal single |lines shall be hard-drawn copper
tubi ng except when the run is less than 300 mr 12 inches in | ength,
flexible polyethyl ene may be used. Nonnetallic tubing will not be used for
applications where the tubing could be subjected to a tenperature exceeding
55 degrees C 130 degrees F. Fittings for nonnetallic tubing shall be for
instrunment service and nay be brass or acetyl resin of the conpression or
bar bed push-on type. Tubing shall be as foll ows:

a. Copper tubing shall conformto ASTM B 88N ASTM B 88 and shal |l have
sweat fittings and val ves. Exposed tubing shall be hard drawn in
exposed areas and hard-drawn or anneal ed in conceal ed areas. Only

t ool nade bends shall be used. Fittings for copper tubing shall be
brass or copper solder joint type except at connections to the
apparatus, where fittings shall be brass conpression type. G ooved
nmechani cal joints and fittings shall be designed for not |ess than 862
kPa 125 psig service and shall be the product of the sane

manuf acturer. G ooved fittings and nechani cal coupling housing shal

be ductile conformng to ASTM A 536. CGaskets for use in grooved joints
shal | be nol ded synthetic polynmer of pressure responsive design and
shall conformto ASTM D 2000 for circulating nediumup to 110 degrees C
230 degrees F. Gooved joints shall conformto AWM C606. Tubi ng
shal |l be rack nounted where nultiple tubes run in parallel. Miltiple
tubes nay be bundl ed when conceal ed.

b. Tubing shall be flane resistant, multiple polyethylene tubing in an
extruded PVC protective sheath, or unsheat hed pol yet hyl ene tubing in
rigid netal, internediate netal, or electrical nmetallic tubing conduit
for areas where tubing is exposed. Tubing shall have barbed fittings
and val ves, and shall conformto the follow ng: Burst pressure shall be
3.8 MPa 550 psi gage at 24 degrees C 75 degrees F to 1.2 MPa 175 ps
gage at 66 degrees C 150 degrees F, minimum Stress crack resistance

in accordance with ASTM D 1693 shall be 200 hours, mnimm Tensile

strength in accordance with ASTM D 638 shall be 14 MPa 2000 psi,

m ni mum Average density in accordance with ASTM D 792 shall be 920
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kg/ nB. Average flow rate in accordance with ASTM D 1238 shall be 0.30
deci gram per minute.

c. Plastic tubing shall have the burning characteristics of linear |ow
density pol yethyl ene tubing, shall be self extinguishing when tested in
accordance with ASTM D 635, shall have UL 94 V-2 flammbility
classification, and shall withstand stress cracking when tested in
accordance with ASTM D 1693. Pol yet hyl ene tubing shall not be used for
snoke renoval systens.

2.4.3 Barrier Jacket

Pl astic tubing bundl es shall be provided with nylar barrier and flane
retardant pol yethyl ene jacket. Each tube shall be nunbered.

2.5 PROGRAMVABLE LOG C CONTROLLER ( PLC)

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

NOTE: Typically, either nodular or |oop type PLCs
wi |l be used throughout the control system The
designer nust determ ne which is best suited for the
application and del ete the paragraph pertaining to

the type that will not be used. |If it is determ ned
that the use of both types is necessary, the
drawi ngs will indicate where each type will be used

and both types will be included in the edited
speci fication.
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2.5.1 PLC Ceneral Requirenents

PLCs shall be mcro-processor based, capable of receiving discrete and
anal og i nputs and, through progranm ng, shall be able to control discrete
and anal og out put functions, performdata handling operations and
communi cate with external devices. PLCs shall neet the requirenents of
Class A conputing devices, and shall be |abeled as set forth in 47 CFR 15
and shall be able to withstand conducted susceptibility test as outlined in
NEMA | CS 1, NEMA ICS 2, NEMA | CS 3, [and] [or] |EEE C37.90.1. PLCs shall
function properly at tenperatures between 0 and 50 degrees C 32 and 122
degrees F at 5 to 95 percent relative humdity non-condensi ng and shal
tolerate storage tenperatures between mnus 40 and plus 60 degrees C 40 and
pl us 140 degrees F at 5 to 95 percent relative hunidity non-condensing.

2.5.2 Modul ar PLC

PLCs shall be based on a nodul ar, field expandabl e design allow ng the
systemto be tailored to the process control application. The system shal
be expandabl e through the use of additional hardware and/or user software.
As a mninmum the PLC shall include a mounting backpl ane, power supply
nmodul e, central processing unit (CPU) nodul e, comunications nodul e, and

i nput/output (1/0O nodule. The nodul es shall be grouped together in a
nounting rack or cabinet. The nounting rack backpl ane shall provide the
conmuni cati ons nmechanismto fully integrate the individual nodul es | ocated
within the rack. Mbdules shall plug directly into the backplane. The use
of wire connectors between nmodules will not be allowed. The rack size
shal |l be as needed to hold the equi pment necessary while performng the
required control functions. The systemconfiguration shall allow for the
renoval and/or installation of nodul es under power.
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2.5.2.1 Central Processing Unit (CPU) Mdul e

The CPU nodul e shall be a self contained, mcroprocessor based unit that
provides tinme of day, scanning, application (ladder rung |ogic) program
execution, storage of application prograns, storage of numerical val ues
related to the application process and logic, |/O bus traffic control,
peri pheral and external device conmunications and self diagnostics.

2.5.2.2 Communi cati ons Modul e

The communi cations nodul e shall all ow peer-to-peer comruni cation wth other
PLCs and shall allow the PLC to comunicate with the central station, or
wor kstation. The comunication nodul e shall utilize the nmanufacturer's
standard conmmuni cation architecture and protocol, ethernet architecture and
protocol or a conbination of these. The comruni cation nmodul e shall allow
programm ng of the PLC to be done locally through the use of a | aptop
conmputer or fromthe central station or renpte workstation

2.5.2.3 Power Supply Modul e

One or nore power supply nodul es shall be provided as necessary to power
other nodules installed in the sanme cabinet. Power supply nodul es shal
plug directly into the backplane. Auxiliary power supplies nmay be used to
supply power to renote cabinets or nopdul es.

a. Power supply nodul es shall use [AC] [DC] power with a nom na

vol tage of [120 vAc] [220 vAc] [24 vDc] plus or mnus 5 percent. The
power supply nodule shall nonitor the incomng |ine voltage | evel and
shal | provide over current and over voltage protection. |f the voltage
| evel is detected as being out of range the power supply nodul e shal
continue to provide power for an adequate anount of tine to allow for a
safe and orderly shutdown. Power supply nodul es shall be capabl e of

wi t hstandi ng a power loss for a mnimumof 20 milliseconds while stil
remai ning in operation and providi ng adequate power to all connected
nodul es.

b. Each power supply nodul e shall be provided with an on-off swtch
integral to the module. [If the manufacturer's standard power supply
nmodul e is not provided with an on-off switch, a miniature toggle type
switch shall be installed near the PLC and shall be clearly |abeled as
to its function.

c. Power supply nodul es shall be provided with an indicating Iight
whi ch shall be lit when the nmodul e is operating properly.

2.5.2.4 | nput/ Qutput (1/0O Mdul es

Modul es shall be self contai ned, mcroprocessor based units that provide an
interface to field devices. The nodule shall be |located in the sane
mounting rack as the other PLC conponents. The unit shall plug directly
into the backpl ane of the nounting rack. Each nodule shall contain visua
indication to display the on-off status of individual inputs or outputs.

2.5.3 Loop PLC
PLCs shall be single or multiple loop controllers depending on the control
systemrequirenents. Controllers shall be self contained and shall include

a central processing unit (CPU), program nenory, power supply, input/output
capability, network conmunications capability and display/ keyboard. The
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controller shall have a scal eabl e process variable for each | oop. Anal og
i nput signals shall be based on the use of proportional, integral and
derivative (PID) control logic. Analog outputs shall be configured as
direct acting or reverse acting. The controller shall have keyboard,

di spl ay, auto/nmanual selection for control of each |oop output, renote
setpoint, adjustnent/local setpoint adjustrment selection with adjustable
hi gh-end and lowend Iimts, ratio and bias adjustnment on renote setpoint
i nput, operator-initiated self-tune/manual -tune sel ection and anti-reset
wi nd-up feature. Controller shall power anal og output |oops to 20 mAdc
when connected to a | oad of 600 ohns.

.5.3.1 Central Processing Unit (CPU)

The central processing unit shall be mcroprocessor based and shall provide
time of day, scanning, application program (ladder rung | ogic) execution,
storage of application programs, storage of nunerical values related to the
applications process and logic, I/O bus traffic control, peripheral and
external device comunications and sel f diagnostics.

.5.3.2 Power Requirenents

Each controller shall be powered by 120 vAc. Power consunption shall not

exceed 25 watts. Controller shall provide electrical noise isolation

bet ween the AC power line and the process variable inputs, renote setpoint
i nputs and output signals of not |less than 100 dB at 60 Hertz conmpn node

rejection ration and not | ess than 60 dB at 60 hertz nornmal -npode rejection
ration.

.5.3.3 On-Of Switch

Each controller shall be provided with an integral on-off switch. |If the
controller is not provided with a manufacturers standard on-off switch, a
m niature toggle type switch shall be installed near the controller and
shall be clearly labeled as to its function.

.5.3.4 Par amet er | nput and Di spl ay

Control paraneters shall be entered and displayed directly, in the correct
engi neering units, through a series of keystrokes on a front panel display
with decimal point and polarity indication. Display shall be [in netric
English units] [in nmetric or English units as selected by the operator].

.5.3.5 Sel f Tuni ng

Controllers shall be provided with self-tuning operation which shall apply
to proportional, integral and derivative nodes of control and shall nodify
the node constants as required. Self-tuning shall only be in operation
when selected fromthe front panel.

.5.3.6 Manual Tuni ng

Controllers shall be provided with manual tuning operation which shal

apply to proportional, integral and derivative nodes of control, by neans
of individually adjustable nbde constants. These adjustnents shall be set
for the appropriate value if a particular control nmpbde action is required
or to zero if that particular node is not desired. The proportional node
constant shall be adjustable fromO to 200 percent of the input signa
range. The integral node constant shall be adjustable fromO to 20 repeats
per mnute. The derivative nbde constant shall be adjustable fromO to 5
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m nut es.
.5.4 Program St or age/ Menory Requi renment s

The CPU shall utilize the manufacturer's standard non-volatile nenory for
the operating system The controller shall have electronically erasable,
programuabl e, read only nmenory (EEPROM) for storage of user prograns and
battery backed RAM for application menory. The EEPROM shall be | oaded
through the controller keypad, central station or through the use of a

| aptop conputer. The CPU nenory capacity shall be based on the systenis
control requirements. The nenory capacity shall be sized such that, when
the systemis conpletely programed and functional, no nore than 50 percent
of the menory allocated for these purposes is used.

.5.5 I nput / Qut put Characteristics

Each controller shall allow for anal og input, anal og output, discrete input
and discrete output. The nunber and type of inputs and outputs for the
system shall be as shown on the draw ngs and shall conply with the sequence
of control. The system capacity shall include a mninum of 20 percent
spare input and output points (no less than two points) for each point type
provided. During normal operation, a malfunction in any input/output
channel shall affect the operation of that channel only and shall not

af fect the operation of the CPU or any other channel. Anal og input
circuits shall be available in [+/-10V] [+/-5V] [0-10V] [0-5V] [4-20 nA].

Di screte input circuits shall be available in [5 volt TTL] [10-30 vDc]
[18-26 vDc] [79-132 vAc]. Al input circuits shall have a mni num optica

i solation of 1500 VRMS and shall be filtered to guard agai nst high voltage
transients fromthe externally connected devices. Analog output circuits
shall be available in [+/-10V] [4-20 md]. Discrete output circuits shal

be available in [5 volt TTL] [10-30 vDc] [18-26 vDc] [79-132 vAc]. A
output circuits shall have a mni mum optical isolation of 1500 VRMS and
shall be filtered to guard against high voltage transients fromthe
external ly connected devi ces.

.5.6 Wring Connections

Wring connections shall be heavy duty, self lifting, pressure type screw
termnals to provide easy wire insertion and secure connections. The
termnals shall accept two #14 AWG wires. A hinged protective cover shal
be provided over the wiring connections. The cover shall have wite-on
areas for identification of the external circuits.

. 5.7 On-Of Switch

Each controller shall be provided with an integral on-off power switch. |If
the controller is not provided with a manufacturer's standard on-off
switch, a miniature toggle type switch shall be installed in the contro
panel near the controller and shall be clearly |labeled as to its function.

