SECTION 156498
VALVE ACTUATORS

PART 1. GENERAL
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SECTION INCLUDES

Manual and powered actuators for proper operation of all valves required for equipment or
sysiems.

RELATED SECTIONS

Section (9900-—Patuting and Coating.

Section 15060—Pipe and Pipe Fiftings.

Section 15100—Valves, Cocks and Bydrants.

Section 15103—Butterfly Valves.

Section 16010----General Electrical Requirements.

REFERENCES

ANSI 893.114---Preumatic Fluid Power-Systems Standard for Industeial Machinery.
AWWA C500--Meial Scated Gate Valves for Water Supply Service,

AWWA C540---Power-Actuating Devices for Valves and Siuice Gates,

NEMA {C8-2—Industrial Control and Systems Controllers, Contactors, and Gverload Relays
Mot More Than 2000 Velts AC or 750 Volts DO

SUBMITTALS
Submit under provision of Section 81334,

Product data: Provide complete data on valve accessories suffictent 1o verify compliance with
the Specifications:

L. Provide manufacturer’s catalog information with size, dimensions, number of tumns ©
open, materials and assembled weights,

2. Provide wiring and control diagrams for valves with electvic actuators.

OPERATION AND MATNTENANCE MANUAL

Submit under provisions of Section 01805,

Maintenance data:  Inciude installstion and maintenance ivstructions, recommended spare
parts iigts and exploded assembly views of actuators and accessorics.

DELIVERY, STORAGE AND HANDLING
Dreliver, store, protect and handle products to site under provisions of Section 01600,

Prepare valves accessories for shipment according to AWWA C344, Section 7.2,

PART 2 - PRODUCTS

2403

Al

MANUAL ACTUATORS
General:

1. Provide a manual actuaior except where valves are 1o have motor or oylinder actuator.

VALVE ACTUATORS
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2. Hurned valves or valves operafed through floor boxes and as indicated on drawings:
Wrench nuis.
3. Adequate fo seatl, unseat, and maintain valve position under all operating conditions.

4. Provide with position indicator on each actustor or each operating mut,

3. Postion valve actustors so that they are easily accessible, and for ease of operation
B, Rotation:

i, Counier clockwise {to the left) to open.

2. The word “OPEN” and an arrow indicating the divection to open cast on each valve body
or actuator,

¢, Handwheel acthuaton
1. Totally enclosed worm gear actuaior,
2. Handwheel diameter; 6-24 inches,
3. Max pull regquired: 80 fb.
4, Withstand 200 b puil without damage.

D Chain wheel actuator

1. Totally enclosed worm gear actuator, pormznently hubricated and with sealed bearings.

2. qmpp ed with chain guide to penmit rapid chain handling of the chain without “gagging”
the wheel and to poimit reasonable side pull on the chain,

3. With extensions as required to prevent interference with adjacent piping or equipment.

4, Chain

a.  Hot-dip galvanized carhon stee! except where specified otherwise.
b, Looped to exend within 3 feet to 4 feet of the floor or finish grade below valve,
¢, Smooth, welded, closed link fype.
d. Overlapping, open link type is not aceeptable.
5. Max pull required; 80 1b,
6. Withstaud 200 b pull without damage.

. For valves placed in a horizontal run, provide 20 degree or 270 degree gearing for
actuator

o

. Install chain wheel actuators of valves that are higher than 87 above fioor or other
working platforms

B, Wrench nuis
I AWWA 0500, Section 19,
2. Withstand 300 oot 1b rorque without damage.
3. Readily locked in the open, closed, and not less than five intermediate positions.

F,  Bxtension stems:

VALVE ACTUATORS
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i, Provide where indicated on Drawings, or as specified, or as '“tq sred for proper operation
and for buried valves.

2. Non-rising stems:

a. Solid steel shafting with (3.0, not less than 0.1, of valve stem or galvenized steel
pipe with L3, not less than 0.1, of valve stem.

b, Connected to the valve by a flexible socket coupling.

e. All other connections pinned, keyed, or socket,

L2

Rising stems:
a. Stainless steal or carbon steel shafting with O.D. sot fess thaw 0.1, of valve stem,
. Bronze or stamnless steol sloeves sccurely attached to stem.

c. Sleeve length and location to extend thvongh cach stem guide throughout the full
vertical travel of the stem.

4, Slem guides:
a. Cast iron, bronze bushed, adjustable in 2 directions,

B, Hextension stem length exceeds 120 inches or the weight exceeds 20 Ih, provide 8
suitable thrast bearing to cany extension stem weight.
¢, Maxicawm spacing:

1y Nopensing stems: 100 fimes stem 0D,

2y 10 feet max.

L

Buried valves:

a. Stem extend o within & inches of grade.

b, Provide spacers to center stem in valve box.

c. Provide 27 square wrench nut,

6. Operating stands:
a.  Provide where indicated on Drawings or as specified.
b Cast iron or fabricated steel.

o, Thrust besring: Suilable to carry weight of extension ster,

d.  Handwheel or lever a5 indic ci?cd on Drawings or as specified:

a4

1} Approximately 36 inches above floor.
2y Handwheel mintmum diameter: 8 inches.

e, Sleeve: Provide standard weight galvanized steel pipe for oponing in floor beneath
each operating stand,

G, Vabve ‘m:-;es:

L. Pro vide for all buried valves.
2. Cast iron extension steeve type with boxes and covers.
3. Depth as required for valve.

VALVE ACTUATORS
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4, Minimum diara 5 inches,

5. Minimum thickness; 3/16 inches.
6. Box, cover, and base coated by dipping in asphalt varnish

7. An appropriate word designating the valve service cast on cover,

MOTOR ACTUATORS— MODULATING AND OPEN/CLOSE SERVICE (VALVES
& INCHES AND GREATER)

Provide motor actuators where indicated on Drawings, for automated system operation or as
specified for individual systems.

Each motor actuator 1o consist of wotor, gearing, handwheel, limit, and torque switches,
fubricants, heating elements, wiring, terminals, and integral reversing coniroller constricted as
a selfcontained unit.

Housing: Cast, weatherproof.

Operating time from fully open to fully dosed or the reverse for modulating valves
Adjustable from 15 :.ex:onds 1o two minutes.

Maotors:

1. Mounted borizontally adjacent to or vertically above geaning.

2. Do ot mount with motor vertical below gearing.

3. Totally enclosed, high tovaue, designed expressiy for valve operator service.

4,  Capable of operating valve under full differential pressure for two compilete open-close
cycies without overheating.

%, Designed in accordance with NEMA Stsudards,

6. Insulations Class F or betler,

7. Bearings: Permancntly nbricared.

#

£

<

. Voliage tolerance: = 10 percent.

9. Vaolage rating: 120V, 60 Hz, 1 phase or 480V, 60 2, 3 phase as required.
10, Produce 1.5 times requived torque,

Gearing:

1. All grease ubricated,

2. Service factor: 2.0,
3. Effectively sealed against entrance of foreign matier
4. AGMA nameplaie not required.

(]

Designed to permis field ratio changes.

{

6. ,'i'} zgmd s¢ motor comes up o speed before stem lnad is encountered in opening and

ssing direction.
7. Conform o AWWA (540,
Handwhes! mechanism:

I, Designed so handwheel doesn't operate durmg mMotor operation.

YALVE ACTUATORS
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H.

2. Designed so motor doesu't rotate when handwheel is rotated.

—

3. Provide dechuching extensions to allow dechuching of all elecivic actuators from foor

level

4. Actuator respousive to elecirical power and control ai all times, instantly disengaging
bandwheel.

5. Rotgon: Counter clockwise to open.

G, Anarrow indicating the open divection and the word “OPEN” cast on the handwheel.

3

. Max forco required; 80 1b.
Torque switches:
1. Provide opening and closing torque and thrust limit switches,

2. Miorometer adiustiaent on each swiich:

A Reference setting indicator.
. Yariability 40 pevcent,

3, Contact vating: & amp induetive at 120 V AC and 2.2 awp at 1153V DC,
Gesred lmit switches:

1. 8pace for 4 geared lmit switch assemblics,

2. Each assembly with 4 separate Hmit switches.

3. EBach asserably geared to driving mechanism and independently adiustable fo trapsfor at
any point between fully open and fully closed valve position,

4. Contact rating: 6 amp loductive at 120 Vacand 22amp at 115 V de,
%, Set limit switches ax indicated on drawings.

6. Provide 2 lmit switch assemblies

Heating eloments

1. Provide in motor and geared Himit switch compartment,

2. Rated 120V ac.

53 -l Y p R

3. Continuously energized.

Terminal facilities: Provide for coungetion to motor leads, switches, slide-wire type posilion
transmitter, if required, and heating elements in geaved limit switch compartment.

Controiler:
1. Infegrally mounicd roversing motor siarter in geared Hindt switch compartment,
2. Motor everload prii‘;i:s-:rci:ive device in ¢ach phase,

3, In 480 V. uniis, a control power transformer with fused and grounded 120 V scconday,
with volt ampete capacity suitable for starfer conirol plus continuous service to heater
clements in motor housing and limit switeh comparimen,

4, A nameplste of permanent type consiruction on the controlier enclosure identifying the
equipment controtled as with leners and numerals ot less thaw 3/4 iuch high.

5. Mechanically and electrically imterlocked,

YVALVE ACTUATORS
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4. Provided with the necessary direet operaied auxiliary contacts for sequired tuteriocking
and conirol,

7. Pilot devices:

a.  In a weatherproof enclosure close coupled w actuator housing if actuator is easily
aveessible; if actuator is not easily accessible, locate pilot devices on nearby wall
or wounting statton,

b Local Open-Stop-Close momemsary push butions.

¢.  Local-Off-Remote maintained selecior swiich,

¢ Local Red “Open” and Green “Closed” indicating lights.
8. NEMA Size | minimum,

9. For modulating valves, provide mamual-automatic switch and solid state modulator 1o
reseive 4-20 MA control signal and actuate valve to signaled position.

Manulacturers:

1. Modulating service:
a.  Tyeo/Keystone Series 77,
b, Li

c. Or accepted substitution,

torque Series L1206

b

Open/Close service:

a.  Twveo/Keystone Sevies 777 (8P,
b, Limitovque Series L120.

¢ Oraccepted substitution,

MOTOR ACTUATORS—OPEN/A ‘LO?B AND MODULATING SERVIUE (VALVES 4
INCHES AND SMALLER)

Provide motor actuators where indicated on Drawings, for automated systew operation, or as
specified for individual systems, Refer to Section 15 E-’)f } for requivements for smaall diameter
quarter-am value actuators.

Fach motor actuator to consist of motor, gearing, Hmit swiiches, fubricants, heating eloments,
?

‘wiring, terminals, and integral reversing contridier constructed as a self-contained unit.

Housing: NEMA 4 die cast aluminum with baked-on powder coated epoxy.
Motors:

1.  Thermal overload sensor,

2. 30 percent duty cycle,
3. Voltage rating: 120V, 60 Hz, 1 phase.
4. Produce 1.5 times required torgue.

Gearing: Hardened steel gear train,

Iy

Lubrication: Gear train and drive components immersed in multipurpose grease suitable for

service of 32 degrees F to {30 degrees F.

o
o]
<&
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amit switches:

e

2 end of travel limit switches.
Activated by independently adiustable stainless steel cams.

Contact rating: 10 amyp inductive al 120 V ac,

Heating elements:
&

i
i

g
g

.

3

e

Provide in meter and geared limit switch compartment.
Rated 120V ac.

Continyously energized.

Controller:

.
1
A

s

N

Integrally mounted reversing motor starter,

Motor overload protective device

Mapufacturers:

i

2.

Limitorgue LY Series, Model 100! with Modutronic Position Control Package for
modulating valves.

Or accepted egual.

ACCESSUORIES

Limit switches:

1.
2.
3

Adiustable mounting or fixed with adjustable cam.
Totally enclosed contact rated 6 amp, Inductive, at 120 V ac, minimum.

Ead of travel or knee action as indicated on Drawings,

3 - EXECUTION

INSTALLATION—GENERAL

Tustall actuators in accordance with the manufaciurer’s insiruciion

Provide adequate support for all valve actuators to prevent damage or movement i pipe due
to weight or tovque of actuator,

Furnish and ingtail any ad.apto‘rs or accessories needed to mate the valves snd actuators
furnished on the projec

Insiall actuators such that position indicators are visible by standing on operations floor or
from pormanent platform.

Yalve control stattons:

[#3]

Provide for all powered actustors,

Iustall where accessible by standing on operations fleor or from permanent elevated
plattorm.

it valve is noi within reach or casily accessible by standing on cperations floor or from
permanent elevated plattorm, m?,':?li remote valve Lomroi station at location acoeptable to
Engineer,

VALVE ACTUATORS
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Provide minhnum distances required from walls and other piping o center of valve {o
accommodate actuator dimensions and to facilitate maintenance of actuator.  Tmmediately
nofify Engmeer of all conflicts or discrepancies.
ADJUSTMENTS
Cheek and  adjusi valves and accessories for smooth operation in accoedance with
manufacturer’s instructions.
Powered Actuator: Adjust Hmit and torque switches as indicated on Drawings.
FEIELD QGUALITY CONTROL
Coordinate inspection of all valves by manufacturet’s representative and instruct plant
personnel on thelr operation and maintenance.
Provide manuisoturer's field services for valves with powered actuators and for other valves as
required per Condract Documents. -

EMD OF SECTION 1569

VALVE ACTUATORS
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SECTION 13803
HVAC INSTRUMENTATION AND CONTROLS

PART 1 ~ GENERAL

181
A

C.

192
A
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2

SUMMARY

Section Includes: This section covers the general requirements for the following:

£

i. Earmshmg and installing a complete, fully fimetional control system per this
specification and the Constraction Documents,

)

Pre-assembled control panels.
Actuators, thermostais, sensors, transmitters, thermowells, geuges, and mounting
fardware as applicable,

AT

4. Control valves, dampers, linkages, and mounting hardware.

j= 4

Clonstruction supervision.

6. Startup snd commissioning.

3

Dievqoustration and §

Related Sections: Drawings snd general provisions of the contract, inchuding General and
Supplementary Conditions, Division 1 Specification Sections, and 8§ Section 15500 apply to this
section.

I, Division 15 equipment and system sections with specific control requirem ents,

2. Sectiom 15990 Testing, Adjusting, and Balancing.” for responsibilities and procedures of
the TARB contractor.

3. Division 16 sections for electrical equipment and wiring requiremaents and any electrical
interface to the controls and mstromentation.

Products Supphed, But Not Installed Under This Seclion:

i.  The antomatic temperature conirel valves, separable wells for immersion sensors, and

aps for flow and pressure instruments shall be provided by the Controls Contractor for

mstaliation by the Mechanical Contractor under the Controls Contractor's supervision.

]

The Controls Contractor shall provide all antomatic temperature control dampers, oot
provided by unit manulacturers, for insfaliation by the Mechanical Contractor under the
Contro! Contractor’s sypervision

DEFINITIONN

it is the intention of these specifications and drawings fo call for finished work, tested, and

ready for operation. Whﬂxw or fh e word "provide® is used, it shall mean "furnish and install
complete and ready for use.”

"Contracter” shall mean the Centrols Contractor performing work under this Division of the
Specifications.

Where this specification states work to be performed by the words "shall” or "secare” ov other
performance functions, it shall be assumed that such work shall be performed by this
Contracior nniess stated otherwise

The word "Mechanical” applies to all work specified herein wherever applicable,

HVAC INSTRUMENTATION AND CONTROLS
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THTRAS

The phrase "Architect/Bngineer” mplies that either may perform the task at hand.
SYSTEM DESCRIPTIOGN

Design Requirements:

I, Type of Svster: The astomatic remper’-xture control svstem shall be pa cif;sged Dhgital
Comtrols for each piece of equipment with electric components as required.
2. Al digital and analog control loops shall be microprocesser (IHDCY controtled nnloss

otherwise shown on the Drawings.