.5.8 Di agnosti cs

Each PLC shall have diagnostic routines inplenmented in firmvare. The CPU
shal | continuously perform sel f-diagnostic routines that will provide
informati on on the configuration and status of the CPU, nenory,
communi cati ons and input/output. The diagnostic routines shall be

regul arly performed during normal system operation. A portion of the scan
time of the controller shall be dedicated to perform ng these housekeepi ng
functions. |In addition, a nore extensive diagnostic routine shall be
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performed at power up and during nornmal system shutdown. The CPU shall | og
i nput/output and systemfaults in fault tables which shall be accessible
for display. Wen a fault affects input/output or conmunications nodul es
the CPU shall shut down only the hardware affected and conti nue operation
by utilizing the healthy system conponents. Al faults shall be

annunci ated at [the PLC] [and] [the central station]. Diagnostic software
shal | be useable in conjunction with the portable tester.

.5.9 Accur acy

Controllers shall have an accuracy of plus or mnus 0.25 percent of input
span.

.6 PLC SOFTWARE

Al PLC software described in this specification shall be furnished as part
of the conplete control system

.6.1 Qperating System

Each PLC shall be provided with the manufacturer's standard operating
system sof tware package. The PLC shall maintain a point database inits
nmenory that includes all paraneters, constraints and the | atest val ue or
status of all points connected to the PLC. Execution of the PLC
application prograns shall use the data in nenory resident files. The
operating system shall support a full conpliment of process contro
functions. It shall be possible to define these functions using a mx of
function bl ocks, |adder |ogic diagrams, sequential function charts and text
programm ng. Progranm ng nmet hods and interactions shall be based on

| EC 61131-3. A conbination of the programm ng nethods shall be possible
within a single controller. The operating systemshall allow |oading of
software locally or fromthe central station and data files fromthe
portable tester. It shall also support data entry and di agnostics using an
operator interface panel attached directly to the PLC. Each PLC shall be
capabl e of operating in stand al one node.

.6.1.1 Startup

The PLC shall have startup software that causes automatic comencenent of
operation w thout human intervention, including startup of all connected
I/O functions. A PLC restart program based on detection of power failure
at the PLC shall be included in the PLC software. The restart program
shall include start tine del ays between successive comrands to prevent
demand surges or overload trips.

.6.1.2 Fai | ure Mde

Upon failure for any reason, each PLC shall performan orderly shutdown and
force all PLC outputs to a predeternined (failure nbode) state, consistent
with the failure nbdes shown and the associ ated control device.

.6.2 Functi ons

The controller operating systemshall be able to scan inputs, contro
outputs, and read and wite to its internal nmenory in order to performthe
required control as indicated in the sequence of control on the draw ngs.
The controller shall periodically performself diagnostics to verify that
it is functioning properly.
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2.6.2.1 Anal og Moni toring

The system shall neasure and transmit all anal og val ues incl uding
cal cul ated anal og points.

2.6.2.2 Logic (Virtual)

Logic (virtual) points shall be software points entered in the point

dat abase which are not directly associated with a physical 1/0 function.
Logic (virtual) points shall be analog or digital points created by

cal culation fromany conbi nation of digital and anal og points, or other
data having all the properties of real points, including alarns, wthout
the associated hardware. Logic (virtual) points shall be defined or

cal culated and entered into the database. The cal cul ated anal og poi nt
shal | have point identification in the same format as any other anal og
poi nt .

2.6.2.3 State Vari abl es

If an anal og point represents nmore than two (up to 8) specific states, each
state shall be naneable. For example, a | evel sensor shall be displayed at
its nmeasured engineering units plus a state variable with named states
usabl e in prograns or for display such as | ow al arnf | ow nornmal / hi gh/ hi gh

al arm

2.6.2.4 Analog Totalization

Any anal og point shall be operator assignable to the totalization program
Up to eight anal og values shall be totalized within a selectable tine
peri od.

2.6.2.5 Tr endi ng
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NOTE: |If the trending function is to be perforned
at the central station and is not required to be
done at the PLC, this requirement will be del eted
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Any anal og or cal cul ated point shall be operator assignable to the trend
program Up to eight points shall be sanpled at individually assigned
intervals, selectable between 1 minute and 2 hours. A mininum of the nost
recent 128 sanpl es of each trended point shall be stored. The sanple
intervals shall be able to be defined, nodified, or deleted online.

2.6.3 Al ar m Processi ng
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NOTE: If the alarm processing function is to be
performed at the central station and is not to be
done at the PLC, this requirement will be del eted
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Each PLC shall have al arm processing software for Al, D, and PA alarns for
all real and virtual points connected to that PLC

2.6.3.1 Digital Al arms

Digital alarms are those abnormal conditions indicated by Dis as specified
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and shown. The system shall autonmatically suppress anal og alarmreporting
associated with a digital point when that point is turned off.

.6.3.2 Anal og Al arns

Anal og al arns are those conditions higher or |ower than a defined value, as
nmeasured by an Al. Anal og readi ngs shall be conpared to predefined high
and low linmts, and alarnmed each time a value enters or returns froma
[imt condition. Unique high and low limts shall be assigned to each
anal og point in the system |In control point adjustnent (CPA)
applications, key the limt to a finite deviation traveling with the
setpoint. The systemshall automatically suppress anal og al armreporting
associ ated with an anal og poi nt when that anal og point is turned off.

.6.3.3 Pul se Accunul ator (PA) Al arms

Pul se accunul ator alarnms are those conditions calculated fromtotalized
val ues of accumul ator inputs or PA input rates that are outside defined
limts as specified and shown. PA totalized values shall be conpared to
predefined limts and alarnmed each time a value enters a limt condition.
Unique limts shall be assigned to each PA point in the system

.6.4 Constraints
.6.4.1 Equi prent Constraints Definitions

Each control point in the database shall have PLC resident constraints
defined and entered by the Contractor, including as applicable: naxinmm
starts (cycles) per hour; mninumoff tine; mininumon tinme; highlimt
(value in engineering units); and lowlimt (value in engineering units).

.6.4.2 Constrai nts Checks

Al'l control devices connected to the systemshall have the PLC constraints
checked and passed before each command is issued. Each command point shal
have uni que constraints assigned. Hi gh and | ow "reasonabl eness" val ues or
one differential "rate-of-change" value shall be assigned to each Al. Each
i ndi vi dual point shall be capable of being selectively disabled by the
operator fromthe central station

.6.5 Control Sequences and Control Loops
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NOTE: Sequences to be inplenmented will be devel oped
by the designer to neet site requirenents. The
designer will define all owabl e process control |oop
accuracies as a part of the sequences. Contro
sequences and dat abase tables will be shown on the

dr awi ngs.
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Specific functions to be inplenented are defined in individual system
control sequences and database tables shown on the draw ngs, and shal
include, as applicable, the follow ng functions: Pl control shall provide
proportional control and proportional plus integral control; two position
control shall provide control for a two state device by conparing a set
poi nt agai nst a process variable and an established dead band; floating
poi nt control shall exercise control when an error signal exceeds a

sel ected dead band, and shall nmaintain control until the error is within
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the dead band Iinmts; signal selection shall allow the selection of the

hi ghest or | owest anal og value froma group of anal og values as the basis
of control and shall include the ability to cascade anal og val ues so that

| arge nunbers of inputs can be reduced to one or two outputs; signa
averagi ng shall allow the mathenmatical cal cul ation of the average anal og
value froma group of anal og values as the basis of control and shal
include the ability to "weight" the individual anal og values so that the
function output can be biased as necessary to achi eve proper control; reset
function shall develop an AO based on up to two Als and one operator

speci fied reset schedul e.

2.6.6 Command Priorities

A schene of priority levels shall be provided to prevent interaction of a
command of low priority with a command of higher priority. Override
commands entered by the operator shall have higher priority than those
emanating from applications prograns.

2.6.7 Resi dent Application Software
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NOTE: The data base and settings tables will be

i ncorporated into the contract package. Specify
only those applications prograns to be inplenmented
at time of acceptance. Do not specify a program

unl ess sensors and controls required to inplenment it
are included in the design package.
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Provi de resident applications prograns devel oped in accordance wth

par agr aph Graphical Object Oriented Programm ng to achi eve the sequences of
operation, parameters, constraints, and interlocks necessary to provide
control of the process systems connected to the control system Al
application prograns shall be resident in the PLC and shall execute in the
PLC, and shall coordinate with each other, to insure that no conflicts or
contentions remain unresol ved.

2.6.7.1 Program I nputs and Qut puts

Use programinputs listed for each application programto calculate the
required programoutputs. Were specific programinputs are not avail abl e,
a "default" value or virtual point appropriate for the equi pment being
controll ed and the proposed sequence of operation shall be provided to
replace the mssing input, thus allowi ng the application programto operate.

2.6.7.2 Fai | ure Mde
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NOTE: Assure that the appropriate failure nodes are

identified on the draw ngs.
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In the event of a PLC failure, the controlled equi pment shall continue to
function in the failure node shown on the draw ngs.

2.7 CONTROL PANELS
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NOTE: For | ocations or equi pnent that will be
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powered by an uninterruptible power supply (UPS)
during a comercial power outage, the control pane
shal | be included on the UPS.

Include in the design package requirenents for
sufficient ventilation, heating or air conditioning
to ensure that the control panel interna

tenperature and humidity will be maintained within
the PLCs operational paraneters when exposed to the
tenperature and humidity indicated in paragraph SITE
ENVI RONVENTAL CONDI TI ONS. I ncl ude al | owance for any

solar gain. |If the requirenents for ventilation
heating and air conditioning are not necessary, they
wi Il be del eted.
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2.7.1 Conponent s
2.7.1.1 Encl osur es

The encl osure for each control panel shall conformto the requirenments of
NENVA 250 for the types specified. Finish color shall be the manufacturer's
standard, unless otherw se indicated. Danmaged surfaces shall be repaired
and refinished using original type finish. Enclosures for installation in
nmechani cal equi prent roons shall be Type [1] [4] [12]; those for
installation in clean, dry indoor occupi ed space may be Type 1; other

| ocations shall be as otherw se specified or shown. Enclosures for

equi pnent installed outdoors shall be Type 4 or as shown. Enclosures for
installation in a corrosive environnent shall be Type 4X and shall be
constructed of [stainless steel] [fiberglass] [polyner plastic]. Painted
steel shall not be allowed for use in a corrosive environment. Enclosure
shall be provided with a single, continuously hinged exterior door wth
print pocket, 3-point |atching mechanismand key | ock and a single,
continuously hinged interior door.

2.7.1.2 Controllers

Controllers shall be in accordance with paragraph Programmbl e Logic
Controller (PLC).

2.7.1.3 Standard I ndi cator Light

Indicator lights shall conply with NEVA ICS 1, NEVA ICS 2 and UL 508.

Li ghts shall be heavy duty, round and shall nount in a 22.5 nm 0.875 inch
mounting hole. Indicator lights shall be LED type and shall operate at 120
VAc or 24 vDc. Long life bulbs shall be used. Indicator |ight shall be
provided with a | egend plate | abel ed as shown on the draw ngs. Lens color
shall be as indicated on the drawi ngs. Lights shall be push to test (Ilamp)

type.
2.7.1. 4 Sel ector Switches
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NOTE: Indicate on the draw ngs where key operated

switches are required.
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Sel ector switches shall conmply with NEVA ICS 1, NEVMA ICS 2 and UL 508.
Sel ector switches shall be heavy duty, round and shall nount in a 22.5 m
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0. 875 inch mounting hole. The nunber of positions shall be as indicated on
the drawings. Switches shall be [illumnated] [non-illum nated] [as
indicted of the drawings]. Sw tches shall be rated for 600 volts, 10
anperes continuous. Selector switches shall be provided with a | egend

pl ate | abel ed as shown on the drawi ngs. Were indicated or required, dua
auxiliary contacts shall be provided for the automatic position to provide
position sensing at the central station or workstation. Auxiliary contacts
shall be rated for 120 vAc, 1A as a mininum \here indicated on the

drawi ngs, switches shall be key operated. All keys shall be identical.

.7.1.5 Push Buttons

Push buttons shall conply with NEMA ICS 1, NEMA I CS 2 and UL 508. Push
buttons shall be heavy duty, round and shall rmount in a 22.5 mr 0.875 inch
mounting hole. The nunber and type of contacts shall be as indicated on
the drawi ngs or required by the Sequence of Control. Push buttons shall be
rated for 600 volts, 10 anmperes continuous. Push buttons shall be provided
with a legend plate | abel ed as shown on the draw ngs.

.7.1.6 Rel ays

Rel ays shall conply with | EEE C37.90 and derated for altitude above 1,500
m Relays shall be [single-pole, single-throw (SPST)] [single-pole,

doubl e-throw (SPDT)] [doubl e-pole, single throw (DPST)] [doubl e-pole,
doubl e-throw (DPDT)] [as required by the Sequence of Control]. Relay coi
shal |l be [120 vAc] [24 vDc] and shall be provided with matchi ng nounting
socket. Power consunption shall not be greater than 3 watts.

L7.1.7 Termi nal Bl ocks

Termi nal bl ocks shall conply with NEMA I CS 4 and UL 1059. Term nal bl ocks
for conductors exiting control panels shall be two-way type with double
term nals, one for internal wiring connections and the other for externa
wiring connections. Term nal blocks shall be made of bakelite or other
suitable insulating material with full deep barriers between each pair of
terminals. Aterninal identification strip shall formpart of the termna
bl ock and each term nal shall be identified by a nunber in accordance with
the nunbering schenme on the approved wiring diagrans.

.7.1.8 Chart Recorder
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NOTE: Delete this paragraph if no chart recorders
are required as part of control panels. If multiple
control panels are provided, indicate on the

drawi ngs which are to be provided with chart
recorders.
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Chart recorders shall be m croprocessor based circul ar recorder capabl e of
recording up to [1] [2] [4] [____ ] inputs sinultaneously. [|nput
applications shall include tenperature, pressure, flow and | evel. The
recorder shall receive inputs in the formof [4-20 mA] [or] [0-5 vDc]
signals and shall record the data in the proper engineering units. Each
chart shall record [24 hours] [7 days] [the time frame indicated on the
drawi ngs]. Pens shall be replaceable, felt tip type. Recorder shall have
an accuracy of plus or mnus [1] [__ ] percent of full scale. Charts
shal | be paper, 250 mm 10 inches in dianeter. Recorder shall operate
using [120] [240] vAc electrical power and shall operate in a tenperature

SECTI ON 40 95 00 Page 47



range of 0 to 45 degrees C 32 to 115 degrees F.

2.7.1.9 Event Recorders
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NOTE: Delete this paragraph if an event recorder is
not required as part of the control panel. |If
multiple control panels are provided, indicate on

t he draw ngs which are to be provided with an event
recorder.
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Recorder shall be provided with [8] [16] [32] [__ ] channels for input of
data [and [__ ] assignable alarmrelay contacts]. Engineering units,
scaling factor and alarmlimts shall be assignable to each channel. The
recorder shall have a slow chart speed for normal operation and a faster
speed for alarmconditions. The recorder will autonmatically operate at the
faster speed when one or nore channels exceed their high or |low alarm
setting. The date and tinme shall be printed when the alarm condition
begi ns and when the alarmcondition has cleared. The recorder shal
automatically return to the normal speed when the al arm has cleared. The
recorder normal speed shall be selectable from 0.2 to 300 cmhour 0.01 to
120 inches/hour in increnents of 0.02 cm hour 0.01 inch/hour. The recorder
shal | have an accuracy of plus or mnus 1 percent of full scale input for
each channel. Recorder shall operate using [120] [240] vAc electrica

power and shall operate in a tenperature range of O to 45 degrees C 32 to
115 degrees F.

2.7.1.10 Aut odi al er

Aut odi al er shall be a self contained, programmabl e device capabl e of
automatic operation. The unit shall automatically dial preprogramred
nunber (s) to report alarm(s) or other specified conditions. The autodialer
shal |l automatically redial upon receipt of a busy signal. The nunber of
redials shall be an operator definable paranmeter. The unit shall be
capabl e of dialing a mnimum of three phone nunbers. The unit shal

conmuni cate over voi ce grade phone |ines.

2.7.1.11 Al ar m Hor ns

Al arm horns shall be provi ded where indicated on the drawi ngs. Horns shal
be vibrating type and shall conply with UL 508. Horns shall provide 100 dB
at 10 feet. Exterior nmounted horns shall be weather proof by design or
shall be nobunted in a weather proof enclosure that does not reduce the

ef fecti veness of the horn.

2.7.2 Panel Assenbly

Control panels shall be factory assenbl ed and shipped to the jobsite as a
single unit. Panels shall be fabricated as indicated and devices shall be
mount ed as shown or required. Each panel shall be fabricated as a
bottomentry connection point for control systemelectrical power, [contro
systemmain air source,] control systemwring, [control air pneunatic
tubing,] [comunications systemwiring to [other control panels] [operators
wor kst ation]].

2.7.3 El ectrical Requirenents

Each panel shall be powered by a dedicated [120 volts ac] [220 volts ac]
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circuit, with a fuse, [10 anp] [___ ] [sized as reconmended by the

equi prrent manuf acturer], and a di sconnect switch | ocated inside the panel.
Wring shall term nate inside the panel on terminal blocks. Electrica

work shall be as specified in Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM
and as shown on the draw ngs.

.7.4 Power Line Conditioner

Each control panel shall be provided with a power Iine conditioner to
provi de both voltage regul ation and noise rejection. The power |ine
conditioner shall be of the ferro-resonant design, with no noving parts and
no tap switching, while electrically isolating the secondary fromthe power
line side. The power line conditioner shall be sized for 125 percent of
the actual connected kva | oad. Characteristics of the power |ine
conditioner shall be as foll ows:

.7.4.1 85 Percent Load

At 85 percent |oad, the output voltage shall not deviate by nore than plus
or minus 1 percent of nom nal voltage when the input voltage fluctuates
bet ween m nus 20 percent to plus 10 percent of noninal voltage.

.7.4.2 Load Changes

During | oad changes of zero to full |oad, the output voltage shall not
deviate by nore than plus or mnus 3 percent of nom nal voltage. Ful
correction of |oad sw tching disturbances shall be acconplished within 5
cycles, and 95 percent correction shall be acconplished within 2 cycl es of
the onset of the disturbance.

.7.5 G oundi ng

Control panel enclosures shall be equipped with a solid copper ground bus
or equivalent. The ground bus shall be securely anchored to the enclosure
so as to effectively ground the entire structure. Canp-type terminals
sized | arge enough to carry the nmaxi num expected current shall be provided
on the ground bus for grounding cables. Were a definite circuit ground is
required, a single wire not |less than #10 AWs shall run independently to
the panel ground bus and shall be fastened to the ground bus with a bolted
termnal lug. Cases of instruments, relays and other devices shall be

ef fectively grounded through the encl osures steel structure unless
otherwi se indicated. |Insulated wiring having a continuous rated current of
not less than the circuit fuse rating shall be used for groundi ng.
Grounding term nals of power receptacles shall be solidly grounded to the
panel encl osure.

.7.6 Conveni ence CQutl et
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NOTE: Coordinate with electrical drawings to
provi de power for control panel conveni ence outl et
and ot her required accessories.
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A 120 volt ac, 20 anp, ground fault interruption (G-l) type dupl ex
conveni ence outlet shall be provided inside the panel. The outlet circuit
shal | be separate fromthe panel power circuit.
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2.

2.

7.7 Panel Interior Light

[Where indicated,] [Each] control panel[s] shall be provided with a [60
watt incandescent] [40 watt fluorescent] light. The light shall be
operated by a nmanual on-off switch nounted on the interior door of the
encl osure. The light shall be powered by the sane circuit as the
conveni ence outlet.

.7.8 Ventilation System

[Where indicated,] [Each] control panel[s] shall be provided with two
singl e phase, 120 volt ac ventilation fans. Each fan shall supply a

m ni mum of 50 L/s 100 cfmr of ventilation air through the enclosure. Each
fan shall be provided with a |line voltage thernostat. Thernostat setpoints
shal |l be adjustable in a range of 21 to 60 degrees C 70 to 140 degrees F as
a mnimm Each supply and exhaust grille shall contain a filter that is
easily renoved for cleaning or replacenent.

.7.9 Heating System

[Where indicated,] [Each] control panel(s) shall be provided with a
thernostatically controlled electric heater capable of naintaining an

encl osure tenperature of [2] [__ ] degrees C [35] [__ ] degrees F when
continuously exposed to an anbi ent tenperature of | ] degrees C degrees
F

.7.10 Air Conditioning System

[Where indicated,] [Each] control panel[s] shall be provided with a
nechani cal refrigeration air conditioning system The systemshall be
capabl e of maintaining a tenperature of [38] [_ ] degrees C [100]

[ ] degrees F inside the enclosure with all equipnment in the pane
operating and while continuously exposed to [full sunlight and] an anbient
air tenperature of [ ] degrees C degrees F. The conpressor and
condenser shall be |ocated outside the control panel enclosure. Provisions
shal | be nade to renobve condensate fromthe control panel and to protect

all devices within the enclosure from condensate.

8 CENTRAL STATI ON AND OPERATORS WORKSTATI ON EQUI PMENT

8.1 Wor kst ati on Conput er
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NOTE: The designer nust edit the follow ng
paragraph to require only the conputer equi pnent
that is necessary based on the requirenents and
conplexity of the control system |If an operator's
workstation is not required or if its requirements
differ fromthose for the central station conputer
reference to it shall be deleted fromthis section
If the requirements for the operator's workstation
conputer are the sane as those for the centra
station conputer, this section will be used for
both. Indicate on the drawi ngs where the centra
station is to be located. Verify that the |ocation
for the equiprment will be provided with climate
controls to provide a suitable environnent for the
equi pnent. Indicate the central station and the
required DTS on the control system bl ock di agram
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Conput er shall be a standard [desk top] [tower] configuration, unmodified
digital conputer of nodul ar design. Conputing devices, as defined in

47 CFR 15, supplied as part of the control systemshall be certified to
conmply with the requirenents of C ass B conputing devices and shall be

| abel ed as set forth in 47 CFR 15.

2.8.1.1 M ni mum Processor Operating Speed

[Dual micro processors] [A single microprocessor] with Processors with
m ni mum processor operating speed of [3.06GHz] [2.80GHz] [2.66GHz]
[2.53GHz] [2.40GHz] [2.20GHz] [2.0CGHz] [1.8GHz] [1.7GHz] [233MHz] [ 166MHz]

2.8.1.2 RAM Menory

Ram nmenory shall be [2GB] [128MB] [32MB] [__ ], expandable to a m ni mum
of [

2.8.1.3 Power Supply

M ni mum power supply shall have a capacity of [250] [180] [160][__ ]
watts. Suspend to RAM (S3) sl eep support with wakeup capabilities.

2.8.1.4 Real Tinme d ock (RTC

Real tinme clock accurate to within plus or mnus [one] [
nonth. Battery backed for a m ni mum of 3 nonths.

] mnute per

2.8.1.5 I nput/Qutput (1/0O Ports
1 PS/ 2 keyboard 101 key, 64 character standard ASCI| character set
based on ANSI |INCITS 154 with 8 programmabl e hot keys.

1 PS/2 [2 button] [touch pad] nouse: mininmumresolution of 16 dots per
nr 400 dots per inch.

1 NC

2 serial | ] TIA232-F ports. Data transmission rate shall be
sof t ware adj ust abl e between 9600 and 57, 600 bps.

1 enhanced parallel port.
1 Et her net

1 [1000 G network connection] [1180 wirel ess network adapter] [RJ-45
networ k port]

[8] [ ] USB [2] | ] infront and [6] [ ] in rear
1 graphic
1 m crophone

1 audio in
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1 audi o out
1 headphone

1 | EEE 1394 controller card

2.8.1.6 SVGA Col or Mbni tor

SVGA color nmonitor shall be no less than [432] [ ] my [17]) [ ]
inches, with a mnimumresolution of [1280 by 1024] [ ] pixels,
noni nterl aced, and a naxi mumdot pitch of [0.28] [__ ] millinmeters. The

vi deo output card shall support at |east [256] [
resolution of [1280 by 1024] [

2.8.1.7 Hard Di sk

Hard disk with a mninumof [3.2] [ ] gigabytes of formatted storage.
2.8.1.8 Fl oppy Di sk Drives

[One] [Two] high density floppy disk drive[s] and controller[s] in 90 nm
3-1/2 inch dianeter size shall be provided.

2.8.1.9 Zip Drive

One zip drive and controller with [250 MB] [100 nmegabyte] of formatted
storage shall be provided.

2.8.1.10 Modem
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NOTE: The designer will show the required tel ephone
circuits to support the tel ephone nodem specifi ed.
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Modem shal | operate [on integrated services digital network (1 SDN)
circuits] [on anal og tel ephone lines] at [128K] [56K] [28.8] [__
full duplex using asynchronous communications. It shall have an error
detection, auto answer/autodial, and call progress detection. The nobdem
shal |l neet the requirenents of [ITU V.34, ITU V.42 bis] [___ ] for error
correction and [ITU V.42 bis] [___ ] for data conpression standards.
Model shall be suitable for operating on [ISDN circuits] [unconditioned
voi ce grade tel ephone lines] in conformance with 47 CFR 68.

.8.1.11 CD Drive

CD drive: [ROM [CD-read/wite [RW] [DVD-ROM CD-RW conbi nation drives
with formatted storage capacity of [650] [__ ] megabytes, [24X] [__ ]
speed.