3, Coordination: This Contractor shail interface with controls furnished with equipment.
Provide additonal conirol devices, interiock relays, and signal conditioners when
necessary (o accomplish specified sequences.

4. T hc system shall include all mterlocks, field devices, wiring, piping, hardware, and
software required o provide a complete, functional system in accordance with these
specifications and drawings.

3. Electrical wiring in connection with the automatic temperature control system, where
shown on the Division 16 drawings, shall be performed by the Blecirical Contractor, Al
other wiring required for proper operation of the antomatic temperature system shall be
periormed by this Contractor.

6. Adjustments of manual balancing devices, as required to obtain design air and/or water
flows, shall be by the Balancing Contractor.  The Controds Coniractor shall provide
assistance to the Halaelng Contvactor with control adiusiments as reguired to obtain
design flows by:

a.  Providing ou-site instruction on the proper iuterfacing and operation of their
cquipent

b, Providing the uecessary software for use with the Balancing Contractor’s personal
computer for interfacing with thelr control eguipment.  Where proprietary
software, equipment or gateways are required, this equipment shall be provided for
the Balancing Coniracior’s use,

Tinless otherwise indicated, all equipment and performance data listed 18 for job sile

conditions.

Dirawings are not to be scaled.

SUBSTYTUTION APPROVALS

Byuipment and/or materials manufactured by any one of the mannfacturers listed in this
specification or on the drawings shall be acceptable.

Where no speciiic manufacturer is listed, a first-class item of cataloged manufaciure shall be

- furmished.

Prior Approvals: Refer to Division 1, Substitutions.
SUBMITTALS

Submit under provisions of Section 031330,

BYAC INSTRUMENTATION AND CONTROLS
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8. Schedule: Submiital daia and control drawings for all equipment and svsierss shall be
submitted to the Archifect/Engineer for review priov to ordering or fabrication of the
eguipment. The following infy

”

rmation shall be included in these submiittals;

1. 30 Davs or Less Adier Notice 10 Proceed:

g, Control valve and damper schedules.

b, he valve and damper schedules shall also be submitted to the mechanical
cuntractor for review by the piping and sheet metal contractors

¢ Product data for alt produets used o conjunclion with the control system.

2. 60 Davs or Less Afler Notice 10 Proceed:
3 Control drawings.
b, Software information.
¢ Test Plan and pmeedures .
3. 68 Dsvs.orMore Priovio Scheduled 8 pood the Fin Controlied Sy stem:

bR Software programming data,

b, Test plan and procedures,

a.  Opemiional logs as deseribed in P wwt 3.

b, Test pian with hmdware and software festing resulis
technician certification.

calibration reports and

i

Lmon qum}ets'ﬁn of Training Clusses
g Videotaped ;wgord of all training.
b Ome copy of all training materials,
. Shop Drawings:

i, Genersl:

4. Drawings shall be prepared using compuier atded drafting that can produce files in
the AutoCAD format.

b The final or record drawings will become permanent record drawings and shall be
prepared on 247 x 367, 4-mi Mylar.

¢ Product data shall be in a threering binder. Al product information shall be
indexed and tabbed. The product data sheets shall be marked with the tag sunber
as indicated by the drawings. Al options, ranges sud velages that are 1o be
provided shali be clearly indicated on sach product data sheet,

d. Product data shall be submitied describing the operating systems associated with
f DDC conmollers and the workstations.  Workstation software product data
hall include information on the comnectivity of the svsiem using telephone and

‘r r supporied means.

HVAC INSTRUMENTATION AND CONTROLS
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2. Valve and Dawper Schedules:

a.  Valve schedules may be included on the drawings or in the product data. The
valve schednle shall include the following information:

[y

3 Valve tag number,

&3

3 System and service

3} Quantity, manufactarer and medel number.
4} Type iwo-way or three-way).

5} Fail Posiiion.

6} Body Size,

Y} Flow {gom

& Cw

9} Rangeability.

103 Actual predsure drop.
11} Close-oft rating.

12} Aciuator model number,
13} Spring range.

b, Damper schedules may be included on the drawings or in the product data. The
damper schedulic shall include the following information:

1Y Damper tag mamber,

2y System and service,
3} Quantity.
4y Kize
5y Manuthcturer and model number.
6} Fail position,
7y Type {opposed, parallel),
8)  Actual pressure drop.
$Y  Quantity of actuators.
10} Actuator model number.
11} Actuator spring range,

3. Drawings:

a.  Drawings that cannot represent the total information on one sheet shall include
appropriate match Hnes, cross-reterences and key plans. An example of this is 2
building floor plan.

b, The drawing package shail include:

Iy  Cover sheet with a drawing index listing all included drawings.

HYAC INSTRUMENTATION AND CONTROLS
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2 A uetwork diagram showing the nelwork architecture and the tue
relationships of the panels on the network., This drawing shall incinde ali
network devices including; surge suppressors, Hghining acrestors, repeaters,
modems, gateways and routers,  The nower source, panel address, and
physical location {room number) shall be shown for each device, Where
exiernal batteries or other power supplies are used they shall be shown on thig
drawing.

33 Conirol schematics and flow diagrams for each system monitored or
controlled. These diagrams shall include:

ay A ladder diagram showing all wiring and paeumatic fubing associated
with the controller.  The location of the elocirical power panel with
freaker number shall be shown for all power souwves.

Details showing the inferconnection with mofor siarters, varlable
frequency drives and the associated bypass sections, chillers, botlers and
other types of equipment. These defails shall inchude wire numbers and
tevmina! desigoations. The mounfing locations of sl control equipment
shall be included.

ot
el

¢} A bill of materials shall be included with each conirol schematic. The
bill of materials shall include the tag name used on the control drawing,
description of the product, name of the mauufacturer, complete model
number, measuremient range {if applicable) and quantity .

¢y A complete input/output schedule for each DDC controller shall be
included with each conirel schematic. The point name (the same one
used in the software), and 2 functional deseription of the point shall be
included in the VG summary.

€} A sequence of operation shall be tncluded with each control schematic,
The sequence shall reflect actual programming, including all time delays
and soffware interlocks.  Coples of the sequence that appear in this
specification are not accepiable,

{j  Floor and voof plans showing the location of control panels, sensor, and
mechanmeal squipment. The #loor plans shall show the location of duct
and space stallc pressure sample points,

3. Software: Scftware submitral shall include the following:
1. Point Hstings shall include all hardware and software pomts. A description of the poiat

+
'

shall be provided. The defauntt values of gach point shall be shown,

1

Program listings for each piece of controlied equipment shall be provided. The program
iisting shall be complete with all data reguired for controller operaiton,

3. Submit a color printout of sach graphic. The graphic shall show temperature, status,
posttion and all data points that will appear on the screen. At the contractor”s option, the
praphics may be submitied on CD or disk provided that all requived software for the
display of the graphics is alsc furnished.

4. Alisting of alf alarms and the alarm Himits and time delays shall be provided.

HVAC INSTRUMEBNTATION AND CONTROLS
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B Ouality Assurance/Control Submittals)

1. Test Plan and Procedures: The fest plan shall include the tollowing

Certification documentation for cach hardware point. Certify that the point was
tested and cycled to prove funcHonality, Include the calibration data, initial and
final readings and the required offset.

Procedures for the seven-day test.
erttfication documendation for sofiware sequence of operation.

The test plan shail be coordinated with Section 15990 “Testing, Adjusting, and
Balancing” Contractor,

. Closeout Submitials:

1. Project Record Documents:

a,

b.

d.

I

TETRATECH: &

T4V
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Upon completion of the instaliation, provide a complete set of record {as-built)
drawings on a clear and legible set of Mviar transpavencics, The content and
format of the drawings shail be as described previousty. i

Prior fo final completion of the installation, prepare complete Operation and
Maintenance {O&M) manuals, Refer to Division 1. Section 01300, and Diviston
15, Section 15300, for requiremenis.  Alse provide one set of CAD-prepared
drawings in AutoCAD. Format shall be WG files

i

N

Assist Division 13 Contractor in preparation of a simplified des mp?,on of the
operation of all systems including the function of each piece of equiprent

within each system. These descriptions shall be supported with a schematic
ﬁ(}w dingram when applicable,

2y Temperature conirol diagrams including an explanation of the control
sequence of each system along with the llowing instruction wherever
applicable.

ay  Emergency procedures for fire or fatture of n1 ajor equipment.
by Noral starting, operating, and shutdown,
2} Summer or winter shutdown.

The teraperature conmtral diagrams are to be wallwounted under glass {ov m
plastic) m an accessible location, preforably in the main mechanical equipmen
TOO0m.

Control System Programmer's manual with complele descriprion of the custom
conirel language and assoctated editer, including ssmple-written programs,
Provide completc sets of all programming forms, spplications memoranduims, and
addenda fo the programmer's manual, All soﬁwar» and flomware algorithms shall
be completaly described and documented.

Maintenance, installation, and engineering manual{s) that cearty expiain how fo
debug hardware problems; how to vepalr or replace hardware; proventative
maintenance guidelines and schedules; calibration procedures: and how i
engineer and install new points, panels, and aperator inderiaces.

HVAC INSTRUMENTATION AND CONTROLS
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f. Docuweentation of all software:  List separately all software parameters that may
need updating by the Owner, sucht as, though not limited to, daily start/stop
scheduies; setpoins; alamm potats; contro joop cascade, and PID parameters, ete.

g All programs, code, databases, grephic files, CAD drawings, and symbeol libraries
gencrated for operation of the systems sha IE be onchided as part of the system
documentation.  This information shall be submitted both in hard copy bound
format and electronic format,

e

input/output schedules, daia sheets, and all other items required.  Describe all

regular maintenance that will need to be performed on the DDC hardware.

Provide list of recommended spare parts.  List all replacement parts with pait

nunibers,

i Complete original issue documentation, instaliation, operation manusis. and
supporting soffware for all third-party hardware and soflware fiwnished aw
instatled as pwt of the sysiem or required for the operation of the system,
including remote terminals, user's computer w-.n»«.sfa‘i'm monitors, graphics and
memory boards, network servers, printers, and modems.

i All software licenses, warranty cerfificates and documentation for all hardware

and software inchuding third party hardware and software shall be provided.

k. Al testing, startup, calibration and checkount reports and checklist

13 A list of recommended spare parts with part numbers and supplier.

m Recowmended proveniive mainfenance procedures for all systemn components
meluding 4 schoedule of tasks (inspection, cleaning, calibration, ete.), time between
tasks, and task descriptions,

106 QUALITY ASSURANCE
A, Qualifications:

1. Approved Controls Mamufacturers and Instsliing Contractors

. Honeywell Factory branch office.
b, Johmson Conirols, Factory branch office
¢.  Siemens Building Factory branch office.

3. Manufaciurers not listed in item A above may request approval by submitting a proposal
at least 30 days prior to bid date. The proposal shall include the information listed
beiow.

a. A tisting of all personnel that will bo assigned fo this project, their position, and a
resume of experionce

b, Aun analysis of compliance to this specification. Indicate for each paragraph
corapliance or exception. If the product or service docs not complelely match the
requirements, indicate exception and de ;-m‘*)x, fully the area(s} of deviation and
their impact on system functionality.  This analysis shall be presented in the
cpposing page format. The specification shall be presented on one page with the
compliance or exception described on the opposing page.

o

A sample of the as-built documentation for a project of similar magnitude. This
saraple shall include Hems specified in Section 15903 insofar as possible.

HVAC INSTRUMENTATION AND CONTROLS
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4. A Hst of references with project descriptions for five local installations of simifar
scope and magnitude, Include contact names and phone numbers for an operating
suginecr , facility mapager and the cousulting enginecr ior each reference,

B. Regulatory R equireinents: Refer to Section 15300 for general code, standard, and regulatory
'I'qu!ii‘-;‘.nl‘;‘ !

€. This installation shall not be used as s test site for any new products unless explicitly

approved by the Owner's representative in wiiting,  This requirernent is not intended to
restrict the Contract

v o the use of vutdated equipment.

DAY products used in thiy installation shall be new and cwrently under manufacture. Spare
parts shall be available for at least five years afler completion of this contract.
107 WARRANTY
A, Refer to Section 15500 for genernl wananty reguirements.
B, Specisi Warranty:
1. The wamawy period shall begin as authorized by the Owner's representative in writing,
Completion shall not occwr before the Contractor has performed the tesis required in
Article 3.

e

The control systemn shall be warranied to be free from defects i malerial and
workinanship and in software design and operation fur a period of one year after
completion of the contract, The Contractor shall provide the necessary skills, labor, and
parts to ensure that all system and component failures are prompily tepaired.  This
warranty shall become effective starting on the date of completion.

3. The Contiactor shall receive calls during the warranty peried for all problems or
qu CsLions E:\pc‘ﬂc‘fmtd in the opevation of the installed equipment and shall take steps to
correet any deficiencies that may exist. The response time to critical problems shall be
5'( ur {4) hours msximum,

4. The Contractor shall mainiain 3 'backu;} of all software instalied i the system. The
backup shall be updated mon hiy o3 whenever a change to the soflware is made. A

refoad of bacimp software into the gystern shall be performed by the Contractor

mmediately upon noti -_ua’fion hsy the Owner. ch reload shall be freo of charge unless i

is due to a power failure of a duration longer than the battery backup.

i

. The Contractor shall optimize all control soflware {o ensure ac*cpta’h'iﬁ operating and
space conditions and peak energy efficiency. This shall inciude changes needed fo
optimize operation of the systems even if not explicitly described in Control Strategies,

6. The Coniractor shall provide and install at wo extra cost all hardware, fivmware, and
software updates released prior to and during the warranty period. These updates shall
be installed and fully lmplemented on every device to which they apply, throughout the

wojcet, Written aunthorization by the Owner must be obtained priov to the mstallation of

ui SR (.hdi‘f‘vfs,

Q

i

-

5 . ] . 8 . -

7. At the end of the warranty period, the Contractor shall supply updated copies of the
tatest versions of all project record documentation as desceribed above in Project Record
Documents. This includes final u‘fféa' ed drawings, software documentation, and
wmagnetic media backups that include all changes that have been made to the system
during the wartanty period.

: HVAC INSTRUMENTATION AND CONTROLS
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1.08 DEMONSTRATION AND TRAINING
A, This Contractor shall provide a minimum of eight hours of system and contrel demonsiration
fime at the job site for the Owner's personnel,
B. ‘this Contracter shall provide at least 12 hows of classroom uaining sessions at times an
location as direcied by the QOwner. The training shall foous on design, operation, and
J 2 4 i :

1. Hardware configuration including PC boards, swiiches, comununication and point
wiring, and location of all sensors and coniro] devices.

2. Hardware maintenance, catibration, troubleshooting, diagnostics, and repatr instructions.
3. Operation of central worksiation, including logging on and off, iterrogating the systen,

producing reporis, acknowledging alarms, ovemiding compuier conirel, chenging
irmware and software parameters, and generating and linking graphic sereens,

4. The operational sequence of each system including normal and abnormal operating
modes, operating control strategies, and operator actions reguired o reset or monitor the

System,
5. Programming, using the editor, program design. synlax, compiling, and loading of

custom control sofiware.
6. Recovery procedures from power faifures.
7. Alarm fonuats and assignment.
4. Maintaining software snd programming backups.

C.  The instructor(s) for the above sessions shall be employee(s) of the conirol Contractor whose
primary function is customer training and applications support.

0. Provide the Owner with a complete video {(digital forwaty of sll demonstration and traimng
sessions conducted under this section,

£, The training may be phased. Uwner may elect to conduct training in four-houar sessions over
the life of the warranty period.  The full compliment of instmctional material shall be
available to cach cmployee at cach training session up fo a waximum of ten (10} individuals.

1.09 OWNERSHIP OF PROPRIETARY MATERIAL

A. Al project-developed software mnd documentation shall become the property of the Owner.
The Owner shall vetain the vight fo duplicate and/or modify such for use at this facility.
These documents shall not be copyrighted. These include but are nat Himited 1o
I, Project graphic images.