.8.1.12 Net work I nterface Card

Network interface card shall be provided for LAN equi pnent functions and
for serving devices as shown on the drawi ngs. The network interface card
shall use a 16 bit interface to the data bus; it shall be supplied with an
on-board [RJ45] [__ ] connector and transceiver for direct connection to
the LAN. It shall also have an auxiliary unit input port for performng
di agnostics. On-board buffer of at |east 16K bytes shall be included to
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prevent the | oss of data packages.

2.8.2 Qperator's Wrkstation Conputer
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NOTE: |If an operator's workstation is required,
indicate its location on the drawings. |Indicate the
operator's workstation and required DTS on the
control system block diagram |f an operator's
workstation is not required, reference to it wll be
deleted. If the requirenments for the operator's

wor kstation conputer are different than those for
the central station conputer, list those itens that
are different.
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The operator's workstation conputer shall be the sanme as the centra
station conputer, except for the following itens: |

2.8.3 Printer

A laser printer shall installed at each of the followi ng connections [the
central station conputer] [and] [the operator workstation]. The printer
shall neet the followi ng requirenents: The input interface shall be a
paral l el port connection. Resolution shall be a mninmmof [23 by 23

dot s/ mr 600 by 600 dots/inch] [__ ]. Printing speed shall be a m ni num
of [4] [___ ] pages per minute. The data buffer size shall be a mi nimum
of [10] [___ ] megabytes. The size for paper and other nedia shall be |
216 by 28 nr 8.5 X 11 inches] [__ ]. The paper cassette shall have a
[250] [ ] sheet m ni mum capacity.

2.8.4 LAN System

The | ocal area network (LAN) shall be used to allow conmmuni cation between
PLCs | ocated in the control panel[s], the central station conputer [and the
operator's workstation conputer] [and the printer]. The LAN system
configuration and requirenents shall conply with the control system
schemati cs and bl ock di agram shown on the draw ngs and [Section 27 10 00
BUI LDl NG TELECOVMUNI CATI ONS CABLI NG SYSTEM [ Section 33 82 00
TELECOVMUNI CATI ONS QUTSI DE PLANT (OSP)]. All LAN equi pnent shall fully
conmply with | EEE 802.3 (10 BASE 2 or 10 BASE T) Ethernet networks. Cables
and connecting hardware shall conformto the requirenents of [Section

27 10 00 BUI LDI NG TELECOVMUNI CATI ONS CABLI NG SYSTEM [ Section 33 82 00
TELECOVMUNI CATI ONS QUTSI DE PLANT (CSP)] .

2.8.5 LAN Hubs

Net wor k hubs shal | provi de conmuni cati on between network devi ces using
network cabl es. Network hubs shall support protocol utilized in the LAN.
Net wor k hubs shall be nodul ar and expandable froma minimmof [__ ] [16]
ports up to [ ] [48] ports. Each port shall have LED indicator for
network nonitoring status. Network hubs shall permt online network
changes without disturbing network devices. Ml functioning network devices
shal |l be automatically renmoved from service w thout shutting down the

net wor k.

2.8.6 Uni nterrupti bl e Power Supply (UPS)

A self contained UPS suitable for installation and operation at the centra

SECTION 40 95 00 Page 53



station [and operator's workstation] shall be provided. The unit[s] shal
be sized to provide a mnimumof 10 mi nutes of operation of the centra
station [and operator's workstation] conputer. The UPS shall incorporate
surge suppression, noise filtering (normal and common node) short circuit
protection and vol tage regul ati on (brownout and overvol tage protection).
UPS shall be conplete with all necessary power supplies, transforners,
batteries, and accessories and shall include visual indication of nornmnal
power operation, UPS operation, abnormal operation and visual and audi bl e
indication of low battery power. The UPS shall comply with the Federa
Conmruni cati ons Conmm ssion Standard 15J part A for radi o noi se emn ssions.

2.8.7 Portabl e Tester/Wrkstation

A portable tester/workstation shall be provided and shall be connectable to
any PLC. The portable tester/workstation shall consist of a portable
conputer with a nomnal 250 nmr 10 inch active color matrix liquid crysta

di spl ay, capable of displaying up to 256 colors at a m ni mumresol uti on of
[640 x 480] [__ ] pixels, 64 bit mcroprocessor operating at a m ni num of
[133] [ ] MHz. The portable tester/workstation shall have, as a
mnimm [1.2] [ ] GB hard drive, [16] [ ] megabytes of nenory,
integral pointing device, serial and parallel ports, color VGA video port
for an external color nmonitor, 88 mr 3.5 inch floppy disk drive, nodem
PCMCI A type 3 slot, rechargeable battery, battery charger and a conpatible
network adapter. The portable tester/workstation shall be provided with
the proper cables, connectors, adapters and software required to connect to
and be conpatible with the PLCs. Connection may be made directly to the
PLCs or to the comunications network. The tester/work station shall be
capabl e of performing all workstation functions contingent on proper
password | evel

2.8.8 Conmuni cati on and Programmi ng Device

A hand-hel d communi cati on and programi ng device shall be provided. The
conmmuni cati on and programm ng device shall connect to the PLC directly for
readout of variables, override, control, servicing, troubleshooting and

adj ustnent of control paraneters. The device shall be provided with al
necessary cables, connectors and adapters to allow connection to the PLC
The devi ce shall conmmunicate in English | anguage for inquiry, reporting and
progranm ng pur poses.

2.9 CENTRAL STATI ON SOFTWARE
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NOTE: The designer should edit this paragraph, as
needed, to require only the central station software
that is necessary based on the requirenents and
complexity of the control system \Were no
infornmation is available on future expansion

require a mni mum expansi on capability of 50
percent. \Where specific expansion requiremnment
information is available, it shall be used to
determ ne the expansion capability requirenments.
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The central station software shall provide the comunication, programr ng
and control capabilities necessary to support all specified points and
functions, plus a mni mum expansion of [50] [__ ] percent of the current
nunber of points, conplete with their point database. The central station
shall be online at all tines and shall performall required functions as
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specified. The central station software shall be one or nore standard
software nodul es. Were nultiple nodules are used the nodul es shall be
capabl e of sharing data and operating together seam essly. Software shal
be w ndow ng type using icons and pull down nmenus. The system shal
support multiple user operation with nultiple tasks for each user and shal
support operation and nanagenent of all peripheral devices.

.9.1 Graphi cal Operations
.9.1.1 Graphi cal User Interface

The central station shall be provided with an object-oriented, nouse
driven, graphical user interface. The graphical user interface shal
include a set of desktop utilities including the followi ng: file
management; shell tool; calculator; text editor; and icon editor.

.9.1.2 Di splay Information

The central station shall display information necessary to support al
requi renents specified, including: operator comrands; alarmnotification;
reports; system graphics as specified and as shown, incorporating dynanic
data; and curve plotting.

.9.1.3 System Graphics | npl enentation

Syst em gr aphi cs di spl ays shall be hierarchical displays which integrate
dynanmic data into the display. Systemgraphics shall reflect actual system
configuration. Each systemschematic shall be included as a separate
display. Different colors, textures, and use of inverted video shall be
used for various conmponents and dynanic data. The displays shall include
standard and/ or custom synmbols. A library of callable display symbols
containing synbols for all necessary equi pment and control devices shall be
furni shed. Synbols shall conformto ASHRAE FUN SI ASHRAE FUN | P where
applicable. Data associated with a display shall be updated within 5
seconds of the digital status change or the anal og change in excess of the
anal og change differential. Any dynamic data which is not current, due to
PLC communi cations failure, PLC failure, or point out of service, shall be
hi ghl i ghted or fl agged.

.9.1.4 Di spl ay Editor

The display editor shall enable the user to create, nodify, save and delete
di spl ays and synmbols. Wthin the display shall be dynamic fields. The
function of linking the dynamic fields with the database shall be handl ed
by a separate software nodul e which shall be executed automatically as the
| ast step of the database generation and nodification procedure.

.9.1.5 Graphi cal Object Oiented Programm ng

The system shall include a graphical object oriented progranm ng function
whi ch shall be used to create all control sequences utilized in the contro
panels. This function shall reside in the central station to create,

nodi fy, and test software for control panel resident progranms. The
graphi cal object oriented programm ng function shall provide progranm ng
el ements to be connected together to create a logic diagram The diagram
shal | be conpil able to produce executable code for the control panel. The
graphi cal object oriented progranmm ng function shall include el enents
necessary to create |logic diagrans that represent sequences of operation.
Program el ements shall be able to be conbined into a customtenplate which
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can then be used as a standard function. Program checkout and debug
facilities shall include display of dynam c and/or sinulated system

vari abl es and points on the progranmm ng screens. The user shall be able to
fix or force values of variables to enable program checkout during
debuggi ng. The progranm ng shall allow for the use of the portable tester
for loading files directly into the control panel, uploading of existing
control panel programm ng and database informati on and downl oadi ng of
control panel programm ng and database information.

.9.1.6 Charting

The user shall be able to display data in chart formats, and the system
shal | support the presentation of data: 1) with tinme on the X-axis
(horizontal) and amplitude on the Y-axis (vertical) for trend charts; and
2) in bar chart formw th a mnimum of 360 15-m nute divisions and 31 1-day
divisions to be displayed on the X-axis.

.9.1.7 System Menus and Di spl ays

The user shall be able to call up the foll owi ng di splays by dedi cated
function key, pull down nenu or by icon and shall be able to page forward
and backward on linked nmultiple page displays. The system nenu and i ndex
di spl ays shall also contain icons which can be used to call up subsequent
di spl ays.

a. System Menu (list of all graphics and nenus).
b. Index (list of all PLGCs).
c. AlarmSummary (list of all uncleared alarms).

d. Abnormal Sunmary (list of all devices not in normal state; keeps
track of alarmconditions which have been cl eared).

e. Data Comunications Summary (listing of availability for each
conmuni cati on channel, by statistically processing the nunber of
transm ssion errors, outages, and other abnornmal conditions for each
channel ).

.9.1.8 Har d- Copy Screen Request

The central station shall be able to obtain a hard copy of the nonitor
di splay being viewed. This shall be an exact "snapshot" of the data and
devi ce synbols shown on the sel ected nonitor.

.9.2 Conmmand Sof t war e

The software shall provide for defining and sel ecting points, paraneters,
graphics, report generation, and all other functions associated with
operation. The operator commands shall be usable fromcentral station
comput er and workstation keyboards wi th individual operator passwords as
speci fi ed.

.9.2.1 Conmmand | nput
Conmand menus shall utilize full words and acronyns selected to all ow

operators to use the systemw t hout extensive training or data processing
backgrounds. The system shall pronpt the operator.
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2.9.2.2 Conmand | nput Errors

The system shall supervise operator inputs to ensure they are correct for
proper execution. Operator input assistance shall be provi ded whenever a
command cannot be executed because of operator input errors.

2.9.2.3 Speci al Functions

The system shall support the follow ng special functions by using a nouse,
in addition to all other commands specifi ed:

a. Help shall produce a display of all conmmands available to the
operator. The help commuand, followed by a specific comuand, shal
produce context sensitive listing with a short explanation of the
pur pose, use, and systemreaction to that conmmand.

b. Start/Enable shall nanually start equi pment and enabl e nmonitoring
and control of points.

c. Stop/Disable shall manually stop equi pment and di sabl e nonitoring
and control conponents.

d. Display D agramshall display diagrams of specific utility systens
or other systens.

e. Diagram Devel opment shall facilitate devel opnent of diagramnms of
specific utility systens or other systemns.

f. Auto/Override shall override automatic operation of a point or
return a point to autonmatic operation.

g. Print Report shall allow the operator to print reports.

h. Confirm Action shall allow the operator to confirmthat the desired
conmand sequence has been correctly entered and is to be executed.

i. Cancel Action shall performthe opposite function of the confirm
action, at any tine prior to executing confirmaction.

j. Meno Pad shall allow the operator to create, store and retrieve
pop- up notes.

2.9.2.4 (Operator's Conmands

The operator's conmands shall provide the means for entry of control and
noni tori ng conmands, and for retrieval of information. The operator's
commands shal |l perform such tasks as requesting a display of any digital,
anal og, or accunul ator point, or any group of related points, startup and
shut down sel ected systens or devices, nodifying, adjusting, enabling or
defining a point or point paraneters.

2.9.2.5 Level of Addressing
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NOTE: When specifying | evel of addressing for
identification, delete Area or Facility where not
required.
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Four | evels of addressing for identification shall be provided as foll ows:
a. Point. The individual sensor or control device within a unit.
b. Unit. The unit that a point is associated with, such as a bl ower.
c. Sub-system The sub-systemthat a point is located in or near
d. System The systemthat a sub-systemis located in or near
2.9.2.6 System Access Contro

A mnimmof [__ ] passwords shall be usable with the control system
software. The systemshall maintain an ASCI| disk file |ogging all
operators | ogged onto the system al arm acknow edgrments, conmands i ssued
and all database nodifications for each password. Each password shall be
definable as to the functions that the operator can perform

2.9.3 Al arns

The software shall notify an operator of the occurrence of an alarm
condition. The control systemalarmhistory shall be stored in an ASCl
file and shall be recallable by the operator using the report generator.

Al arm nessages shall take precedence over other functions. A mninum of
the nost recent [25] [ ] systemalarns shall be directly avail able at
the central station computer. Operator acknow edgnent of one al arm shal
not be consi dered as acknow edgnent of any other alarmnor shall it inhibit
reporting of subsequent alarnms. Alarmdata to be displayed and stored
shall include: identification of the alarm date and time to the nearest
second of occurrence; device or sensor type; limt exceeded (if analog);
engi neering units; current value or status; alarmclass; and al arm nessages.

2.9.3.1 Digital Alarms

Digital alarms shall be subject to immediate reporting, within the alarm
response tinme, at the central station.

2.9.3.2 Anal og Al arns

These al arns shall be subject to imediate reporting, within the alarm
response tinme, at the central station. The control panel anal og readi ngs
shal | be conpared to predefined high and low limts, and alarned to the
central station each time a value enters or returns froma limt

condition. The program shall automatically change the high or lowlimts,
or both, of any anal og point, based on time schedul ed operations as
specified, allowing for a tinme interval before the newalarmlimt becones
effective. For those applications where setpoint adjustnents are made, the
alarmlimt shall be keyed to a finite deviation traveling with the

set poi nt.

2.9.3.3 Al ar m Messages

A uni que nmessage with a field of 60 characters shall be provided for each
alarm Assignnent of nessages to a point shall be an operator editable
function. Secondary nessages shall be assignable by the operator for
printing to provide further information, such as tel ephone lists or

mai nt enance functions, and shall be editable by the operator.
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2.9.3. 4 Al arm Cl asses

Classes of alarns, which will be identified for each item include class 1
and class 2 alarmconditions. Cass 1 (Critical) shall include display,
print, and audi ble alarmat occurrence and at return-to-nornal.

Acknowl edgrment of class 1 alarns by the operator shall be required at
occurrence and at return-to-normal. dass 2 (Informational) shall include
di splay, print, and audi ble alarmat occurrence and at return-to-normal

No acknow edgnent of class 2 alarms is required unless otherw se shown.

2.9.4 Pop-up Note Function

A pop-up note function shall be included with the central station,

provi ding the operator a capability of noting any data which may be
associated with alarns or with any other event. A note created by an
operator shall be automatically called up when any other workstation calls
up the associated point, alarm or alarmsummary. The pop-up note function
shal |l al so support free formentry of data which can be used by any

wor kst ati on operators as general rem nders or instructions.

2.9.5 Real Tine C ock Synchronization
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NOTE: If real tinme clock synchronization is not

requi red, this paragraph will be del eted.
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The system shall synchroni ze each central station conmputer, real tine
clock, within one second and at | east once per day automatically, w thout
operator intervention and without requiring systemshutdow. The centra
station conputer shall automatically initiate a call once per day to the
NI ST clock to obtain the correct time and date and update the real tinme
clock. The central station conputer shall generate a report show ng the
time difference.

2.9.6 Syst em Reacti on

Under system normal heavy load, no nore than [10] [__ ] seconds shall

| apse fromthe time a digital status alarmor anal og alarmoccurs at a PLC
until the change is displayed at the central station [and operator's

wor kstation]. The total systemresponse tinme frominitiation of a contro
action conmand to display of the resulting status change shall not exceed
[20] [___ ] seconds under system normal heavy |oad conditions, assumng a
zero response time for operation of the PLC s control device. The alarm
printer shall continue to print out all occurrences, including tine of
occurrence, to the nearest second. Al systemnormal heavy |oad conditions
shal |l be introduced to the systemvia Als and DI s.

2.9.6.1 Cccurrence

System normal heavy | oad conditions are defined as the occurrence
throughout the systemof a total of three status changes, three digita
alarns, three analog high or lowlimt alarns, and three anal og quantity
changes within the high and low limts during a single 1-second interval.
Thi s nunber of sinilar occurrences shall repeat on a continuous basis
during successive 1-second intervals for a period of 2 mnutes.
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2.9.6.2 Locati on

System normal heavy | oad conditions, as specified, shall have 50% of the
changes and al arms, including no | ess than one of each type, occurring at a
single PLC with the renaining changes and al arns di stributed anong the
remai ni ng PLCs.

2.9.7 Report Gener at or

Software shall be provided to generate and format standard and custom
reports for displaying, printing, and storing on disk. Reports shall use
dat abase val ues and paraneters, values calculated using the real tine
static database or historical data base; with the reports subsequently
stored on hard disk or zip drive. Dynamic operation of the system shal

not be interrupted to generate a report. The report shall contain the tine
and date when the sanple was taken, and the tinme and date when the report
was printed.

2.9.7.1 Peri odi ¢ Autonmati c Report

The system shall allow for specifying, nodifying, or inhibiting the report
to be generated, the time the initial report is to be generated, the tine
interval between reports, end of period, and the output peripheral.

2.9.7.2 Request Report Mbdde

The system shall allow for the operator to request, at any tine, an
i Mmedi ate printout of any report.

2.9.8 Dat a | nt erchange

Software shall be provided to fornmat and store on a renovabl e di skette the
data, trends, profiles, reports and | ogs as specified in a defined,
standard format such as ASCI| text or DIF for export and further processing
by other software and/or conputer systens.

2.9.9 Control Panel and DTS Circuit A arns

The system shall supervise each control panel, 1/0O function and DTS circuit
for alarmreporting, including: control panel not responding; control pane
responding (return to normal); control panel to central station DTS circuit
high error rate; control panel to control panel DTS circuit high error
rate; control panel/central station real time clock error nore than 15
seconds (adjustable); control panel intrusion alarm control panel offline;
control panel online (return to normal); control panel failure

(sel f-diagnostics); point not responding to conmand; and poi nt change of
state wi thout conmand.

2.9.10 Central Station Database
The central station database shall be stored on disk and in menmory. The
static database shall be downl oadable as required to control panels in the
system

2.9.10.1 Dat abase Definition Process
Software shall be provided to define and nodify each point in the database

usi ng operator commands. The definition shall include all physica
paraneters and constraints associated with each point. Each database item
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shall be callable for display or printing, including EEPROM ROM and RAM
resident data. Each point shall be defined and entered into centra
station dat abase.

.9.10.2 Dynam ¢ Dat abase

The dynani ¢ dat abase includes those variabl es which change with tinme or
conditions including all D's, Al's, PAs, and virtual (logic) points.

.9.10.3 Dynam ¢ Dat abase Updat e

The dynam c dat abase shall be updated fromthe field, allow ng the operator
to select update tines fromO0.1 seconds to 2.0 seconds.

.9.10.4 St ati ¢ Dat abase

The static database includes those fixed paraneters and constraints from
all PLCs which define the characteristics of the systemand I/O functions
such as alarmlimts, start/stop tines, point nanes, PLC channel addresses,
and sensor spans.

.9.10.5 Central Station Static Database Update

A copy of each control panels static database shall be updated
automatically once per day, each time an authorized change is subnitted or
upon demand fromthe central station database.

.9.10.6 Wor kst ati on Access to Dynami c Data

Any workstation with proper access password and connected to the centra
station via the DTS, or via a dial-up tel ephone circuit, shall have access
to the central station's dynam c data. Display of data shall comrence
within 5 seconds.

.9.11 Hi storical Data Storage and Retrieva

A historical data storage and retrieval function shall be provided at the
central station to collect and store dynamc data. This function shall be
in addition to other data storage requirenents. The function shall have
the capability to collect and store al arm status changes, point val ues,
events and operator commands, and systemresponses. The storage function
shal |l al so have the capability to collect and store multiple sets of anal og
data at pre-specified sanpling rates. This function shall have the
capability to retain historical data on hard disk for pre-specified time
periods, up to forty five days using last day roll over, for short-term
anal ysis, and then output the data to the zip drive for long-term
retention. The operator shall also be able to selectively recal
short-termdata stored on hard disk. Retrieval and printing of the
contents of any selected historical data file shall be avail able using the
data retrieval and report generation program The output of the report
generati on program shall be capabl e of being viewed on the screen, printed
in a report, or stored.

.9.12 Trendi ng
Any anal og or cal cul ated point shall be operator assignable to the trend
program Points shall be sanpled at individually assigned intervals,

sel ect abl e between one mnute and 24 hours. The systemshall automatically
store the accunulated trend data to an ASCI| disk file. The size of the
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trend data file shall be linited only by avail able di sk space. The program
shall print portions of the file as selected by the operator.

2.9.13 Anal og Monitoring

The system shall neasure, transnmit, and display anal og val ues, including
cal cul ated analog points. Differential nmeasurenments shall be displayed as
positive or negative values with respect to their reference points shown.
An anal og change in value is defined as a change exceedi ng a preset
differential value as specified. Each anal og change in value shall be
operator selectable and settable to provide for a mnimumreporting change
in value of one-half the specified end-to-end accuracy of the neasured
variable. Displays and reports shall express anal og val ues in proper
engineering units with sign. Provide 128 different sets of engi neering
unit conversions. Each engi neering conversion unit shall include range,
span, and conversi on equation.

2.9.14 Analog Totalization

Any anal og or cal cul ated point shall be operator assignable to the
totalization program The analog totalization tinme period shall be defined
uni quely for each point. At the end of the period, totals shall be stored
on disk for future reference. Totalization shall then restart from zero
for the next time period. The programshall keep track of the peak and
total value neasured during the current period and for the previous

peri od. The operator shall be able to initiate a sunmary of totalization
informati on on a point, unit, sub-systemor system The operator shall be
able to set or reset each totalized value individually. The operator shal
be able to define, nodify, or delete the tine period online.

2.9.15 LAN Sof t war e

A network operating systemshall be supplied as part of the LAN software.
The network operating systemshall support network device access to the
central station. The systemshall provide workstation access to the
central station as a virtual termnal. The network shall provide network
access to shared peripherals. The LAN software shall provide for
transparent comruni cati on with any node on the system The LAN software
shal | support the foll ow ng:

2.9.15.1 Access Control
Access control to the central station conputer and workstations. Operators
shall be able to performall specified functions, given the proper
passwords, including database definition/nodification, graphic
creation/nodification, and trending.

2.9.15.2 Mul ti pl e Sessions
Support operation in multiple sessions.

2.9.15.3 O her Functions and Configurations

Q her functions and configurations shown.

2.10 DATA COVMUNI CATI ON REQUI REMENTS

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: The designer will edit the follow ng
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2.

paragraph as needed to require only the data
conmuni cati ons requirenents that are necessary based
on the requirenents and conmplexity of the contro
system A communications system | ayout or bl ock

di agram nust be provided on the drawings to clearly
show t he comuni cati ons system configuration
requirenents.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

Control system data communi cations shall support the specified functions
and control system configuration shown on the draw ngs.

.10.1 Central Station/Wrkstation

Each workstation shall be able to conmunicate with the central station as a
virtual termnal. The workstation shall be able to initiate uploads or
downl oads of prograns and resident data, including paraneters of connected
systens PLCs and devi ces, constraints and prograns in the central station.

.10.2 Central Station/PLC

The central station shall be able to initiate an upload or downl oad of PLC
data prograns.

.10.3 Modem Conmuni cati on

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

NOTE: |Indicate on the comunications system | ayout
diagram on the draw ngs, where nodem comuni cati on
is required. Coordinate this with the centra
station/workstati on conputer requirements.

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

Conmuni cation with ot her conputer systens shall be acconplished using a
nodem and dialup circuit. The central station or workstation shall be able
to initiate upload or downl oad of data files, however, answering incom ng
calls shall not be possible (for system security reasons).

.10. 4 Error Detection and Retransm ssion

Asynchronous transm ssion systemshall use cyclic code error detection

net hods. The predicted undetected error rate shall not exceed 1 bit in 1
billion. A message shall be in error if one bit is received incorrectly.
The system shall retransmt messages with detected errors. Wiere a LANis
not utilized for data transm ssion, a 2-digit decimal nunber shall be
operator assignable to each communication link representing the nunber of
retransm ssion attenpts. Wen the nunber of consecutive retransm ssion
attenpts equals the assigned quantity, the central station shall close down
transm ssion to that particular device, and print an alarm nessage. The
operator shall manually reopen any comuni cations line after automatic

cl osedown, subject to the same error checking and automatic cl osedown
procedures in effect before the first automatic cl osedown. The system
shal |l nonitor the frequency of data transm ssion errors for display and

| oggi ng.
11  CONSUMABLE SUPPLI ES

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: The designer will edit the follow ng
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2.

par agraph as needed to require only the supplies
that are necessary based on the type and quantity of
conput er equi pnent required.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

Provide the followi ng consunmabl e supplies, after the endurance test, to the
CGovernment. These extraordi nary supplies shall not be used during system
installation or testing.