Reeord drawings.

[ I

Project database.
4. Job-specific application programming code.
3. All project specific documentation,
PART 2 - PRODUCTS
281 MANUFACTURERS
A, DDC sysiem shall be by Honeywell, Johmson Controls, or Siemens Buiiding Technologies.

HVACINSTRUMENTATION AND CONTROLS
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Fiectric control devices shall be manufactured by Honeywell, Johnson Controls, Siemens
Building Techoologies, or SIEBE.

Regardless of the manufacturer, the specific products and design chosen shall meet the
reguiremends of this specification. h '

Tlecinic actuators shall be UL listed s manufactured by Belimo, Honeywell, Johnson
Controls, Siemens Building Technologics, or SIEBE,

CONTROL WIRING

sbles shail be shielded when so recommended by manufacturer. Conductor size shall be i
ax:co.rda,m;e Ath manufacturer's recommendations subject to specified minimum size, Sc
Part 3 for allowable types.

All low-voltage cables in cetling plomms, not in raceway, shall be UL listed for air plenum
service.

All insulated wire to be copper conduciors, UL iabeled for 90 °C minimum service.

Raceway for wiring shall be per Division 16,

TRANSIENT VOLTAGE PROTECTION

TVEE surge protectors, for incoming 120 VAU power to ﬂoum\!-us Leviton SI020WM, or
equal.  Surge proteciors furnished shall be UL 1449 listed. The m amm:;z: single-pulse
tramsient current shall be 26k4, noise rgjection at 530 ohms -40 10 -30 ior KW wilmiz/ the
cat B3 combination wave pe;zi\ arvping voltage shall be LN 300 ¥, 1L-G 350 V, the UL

1499 ratings shall be L-N330V, L-G 400V, Fault current rating {AlC raiimg assxgned per ULy

shallbe 5 00’):3\ )

1. Pransient voltage protection for all twisted pair, telephone and cosxial daia
communication lnes between comrollers shall be per manufacturer recommendations,
Provide ali required repeaters to ensure sig nal infegrity.

2. Lightning arrestors on all communications and other lines that exit the building shall be
per manufacturer recom mendations,

CONTROL DAMPERS

Motorized control dampers, unles otherwise specified elsewhere, shall be as foliows:

I.  Control dampers shall be pas::ai}el or opposed blade type as below or ss scheduled on
drawings.
a Outdoor and/or return aiy mixing dapers and face rmd bypass (F&BP) dawpers

shatl be combination paﬂa-lbj:’(}pp() sed blade, spproximately 57% OF, amanged 1o
direct air sireams towards sach other. Ruskin CD 403 fypf* or egual.

b, Other modulating dampers shall be opposed blade typ

P

¢ Two-position shutoff dampers may be paratlel or opposed biade type with blade
and side seals.

3 4

2. Damper frames shail be built to the structural equivalent of 13-gange steel charmel and
shall be galvanized or extruded aluminum with remforced corner bracing

Ll

g o

Damper blades shall not exceed 8 inches in Width or 43 inches in length, Rlades we o
be suitable for medium veloeity performance {2,000 fm). Blades ghall be not less than
16 ;mu B,
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4. Damper shaft bearings shali be oif impregnated bronze or stainless steel.

5. All blade edges and top and bottom of the frame shall be provided with replaceable butyl
cubber ov peoprene seals.  Side seals shall be spring loaded stainless steel. The blade
seats shall provide for s maximum leakage rate of 10 ofim per square foot at 4 inches w.e.
differenttal prossure. Pressure drop shall not t,‘s.\.et,d (.10 inch w.c. at a wide-open face

velocity of 1,500 fpm. The dampers shall have {ripie V type blades.

6, Individual damper sections shall not be larger than 48" x 60" Provide a mininaum of one
damper actuator per section.

7. Dampers shail have cxposed linkages. Dampers with exposed gear linkages are not
acteptable,

8 Ruskin or equal.

LOCAL CONTROL PANELS

A

All indoor control cabinets shall be fully enclosed NEMA | construction with hinged door,
key-lock latch, baked enamel finish, rewovable subpanels, wallsmounted or frecstanding. All
temperature control panels on the prof ect shall be keyed alike.

All ontdeor contre! cabinets shall be fully nclo*-% I NEMA 12 constraction with hinged door,
external key-lock latch, baked enamel finish, removable subpancls, wallwounted or
freestanding. Al wemperature control panels on _hxz privi ect shail be keyed alike.

Panels shall house the microprocessor, communication interiace, all controllers {except those
requived al VAV boxes), rvelays, indicators, transmitiers, switches, pilot Hghis, override
timers, eic., to allow guick access for adjustment and troubleshooting.

Manual switches and indicaling devices shall be flush-mounted ou panel face. Provide
engraved plastic or lithographed metal nameplates for alf stems on the panel face.

Internal componenis shall be securely mounted on removable subpanels. Fach component
shall be individually !«wde—d with function and device identification, as shown ou
control/intertock shop drawings.

Interconnections ‘between internal and face-mounted devices prewired with color-coded

stranded conductors neatly instalied in plastic troughs and/or tiewwrapped. Terminal blocks

stall be provided for all ficld connections, and shall be UL Hsted for 600-volt service,

individually idenfified per confrol/fiwierlock drawings, with adeguate clearance for field

wiring.

1. Control temminations for field connection shall be individually identified per control
drawings,

2. All internal wiring between panel mounted devices and Held terminal blocks shall be
marked oun both ends with the appropriaie identifving tag.

Provide ow/oif power switch with over-current protection for contrel power sources to each

iocsl panel.

3
"

Provide Ethernet connettion at cach main DDC panel in each mechanical room.

BVAC INSTRUMENTAT ii_} N CONTROLS
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A.

THATECH: 8/12 1R03

CONTROL DEVICES - ELECTRIC

Roowm Thermostais:

i.

N

th

Al wall-mounied room themmostats or sensors shall have locking covers with concealed
setpoint adjustment. Omit thermoreters when possible.

Line voltage thermostats shall be UL Nsted, SPIYT, SPST, or DPST with confact rating
suitzble for application, maximum 2°F differential,

Low voltage thermostats shall be single or multi-stage hesting and/or cooling type as
reguired by application.

-

a. ( ombination heatmg,laoa ing thermostats shall have independent adjustments for
heating and cooling setpoints and shall not allow setpoint crossover.

b, Provide individual heat or cooling anticipater for each conirol stage. Anticipator
shall be matched to connected load, or shall be adj ustable.

¢ Suitable switch sub-bases shall be provided when required by application, with
switch functions clearly ﬁéﬂnt:ﬁm by permanent labels. Field-applied “stick-on"
fabels are not acceptable,

d.  Microprocessor-based programmable type the-“mo siats, when used, shall not lose
time or program on power failures of 12 hours or less,

Provide scale ranges {(minimum} with locking type sfops for various applications as
fotlows:

a.  Heatmg -~ Ocenpied areas:  range 33-85°F, 727 max. - stop.
b, Cooling - Qecupled areas:  range 35-83°F, 75° min, - stop.

Provide metal guards with security sovews for ali thermosiats located in public areas
such as lobbies, comidors, pyms, caleterias, ete.

Duct, Immersion, and Cutdoor Thermostats

1.

Provide single or multistage type with confsct arrangeraent and rating sujtable for
apphication. Line voltage units shall be UL listed.

Sensing element shall be Hoauid-filled remote bulb type or bi-metal type as required.

a  Kemote bulb type shall bave sufficient capillary lengths to allow mounting of

thermostat at convenient location for adjustient.

b, Provide separable wells for immersion applications,
¢, Provide sun -sh.‘-.ekﬁs for outdoor sensing bulbs.

d.  Provide ambient temperature ¢ ompcma-mn where thermostat body 1s subjected to
cuidoor simbient temperature variations.

Individual stage differential -2°F maximum {fixed). Provide adjustable differential type
when thermostal is nsed for capacity cordrol of DX refrigeration or to oyele fans.

SOLID-STATE SENSING DEVICES

Temperature sensors shall be thermistor (10K or 20K), or plativum RTI type (J00-ohm wire
wound, or 1,000-chm, thin ilm. Accuracy shall be +0.5°F with stability of 0.25°F over five

TON AND CONTROLS
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vears.  Sensors used for RTU calenlations shail be accurate to 20.2°F or 1% of span,
wiichover is less,

1. Space {room} sensors shall be surface-mounted in 2 suitable protective enclosure. Space

sensors serving VAV boxes or duct heating coils shali have a setpoint adjustment. VAV
termuinal sensors shall have a network connection jack., Covers shall be blank, withow
any company logos. Provide msulating mounting base on all sensors on exterior walls,

Duct and immersion sensors shall be tmmune to moistire and shall bave a junclion box
tor electrical conneoctions. Sensing element shall be sustable for the spplication,

N2

4. Provide averaging elements for mixed air applications.

b, Provide separsble wells and nsuiation extension {or im mersion applications.

¢ Provide sun shiclds for outdoor sensors,
Thermowells for all mersion sensors shall be brass or stainless stee! 83 recommended by
mantfacturer for the appi'f" tion. They shail have 1/2-inch or 3/4-inch extemal NPT threads
and shall pro wde for extension of sensor electrical {unction box on insulated pipes.
Carbon Dioxide sensor; Unit shall have 4 non-dispersive tnfrared {(NDIR}) detc""s(}n celt, (-
2,00Cppm messurement range, adiustable span, sutomatic eleclronic zero, 75 ppm apnual
driff, 20 ppm repeatability and 5% accuracy. Unit shall require calibration not more than
annuatly, shall have 4-20 ma analog output, bigh Hmit NO. alarm relay, 4-digit digital
display, and duct sampling tubes for duct-mounted applications. Provide calibration kit Kele
Cx-1 or equal.
TRANSMITTERS - SOLID-STATE
Transmitiers shall have sensing elenents suiiable for application.
Transmitiers shall have direct-acting, linear output signal compatible with controller, with fall
scale accuracy as described below. Zero and span shall be field-adjustable.

f. Trassmitter range (span) shall be suitable for application, typically as follows:

. Static Presgures

i} Building 8.P. 0.1 inch to +0.1 fuch w3

2} Supply dnet S.F. 0 inch to 3 inch w.g. or 1.0 inch to 4 inch w.g.
3y Water pressure, { to 100 psig.

4} Water differential pressure O tneh io 300 mnch w.g

2

. Transwitter sensing elements shall withstand confinuous opez‘asiﬁg conditions plas or
minus 50% greater than calibrated span without damage.

AUXILIARY DEVICES - ELECTRIC

Damper cnd switches shall be UL listed, line voltage SPDT snap-acting, pilot duty rated (125
VA minimum) NEMA 1 enclosure, with soller type actuating ann suitable for damper
nositton applicaiion.

Water pressure switches shall be diaphragm operated with fully adiustable seipoint, Swiich
shall have visible sel noint indicator, Unit shall have 316 S8 diaphragm. Operating range

T

shall be as reguired by the process. Unifed Eleotric series 490 or egual.
A - 3
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H.

Control relays shail be UL Usted plug-in type with dust cover and LED "energized” indicater.

Contact vating, configuration, and ooil voltage suitable for spplication. Idec series RE-L,
ULAC or equal. Provide diodes to Hmit back EMF on all DC refavs and MOVs on AC.

Time delay relsys shall be UL lsted solid-stale plug-in type with adjustable time delay.
Delay shall be adjustable plus or minus 260% {(minimum} from seipoint shown on plans,
Contact rating, configuration, and coil voliage suitable for spplication. Provide NEMA 1

enclosure when not tnstatied i local contral panel. Seimens series CK or equal.

Control transformers shall be UL Usied. Class 2 current-limiting type, or shall be furnished

MManual confrel switches shall be UL listed for use in NEMA 1 enclosures with contact

arrangement and rating suitable for application. Bat handle or knob actnator with nameplate
clearly identifying function ot each switch position.

Current-operated  switches shall be scif-powered, solid siate split core with manually

adjustable trip current. The switches shal! be selecied to match the current of the applicstion

and output requirements of the DDC system. Where used in conjunction with variable
frequency drives the current operated switeh shall be recommended for such service by the

manufacturer. The Currens switch shall have a maximum hysteresis of 0.01A Inthe 1 5A W0 6

amp range. Manufacturers: Neilsen-Kuljian, Veris Industries or squal.

Current transducers shall be 4-20 ma cutput solid state with =0.3% of fuall scale accuacy.

Unit shall have reverse voltage protection, and a tlat frequency response from 20 to 100 Ha

The range shall be selected to meet the application. Manufacturers: Netlsen -Kuliian ATAZE,

Veris Industries Hawkeye 726, or equal.

Power Supplies!

1. Unit ontput shall mateh the requived ontput corrent and voltage requirements. Current
ouiput shall allow for s 50% safety factor. Outpwt ripple shall be 3.0 MV maximum P-P.
Regulation sbhall be 0.10% line aud load combincd, with 5C-microsecond response tims
tor 50% load changes. Unit shall have built-in over voltage protection,

2. Unit shall operate between 0°C and 30°C. EM/RE shall meet FOCC Class B and VDE
0871 for Class B, and MiL Standard 8100 for shock and vibration.

3. Unit shali be UL recognized.

4. Solaovequal.

ACTUATORS AND POSITIONERS - ELECTRIC

Externally mounted damper actuators

i, Electronic direct-coupled actuation shall be provided.

2. The actuator shall be direct-coupled over the shall, cuabling it to be mounted divectly to
the damper shaft withows the need for connecting linkage, The fastening clamp assembly
shall be of a "V" bolt design with associated "V shaped ioothed cradle attaching to the
shafl for maximum strength and eliminating slippage.

Spring return actuators shall have a "V clamp sssembly of sufficient size to be directly
mounted o an integral jackshafl of up to 1.05 inches when the damper 1s consirucied in
this manner. Single bolf or set screw fype fasieners sre not acceptable,

HVACINSTRUMENTATION AND CONTROLS
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The actuasor shall have clecironic overload or digital rotation sensing circuitry fo prevent
damage to the actuator throughout the entire rotation of the actuator. Mechanical end
switches or magnetic cluteh o desctivate the actuator af the end of rotation are not
acoopiable, - :

4, For power-failure/safety applications, an internal wechanical spring retum mechanism
shall be built into the actuator housing, Non-mechanical forms of fail-safe operation are
not accepiable.

5. All spring return actuators shall be capable of both clockwise or counterciockwise spring
return aperation by simply changing the mounting orientation.

6. Propottional actuaiors shall acoept a 0 10 10 VDC or 0 to 20 mA control input and
arovide a 2 to 10 VIO or 4 {0 20 mA operating range. An actuator capable of accepling
# pulse widih modulating control signal and providing full proportional operation of the
damper is acceptable, All actuators shall provide a 2 to 10 VDC pesition feedback

signal.

3

L AL 24 VAC/VDC actuators shall operate on Class 2 wiring and shall not require more
than 10 VA for AC or more than § watis for DC applications. Actuaiors cperating on
120 VAC power shall not require wiore than 10 VA, Actuators operating on 230 VAC
power shall not require more than 11 VAL

8. Al nou-spring return actuaiors shall have an external manual gear release lo allow

manual positioning of the damper when the sctuator is not powered. Spring returs

actuators with more than 60 in-db torgue capacity shall have a2 manual crank for this

9, Al modulating actuators shall have an external, buili-in switch o allow the reversing of
divection of rotation.

-

10, Actuators shall be provided with a conduif ftting and a minimum three-foot electrical
cabie and shall be pre-wired to eliminate the necessily of opening the actuator housing to
make electiies] connections,

11, Actuator size and raving shall be suitable for intended application,

12. Damper actuators shall be selected per manufacturer's recommendations to provide
sufficient close-off force 1o effectively seal damper. Modulating actuators shall provide
smooth modulating control under design flow and pressure conditions.  Fumish a

separate actuator for each dam per section.
13, Actuators shall be Underwritars Laboratories {UL) Standard 873 listed.

14, Actuators shall be designed for a minimum of 60,000 full stroke cvcies at the actuator’s
3 b »f
vated torque and shall have a 2-vear manufacturer’s warranty. Manufactwer shall be

ISOO00T certified. Actuators shall be as manufactured by BELIMO or equsl.
B, Valve and imemally mounted damper aciuators:

I, FBlectric actuators shall be either push-pull maguetic, hydranlic, direct coupled or rotary
{gear-train} type fov two-postiion or modulating service as requived by apphication. All
clectiic actuators shall be UL Hsted with NEMA 1 enclosures, unless otherwise
specified.

o

Actuators shall be permanently lubricated; gear-train unils shall be oll-immersed type ov
shail have permanently lubricated high-density polymer gears.

HYAC INSTRUMENTATION AND CONTROLS
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3. Aciuator housings shall be of sturdy construction,
4. Ambient femperature rzms;c shall be at least 40° 10 120°F, except actuators subjected to

outdoor ambients shall have smbisnt range o <20° to 125°F minimwn,
5. lnpui signal requirements and voltages compatible with controller output siguals,

6. Actugtor size and rating shall be suitable for intended application.

=~

Damper actuators shall be selected per manufactrer’s recommendations to provide
sufficient close-off force to effectively seal damper. Modulating actuators shall provide
smooth modulating control under design flow and pressure conditions.  Furnish a
separaie actuator for each dawm per section,

&  Valve setuators shall provide tight close-off at design systern pressure.  Modulating
actuators shiall pro v.ide swmooth modulation ar design flow and pressure conditions.

9. Aciuaiors shall have a spring etwm to {31l to the safe position as indicated on the
drawings. Actustors relying on balteries sre not accepiabie.

10, Approved manufacturersimodels ave:
i, Boneywet MO0, M700, M830, MB00 series
B, Johnson M10O series, DA3000 series.
. Belimo.

d. Siebe.

. Hlectric actustors for ball Valves shall be 24 VAC electvonic proportional spring return with
input and feedback ouiput signals of 2 to 10 VDO, Actuator shall rotate 93° in 150 seconds
or fess and shall spring return to normal closed }\osxt on in 20 seconds or less on power
failure. Agtuator shall have hex crank manual override,

1. Actuators and all accessories shall be provided by the valve manufacturer and shall be
factory-raounted and aligned to the valve body,
2. Actugtors shatl include westhertig ht covers when located outdoors,
3, Helimo or equal,
211 RAFETY CONTROLS

A, Low Tewmperature Limit Safety Cont mﬁu Shall be UL listed, manual reser type, with 20-
foot, non-averaging clements and auxiliary contacts for alarm ;-urpgses. Any one foot of
clement sensing temperature helow setpeint shall trigger fan shutdown,  Provide one Low
Tewmpersture Limit Safety Controller for sach coil section of cach coil bank {eg., one coil
with thuee sections requires three Low Temperature Limit Safety Controllers). Wie Low
Tewperature Limit Safety Controller 1o protect unit in both hand and awtomatic operation,

PART 3 - EXECUTION
3481 EXAMINATION
A, The project plans shall be thom“frhiv examined for control device and equipment ‘-m“atwm,

TETRATECH:

and any discrepancies, conflicts, or omissions shall be reported o the ArchitectVEngineer for
resolution before roughein w-;n‘k is staded.

HYAC INSTROMENTATION AND CONTROLS
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B.

D.

B,

The contractor shall inspect the site to verify thal cquipment can be installed as shown, an
any discrepancies, conilicls, or omissions shall be reporied to the Architect/¥Fingineer for
resoluiion before rougi-in work is started.

CONTROL WIRING

All control and interlock wiring shall comply with the national and local electrical codes aud
Division 16 of these specifications. Where the reguirements of this section differ with
division 16 the more resirictive requirements shall take precedence. Control wiring shall be
conceaied except in equipiment ro0ms.

All Power (line voltage) and Class 1 wiring shall be UL listed in approved raceway per NEC
and Division 16 reguirements.

All Power Ymited circaits (Class 2 or Class 3) shall alse be in metal raceway, excepl as
follows:

1. Concealed and accessible locations inchuding ceiling return air plenums:  Approved
cables not in raceway may be used provided that:

a.  Circuits meet NEC Class 2or Class 3 {current-limited) requirements.  {Low-
voltage power circuils shall be sub-fused when required to meet Class 2 or Class 3
c;urre:qt»ii:mt.)

b, All cables shal bc 11 isted for application, ie. Cables used in ceiling plemums
shali be UL listed specifically for that purpose,

k]

Approved Cables not installed in raceway s shall be subject to the following

1. Tnsall wiring in sleeve where wiring passes throngh walls and floors. Mainiain the fire
rating (if any} at all peneuations.

2. Cables shall be quppnm*d from or snchored to structural members, Cables shall not be
supported by or anchored to ductwork, electiics] conduits, or corling suspeusion sysiems.

.

All plesm cable and installation shall comply with the requirements of the NEC

3. Neiwork data cables shall be identified with permanent labels installed every 12 feet.

4. Exposed splices shall not be permitied. Cable shall be instalied without splices between
terminal poinés.

3. Mainiain 2 minimum of 6 inches from high tomperature eq et {e.2.. sleam pipes,

flues, etc).

All cable conductors shall be minimum 18 AWG ~»dan$ui except 19 AWG may be used for

home runs {0 central control pancls, and minimum 22 AWG, twisted pairs for resistance i\:p:
sensors and/or data communication cables. Cables shall be shielded when so recomme

by the manufacturer. Line voltage power and imteriock wiring conductors shall be THHN, 14~

gauge mintmum. Size wire in accordance with NEC.

Al wiring shall be installed as coniinuous lengths with no splices permitied between
termination points.

All control wiving shall be installed in 2 neat and workmanlike manner paraliel to building
lines with adequate support. Install without splces betweon terminal points,

This Contractor shall terminate sl control and/or interlock wnmb and maintain updated {as-

tuift) wiring diagrams with ferminations identified at the job stie.

HVAC INSTRUMENTATION AND CONTROLS
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Flexible metal conduifs and Es’quidﬂ‘ig};f flexible metal conduits shall not exceed 3 feel in

iengih and shall be supported at cach end. Flexible metal conduit less than 1/2-inch electrical

ivade size shall not be used. In areas exposed 1o moisture, Hguid-tight, fexible metal conduits

shall be used.

Provide conduit seal-offs where porfions of an inforior raceway system pass through walls,
coiling ov floors that separate adjaceni rooms having substantially differewt maintained

wimperatures or when a raceway goes from indoors to outdoors

Wiring for analog mpuis shall not be run in conduit containing 128 VAU wiriug or any wiring
that carrios switched signals or any noise-generating sources.

ollow manufacturer’s instaliation recormmendations for all communication and network
-.ab ting., Network or communication cabling shall be vun separately from ather wiring, When
plenum cable is not allowed, network or communication wire shall be installed in a dedicated

racewsy. Other wiring in comuunications raceway is not aliowed.

TRANSIENT VOLTAGE PROTECTION

This Contractor shall provide and install:

1. Transient veitage protection, on all incoming 120 VAU power to all controilers {except
VAV countreliers).

2. Transient voliage protection for all fwisted pair, and couxinl data communication lines
hetween coniroliers. Provide all required repeaters to ensure sig nal integrity,

3. Transient voltage protection on all phone lines.

4. Lighining arrestors on all communications and other wiring that exit the building.
Locate the arvestor at the point of building enlrance.

5. Provide ground connection sized aund installed in accordance with the manufacturers
instructions.

CONTROL DEVICE LOCATIONS

Room thermostats and sensors shall be mounted 44 inches from the finished floor 1o the
center of the device for ADA Compliance.

Outdoor femperature sensing bulbs and sensors shall be Jocated on north exposure, i shaded
incation when possible, unless shown otherwise. Provide sun shield for temperature sensors,

Remote control devices not in local panels shall be accessible for adjusiment and service -
below & feet above the finished floor whenever possible.

Averaging type sensing slements shall be firmly ‘i’up‘po'”tﬁf‘ in ductwork or alr handling unit.
The element shall serpentine vertically across the duet or plenum. Tach bend shall be affixed
with copper capiliary clips installed with sheet metal screws. Spans of ten feet or more shall
he supported at ten foot or less intervals to conduit mounted horizontally within the duct, The
conduit shall be rigidly affixed ai each end and the sensor shall be atfached 1o the conduit
using plentim-rated tie wraps. Do not wind sveraging elements around conduir,

3

Low temperature iimiﬁ sensing eloments shall be firmly suppoited i ductwork or air }nﬂdhn?
unit. The element shall sepentine hm;;m 2ity across the coll face. Each bend shall b
affized with copper ¢ dpxii wy clips installed with sheet metal screws.

Provide thermal conducting compound for all sensors in thermowells.

HYAU INSTRUMENTATION AND CONTROLE
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Locate all control devices wired by the Blectrical Contractor snder Division 16.

All analoy pressure and differential pressure iransmitters for air service shail be located in the
DC control panels. Mounting alr pressure transducers at the ductwork s not acceptable.

Seal the wall opening and wire penciration of all wall mounted temperature sensors to prevent
airflow from the wall cavity, from affecting the sensov 1‘eadmg.

CONTROL PANELS
Field wiring to panels shall be enclosed in metal vaceway,
Panels shall be mounted at eve level for accessibility and serviee.

Loval control panels shall be located within S0 feet of sysfom served unless otherwise shown
on plan

Mount panels on solid nou-vibrating surfaces in areas free from moisture or water
accumulation, \’t fieve such surfaces are not veadily accessible, miount the panel on rigid
wistruat stand at ‘fed o the floor. The sides of ducts and gir handiing unils are not
acceptable mounting swhaces,

Control devices shall be insialled i vanels. Coentrol and status reiavs are to be located in
designated enclosures only. These relays may also be located within packaged cquipment
control panel enclosures. Control relavs shall not be lecated within Class 1 starter enclosures.
At the contractor’s option. the relays may be installed in the same enclosure as the controller,

VAV controllers shall be nstalled in metal enclosures with a removable cover. The VAV
controfler nuumber shall be labeled on the cutside of the enclosure. Where permitied i other
sections of this specification, plenum cable may directly enter the enclosure if a plastic
bushing is provided,

FIELD DEVICE INSTALLATION

Actuators: Mount and link conirol damper actuators per manufaciurer” s instructions.

1. To compress seals when spring return actuzators are used on normally closed dampers

power actuator o spproximately a 3 degree open position, manually close the dampes
and then tighten the Hnkage.

PR

Check eperation of dampet/aciuator combination to confinn that actuator modulate
damper smoothly thvoughout stroke to boih open and closed positions.

Flow Switeh Installation: Coordinate |
following:

tallation with other coniractors o comply with the

1. Install using a Thread-O-Let in steed
extensions or substitutions allowed,

4]

I

ipe. In copper pipe use T x C x ¥ Tee, no pipe

b

Mount thread-o-let a minimum of § pipe diamelers up stream and § pipe diameters
iownstream or 2 feet, whichever is greater, from fittings and other obstuctions,

3. Cut hole in pipe with hole saw, clean and debuny surfaces. Hole diameter shall be in
accordance with low switch instruciions.

4, Install in accordsncs with menufaciurer instructions.

5. File paddie edges as requived to clear thread -o-let and pipeo.
6. Use corrent paddle for pipe diamm cter,
HYAC INSTRUMENTATION ANDY CONTROLS
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7. Assure correct flow direction and alig nment.

8. Mount in hovizontal piping — flow switch outop of the pipe,

9, Use thread-locking compound on paddle screw,

10, Adjust flow switch in accordance with manufacturer insiructions.
IDENTIFICATION

All control equipment shall be clearly identified by control shop drawing designation as
follows:

1. Control valves - brass tags.

2. Oiher remoic control devices and sensors: metal fags; plastic laminate labels; or, on non-
porous surfaces only, permanent label fape as ;*roduwd b the Brother “Tasy T mmn‘
tabe! maker. Do not attach tag or label to removable covers, oo, Rivet or stick to dev
or adjacent surface.

fa

Control panel doors - engraved namneplate with panel number and systeras served,

4, Devices in controf panels: engraved plastic tags; metal tags; or, on non-porous surfaces
only, permanent label iape as above, mounted to panel adiacent to control device, 1/4-
inch high lefters minimuim

3. Al wiring, inciuding wiring within factory-fabricated panels, shail be labeled within 2
inches of termination with DDC point number/controller number or other descriptive
information.

6. All metsl and plastic engraved labels shall be scoured with chains, nylon tie-wraps, or

rivets. Screws with exposed threads are not acceptable.  Permanent adhesive is

aceeptable only when mechanical fasteners would da age the labeled eguipment

7. All switches, relays, and panel components shall be labeled. Relays shall be labeled
such that semoval of the relay does not move the label,
8. Raceway identification: For ease of identification, junction and pull box covers shall be

eolor-coded, Coordinate the coloviof the juncion box covers with Division 16 and the
Ohwner,

PROTECTION

The Contractor shall protect all work and material from damage by bis work or workauen, and
shall be lable for all damage thus caused.

The Contracior shall be respensible for work and equipraent unit! finally inspecled, tes t:‘d
and accopted; he shall protect work against thefl, injury, or dainage; and shatl carefully store
material and cquipment received on site that is not lwmediately muéalled He shall close open
ends of work wn‘n iamawar\, covers or plugs during storage and constraction to prevent entry
of forcign obic

CLEANUP

At the com pkﬁ‘on of work, sl equipment provided by this seetion shall be checked and
thoroughly cleaned including under equipment and any and all other arcas. Clean exposad

surfaces of cﬁ} equipment and pavels of all grease, plaster, or other foreign material. Remove
ail stick-on abels and clean surfaces.

HVACTNSTRUMENTATION AND CONTROLS
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Au the completion of the work, remove from the building, the premises, and sumounding
streets, allevs, etc, all robbish and debris resulting from work performed under this section
and leave all eqmpuw;st spaces absolutely clean and ready for use,

At the completion of work, all equipment fursished under this section shall be checked for
paint damage, and any factery-finished paint that has been damaged shall be vepaired to match
the adiacent areas. Any metal cabingt, jackef, ov anc loawc th t }sf. been deformed shall be
replaced with new material and repainted to mateh the adjacent aveas.

TESTING

Prior io substaniial completion, the conirol system shall undergo a seres of tests to verity
operation and compliance with this specification. These tests @.hau oceur after the Contractor
has completed the installation, started up the system, and pedformed their own perfoimance
fests,

The tosis described m ihis section are to be performed in addition 1o the fests that the
Contractor performs as a necessary part of the installation, startup, and debugging pr-';c 258,

Control system testing shall be coordinated with the Commissioning Contractor and
scheduled with the Owner® s representaiive,

The Contractor shall provide at least two men equipped with two-way Cf}m...unn ation, and
shall test sctual field operation of each control and sensing point for all modes of opetation
inciunding day, night, sumn er, winter, occupied, unoccupied, fire/smoke alarm, and power
failure modes. The purpose is to fest the eahbrai:on, response, and action of every point.
Any fest equipment reguired to prove the proper operation shall be provided by and operated

by the Contractor. ‘The Commissioning agent and the Owner’s Representative {at theis
discretion) may observe and review thess tesis.

i, The system software shall be complete such that cach conirol leoop shall finction as
specified in the Sequence of Operation. This contractor shall be reguired to funish the
software progeam and test the operation of every branch snd control loop.

2. This contractor shall be responsible for all necessary revisions fo the software as
reguived to provide a complete and workable system consistent with the letter and intent
of the specification. Control performance criteria is specified in the sequence of
operations.

A point to point verification shall be made for each input and each ovtput to the system. The
check shall include the operafor workstation such that the correct point assignment at the
voristation s also verified. The calibration of all input and cutput points shall be tested,
documented and adiusied as necded,

The operation of sach hardwired s il ty and interiock shall be tested. This testing shall verify
the correct opetalion of the safety or interlock in the hand and automatic modes of operation.