CONSUMABLE SUPPLI ES

blank zip cartridges [10] [____ 1 each

di skettes 89 mr 3-1/2 inch [2] [____ ] boxes of 10 each
| aser printer toner cartridges [2] [____ ] each

color printer ink cartridges [2] [____ ] per color

dot matrix printer ribbons [2] [____ ] each

color printer paper [2] [____ ] boxes
alarmprinter fanfold paper [1] [____ ] box

12 FACTORY TEST

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Evaluate the need for factory tests. Take
into account the size of the system the conplexity
of the system the devices that conprise the system
as well as other pertinent information. If a
factory test is deened necessary, the factory test
requi renents below shall be tailored to the contro
systemto be tested. |If any factory test is deened
unnecessary, delete it fromthe foll ow ng paragraphs.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

The control systemshall be tested at the factory prior to shipnent.
Witten notification of planned testing shall be given to the Governnent at
| east 21 days prior to testing, and in no case shall notice be given unti
after the Contractor has received witten Governnent approval of the test
procedures.

.12.1 Factory Test Setup

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: |Itens not applicable to the factory test
shoul d be del et ed.

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

Assenbl e and integrate the factory test setup as specified to prove that
performance of the systemsatisfies all requirenments of this project,

i ncludi ng system comuni cations requirenments in accordance with the
approved test procedures. The factory test shall take place during regul ar
dayti me working hours on weekdays. Equi pnment used shall be the sane

equi prent that is to be delivered to the site. The factory test setup
shal | include the foll ow ng:
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Factory Test

central station equi prment one each of the conponents
wor kst ati on one of each type
control panel not less than two control panels: at |east

one of each type used in the system plus
at | east one per DTS type

test set one of each type
portable tester one of each type
conmuni cations circuits one of each type and speed to be utilized

in the proposed systemincludi ng bridges,
nodens, encoder/decoders, transceivers and
repeaters.

surge protection equi pnent for power, comunications, 1/0O functions
and net wor ks

I/ O functions sufficient to denonstrate the 1/0
capability and system nornal operation

sof t war e software required for proper operation of
t he proposed system i ncludi ng application
prograns and sequences of operation

.12.2 Factory Test Procedure

Test procedures shall define the tests required to ensure that the system
neets technical, operational, and performance requirenments. The test
procedures shall define |location of tests, mlestones for the tests, and
identify simulation prograns, equipnent, personnel, facilities, and
supplies required. The test procedures shall provide for testing al
control system capabilities and functions specified and shown. The
procedures shall cover actual equiprment and sequences to be used by the
Contractor for the specified project and shall consist of detailed
instructions for test setup, execution, and evaluation of test results.
The test reports shall docunent results of the tests. Reports shall be
delivered to the Government within 7 days after conpletion of each test.
Surge testing need not be conducted if the Contractor can provide
accept abl e docunented proof that such testing has been satisfactorily
denmonstrated to the Governnment with identical surge protection applied.
The procedures shall include the follow ng:

Test Procedure

equi pnment bl ock di agram

har dwar e and sof tware descriptions

conmands oper at or commands

I/ O functions test database points with failure nodes
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Test Procedure

passwor ds requi red for each operator access |eve
each type of digital and description

anal og point in the test

dat abase

test equi prent [ist

surge protection circuit diagrams

i nputs required (1/0O point for each application program

val ues and status) and
correspondi ng expected results
of each set of input val ues

defaul t val ues for the application programinputs not
i mpl emented or provided for in the contract
docunents for the application programs to
be tested.

2.12.3 Factory Test Report

Oiginal copies of data produced during the factory test, including results
of each denpnstration procedure, shall be delivered to the Government at
the conclusion of the test, prior to Government approval of the factory
test. The report shall be arranged so that commands, responses, and data
acquired are correlated to allow logical interpretation of the data.

PART 3 EXECUTI ON
3.1 EQUI PMENT | NSTALLATI ON REQUI REMENTS
3.1.1 Install ation

Install system conmponents and appurtenances in accordance with the

manuf acturer's instructions and shall provide necessary interconnections,
services, and adjustments required for a conplete and operable system

| nstrunent ati on and commruni cati on equi pnent and cabl e groundi ng shal |l be
installed as necessary to preclude ground | oops, noise, and surges from
adversely affecting systemoperation. Adjust or replace devices not
conform ng to the required accuracies. Factory seal ed devices shall be
replaced (rather than adjusted). Wring in exposed areas, including | ow
voltage wiring, shall be installed in metallic raceways or EMI conduit as
specified in Section 26 20 00 I NTERI OR DI STRIBUTION SYSTEM Wring in air
pl enum areas installed w thout conduit shall be plenumrated in accordance
wi th NFPA 70.

3.1.1.1 | sol ati on, Penetrations and Cl earance from Equi pnent

Dielectric isolation shall be provided where dissimlar netals are used for
connection and support. Penetrations through and nounting holes in the
buil ding exteriors shall be nade watertight. Holes in concrete, brick,
steel and wood walls shall be drilled or core drilled with proper

equi prent; conduits installed through openings shall be sealed with
materials which are conpatible with existing materials. Openings shall be
sealed with materials which neet the requirenents of NFPA 70 and Section
07 84 00 FIRESTOPPING Installation shall provide clearance for
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control -system mai ntenance. Control systeminstallation shall not
interfere with the cl earance requirenents for nechanical and electrica
syst em mai nt enance.

.1.1.2 Devi ce Mounti ng

Devi ces shall be installed in accordance with manufacturers

reconmendat i ons and as shown. Control devices to be installed in piping
shal | be provided with required gaskets, flanges, thermal compounds,
insulation, piping, fittings, and nmanual val ves for shutoff, equalization,
purging, and calibration. Any deviations shall be docunented and subnmitted
to the Governnent for approval prior to nounting. Damaged i nsul ati on
shal |l be replaced or repaired after devices are installed to natch existing
wor k. Damaged gal vani zed surfaces shall be repaired by touching up with
zinc paint.

.1.1.3 Pneurmati ¢ Tubi ng

Tubi ng shall be concealed in finished areas. Tubing may be run exposed in
unfini shed areas, such as mechani cal equi pment roons. For tubing to be
encl osed in concrete, rigid metal or intermediate metal conduit shall be
provided. Tubing shall be installed parallel or perpendicular to building
wal | s t hroughout. Maxi mum spaci ng between tubi ng supports shall be 1.5 nm 5
feet. Each tubing systemshall be tested pneunmatically at 1.5 tines the
wor ki ng pressure for 24 hours, with a maxi mum pressure drop of [0.15]
[ ] kPa [1.0] [___ ] psig with conpressed air supply turned off.

Joint | eaks shall be corrected by remaking the joint. Caulking of joints
will not be permtted. Tubing and two insul ated copper phone wires for
installation checkout may be run in the same conduit. Tubi ng and

el ectrical power conductors shall not be run in the same conduit; however
control circuit conductors may be run in the same conduit as pol yethyl ene
t ubi ng.

.1.1. 4 Grooved Mechani cal Joints

Grooves shall be prepared according to the coupling manufacturer's
instructions. Gooved fittings, couplings, and grooving tools shall be the
products of the same manufacturer. Pipe and groove di nensions shall conply
with the tol erances specified by the coupling manufacturer. The dianeter
of grooves made in the field shall be neasured using a "go/no-go" gauge,
verni er or dial caliper, narrowland nicroneter, or other nethod
specifically approved by the coupling manufacturer for the intended
application. Goove width and di mensi on of groove from end of pipe shal

be measured and recorded.

1.2 Sequences of Qperation

Study the operation and sequence of |ocal equipnment controls, as a part of
the conditions report, and note any deviations fromthe descri bed sequences
of operation on the contract draw ngs. Perform necessary adjustnents to
make t he equi pment operate in an opti mum manner and shall fully docunent
changes mmade.

.2 | NSTALLATI ON OF EQUI PMENT
Install equipnment as specified, as shown and as required in the

manuf acturer's instructions for a conplete and fully operational contro
system
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3.

2.1 Control Panels

Control panels shall be located as indicated on the drawi ngs. Devices
| ocated in the control panels shall be as shown on the draw ngs or as
needed to provide the indicated control sequences.

. 2.2 Fl ow Measuri ng Device

Fluid flow instruments shall be installed in accordance with manufacturer's
recomendati ons, unless otherwise indicated in the specification. The

m ni mum strai ght unobstructed piping for the floweter installation shal

be 10.0 pipe dianeters upstream and 5.0 pipe dianeters downstream Meters
for gases and vapors shall be installed in vertical piping, and nmeters for
liquids shall be installed in horizontal piping, unless otherw se
recomrended by the manufacturer or indicated in the specifications.

.2.2.1 Fl ow Nozzl e

Fl ow nozzles flanges shall be installed so that the pressure taps are in a
hori zontal plane with the centerline of the pipe. Flow nozzles shall be
installed for ease of accessibility for periodic maintenance. Differentia
pressure sensors shall be installed as close to the fl ow nozzl e as possi bl e.

.2.2.2 Fl ow Swi tch

Fl ow switches shall be installed in such a manner as to mnim ze
di sturbance of the flow of fluid while maintaining reliable operation of
the switch.

.2.2.3 Magneti ¢ Fl ownet er

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: Locating magnetic flowreters near |arge
electric notors or transfornmers should be avoi ded.

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

Meter shall be installed in vertical piping so that the flow tube renains
full of the process fluid under all operating conditions. A mninmm of
five pipe dianeters straight run upstreamof the flowreter and two pipe
di aneters straight run downstream of the fl owreter shall be provided.

.2.2. 4 Nat ural Gas or Propane Fl ownreter

Meters shall be installed in accordance with ASVE B31.8. Permanent gas
nmeters shall be installed with provisions for isolation and renoval for
calibration and mai ntenance, and shall be suitable for operation in
conjunction with an energy nonitoring and control system

.2.2.5 Oifice Plates

Oifice plates shall be installed for ease of accessibility for periodic
mai ntenance. Differential pressure sensors shall be as close to the
orifice plates as possible. Oifice plates for |iquid neasurenent shall be
| ocated in horizontal pipe runs with the orifice plate flanges installed so
that the pressure taps are in the horizontal plane with the centerline of
the pipe. For liquid, the differential pressure transmitter shall be
installed below the orifice taps. For gas measurement, the orifice plate
flanges shall be installed so that the pressure taps are 45 degrees or nore
above the horizontal plane with the centerline of the pipe. For gas
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nmeasurenent the required differential pressure transnitter shall be
physically installed above the orifice taps.

.2.2.6 Paddl e Fl owret er

Meter shall be installed using manufacturer's published procedures.
Installers shall be trained for such installations in the pipes
encountered. Provide certificates denonstrating installer's qualifications.

.2.2.7 Annul ar Pitot Tubes

Annul ar pitot tubes shall be installed so that the total head pressure
ports are set-in-line with the pipe axis upstreamand the static port
facing dowmnstream The total head pressure ports shall extend
dianmetrically across the entire pipe. Annular pitot tubes shall not be
used where the flow is pulsating or where pipe vibration is allowed.

.2.2.8 Positive Displacenment Flow Meters

Fl ow neters shall be installed horizontally, and aligned correctly in the
direction of flow.

.2.2.9 Tur bi ne Meters

Turbine neters shall be installed so that the sensor is located in the
center of the fluid flow pipe on the main axis. The m ni mum strai ght
unobstructed piping for the flow neter installation shall be 10 pipe
di aneters upstream and 5 pi pe di aneters downstream

.2.2.10 I nsertion Turbine Flowreters

Turbine meters shall be installed without interruption to service. Instal
a wel ded flanged riser of appropriate pipe line rating, with a full opening
valve bolted to it. Sensor shall be |ocated in accordance with the
manufacturer's instructions for the specified flow rates and installation
conditions. Reduced dianeter pipe sections shall be provided as necessary
to achieve required flow velocities. Meters shall be installed using the
hot-tap nethod with tools recommended by the manufacturer. The m ni num
strai ght unobstructed piping for the flow meter installation shall be 10
pi pe di aneters upstream and 5 pi pe di aneters downstream

.2.2.11 U trasoni c Fl owneter

Meter shall be installed using manufacturer's published procedures for
installation. |Installers shall be trained for such installations in the
pi pes encountered. Provide certificates denonstrating installer's

qual i fications.

.2.2.12 Vari abl e Area Fl owreter

Meters shall be installed in a vertical piping section with full flow
through the neter.