Fach alarm shall be tested. The receipt of the correct alarm message shall be verified for each
alarm and device recelving the alarms. Dial out alarms shall be verified.

Power {ailure restarl and software back up during power fatluve shall be rested.

Demand limiting (where used) The contractor shall supply trend data output showing the
action of the demand-limiting algorithm. The interval selected shall cover a thme poriod when
ivad shed is active. The dats shall document the sction on 2 minufe-by-minute basis over at
feast & one-hour period.  Inchuded in the trend shall be building XKW, demand Hmiting
scipeind, and the status of sheddable equipment outputs.

HVAU INSTRUMENTATION AND CONTROLS
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Operational logs for each system that indicate all setpoints, operating points, valve/damiper
positions, mode, and ¢q ieni status shall be submitted to the Architect/Engineer. These
iogs shall cover a 48-hour perdod and have a sample frequency of not more than ten minutes.
The data cellection start time and sample freguency shail be the same fuv each point on a
given system. Outdoor alr temperaiure and humidity shall be included with each log. Digital
points shall indicate the on condition as 100% and the off condition as 0%. The logs shall be
provided in graphical format with sufficient resolutivn o see the ten-minute data ntervais,
All points associated with a system including start and status points shall be included on the
same graph. The logs shall also be submitted in text format on disk.

The contractor shall supply tend data ':.';‘utpui in g graphical form showing the step response of
each DDC loop. The test shall show the loop’s resprmse io a change in setpoint that
represents a change of actuater position of at least 25 percent of its full range. The sampling
rate of the trend shall be from one second o three minutes depending on the speed of the
ioop, The tend daia shall show for each sample the setpoint, actuator position, and the
olled variable values. Any lcop that yields unreasonably tnder or over damped control
ues shall require further tuning by the contractor.

Vil

The control systems will not be accepted as mecting the requirements of Completion until all
tests described in this section have been parformed 1o the satis ?actia" of both the Hagineer
and Owner and all required documentation has been submitied and successinlly reviewed.
Any tests that cannot be performed due to circumstances beyond the control of the Coniractor
may be exempt from tha: Completion requirements if stated as such in writing by the Owner's

representative. Such tests shail then be performed as part of the warranty .

After the system has operated properly for 90 days following startup of the final component
of the heating and air conditioning systems, an as-built copy of the software shall be
transmitied to the Owner for permanent record purpeses.  Any software upgrading o
enhancements to huprove the system operation or as reguired for proper operation of the
system during the first year of operation is the responsibility of this Subconiractor. Any
changes to the software shall be immediately transmifted fo the Owner, and shall be installed
al the job site by the Conirols Contractor.

CONTROL EXECUTION ~ GENERAL

This Contractor shall provide all required coutrol imerface lhld) s, including control
contactors for single-phase pumps and fans (/2 hp of less) and any isolation relays required
for fwerface to three-phase magnetic starter control circuits, Al power wiring to single-phase
motors and three-phase starters by Division 16; all control function (nferlock) wiring by the
Controls Condractor,
This Contractor shall be responstble for providing coniol power to all bis controilers and
devices requiring control power inchuding installation of any required breakers, unfess such
wiring is shown on the Division 16 drawings.
Accessibitity: Install all control devices in readily accessible locations as defined by Chapter
1, Article 100, Part A of the NEC.
Hand-Off-Auto switches at the MCC shali energize equipment in both the “hand” and “auto’
mode (when aute is commanded on for anto mode). Safeties shall protect eguipment in the
h.mﬁ and auto modes. Where fans are inferlocked with damper end switches, the hand and
i positions shall open the dampers and the damper end swiich shall energize the fan.,

END OF SECTION 15965
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SECTION 17016
INSTRUMENTATION AND CONTROL SYSTEMS

PART 1 - GENERAL
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SUMMARY
Scope:
1. GENERAL: This section specifies general vequirements applicable fo  process

instrumentation systems consisting of process sensovs, monitoring and control devices,
and accessorics reguired to provide a complete and fully functional monitoring and
control system. '

2. RESPONSIBILITY: The Contractor shall provide, configure, calibrate, fest, aud
commission all Mechanical and Electrical components of the insttuwentation, control,
communications, and network systems supplied unless specifically noted otherwise
(UNQ}. The Contractov shall place the completed systems in operation, and making {inal
adjustments to instruments as required during plant startup. The Confractor shall
provide the services of instrument techuicians for testing and adjustiment activities.

3. Programming of PLC/SCADA systews, including the PLC Ladder Logic, HMY, network,
and communications systems programming, will be performed by others, and is exciuded
from the conwactor’s scope of work.

4. Progranuning of vendor supplied equipment is excluded from the contractor’s scope of
work.

S.  RELATED REQUIREMENTS: Division 17 is an extension of, and includes all of the
requirements of Division 16, Electrical.  All work performed under Diviston 17 shall
also comply with the applicable sections of Division 16 as well as the general provisions
of Divigions § & 1.

Contract Requirements:

1. QGeneral Conditions, Supplemeniary Conditions, and Division | apply to Work im this
section. ‘

Detinitions:

1. General: The definitions of terminology used in these specifications shail be defined in
1SA Standard 851.1, uniess otherwise specified.

2. APFPROVED EQUAL: Homs that ave accepted and approved by the owner, the owners
designated project representative, or the engineer as being functionally equivalent for the
application and acceptable substitutes for items specifiad in the contract documents.

3. Couhvactor: The gencral contractor is responsible for overall project construction. The
party with whom the contract is executed.

4, CSf: Control System Integraior. An organization engaged in the business of defatl
design, compenent purchase, assewbly, and implementing process controt and industrial
electronic systems, Data Sheets: Data sheets as used in this specification shall refer w
i8A SzZ8.

5. (alvanic Isolation: Pertaining fo an elecirical node having wo divect cwrrent path {o
another electrical node.  As used in this specification, galvanic solation sefers 10 a
device with electrical inputs and/or outputs which are galvanically isolated from grownd,
the device case, the process fluid, and any separate power supply terminals, but such

INSTRUMENTATION & CONTROL SYSTEMS
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inputs and/or oulpuis are capable of being externally grounded without affecting the
characteristics of the devices or providing path for cireniation of ground currents.

HMIL Human Machine lnterface.

Integrated Cirouit: A number of circuit elements inseparably associated on or within a
continuous body 1o perform the function of a circuit,

NA: Not Applicable

Pancl: An instrument support sysiem which may be either a {flat surface, a partial
enclosure, or a complete enclosure for lnstruments and other devices used in process
control systems, Panels may provide mechanical protection. electrical isolation, au
protection from dust, dirt, and chemical contaminants which may be present in the
atmosphere. "Panel” shall be understood to include consoles, cabinets, and racks.

OIT: Touch screen Operator fnterface Terminal. Used for HMY as specified.

PROJECT: In reference to a person the term project shall be used to refer to the owner or
representatives of the owner designated by the owner. Synonymous with PROJECT
REPRESENTATIVE.

PACKAGED SYSTEM: Integrated equipment systews that are specified in other
divisions and sections of the specifications. These systems include process and
mechanical equipment as well as electrical and controls equipment that contorms to the
requirements of Division 16 and 7. These systems may inchade skid mounted and loose
items. Some items provided with the equipment may require instalation and comnection
by others. Some related ttems ldentified 85 "supplied by others” may not be supphed
with the system but may nonetheless be required for some of the functions of the system.

SCADA: Supervisory Control and Data Acquisttion.

Signal Types: The following types of signals ave used in systems specified in this
division.

a.  Low Level Aualog: A signal that has a full ontput level of 160 millivolts or less.
This group includes thermocouples and resistance temperature detectors.

b, © Digital Code: Coded information such as that derived from the output of an analog
to digital converter or the coded output from a digital computer or other digital
fransmission terminal. This type includes those cases where divect line dviving is
ntilized and not those cases where the signal is modulated.

¢.  Pulse Frequency: Counting pulses such as those emitted from speed transmitters.

d.  High Level Analog: Signals with full output level grester than 100 miliivolts but
less than 30 volts, including 4-20 mA transmission.

e, Modulated Signals: Signals emanating from modews or low level audio signals,
Normal signal level is plus 4 dBm to minus 22 dBm. Frequency range is 300 o
10,000 herta.

£ Discrete Events: Dry contact closures monitored by solid-state equipment. I the
conductors connecting to dry contacts enter enclosures containing power or controd
circuits and cannot be isolated from such circuits in accordance with NEC Article
725, this signai shall be treated as fow voltage controf.

g, Low Voliage Control: Coptact closures monttored by relays, or control clrouits
operating at fess than 30 volts and 250 milliamperss.

INSTRUMENTATION & CONTROL SYSTEMS
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h.  High Level Audio Signals: Audio signals exceeding phus 4 dBm, including loud
speaker circuits.

i, Radio Frequency Signals:  Continuous wave, alternating current signals with
fundamental frequency greater than 10 kilohertz.,

i 120 VAC control: Contact closures monitored by relays, or control clreuils
operating at 120 volis AC,

A

Solid State: Cirutfry or components of a type which convey efectrons by means of solid
material such as silicon oy erystals, o which work on magnetic principles such as ferrite
cores. Vacuwn tubes, gas fubes, slide wires, stepping motors, or other devices are not
acceptable substitutes for sclid-state companents or eircuiiry.

-

ve
o
3

Two-wire Transmitter: A transducer which derives operating power supply from the
signal fransimigsion circuit and therefore requires ro soparate power supply counestions.
As used in this specification, two-wire transmitier refers to a transmitier which produces
a 4 1o 20-milliampere, cwrentregulated signal in & servies cireuit with a 24-volt divect
current driving potential and a maximum circuit resistance of 600 chms.

2

UNQO: Unless speciticaily Noted Otherwise, All general requirements statements shall
apply as stated except where specific exceptions are stated, in which case the geueral
requirement shall be modified by the stated exception.

D, REFERENCE SECTIONS: Requirements of the sections Hsted below apply to and are related
to the work of this Section. Other Sections, not referenced below, may also apply and be
relaied 10 the proper performance of this work. The Countractor is responsible to perform all
the work required by the Contract,

1. Davision 01 Al Sections, as applicable
2. Section 16010:  Genern! Electrical Reguirements

. Section 16123:  Controi-Voliage Elecirical Fower Cables

Section 16130:  Raceways and Boxes

[ SN G PV Y

Diviston 17: Instrumentation and Control, alt included sections

182 QUALITY ASSURANCE
A.. REFERENCED STANDARDS: The latest edition of the documents listed below are include
in the Coumsct where referenced. The most stringent collective interpretation of the
requirements shall govern where conflict or overlap exists between any of these documents
and the Contract Documents,
i, American National Standards Institute (ANSE

Tnstitute of Blectrical and Blectronic Engineers JEREE)
b t )

W

Underwriters’ Laboratoties (UL)
4, The Instrumentation, Systems, and Automation Society (18A}

5. APIRPSSO:  Manual on lnstaliation of Refinery Instruments and Control Systewms, Part
{—~ Provess Instrumentation and Control Sections | Through 13

& APTRP 551 Process Measurement Instrumentation
5

7. APIRP 532 Transmission Systems - First Edition

EISTRUMENTATION & CONTROL SYSTEMS
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8.  ANSFIBA 854: lInstrument Loop Diagrums

G, ISA S2{: Specification Forms for Process Measwement and Control Tnstrumentation,
Primary Blements, and Control Valves

I8, ANSIISA S5.10  Insuwumentation symbols and Identification
11, ANSTISA 851.1: Process nstrumentation Terminology

12, ISA 85.3: Graphic Symbols for Distributed Control/Shared Display Instrumentation,
Logic, and Computer systems

3. ISARPI2.2.02; Recomumendations for the Preparation. Content, and Organivation of
Intrinsic Safety Control Drawings

NFPA 70 National Electric Code (NEC), Title 24, Part 3, California Elkectrical Code
{CEC) ’

15, NFPA 7¢ Blectrical Standards for Industrial Machinery

;;.h

18, NFPA 820Fire Protection in Wastewater Treatment and Collection Factlities
17, IBC 18632 International Building Code
18, UL 308  industrial Control Eqguipment

H. Listingz

1. All materials and equipment specified hercin shall be within the scope of Nationally
Recognized Testing Laboratory (NRTL) examination services, be approved by the
NRTL for the purpose for which they are used, and shall bear the sppropriste
listing/label.

2. Equipment shall be listedfiabeled by an NRTL acceptable to the locsl suthority having
Guip Y Y Yy S
“jurisdiction.

3. When a wroduct is not available with a Hstiug/label for the purpose for which it 5 10
serve, the product may be tequired by the inspection authority to andergo a special
mspection at the manufacturer’s place of assembly or as a completed assembly i the
fleld, Al costs and expenses incurred for such inpspections shall be included in the
oviginal contract price.

1.63  SUBMITTALS
A, GENERAL: Submit information per Division 1.

B. MEDA: All submittals shall be provided in hard copy {paper} n accordance with Division |
angd electronic format. Electronic format shall be PDF format on CD that is compatible with
Microsoft Widows / Adobe Reader. One CD shall be provided for each hard copy required per
Division 1,

C. ORGANIZATION AND FORMAT: Submiftal orgamization shall be the same as the
specifications, Provide submittals bound with section coversheets and tabbed dividers with
specification section numbers for submittal organization. Bill of materials, cut sheets, shop
drawings, schematics, panel layouts, schedules, etc., shall be cross-referenced, indexed, or
otherwise related by unique identifier for each item. The project may reject impropetly
organized or notated submittals. Provide pdf file page numbers in table of contents as well as
bookmark links (o section coversheets i pd{ fife.

INSTRUMENTATON & CONTROL SYSTEMS
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REVIEWS AND RE SUBMITTALS: Suppliers shall provide re-submittais which include
responses 10 all submittal review comments separately and at a level of detail commensurate
with each comment. Supplier respenses shall indicate how the supplier rescived the issue
serfaining o each review comment. Responses that ouly indicale that the review comment
was noted, will be locked into, etc., are not satisfactory. Re-submittals which do not comply
with this requirerient may be rejected and vetwned without review. Contractor shall be
alfowed no exwensions of any kind to any part of their contract due to the rejection of non
compliant submittals., Submittal review comments net addressed by the contracior in re
submitials shall continue to apply whether vestated or not in subsequent reviews until
adeguately addressed by the contractor to the satisfaction of the reviewing and approving
authority. ’

PRODUCT DATA: Submit catalog cut sheets for all products. Identify sil ont sheets by
unigue bill of material item number, index, or key. Notate catalog cuts to lndicate ouly those
items, models, options, or scries of eguipment (o be {fumished. Cross out or otherwise
obliterate afl extrancous materials and information. Clearly identity all configuraiion options
for the eguipment to be fwnished.

BILL OF MATERIALS: Submit bill of materials including all items, nroducts, and assembiies
suppiied. Documents shall be updated following submittal review, factory test, and
commissioning. Updates shal! be provided to the Project Representative in a timely manner,
Bill of materials shall incinde the following information:

1. Hem number, index, or key relating 1o submitted cut sheets, drawings, schedules, cic,

2. Itern manufacturer's name, wmodel, and part numbers. Supplier unique part numbers are
not aceeplable.

Description

Lo

4. Quantily suppiied
5. Supplier contact mformation

NOTATED SPECIFICATIONS: Submit coples of all Division 17 specification sections with
cach paragraph notated to indicate compliance. A check mark shall indicate complete
compliance. Explanations shall be provided for all non-compliant items in accordance with
Division |,

NOTATED P&ID DRAWINGS: Submit copies of all project Process and Instrumentation
drawings with each drawing elewent notated to indicate compliance. A check mark shall
mdicate complete compliance.  Explanations and markups shall be provided for all non-
comphant ttems aod in accordance with Diviston |

NOTATED ELECTRICAL AND INSTRUMENTATION DRAWINGS: In the case of
deviations from the contraet doenments, particularly related to the tmpact of the configuration
of submitted packaped eguipment supplied to the project. submit marked up copies of
applicable Blecirical and histrumentation contract drawings potated to Wdentify and explain ali
proposed deviations from the contract documents. Items 5ot potated on the submitied marked
up copies shall be assumed to be 100% cowmpliant with the bid documents. This requirement
applies to electical oue lines, MCCs, MCC control schematics, panel schedules, and control
schematics, This reguirement does not apply 1o plan drawings and conduit schedule which
shaff be marked up to reflect the as constructed project configuration and subsmiited as record
drawings.

SEISMIC: Submit Seismic design information, Inchwde a list of equipment weighing 200
pounds or more,
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K. QO&M: Submit operation and maintenance information as specified in any Division 17
specification section. O&M manuals shall include product data for all materials and items
supplicd in compliance with the submittal requivements of this section,

L. DIV 17 Submit information as required by all Division 17 specification sections.

M. CSUThe CS1 will be engaged under separate contract with the Owner. Contractor shall not be
responsible for work carried out by the C8L

N, DRAWINGS: Submit all drawings described in Hus and other Division 17 sections including
clementary, loop, schematic, fabrication, installation, field wiring, panel layout and assembly,
gte,, drawings. Drawings shall be updated following submittal review, factory test, and
comunissioning, Updates shall be provided to the Project Representative tu a timely manner.
Cross reference drawing elements with BOM and catalog cut sheef unigue references.
Orawings shall use project tag formats and numbers. Unigue and separate drawings shall be
provided for each ttem supplied including but not Hmited to all panels and all MCC units.
Typical drawings that apply o multiple panels or multiple MCC motor contvol units are not
acceptable. Individual YO schematics diagrams ave to be provided for each V6 slot based on
the typicals in the design and the PLT FO List. Individual motor starter schematics are to be
provided for each starter unit including FYNR, VED and breaker units as well as spare or
space uaits,

O. PACKAGED EQUIPMENT: All packaged equipment supplicrs shall provide submittals in
compliance with Division 17, This shall fnclude packaged equipment purchased under the
coptract as well as any pre purchased packaged equipment assigned fo the contractor.

P, COMPONENT DRAWINGS: Dimensional, installation, and wiring diagrams and drawings
for all supplied compoenents.

Q. TESTING AND CALIBRATION: Test plauns, calibration forms, test forms, fest results, and
test reports required by any Division 17 specification section. Per Section 17804,

R. SPARE PARTS: Spare parts lists
184 SERVICE REQUIREMENTS

A, ENVIRONMENTAL CONDITIONS: Al equipment shall be suitable for operation in the
following ambient conditions. Modify equipment it necessary as required to function in the
specificd environment,

1. Atmospheric contaminants:

Hydrogen sulfide 0.1 mg/l,
Chlorine .01 mg/t
Amuuonia 0.5 mg/L
Dust 50,0 ug/m3

(3]

Flectromagnetic radiation:
2745603 MHz 10 voltsim

3. Conirol Rooms:

Temperature 63 to 95 degrees F
Humidity 2¢ to 80 percent

4, Outdoor Field Locations:

Temperature -10 to 120 degrees ¥
Humidity 10 to 100 percent
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TETRA

DESCRIPTION OF SYSTEM
General:

1. SYSTEM SCOPE: The imstrwmentation and control system shall include the instruments,
conrol devices, programmabie controliers, input and output devices, sensors, interfacing
devices, convnunications devices, catmnels, enclosures, and other components, as
TOGUIe d to implement the functional requirements of the Lo iract.

2. DLSKGN AND ASSEMBLY: The instrumentation and control system shall be designed
by the CSf to be an integrated system composed compistely of components that are
specifically designed and intended to be used for and in conjunction with the control and
operation of motor-driven pumps and process equipment. The cootrol system shall be
dcsx oned and assembled by the CS1 to provide:

a.  Conirol of motor driven pumps, equipment, and processes

b, Monitoring of operation of motor driven pumps, equipment, and processe

¢.  Indication of operating status of motor driven pumps, equipment, and processes
d.  The capabilities indicated and implied by Contract documents.

% Relisble communications with the plant SCADA system.

3. Contractor shall be respousible for proper function of the electrical and mechanical
components of the instrumentation and control sysiem, #s outhined n the Functional
\ps.csh:.mon Section 17810, Eleclrical and mechanical tunctionality specifically

xoludes all PLO/HMI progratumed functions of the instrumentation and control
system, and wncludes alf clectrical and mechanical functionality oft

a. Control Pane! electronics and devices,

b, Field insttoments and devices

&

Local control stattons used for Auto/Manual contrel of PCTF systems and devices
d. Blectrical and network wiring

¢. Vendor supplied systems and devices, excluding the programming of those
systems and devices. The programuned functions of vendor supplied systems
shall be the responsibility of the TSI, who will be engaged by the Owner under
separats Conlyact,

4. Contractor shall work with the C81, and shall mform the TSI of deficiencies iy the
CSi-designed nstrumentation and control system. Contractor and shail recomumend
sciutions to the €81 so that the electrical and mechanical functional rcquc:mems of
the system can be achieved. Authority for resolution of deficiencies i the electrical
and mechanical control system design shall ultimately reside with the CSL

5. CUSTOM PARTS: System components shall be commercial, off-the-shelf {COS)
components. Custom  designed or manufactured components shall reguire Project
Representatives approval.

Functional Requirements:

1. BID DOCUMENTS: Az defined in Division 17 specifications and the coniract drawings.

2. MANUAL FUNCTIONS: The system shall readily enabie manual opevation of any and
all equipment funclions. Mapual equipment operation shall not be reliant on any
progranmable elcctionic devices or equipment.
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3. FAULT TOLERANCE: The system shall be immune to single point failures to the
maximum extent practical.

4. LOCATION OF FUNCTIONS: The system shall include wanual, aufomatic,
programmed, snd hardwired functions. The devices that provide these functions shall be
located at fleld mounted control stations, packaged system local control panels, motor
control equipment, process area contrel panels, and plant SCADA equipment.

-~

S Presclected BEquipment:

1. FUNCTIONAL REQUIREMENTS: Preselected equipment purchased outside of the
contract by REP shall be governed by the RFP and equipment procurement contract, The
components, configuration, functions, and features of preselectad systems and equipment
shall be as negotiated during the selection process and as approved by the project upon
vendor selection. The selected vendors will prepare and submit system diawings and
documents as required by the RFP which shall include but not be lmited to the
fotlowing:

a. Process and Instrumentation drawings and detatled control strategy for the system.

b, Detailed control panel shop drawings, loop drawings, communications drawings,
field wiring drawings, efc.

¢, System layouf plan drawings and elevations showing the location of all Division 16
and 17 components

A dist of all Diviston 16 and 17 Hems supplied by the vendor that vequire
nstallation or connection by the contractor,

e. A list of ftems required by the system that are scheduied o be provided by others.

i

£ The preselected system shall be assigned to the contracior for installation and
mechanical and electrical integration during the exccution of the coniractor's
contract. The svstem supplier shall provide a full, detailed, and complefe submittal

- concurvent with the contract submittal phase.

g, The integration of preselected system programming with the PCTE PLO/SCADA
system shall be assigned to the CSL

D, Hicrarchical Monitoring And Conirol System Architecture:

1. Plant systems have been designed to include operator interfaces for all systera functions,
All systems have been designed to be wanually operable via discrete devices and via

smonitored and controfled in a hierarchical manner, Basic functions have been designed
to be provided at field stations, local panels, and MCC’s by discrete panel switches,
indicator lights, and displays. The overall plant wide SCADA system has been designed
to provide monitoring and counttol of &l systems and equipment at the plast. Al
nrogrammable devices and systems have been designed to, and stall communicate over a
TCPAP plant Ethernet network. The TS, the Coniractor, and packaged equipment
suppiiers shall ensure that ali componenis of supplied plant systems fully and seamlessly
integrate nto this system architecture.
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186 CONTRACUTOR AND SUBCONTRACTOR SCOPES OF WORK
A, GC Responsibility:

f. Al programmed functions of the PLC/SCADA instrumentation and industrial electronic
shall be provided under the supervision of a single Control System Integrator, contracted
divectly by Owzer, who is regularly engaged in the design, configuration, and installation
of similar systems of equal or greater scope and complexity. The Cowrol System
Integrator shall NOT be enjoined by the Contractor as a Subcontractor. Programming of
the PLC and the SCADA sysiem will be performed by others, but the associated
hardware will be supplied by Couniractor. Contractor shall be responstble for ensuring
operability of all equipment in the instrument and control system including network
systems, field eguipment, panels, work stations, server racks, comirol panels, and
mstruments . Programmed functionality of all equipment in the instrument and control
system shall be the respounsibility of the USI The Contractor shall work with CSI,
equipment vendors, and any third party PLO/SCADA programmer {o test, commission
and start up the antomated and programmed functions of the plant.

2. ITEMIZED RESPONSIRILITIES: The Contractor shall be responsibie for the following
equipmesnt and services:

a.  Detailed Design of Control Pauels:  The drawings depict the functional and
operational requiresnents of the control system and are at times diagrammatic. The
Contractor shall provide detailed, scaled design of alf componeints on and in control
panels and determine specific physical, thermal, and electrical requirements.

b, Daailed Destgn of Contrel Circuitry: The drawings depiet the functionsl and
operational requirements of the contrel system and ave af times dlagrammatic. The
Contractor shall be regponsible for the final selection of all contro! system
components, except for components specified as “no equal”, and all detailed circutt
design and component interconnection required to meet the general and functiona)
reguirements indicated w or smplied by the Drawings and Specitications. Where
components are specified as “no equal”, the Countractor shall provide all detailed
design, including specification of miscelianeous or interfacing components
required 1o integrate the specified component into the Contractor’s control system
destgn. Tt is the responsibility of the Contractor to cnsure that all devices selected,
and the propossd interconnection of those devices, perform as intended 1o provide
a complete and operable system meeting the roguirements of the anticipated
enviromnent and area classifications. The Contractor shall define all requirements
for all interfacing components and shall supply all appurtenances, accessories, and
all such devices which may be required for proper functioning and mterfacing of
components as part of the contsol system,  An example of such appurtenances
would be Wterposing relays or analog isolators. Al such aforementioned
necessary  ancillary componenis not specifically indicated in the Contract
Documents shall be considered incidental to the contract and shall be required just
as if they had been specifically indicated.

¢.  INTERCONNECTING WIRING: The design of all interconnecting wiring of
control equipsnent, including remote control panels, packaged cquipment panels,
mechanical equipment with contra! components, cic, Provide PLC VO schematics
for cach PLC slot and Motor Stairter schomatics for each starter unit i the MCCs
showing all the external and nternal wiring,
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4. MOTOR CONTROL CENTERS: Suppiving the Motor Control Equipment spdfor
Moaotor Control Centers (MCCs) in accordance with Bivision 16.

e BOUIPMENT TESTING: Testing of the Motor Control Eguipment in the USPs
shop. Testing of control panels in the Contractor’s shop under simulated operating
conditions. Per Section 17804,

f. INTEGRATION TESTING: Iotegration testing of all system and related
components stnultanecusly in the Contractor’s iauhty This testing shall include
all panels, instrumews, process switches, test fixtures, MCCs, motor controllers,
available equipment packages, communications and networking equipwent,
SCADA systern havrdware, PLC sysiem hardware, ete. Per Section 17804

g CALIBRATION: Calibration of all field instruments UNO. Per Section 17804,

h. COMMUNICATIONS AND NETWORKS: Set up, configure, test, and verify all
communications equipment, channels, and networks iucluding new and reused
telephone cirenits.

i STARTUP AND TESTING: Systew start up, commissioning, electrical and
mechanical testing, and functional testing of sysiems that are not programmed
following installation. Per Section 17804, Contractor shail provide electrical and
mechanicat support to the CSI during the CSY functional testing of systews that are
programmed.

I INSTRUMENTS: Provide alf instruments specified unless specifically noted
otherwise. Some instrumenis shall be provided by packaged equipment vendors,
The Countractor shall not be responsible for program ivtegration of vendor provided
wstruments and equipment.

k. CONFIGURATION Configwre all supplied devices, and equipment uniess
speciﬁaa!iv noted otherwise. All computers are to be configured for appiication
programming by others. Configuration and programming of devices and equipment
supplied as a part of packaged systems shall be provided by the vendor of each
packaged system, Per Section 17802

EQUIPMENT SUBMITTAL REVIEW: Review ali equipment and packaged
system submittals which include Division 17 ttems. Notify the CSt of any and all
needed modifications to submitted equipment, package systesn scope of services or
supply, or CSI programming required to accommodate and integrate submitted
c,quwmcnt into the Contractor's work. Specifically note how subminals which
include variances from the contract docwments will irnpact CSI provided programs
if accepted by the contracter.

.

B. Intent Of Drawings And Specifications:

[, GENERAL: Due to the fact that the contract documents cannot dictate the use of specific
brands oy models of components and equipment unless there is a compelling reason 16 do
s, the contro} system drawings are intended to prisparily convey detatled fimctionad and
apevational requirements of the control system rather than specific componeunt selecticn,
assembly, and intercopnection Information. The substantial interconnection information
provided in the Contact Drawings is general in nature and is pm\/idef? for the purpose of
indicating the general scope of work and the aforementioned functional and opervational
requienients, and shall not be construed to represent detaifed shop drawings or parts
thereol.
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ANCILLARY COMPONENTS REQUIRED: Components not explicitly indicated in the
Contract Documents but none-the-less implied, required for the environment of area
classification indicated, ov required for the proper functioning of the system as indicated
shall be considered requived just as though they had been explicitly indicsted. The
aforementioned components shall be considered incidental to the Cowract and shall not
constitute a basis for claim by the Bidder for additional compensation or time allowed to
complete the Work.

CONFLICTS IN DOCUMENTS: In any case of conflicting statements or requirements
in the contract drawings and specifications, the most demanding statement or
combination of statewents shall govern. All stated requirements shall be met or
excecded,

C.  Control System fntegrator’s Responsibilities:

I

[

SOLE RESPONSIBILITY: In accordance with A apd B above, the Control System
Integrator (CS80) shall be solely and completely responsible for the detailed design, , and
commissioning of the programmed functions of the coutrol system with the exception of
control equipment provided as a part of packaged eguipment systems or ctherwise noied
as exceptions.

DESIGN AND PERFORMANCE: The control system havdware and assemblics shall be
designed by the Contractor to provide the control capabilities and functions mdicated in
and implied by the drawings and these specifications and fo provide trouble-free
operation with a minimuin of maintenance. :

COORDINATION AND INTEGRATION: The C81 shall be directly responsible {or the
coordination and integration of the conirol system with motor comirols, packagesd
equiptnent controls, and other related equipmient. The C81 shall be responsible to obtain
submittal information on equipwent speetfied or provided by the Contractor or other
supphicrs or disciplines and 1o programmatically ntegraie all the equipment info the
conttol system 1o forms a complete working system as outhined by the Contract
Docoments,

PROACTIVE COMMUNICATION: The CS8{ shall communicate directly with the
Contractor, manufacturer(s) and suppiier(s) of all related cquipment to determine all
details of the equipment that mav influence or affect the programmed functions of the
sontrol system. The CSY shall determine all requirements for and shall cauise integration
of the conirol system into a unified operating system. Al correspondence shall include
Carbon Capying {cc:) the General Contractor,

TTEMIZED RESPONSIBIUITIES: The CS1 shall be responsible for the following

eqguipipent and services:

a.  INTEGRATION TESTING: Integration testing of all programmed systems and
related components simulaneously in the CSPs facility. This testing shall tnclude
all panels, instruments, process switches, test fixtures, MCCs, motor conirollers,
available equipment packages, communications and unetworking equipment,
SCADA system software (UNO), PLC system software (UUNQ), ete. Per Section
17804,

b, COORDINATION WITH CONTRACTOR: The C8I shall supply the Contractor
with all necessary detailed written instructions {or instalistion of all control
compoenents and sensing devices as required for proper system operation.
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¢.  CALIBRATION: PLC/SCADA systerm calibration of all field wstruments UNG.
Per Section 17304,

d. COMMUNICATIONS AND NETWORKS: Set up, conligure, test, and verify of
all programmed communications equipment, channels, and networks inchuding
new and reused telephone civeuits.