.2.2.13  Venturi Fl owreter
The flowreter shall be installed with its top above the pipeline in
hori zontal pipe run installations. The direction of flow shall be upward

in vertical pipe run installations. The flowreter shall be aligned to the
direction of the flow and shall be rigidly nounted and vibration free. The
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m ni mum st rai ght unobstructed piping for the flow nmeter installation shal
be 10 pipe dianmeters upstream and 5 pi pe di aneters downstream

.2.2.14 Vortex Sheddi ng Fl owneters

The flowreter shall be installed with its top above the pipeline in

hori zontal pipe run installations. The direction of flow shall be upward
in vertical pipe run installations. The flowreter shall be aligned to the
direction of the flow and shall be rigidly nounted and vibration free. The
m ni mum strai ght unobstructed piping for the flow nmeter installation shal
be 10 pipe dianeters upstream and 5 pi pe di anmeters downstream

. 2.3 Level Instrunents
.2.3.1 Li quid Level Sensor (Bubble Type)

The air pressure regulating valve, air filter, noisture trap, air flow

adj ustnent val ve, |evel gauge, air isolation valve and pressure transducer
shal |l be mobunted on a panel where indicated on the drawi ngs. The |eve
gauge shall be labeled to identify the tank bei ng neasured. The isolation
val ve shall be located in the air supply line upstream of the noisture
trap, air filter and pressure regulator. The air inlet line to the dip
tube and the dip tube shall be nmounted to a flange at the top of the

t ank. The dip tube shall extend to the bottom of the tank, |eaving the
manuf acturer's recommended cl earance between the dip tube and tank

bott om The dip tube material shall be compatible with the tank
contents. The pressure regul ating val ve shall be adjusted to the outl et
pressure recomrended by the manufacturer. \Where exposed, the air supply
line to the tank and fromthe tank to the | evel gauge and pressure
transducer shall be protected from danage.

.2.3.2 Capaci tance Liquid Level Sensors

The sensing probes shall be |ocated close to, and parallel with, the tank
or sunp wall.

.2.3.3 Conductivity Switch

Level switches shall be installed vertically and in accordance with the
manuf acturer's instructions. Switches shall be accessible for maintenance
and calibration. |In applications where sw tches cannot be directly nounted
to a tank by the threaded or flanged connection, a nmounting bracket shal

be provided for connection to the inside tank wall, maintaining the mnimnmm
recomrended di stance fromthe tank fill opening.

.2.3.4 Di spl acement Type Liquid Level Switch

Level switches shall be installed in accordance with the manufacturer's
instructions. Switches shall be accessible for maintenance and
calibration. In applications where switches cannot be directly nounted to
a tank by the threaded or flanged connection, a nmounting bracket shall be
provi ded for connection to the inside tank wall.

.2.3.5 Mercury Float Switches
Swi t ches shall be mounted in accordance with manufacturer's published

instructions. Procedures shall be those used for equi pment in hazardous
| ocati ons.
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3.2.3.6 U trasoni ¢ Sensor

Sensor shall be installed vertically in the top of the tank and in
accordance with the manufacturer's instructions. Sw tches shall be
accessi bl e for maintenance and calibration. In applications where switches
cannot be directly nounted to a tank by the threaded or flanged connection,
a nounting bracket shall be provided for connection to the inside tank

wal | . Sensor shall be positioned to naxim ze the return echo signal and
m ni m ze vessel obstructions in the sensors line of sight. The m ninum
recomended distance fromthe tank fill opening and fromthe side of the

tank shall be mmintai ned .

3.2. 4 Pressure I nstrunents

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Do not use differential pressure switches on
liquid punps. Gage pressure switches are better
suited for liquid application. |Indicate by
appropriate icon on the drawi ngs where the sw tches

are to be located and which type is to be used.
EE IR R I Sk S S I S S S I R R R Rk I S Sk S I Sk I R R Ik I S I R Sk I O R I

Pressure sensors and pressure transducers shall be verified by

calibration. Al pressure taps shall incorporate appropriate snubbers.
Pressure sensors and pressure switches shall have valves for isolation,
venting, and taps for calibration. Pressure switches and pressure
transducers installed on liquid or steamlines shall have drains. Pressure
transducers, differential pressure sensors and differential pressure

swi tches shall have nulling valves. Pressure switches shall be adjusted to
the proper setpoint and shall be verified by calibration. Switch contact
rati ngs and duty shall be selected for the application.

3.2.5 Tenperature Instrument |Installation
3.2.5.1 RTD

[When the RTD is installed in pipe or is susceptible to corrosion or

vi bration, the] [Each] RTD shall be installed in a thernowell. Thernowells
shall be filled with conductive heat transfer fluid prior to installation
of the RTDin the thernowel|l. RTDs used for space tenperature sensing
shal | include a housing suitable for wall nmounting. RTDs used for outside
air sensing shall have an instrunent shelter or sun shield as shown to

m ni m ze solar effects, and shall be mounted to mininize building

ef fects. RTD assenblies shall be readily accessible and installed to
al | ow easy repl acenent.

3.2.5.2 Tenperature Switches
Tenmperature switches shall be installed as specified for RTDs. Tenperature
swi tches shall be adjusted to the proper setpoint and shall be verified by
calibration. Switch contact ratings and duty shall be selected for the
appl i cation.

3.2.5.3 Ther nonet ers and Tenperature Sensing El enents

Thernoneters and tenperature sensing elenents installed in liquid systens
shall be installed in thernowells.
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3.2.5.4 Ther nocoupl es

Each t hernocoupl e shall be installed in a protective tube or in a
thermowel I . Thernocoupl es shall be insulated from anbi ent tenperature
effects. Thernocouple wires shall not be installed in the sane conduits as
power wiring. Thernocouples shall not be used for neasuring tenperatures
bel ow 260 degrees C 500 degrees F. Type E thernocoupl es may be used when
the atnosphere is chem cally reducing environnent. Type K thernocoupl es
may be used when the atnosphere is a chemcally oxidizing environnent.

3.2.6 Process Anal ytical Instrunmentation
3.2.6.1 Amoni a Moni t or

The controller shall be |located as shown on the drawi ngs. The anmoni a
sensor shall be mounted as recommended by the manufacturer. The |ocation
of the sensor shall be representative of the area to be nonitored and shal
al |l ow access to the sensor for periodic calibration. The sensor shall be
located in a dry area or shall be protected from noi sture w thout
restricting the fl ow of anmonia gas to the sensor.

3.2.6.2 Car bon Di oxi de Measur enent

The controller shall be located in the control panel or other |ocation as
shown on the drawi ngs. Where a sanple tube is used, the size and maxi mum
 ength of sanple tubing shall be as recommended by the manufacturer.
Sanpl e tubing shall be not crinped or kinked.

3.2.6.3 Car bon Monoxi de Measur enent

Car bon nonoxi de control l er and sensor shall be |ocated as shown on the
drawi ngs or as reconmmended by the manufacturer. The |ocation shall be
representative of the area to be nonitored. Installation shall be in
accordance with the nmanufacturer's instructions.

3.2.6.4 Chlorine in Air

The controller shall be located in the control panel or other |ocation as
shown on the drawi ngs. Where a sanple tube is used, the size and maxi mum
| ength shall be a recommended by the manufacturer. The sanple tube shal
not be crinped or kinked. The location of the [controller] [sanple tube
inlet] shall be near the bottom of the area to be nonitored.

3.2.6.5 Chlorine in Water

The controller shall be located in the control panel or other |ocation as
shown on the drawi ngs. The chlorine sensor shall be imersed in the fluid
bei ng nmonitored using an assenbly that will allow renoval of the sensor
fromthe water. The sensors hall be located in an area of continuous fl ow.

3.2.6.6 Combusti bl e Gas Sensor
The sensor and transmtter shall be | ocated as shown or the draw ngs or as
recormended by the manufacturer. The |location of the sensor shall be

representative of the area to be nonitored and shall allow access to the
sensor for periodic replacenent.
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3.2.6.7 Hydrogen Sul fide

The controller shall be |ocated as shown on the drawi ngs or as recomended
by the manufacturer. \Where a sanple tube is used, the tube size and
maxi mum | ength shall be a recommended by the manufacturer. The sanple tube
shal |l not be crinped or kinked. The location of the [controller] [sanple
tube inlet] shall be representative of the area to be nonitored.

3.2.6.8 NOx Mbni t or

The controller shall be nmounted in the control panel or as otherw se
shown. Sensor shall be located in the flue as shown and in accordance
with the manufacturer's recomendation. Installation shall prevent al

| eakage of flue gases at the sensor.

3.2.6.9 Oxygen and Ozone in Air Monitor

The controller shall be nounted in the control panel or as otherw se shown
on the drawi ngs. The oxygen sensor shall be located in accordance with the
manuf acturer's recomrendati ons and as shown on the draw ngs. High and | ow
alarm settings shall be set as required by the sequence of control.
Settings shall be verified through the use of a manufacturer's standard
calibration kit.

3.2.6.10 Di ssol ved Oxygen

The di ssol ved oxygen sensor shall be imrersed in the fluid to be nonitored
usi ng manufacturer's nounting assenbly. The sensor shall be located in an
area of continuous fluid flow. The transnmitter shall be |ocated renote
fromthe sensor. The transmitter and wiring connections shall be in a
weat hertight enclosure. [The transmitter shall be nounted to allow the
digital readout to be easily viewed.]

3.2.6.11 PH and ORP Sensor

Pi pe nounted fl ow sensor shall be located in a threaded tee or fitting to
all ow removal fromthe pipe. Subnersible sensor shall be completely
imersed in the fluid being nonitored using an ensenble that will allow for
renoval of the sensor fromthe fluid for replacenent. The sensor shall be
| ocated in an area of continuous flow The transmtter shall be |ocated
[at the sensor] [renpte fromthe sensor]. [The transnmitter shall be
nounted to allow the digital readout to be easily viewed].

3.2.6.12 Total Dissolved Solids

The sensor shall be [pipe] [tank] [subnersible] type as indicated on the
drawi ngs. [Pipe nounted sensor shall be mounted in a threaded tee or
fitting to allow renoval of the sensor.] [Tank nmounted sensor shall be
nmounted in a threaded fitting to allow renoval of the sensor.] [Subnersible
sensor shall be mounted in an assenbly that will allow renoval of the
sensor fromthe fluid for replacenent.] The transmitter shall be |ocated
[at the sensor] [renpte fromthe sensor]. The transmtter and wring
connections shall be located in a weathertight enclosure.

3.2.7 I nstrunent Shelters
I nstrunent shelters shall be installed in the |location shown with the bottom

1.2 meter 4.0 feet above the supporting surface using |l egs and secured
rigidly to mnimze vibrations fromw nds. Instrunent shelters shall be
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oriented with door facing North. Instrunments located in shelters shall be
mounted in the 3-di mensional center of the open space of the shelter.

.2.8 El ectric Power Devices
.2.8.1 Potential and Current Transforners

Install potential and current transformers in enclosures unless otherw se
shown. Current transforner |eads shall be shorted when they are not
connected to the nmeasurenment circuits.

.2.8.2 Hour Meters

Meters shall be located in the control panel or as otherw se shown. Power
to the nmeter shall be connected to the notor starter auxiliary contacts for
punps, bl owers and other notor driven devices. For devices w thout notor
starters, the neter shall be connected in parallel with the load. Were
the neter voltage differs fromthe netered devices voltage, transforner
shal | be provided as necessary.

.2.8.3 VWatt-hour Meters

Install watt-hour neters and transducers in encl osures unl ess ot herw se
shown.

.2.8.4 Tr ansducers

Transducers shall be wired in accordance with the manufacturer's
instructions, and installed in encl osures.

.2.8.5 Current Sensing Relays and Current Transducers for Mdtors

When used to sense neter/fan/punp status, current sensing relays shall be
used for applications under 4 kW5 hp. Applications over 4 kW5 hp shal
use a current transducer.

. 2.9 Qut put Devi ces

Qut put devices (transducers, relays, contactors, or other devices) which
are not an integral part of the control panel, shall be nounted in an
encl osure nounted adjacent to the control panel, unless otherw se shown.
VWhere H O A and/ or override switches on the drawi ngs or required by the
control sequence, the switches shall be installed so that the contro
system controls the function through the automatic position and other
controls work through the hand position.

.2.10 Encl osur es

Al'l encl osure penetrations shall be fromthe bottom of the encl osure, and
shall be sealed to preclude entry of water using a silicone rubber seal ant.

.2.11 Transf orners

Transformers for control voltages bel ow 120 vAc shall be fed fromthe

near est power panel or notor control center, using circuits provided for
the purpose. Provide a disconnect switch on the primary side and a fuse on
the secondary side. Transforners shall be enclosed in a steel cabinet with
conduit connections.
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3.3 WRE, CABLE AND CONNECTI NG HARDWARE
3.3.1 LAN Cabl es and Connecti ng Hardware

LAN cabl es and connecting hardware shall be installed in accordance wth
Section 27 10 00 BUI LDI NG TELECOVMUNI CATI ONS CABLI NG SYSTEM and Secti on
33 82 00 TELECOVMUNI CATI ONS QUTSI DE PLANT ( OSP)

3.3.2 Met eri ng and Sensor Wring

Metering and sensor wiring shall be installed in accordance with the
requi renments of ANSI Cl12.1, NFPA 70, Section 33 70 02.00 10 ELECTRI CAL
DI STRI BUTI ON, UNDERGROUND and Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

3.3.2.1 Power Line Surge Protection

Control panels shall be protected frompower line surges. Protection shal
neet the requirements of | EEE C62.41.1 and | EEE C62.41.2. Fuses shall not
be used for surge protection.