¢, STARTUP AND TESTING: Svetem start up, commissioning, and functional
testing of all programmed systems following instaliation. Per Section 17804,

. INSTRUMENTS: The CSI shall imtegrate vendor provided iustruments and
equipment info the PLC/STADA system.

]

CONFIGURATION Configure all supplied devices, and equipment into the
PLE/SCADA software unless specifically noted otherwise. Al computers are to be
configured for application programming by the C8L Configuration and
programming of devices and equipment supplied as a part of packaged systems
shall be provided by the vendor of cach packaged system. Per Section 17802

b, AFPPLICATION SOFTWARE DEVELOPMENT: Per Section 17802,

i BQUIPMENT SUBMITTAL REVIEW:. Review all equipment and packaged
system submittals which include Diviston 17 ftems, Notily the Contractor of any
and sil needed wodiications to submitted equipment, package system scope of
services or supply, or CRf supplied programming required 10 accommodate and
infegrate submitted equipment into the Contractor's work. Speeificaily note how
submitials which include variances from the contract documents will mpact
Contractor provided contrel panels and MCC's if accepied by the Contractor.

D, General And Eiectrical Contracior’s Responsibility.  The Generval and Electrical Contractor
shall be responsible for the following equipment and services:
i CSISUBMITTAL REVIEW: Review of the CSf's submittals and wiring diagrams for
coordination with space requirements, raceway requirements of field wiring, etc.
SQUIPMENT SUBMITTALS: Supply the CSI with information submittals on all
equipment which impacts or connects to the conwrel system, which the Integrator must
incorporate info ther PLO/SCADA programs apd integrate into the project. This
includes ftems such as pumps, wotors, packaged control panels, other equipment, valve
actuators, ¢tc,
3. INSTALLATION:

s lustallation of control panels provided by the Contarctor.

[

b, Instaliation of Motor Control Equipment (MCC} provided by the Contractos,

Instatiation of interconnecting wiring in accordance with the coniract documents
and the Contractor’s wiring diagrams.

<

d.  Instailation of Instrumentation and Controf System components in accordance with
the contract documents and instructions of the Contractor.
187 SHOP DRAWINGS
A, GENERAL: The Contractor, suppliers of packaged control systems, and suppliers of MCCs
shall develop ail shop drawings required for design, fabuication, assewmbly, installation,
operation, and mainienance of the supplied control system components. Drawings shall be
prenared utilizing a computer aided drafting program. CAD shop drawings shall be updated
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and provided to the Project Representative prior to factory testing, prior {o system installation,
and with the O&M manuals. All drawings shall be supplied in hardeopy and electronic file
formats per paragraph 1.3.B of this section,

1. DIAGRAMS: Submit detailed interconnection diagrams, wirtng disgrams, elomentary
dagrams, communications diagrams, and locp disgrams with all electrical and electronic
components clearly identified by project tag number consistent with the contract
drawings and scheduies. Disgrams {or each circuit or clement shall be separate and
unique, Typical diagrams are not allowed Diagrams shall cany a date and brief
deseription of the revisions. Diagrams shall camry a uniform and coordinated set of wire
and terminal block numbers u compliance with pane! work wiring, Section 17110,

Z. PANEL LAYOUTS: Submit detailed construction drawings for panel layounts and
equipment enclosures with dimensions in inches. Show both exterior and tnierior views.
3. WIRE AND TB NUMBERS: Wiring and loop diagrams shall carry a uniform and

coordinated set of wire numbers and tenuinal block numbers in compliance with
Division 16 and Section 17110 and with the numbering schewwes shown on the coniract
drawings.

4 UNIQUE DRAWINGS: Each control cireuit, control loop, control panel layvout design,
motor control schematic, eic., shall be presented on a unigue drawing. Controf circuits,
foop diagrams, and panel layouts referenced to typeal diagrams are not scceptable.

5. SYMBOLS: Drawing symbel format shall comply with NFPA 79, ISA 5.1, 1SA 53 and
where appiopriate, ISA RP 12.2.02.

6.  RECORD DRAWINGS: Provide record drawings pey Division |,

7. FORMAT: Drawings shall be prepared utilizing a computer based drafiing program and
shall be formatted as follows:

a. SIZE: Hardeopy plots shall be | {-inch by 17-inch (half-size).

b TENT: Mintmuwun Text size: 0,125 inch for 22 x 34 tuch drawings, 0.063 inch for
11 x 17 inch drawings.

o

BORDERS: Drawings shall have borders and title blocks identifying the Coniract,
facility, system, revisions 1o the drawing, and type of drawing.

g

d.  REVISIONS: Each release of a drawing shall carry a revision number, date, and a
brief description of the changes. All changes assoctated with a given release shall
be indicated on the drawing by a revision flag. Changes on the latest revision shall
be indicated by clouding.

e.  CAD: Drafting software shall be AntoC AL 2008 or latier. Bind ali x-refs.

8. FIELD BEQUIPMENT TERMINALS: All schematics, diagrams, and drawings showing
connections to {leld equipment shall provide correct terminal block numbers for the
connections at the field equipment. This includes packaged system control panels,
MCCs, stand-alone moeter controls, valve actuators, iustruments, switches, ete. The
contractor, subconiractors, and suppliers shall coordinate as needed to accomplish this.

B, BLEMENTARY AND LOOP DHAGRAMS: Provide clementary diagrams for all discrete
inops. Loop diagrams shall be prepared in compliance with ISA 85.4 and shall be provided
for all apalog loops. Elementary diagrams and loop diagrams shall show circuits and devices
of a system. These diagrams shall be arranged to emphasize device eloments and their
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functions as an aid to understanding the operation of a system and matntaining or
troubleshooting that system.

i, Provide complete elementary diagrams for equipment conirol.
2. Comply with NFPA 79,

3. Show wire numbers, color codes, signal polarities, and terminal block numbers, Tables
for wire numbers, signal polarity, and terminal biock numbers are not acceptable.

C. SCHEMATIC DIAGRAMS: Provide schematic drawings showing all control panel
components, the intercomnection of all contrel panel components, all field devices, and the
connection of all field devices to control panels. Schematic disgrams shall also show all
communications components, thelr inferconnection, and thelr interface with other control
panel components. Provide wire and terminal block numbers in compliance with panel work
wiring, Section 17110,

D. PANEL FABRICATION AND ARRANGEMENTS DRAWINGS: Provide arrangement
drawings of all panel front and internal-mounted instruments, switches, devices, and
cquipment indicated. Al panel mounting details shall be shown. Outer dimewsions of all
panels shall be included on the drawing. Deviations frow spproved amangements shall requive
Project Representatives approval prior to lustallation. Arrangement drawings shall be drawn to
scale using standard Architectural or Engineering scales.

E. Record Drawings.

I, Also referred to as as-built drawings.

2. SHOP DRAWINGS: Al submitted drawings shall be updated over the course of the
construction project to reflect the installations snd equipment as-butlt. A full set of
record drawings shall be provided to the Project Representative upon completion of the
project and shall be included in the O&M manuals. Record drawing requirements shall
be the same as submittal drawing requirements.

3. CONTRACT DRAWINGS: The contractoy shall mainiain a set of record plan and P&ID
markup drawings on site during construction. The contractor shall wark wp the recond
drawing set to indicate any and all devistions of the installed systems from the contract
documents. The marked-up drawings shall be provided to the project representative at
project close out.

£, Wiring Diagrams,

Paneis: comply with NFPA7S.

Py

2. Show compouents of a control panel in an arrangement stmilar o the actual Jayout of the
panel.

(8}

. Show internal wiring between devices within the pancl.

4. Show all {erminal blocks whether used for internal or ficld wiing. Those used for field
wiring shall be clearly identified as such.
5. Wiring diagrams shall indicate insulation color code, signal polarities, wire numbers, and
terminal block numbers.
G, Intesconnection Diagrams:
i

. Submit complete intercgnnection diagrams for field wiving.

2. Show each pans! and feld devices.
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1. Show wire numbers, cable numbers, pane! nambers, and field device tag numbers.
4. Comply with NFPATS.
Certifications:

1. Temperature: Provide test data certified by the manufacturer 1o demonstrate that ficld
glectronic devices are suitable for the specified ambient temperatures,

2. Corrosion:  Provide test data showing design features of the electronic eguipment
provided to protect against damage by the specified atmospheric confaminants and
speetfic evidence that similarly protected elecironic eguipment has operated in similar
environments for a peried of not less than five years without failure due to comosion.

SEISMIC DESIGN
Procedure and submittals: per Section 16010,
Structures and equipment shall be braced to prevent damage from specified forces.

Equipment shall not be required to {unction properly dwing periods ot seismic disturbance,
but shail be capable of manual restart without repair or modification following a disturbance.

PRECEDENCE OF REQUIREMENTS

The Contractor, Sub Coniractors and equipment suppliers shall comply with all requirements
spectfied in the contract documents, individually and in combination. In the case of redundant,
overlapping, or conflicting requirements, the most stringent and demanding interpretation of
the requirements statements collectively shall govern unless specifically clarified by the
project. The Coniractor and eqguipment suppliers shall request needed clarification of
requirements during bid, otherwise the project’s interprefation shall govern. The System
Supplier shall diligently scrutinize all parts of alt bid decuments prior to bid.

2 - PROPDUCTS
ACCEPTABLE MANUFACTURERS

PRODUCTS: All products provided by the Contractor shail be manufactured 1o comply with
the listing requirements identified in Part 1 and other requirements as indicated i the
Contract. System components shall be commercial, off-the-shelf components 10 the maxinun
extent possible. Custom designed or manufactured components shall requite Project
Representative’s approval,

MATERIALS

GENERAL: Material shall be new, free from defects, and of the quality specified. All
equipment and materials utilized in the system shall be the produets of Manufacturers with at
least five (5) years of experience in the manufacture of similar equipment. Similar Hews in
the system shall be the products of the same Manufactwer. Al equiptient shall be of
industrial grade and of standard construction, shall be capable of long, veliable, trouble-free
service, and shall be specifically ntended for control and mounitoring of operation of moter-
driven pumps and process equipment.  All eguipment shall be of modular design o facilitate
interchangeability of paits and to assure ease of servicing.

ELECTRONIC COMPONENTS: Unless otherwise specified, electronic equipinent shall be of
solid-state construction. Components of standard electronic sssemblies shall not be replaced
with components of different characteristics in order {0 meet the performance requirements of
the specification. Parts shall be as shown in the instruction manuals and shall be replacesble
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with siandavd commercial components of the same description without degrading the
performance of the completed sssembly.

INSTRUMENTR

Application rcqummmts are specified in the individual specification sections, andfor on the
drawings.  The major instruments requived to implement the process instrumentation and
conwol systems are identifled on the P&IDs. Instruments identified shall be supplied with the
exception of those identified within the limit of supply of vendor equipment. Instruments
within vendor boundaries will be supplied by equipment suppliers. All instrument functions
specified on the P&IDs and contract drawings have Division 17 specification references and
shall be provided by the Contractor.  Any additional instruments or devices required to
complete the lnstrument foops because of unigue characteristics of the particulsr equipment
selected by the Contractor {such as isclation ¥/is) shall be provided. Such additional
instruments shall be considered incidental fo the contract and shall be provided and included
in the original contract price even when not specified in the contract drawings.

SPARE PARTS
In addition to spare parts mentioned elsewhere in Division 16 & 17 specification sections, the
Comiractor shall supply the following spare parts for use by the District:

1. Qty 1 Relay of each type used or 10%, whichever is the greater amount

2. Qty 10 lamps of each type used or 100%, whichever is the greater amount.

~

3. Qty 200% spare fuses, two spare fuses for each type of fuse supplied minimum

PART 3 - EXECUTION

3.83
Al

B
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DESIGN AND ASSEMBLY

GENERAL: With the exception of any packaged equipwent corstmi systems, the supplied
control systems shall be designed by the Contractor per paragraph 1.06. The supplied control
system shall be completely assembled in the shop of and by the Coniractor. All components
and equipment shall be prewired to the maximum extent possible,

ELECTRICAL AND MECHANICAL INTEGRATION: The Contractor shall determing ali
requirements for and shall cause electrical, mechantical and network integration of the supplied
contref systems, MCCs, snd any supplied packaged cquipment control systems info a
complete and wnified system. The Contractor shall be responsible for the electrical and

mechanical coordination and integration of the supplied control system with motor controls
and other related equipment,

PROGRAM INTEGRATION: The CS shall determine all requirements for and shall cause
programmed infegration of the & 1ppli:‘d control systews, MCCs, and any supplied packaged
equipment control systems into a complete and unified system. The CSI shall be responsibie
for the programmable coordination and integration of the supplied contral system with motor
contyols and other related equipment.

REVIEW OF SUBMITTALS: The Contractor shall be directly responsible to obiain submiital
iformation on related equipment supplied by others snd to integrate this information as
required with the overall controf system to form a complete working package.

COORDINATION: The Conlractor shall communicate divectly with the Manufacturer(s) and
‘i‘;‘zppli‘:‘i'( 53 of all related equipment fo determine all delails of the equipment that may

siluence or affect the supplied control system conspsmﬂm\ The Contractor shall work with
t.rae CSf o make any and all adjustments or revistons requited to integrate the submitted

INSTRUMENTATION & CONTROL SYSTEMS
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equipment info the job at no additional expense to the owner and with no extension of the
schedule.

DELIVERY, STORAGE, AND HANDLING

Shipping:

1. Aunchor, brace, and protect equipment during shipping handling,
2. Nointernal wiring shall be disconnected for transpartation.

Delivery Inspection: Notify the Project Representative and provide access for nspection upon
arrival of any material or egquipment fo be incorporated ndo the work, Remove protective
covers when required.

Supplicd Control Panels:

1. Completely wired and tested in the factory prior to betug shipped to the job site,
2. Shipped as & single unit to job site after testing is cowmplete.

3. No internal wiring shall be disconnected for transportation,

INSTALLATION

General:

1. INSTALLATION BY CONTRACTOR: The control systern and associated instroments
snd connections shall be instalied by the contractor.

2. INSTALLATION INSTRUCTIONS: The control svstem shall be instatled in accordance
with the installation drawings and instructions j;mwdec by the CSI, packaged system
suppliers, and other equipment bupphefs

3. SUPERVISION: The Contracior's instrumentation and controls project engineer shall

supervise and - coordinate all activitdes related to the installation of Division 17
reguirements.

4. EXPERTISE OF INSTALLER: Installation shall be performed by the workers whe ave
skilled and experienced in the istaliation of electiical nstrumentation and control
systews. lnstadiation shall include all elements and components of the control system
and all conduit and interconnecting wiring between sli elements, components, sensors,
valve operators, ete.

(221

LOCATION: Equipment shall be focated so that if is readily accessible for operation and
maintenancs.

6. INSTRUMENT TECHNICIAN: The Contractor shali provide the services of skilled
tustrument technicians for testing, calibration, and adjustment activities per 17804,

Signal Connection And Trangmisgion:

1. linless otherwise specified, analog signal tansmission between electric or electronic
instruments not located within a common panel shall be 4 15 20 milliamsperes and shall
have a Joop compliance of at least 300 ohms.

b

Two-wire loop transmitters shall operate at 24 VDO,

Lo

Unless otherwise shown, milliampere signals from ihe ficld shall be converted to 1 10 §
‘D(‘ \mndif« at the field terminal block of each panel. Couversion ewvor shall not exceed
%. All instruments within a panel shall be po.id..gl wired with 1-5 VDO signals.