3.3.2.2 Sensor and Control Wring Surge Protection

Digital and anal og i nputs shall be protected agai nst surges induced on
control and sensor wiring. Digital and anal og outputs shall be protected
agai nst surges induced on control and sensor wiring installed outdoors and
as shown. Fuses shall not be used for surge protection. The inputs and
outputs shall be tested in both the normal and comon node using the
following two waveforns: The first waveformshall be 10 m croseconds by
1000 m croseconds with a peak voltage of 1500 volts and a peak current of
60 anperes. The second waveform shall be 8 nicroseconds by 20 nicroseconds
with a peak voltage of 1000 volts and a peak current of 500 anperes.

3.4 SOFTWARE | NSTALLATI ON

Load software required for an operational control system including

dat abases (for points specified and shown), operational paraneters, and
system command, and application progranms. Adjust, tune, debug, and

comm ssion all software and paraneters for controlled systens to assure
proper operation in accordance with the sequences of operation and database
t abl es.

3.5 CONTRCL DRAW NGS

Control draw ngs, [franmed, non-fading half-size in | am nated plastic]
[reproducible, with corresponding CADD files] [__ ], shall be provided
for equi pment furnished and for interfaces to equi pnent at each respective
equi pnent | ocation. Condensed operating instructions explaining preventive
mai nt enance procedures, mnethods of checking the systemfor normal safe
operation and procedures for safely starting and stopping the system
manual |y shall be prepared in typed form [framed as specified for the
instrumentation and control diagramnms] [reproducible, with correspondi ng
word processor files] [ ] and posted beside the diagrans. D agrans and
instructions shall be submtted prior to posting. The franmed instructions
shal | be posted before acceptance testing of the system

3.6 FI ELD TESTI NG AND ADJUSTI NG EQUI PMENT

Provi de personnel, equipnment, instrunentation, and supplies necessary to
performsite testing. The Governnent will witness the PVT, and witten
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perm ssion shall be obtained fromthe Government before proceeding with the
testing. Oiginal copies of data produced, including results of each test
procedure, during PVT shall be turned over to the CGovernnent at the

concl usi on of each phase of testing prior to Governnent approval of the
test. The test procedures shall cover actual equi pnent and functions
specified for the project.

.6.1 Testing, Adjusting and Comm ssi oni ng

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Delete reference to a factory test if no
factory test is to be required.

EE R R R I R R I I R R R I I R R R Ok S R R I R I R I O R O

After successful conpletion of the factory test as specified, the
Contractor will be authorized to proceed with the installation of the
system equi pnent, hardware, and software. Once the installation has been
conpl eted, test, adjust, and conmi ssion each control |oop and systemin
accordance with NI ST SP 250 and shall verify proper operation of each item
in the sequences of operation, including hardware and software. Calibrate
field equi prent, including control devices, adjust control paraneters and
logic (virtual) points including control |oop setpoints, gain constants,
constraints, and verify data communications before the systemis placed
online. Test installed ground rods as specified in | EEE 142. Calibrate
each instrunentation device connected to the control system control network
by maki ng a conpari son between the reading at the device and the display at
the workstation, using a standard at |east twi ce as accurate as the device
to be calibrated. Check each control point within the control system
control network by naking a conparison between the control command at the
central station and field-controlled device. Deliver trend |ogs/graphs of
all points showing to the Government that stable control has been

achi eved. Points on conmon systens shall be trended simultaneously. One

| og shall be provided showi ng concurrent sanples taken once a minute for a
total of [4] [___ ] hours. One log shall be provided showi ng concurrent
sanpl es taken once every 30 mnutes, for a total of [24] [__ ] hours.
Verify operation of systens in the specified failure nbdes upon Contro
systemnetwork failure or |loss of power, and verify that systenms return to
control systemcontrol automatically upon a resunption of control system
network operation or return of power. Deliver a report describing results
of functional tests, diagnostics, calibrations and comm ssioning procedures
including witten certification to the Governnment that the installed

conpl ete system has been calibrated, tested, adjusted and comi ssi oned and
is ready to begin the PVT. The report shall also include a copy of the
approved PVT procedure.

.6.2 Performance Verification Test (PVT)

Prepare test procedures for the PVI. The test procedure shall describe all
tests to be perfornmed and other pertinent information such as specialized
test equiprment required and the length of the PVI. The test procedures
shall explain, in detail, step-by-step actions and the expected results, to
denponstrate conpliance with all the requirenents of the drawings and this
specification. The test procedure shall be site specific and based on the
i nputs and outputs, required cal cul ated points and the sequence of

control. Denpbnstrate that the conpleted Control systemconplies with the
contract requirenents. Al'l physical and functional requirenments of the
proj ect including conmunication requirenments shall be denonstrated and
shown. Denopnstrate that each system operates as required in the sequence
of operation. The PVT as specified shall not be started until after
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recei pt by the Contractor of witten perm ssion by the Governnment, based on
the Contractor's witten report including certification of successfu

compl etion of testing, adjusting and conmm ssioning as specified, and upon
successful conpletion of training as specified. Upon successful conpletion
of the PVT, deliver test reports and ot her docunentation as specified to

t he Government.

.6.3 Endur ance Test

Use the endurance test to denonstrate the overall systemreliability of the
conpl eted system The endurance test shall be conducted in phases. The
endurance test shall not be started until the Government notifies the
Contractor in witing that the PVT is satisfactorily conpleted, training as
speci fi ed has been conpl et ed, outstanding deficiencies have been
satisfactorily corrected, and that the Contractor has perm ssion to start
the endurance test. Provide an operator to man the system 8 hours per day
during daytime operations, including weekends and holidays, during Phase
endurance testing, in addition to any Government personnel that nay be made
avail able. The Government nmay terminate testing at any time when the
systemfails to performas specified. Upon termnation of testing by the
CGovernment or by the Contractor, comence an assessnent period as described
for Phase I1. Upon successful conpletion of the endurance test, deliver
test reports and ot her docunentation, as specified, to the Governnment prior
to acceptance of the system

.6.3.1 Phase | (Testing)

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: The designer will deternine the required
Phase | testing period. The testing period should

be based on the system size and conplexity.
EE IR R I Sk S S I S I S R R R Rk I Sk kS I R R Ik S S I Sk I R Sk A O

The test shall be conducted 24 hours per day, 7 days per week, for |
consecutive cal endar days, including holidays, and the system shall operate
as specified. Make no repairs during this phase of testing unless

aut hori zed by the Government in witing.

.6.3.2 Phase Il (Assessnent)

After the conclusion of Phase |, identify failures, determ ne causes of
failures, repair failures, and deliver a witten report to the Governnent.
The report shall explain in detail the nature of each failure, corrective
action taken, results of tests performed, and shall recomend the point at
whi ch testing should be resumed. After delivering the witten report,
convene a test review neeting at the job site to present the results and
recomendati ons to the Governnent. The neeting shall not be schedul ed
earlier than 5 business days after receipt of the report by the

Government. As a part of this test review neeting, denonstrate that
failures have been corrected by perform ng appropriate portions of the
performance verification test. [The Governnent reserves the right to
cancel the test review neeting if no failures or deficiencies occur during
the Phase | testing. |If the Government chooses to do so, the Contractor
will be notified in witing.] Based on the Contractor's report and the test
revi ew neeting, the Governnent will determine if retesting is necessary and
the restart point. The Government reserves the right to require that the
Phase | test be totally or partially rerun. Do not comence any required
retesting until after receipt of witten notification by the Governnent.
After the conclusion of any retesting which the Governnent nmay require, the
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Phase Il assessnent shall be repeated as if Phase | had just been conpl eted.
.6.3.3 Excl usi ons

The Contractor will not be held responsible for failures resulting fromthe
following: Qutage of the main power supply in excess of the capability of
any backup power source, provided that the automatic initiation of al
backup sources was acconplished and that automatic shutdown and restart of
the control system performed as specified. Failure of a Governnent

furni shed communications link, provided that the PLC automatically and
correctly operates in the stand-al one node as specified, and that the
failure was not due to Contractor furnished equi pnent, installation, or
software. Failure of existing Governnent owned equi pnent, provided that
the failure was not due to Contractor furnished equi pnent, installation, or
sof t war e.

T MANUFACTURERS' FI ELD SERVI CES

Obtain the services of a manufacturer's representative experienced in the
installation, adjustnent, and operation of the equi prent specified. The

representative shall supervise the installing, adjusting, and testing of

the equi pnment.

. 8 FI ELD TRAI NI NG

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: The nunber of hours required to instruct a
Governnent representative in operation and

mai nt enance of the systemw ||l depend on the

compl exity of the system specified. Designer is to
establish the nunmber of hours of training based on
equi prent manuf act urer reconmendations, system
conplexity and consultation with the installation

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Field training oriented to the specific systemshall be provided for

desi gnated personnel. A copy of the training manual for each trainee plus
[two] [__ ] additional copies shall be delivered to the Contracting
Oficer. Mnuals shall include an agenda, the defined objectives for each

| esson, and a detail ed description of the subject matter for each |esson.
Fur ni sh audi ovi sual equi prent and other training supplies and naterial s.
Copi es of the audiovisuals shall be delivered with the printed training
manual s. The CGovernnment reserves the right to videotape training sessions
for later use. A training day is defined as 8 hours of classroom
instruction, excluding |unchtine, Mnday through Friday, during the daytime
shift in effect at the training facility. Approval of the Contractor's
training schedul e shall be obtained fromthe Governnment at |east 30 days
before the training.

.8.1 Prelim nary Operator Training

Prior to the start of field testing, prelimnary operator training shall be
taught at the project site for [__ ] consecutive training days. Upon
conpl etion of this course, each student, using appropriate docunentation,
shoul d be able to performel ementary operations with gui dance and descri be
the general hardware architecture and functionality of the system This
course shall include: general system architecture; functional operation of
the system including workstations; operator commands; application
programs, control sequences, and control |oops; database entry and
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nodi fication; reports generation; alarmreporting; diagnostics; and
hi storical files.

.8.2 Addi ti onal Operator Training

Following the field testing, additional classroomtraining for operators
shal |l be taught for [__ ] consecutive training days; individua
instruction sessions of [4] [__ ] -hour periods in the norning (or
afternoon) of the sane weekday for [__ ] consecutive weeks and an
additional [__ ] day classroom session for answering operator questions.
I ndi vi dual instruction shall consist of "hands-on" training under the
constant nonitoring of the instructor. C assroomtraining shall include
instruction on the specific hardware configuration of the installed contro
system and specific instructions for operating the installed system
Schedul e activities during this period so that the specified amount of time
on the equi pnment will be available for each student. The final session

wi || address specific topics that the students need to discuss and to
answer questions concerning the operation of the system Upon conpletion
of the course, the students should be fully proficient in system operation
and have no unanswered questions regardi ng operation of the installed
control system Each student should be able to start the system operate
the system recover the systemafter a failure and describe the specific
hardware architecture and operati on of the systemand be fully proficient
in all systemoperations. Report the skill level of each student at the
end of this course.

.8.3 Mai nt enance Trai ni ng

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

NOTE: Fit training requirenments to the systens.

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

Fol I owi ng the [endurance test] [__ ], a mnimmperiod of [five] [__ ]
training days shall be provided by a factory representative or a qualified
Contractor trainer for [ten] [__ ] designated personnel on mai ntenance of
the equi prent. The training shall include: physical |ayout of each piece
of hardware, calibration procedures, preventive naintenance procedures,
schedul es, troubl eshooting, diagnostic procedures and repair instructions.

.8.4 Speci al i zed Trai ni ng

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

NOTE: Coordinate with specifications for the unit

processes, adding or deleting parts.
EE IR I Sk S S O Sk S I O R R Rk I S kS I I R R R Ik S S I O S R Sk I S O

Fol | owi ng the nmi ntenance training, a mnimmperiod of [five] [__ ],
total training day(s) shall be provided by a factory representative or a
qualified Contractor trainer for [ten] [__ ] people on the input devices.

.8.4.1 Fl ow Meter Training

Each type of flow neter, to include calibration, maintenance and testing of
flow el ements and transducers.

.8.4.2 Speci al i zed Sensor Trai ni ng

Each type of specialized sensor such as [chlorine,] [turbidity,] [pH,]
[NOX, ] | ] to include calibration, maintenance and testing of sensing
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el enents and transducers.

-- End of Section --
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