TNETRUMENTATION & CONTROL SYSTEMS
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4. Loops shall be grounded at the feld terwinal block by bonding to the instrument panel
signal ground bus. Separate grounded conductors shall be provided for each loop. Daisy
chaining of grounded conductors from one loop o ansther is not allowed,

5. Provide isclating smplifiers for field equipment possessing 2 grounded inpui or output,
ot having a common mode voltage other than system ground.
&, Couvert high frequency {greater than 50 Hz) pulse rate signals from field transimitters o

analog I- 5 VDU signals at the panel.

7. Convert platinum resistance temperature detector (RTD) owpuis w0 4-20 williampere
signals at the RTD, or where shown on the Dvawings. The temperature milliammpere
stgnal may be brought from the field (o the panel and converted to a 1-5 Vot DC signal.

g, All other transmission systews, such as impulse duration, fow frequency pulse rate, and
voltage regulated, will not be permitted. When transmitters with non-standard outputs
are specificd, their output shall be converted to 4 to 20 milliamperes at the field
nstrumnent.

8. Fguipment located in classified aress shall be explosion-proof or igtrinsically safe.
Provide infrinsic safety barriers approved by UL, CSA, ov FM.

C. TAGGING: All field devices shall be labeled with tag number indicated in the bid documents
or consistent with project tagging conventions when not shown in the bid documents. Comply
with project saming and numbering conventions. Tag shall be 10ga, 316 siainless steel with
stamped letters and numbers atffached fo dovice with 12ga, 316 stainless steel wire.

). Field Equipment:

1. INSTALLATION: Equipment shall be provided as specified on the drawings such that
ports and adjustments are accessible for in-place testing and calibration. Where possible,
equipment shali be located between 48 inches and 60 inches above the floor or a
permanent work plattformo. Instrumentation equipment shall be mounted for unobstructed
access, but mounting shall not obstruct walkways. Equipment shall be mounted where
shock or vibration will not impair its operation. Support systems shall not be attached to
handrails, process piping or mechanical equipment except for measuring elements and
valve positioners. Instruments and cabinets supported directly by concrete or concrete
block walls shall be spaced out not less than 5/8 inch by framing chaune] betwesn
instrument and wall.

2. SUPPORT SYSTEMS: Steel wsed for support of equipment shall be hot-dip galvanized
after fabrication. Suppost systems including panels shall be designed in accordance with
the applicable building code and seismic zone and shall prevent deformation grealer than
1/8 inch under the attached eguipment load and an external load of 200 pounds in any
direction,

¥, EBlecirical Power Connections:

1. DIVISION 14: Electric power wiring and equipment shall be in compliance with
Division 16,

S

DISCONNECT SWITCHES: Power disconnect switches shalf be provided within sight
of equipment and shall be labeled fo indicate opened and closed positions and specific
squipment served. “Within sight of” is defined as having a cleay unobstructed view trom
the equipment sorved and within 3G feet of the equipment served.  Disconnect swiiches
shall be mounted between 36 inches and 72 inches above the floor or permanent work
platforis, Where equipment location is such that the above requirements cannot be met

: INSTRUMENTATION & CONTROL SYSTEMS
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by a single discommect switch, two switches, one af the equipment and one at the work
> &
platiom, shall be provided.

3. SURGE ARRESTORS: Bach disconnect switch serving equipment located outdoors
shall be provided with a surge amrestor, General Electric 9LI13CCRBOGH, or equal. The
surge arrestor shall be bonded to the plant ground grid with a No, 8 AWG bare copper
conductor.

4, CONTROL PANELS: AH control panels shall be provided with a main power
disconnect equipped with auxiliary contacts as required o discounsct all power sources
o the paune! or shall be labeled to indicate the multiple power sources not disconnected
by the main disconnect. Fietd wiring for all power sources not disconnected by the main
disconnect shall {and on fused disconnect type terminal blocks,

TESTS AND INSPECTIONS:

Per Section 17804,

CALIBRATION, START-UP, AND COMMISSIONING:

Per Section 17804,

SYSTEM MAINTENANCE AND WARRANTY

Contractor SOLELY RESPONSIELE: The Contractor shali be solely and completely
responsible for all electrical and mechanical maintenance of confrof systems they supply from
time of nstallation to the date of substantial completion of all work under the contract. The
Contracior shall comrect all deficiencies and defects and make any and all vepairs,
replacements, modifications, and adjustments as malfunctions or failuwres seour.  The
contractor shall perform all such work required or considered to be requived by the owner to
properly maintain the system.

DEFECTS AND REPAIRS: The Contractor shall make any and all repairs, replacements,
modifications, and adjustments reguired (o climinate any and ail defects in design, materials,
and workmanship which are discovered within the one year guarantee pertod. The Contracior
shall begin all repats, replacements, modifications and adjustments within twenty-four (24)
hours of notification by telephone by the owner and shall complete such vepairs, replacements,
modifications and adjustments within forty-eight (48} hours of notification,

ACCEPTANCE OF WORK: The Coutractos shall anticipate that the Owner wmay delay
acceptance of afl work under the coniract if]) in the judgment of the Gwaer, wmaltunctions ov
failures in operation of the supplied control system repeatedly occur after start-up to an
wnaccepiable extent. The Contractor shall not be euntitled to an extension of fime or 1o any
claim for damages because of hindrances, delays, or complications caused by or resulting from
delay by the owner in accepting the work because of malfoactions or failures in opesation of
the supplied control system.

PACKAGED SYSTEMS: Packaged system suppliers shall provide warranty support mesting
the above stated requirements for their supphied sysiems.

INSTRUMENRTATION & CONTROL SYSTEMS
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307  OPERATION AND MAINTENANCE DATA

A O&M MANUALS: The Contractor shall prepare and assemble six (6) sets of electrical and
racchanical operation and maintenance {O&M) manvals in accordance with the project general
requirements and Paragraph 1.3 of this section. These manuals shall be submitted two w;eks
prior fo fraining. O&M manuals shail include, but not be Hmited fo, the following:

1. Trouble-shooting prm,erjure
2. Calibration procedures.

Testing procedures,

Lo

4, Component replacement procedures.

5. Prevemtative waintenance procedures.,
6. Listing of recomunended spare parts.
7. Listing of recommended maintenance tools and equipment.

8. Cammlog data for all cquipment and devices supplied, organized per submiital
requirements.

9. Coufipuration and setup manuals {or all devices supplied including VFDs, insttuments,
etc.
16, Communication channel test forms.

11, Calibration and test forms for all fleld switches, insttoments, PLC 10, VFD 10, ete, per
Section 17804,

i2. Configuration illes {or alf configurable electromic devices and equipment supplied for
this project.

13, System user's manual covering all functious supplied by the contractor for this project ag

described befow.

B. RECORD DOCUMENTS: Al contract P&ID drawings and control st;dtcgy specification
sections and ail submittal drawings shall be revised to reflect as-built conditions at the end of
the project. Record drawdags and documents shali be submitied in accordance with the project
general regquirements and Paragraph 1.3 of this section. Record drawings and documents shall
be aubﬁnauj with the O&M manuals. Record drawings and decuwments shall include the
following:

1. Shop drawings per {.7 of this section.
2. Wiring diagrams of cabinet and enclosure contained assemblics

3. Wiring diagrams of ali gystere connections and Wtercennections inciuding all toops, field
equipment, communications interfaces, networks, ofc.

4. All other submitted shop and installation drawings and details not fisted
Bl of Material

Ln

Contract P&ID drawings

= oo

Coutract control strategy specification sections

INSTRUMENTATION & CONTROL SYSTEMS
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SYSTEM USERS MANUAL

SCOPE: The Contractor shall develop and submit a dewsiled user manual covering all aspects
of the operation and use of the components and systems they supply. The manual shall cover
the following

I, OVERVIEW: Apn overview of the architecture of the control system inciuding control
panels, MCC's, field devices, networks, remote access, eic.

2. FUNCTIONS: All hardware/hardwired, manual, sutomatic, display, control, alarming,
networking, etc. feattires and functions of the systems and components they supply.

(51

HARDWIRED ELEMENTS: Descriptions of the meaniug and function of alt hardwired

panel, MCC, and field mounted diserete operator interface montforing and control

devices. Correlate fanctions to the contro! strategies.

4. START UP: Systew start up procedures for electrical and mechanical gystems supplied
and configured by the contractor for the project.

USED IN TRAINING: The system users manual shall be completed prioy 1o and shall be used

for required training. The manual shall be updated to incorposate commuents received during

fraining and re submitted for inciusion in the O&M manual. Submit 2 weeks prior o training.

PACKAGED BEQUIPMENT: Packaged equipment suppliers shall supply user'’s manuals per

the above requirements for the systems they supply.

PLO/SCADA SYSTEM MANUALS: The PLEC/SCADA system OM&EM Manuals shall be the

respongibitity of the CSL The Contractor shall support the CSI as needed for development of

the C8T portion of the OM&M Manuals

TRAINING

GENBRAL: The Contractor shall conduct speeifically organized training sessions to educate

ol

and frain the owner's personnel in the malntenance and operation of all aspects an
components of the control svsiem they supply. Training on all system compounents shall
include, but not be limited to, the tollowing subjects:

o All electrical and mechanical O&M manual items
2. Al system users’ manual items

TRAMING SESSIONS: The Contractor shall provide a minimum of 16 hours of on-site
mstraction to the owaer's emplovess after start-usp and commissioning of the system. The
owner shall be allowed to video tape all or anv part of the {raining sessions. The Contractor
shall prepare and assemble specilic jnsiraction materials for cach training session and shall
supply snch waterials to the Project Representative at least two {2} weeks prior 1o the time of
the training. The G&M manuals and the system users” mapua shall be complete and shall be
used in the training sessions.

PLC/RCADA SYSTEM TRAINING: PLO/SCADA System Training shalt be conducied by
the CSI. The Contractor shall not be responsible for PLO/SCADA system trailning

VFD TRAINING: Training shall cover details of opervation of VFD's from the HIM (Huwan
interface Module). Trainng shall provide detailed instructions on the moditication of VFD
operating parameters typically requiring adjustment by operators. The contractor shall develop
and provide "cheat sheets” which provide step by step nstructions required to accomplish the
following:

i, Copy VFD configwation to HIM

INETRUMENTATION & CONTROL SYSTEMS
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Copy HIM configuration to VFD
Switch between aute and manual modes

Manually adjust speed

Adjust minimum and maximum speed Hmits
6. Adjust acceleration and deceleration ramp times
7. Access parameters and fankt codes

END OF SECTION 17018

‘ INSTRUMENTATION & CONTROL SYSTEMS
TETRA TECH: #7112 17016-22 1343394



SECTION 17221
FIELD INSTRUMENTS GENERAL

PART 1 - GENERAL

ER
Al

B.

3.
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SUMMARY

This Section specifies general requirements for field instruments. This section applies {o
instrumentation elements that guantitatively convest sensed process energy o a form/signal
compatible with process measurement, control, and display devices and sccessorics.

Related Sections: The work of the fellowing Sections is related to the work of this Section.
Other Sections, net referenced below, may aiso be related fo the proper performance of this
work, It g the Contractor’s responsibility to perform all the work required by the Contrac
Daoovments,

1. Section 17810: Instrumentation and Control Sysiems.

Performeance Benchmarks: fems listed by part nuwmnber are tatended to serve as performance
benchmarks. Submit most current mode! mecting the benchmark porformance requirements
for items that have been superseded or are otherwise obsolete UNG,

Not afl products Hsted are required for ail applications. Submit only products required for the
apphicaiion. '

QUALITY ASSURANCE

Referenced Standards:  This Section iwcorporates by reference the latest revision of the
documents listed below. In case of conflict between the vequirements of this Section and
hose of the listed docwnents, the more demanding reguirensents shall govern,

I, ANSIBI&S Pipe Flanges and Flanged Fittings

2. APIRP3S0 Manual on Instaliation of Refinery lustruments and Control Systems,
Part 1- Process Instrumentation and Control

3. ARTM A276 Stainless Steel Bars and Shapes

4. NEMA 230 Enclosures for Flectrical Equipment (1,660 Volis Maximum?
Listing:

1. All materials and equipment specified herein shall be within the scope of Nationally
Recognized Testing Laboratory (NRTL) examination services, be approved by the
NRTL for the purpose for which they are used, and shall bear the appropriste
tisting/label,

Squipment  listed/labeled by an NRTL acceptable o the local authortty having
jurisdiction,

NI

3. When g product is not available with a listing/label for the purpose for which It s 0
serve, the product may be requived by the inspection authority to undergo a special
inspection at the manufachirer’s place of assembly or a8 2 compleled assembly i the
field. AN costs and expenses incurred for such inspections shall be included in the
original contract price.

SUBMITYALS
Per Bection 17010-1.3.

D INSTRUMENTS GENERAL
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PARTY 2 - PRODUCTS
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TRANSMITTERS:
Unless otherwise specified, transmitters shall comply with the following requirements:

1, Two-wire type with operating power derived from the signal transmission civeuit, unless
otherwiss specified.

2. Qutput shall be 4 to 20 mA, current regulated DC,

3. Load variations within the range of § to 500 ohms with the power supply at 24 VDU
4. Cutput shail be galvanically {solated.

5

. Time constant of i ;n@.miﬁers* used for flow or pressure "‘caa.urcmmt, Arciujmfr fevel
trapsmitters used for flow measurement, shall be adiustable from 0.0 10 5.0 bL»C(}Hd.‘x.

6. Output shall increase with increasing rneasurement.
7. Unless otherwise specitied, enclosures shall be rated NEMA 250, Tvpe 4X.
8. Provide with surge proteciors when located outdoors:

S, Where two-wire transmitter s located in 2 classified aren, yse ntvinsic safety barrier as
specified below.

10, DIGITAL COMMUNICATIONS: Provide HART or  approved equal  digital
communications where avatlable. Only one instrument communications protocel will be
allowed.

. Provide programming device and software utilities for communications copable devices.

et
[CO IS

Acceptable manufactarer:
a.  Hosemoun
b, Endress -+ Hauser
c.  Yokogawa
d.  Krohne
e, Approved equal
OGUTPUT INDICATORS
Provide with any transmitter that does not include an integral indicator,

Guiput indicator shall be a loop powered current-to-digital display indicator.

<

Input current shall be 4-20 mA and display shall be s 3 1/2 active digit Hquid crystal display
with black numerals af teast .35 inches high :

Display scalable with decimal point to read process cuginecring units,

Enclosed in a hockey puck type housing with glass window, classificd as appropriate for the
area in which the output indicator is instatled.

A diode shail be provided to maintain loop continuity in case of indicator {ailure or ramoval,
Accuracy shall e +/- 0.1 percent of reading.

Indicators, whether ini‘:‘,gi”dl or separate, shall be calibraied in process units.

The units shall be engraved on the indivator scale plate.

The installed orientation of the output indicator shall enable operators to esstly read the
display from the operating {loor

FIELD INSTREUME '!\Z' 3 GENERAL
ECH: &/i2 17221 134339A
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Acceptable Manufacturer:

L. Action Instrumenis models V361/V363

2. Precision Digital models 897/698

3. Moors Indusinies models PSD/SPD

4. Approved equal

DETAILED INSTRUMENT REQUIREMENTS

Detailed vequirements for specific instruments are specificd in other Division 17 specification
sectinns.
INTRINSIC SAFETY BARRIERS

k1l
i

Shall be two-wire, active, isolating, foop powered type.
Mounting: DIN Rail

Acceptable Manufacturer

1. Measurement Technology LTD, fvpe MT3042
2. Stahi 9005/01-252/160/00

Lol

Approved equal
SIGNAL CURRENT ISOLATOR (FIELD MOUNTED)

Provides QGalvanic isolation of willampere transrnission signals from transmitiers with
a o

inadequately isolated output circuits. House in a NEMA 250, type 4X/7 conduit body. Derive

its aperating power from the signal input civeuit,

tput and output signsls shall be 4 to 20 mA and srvor shall not exceed 8.1 percent of span.
Input resistance shall not exceed 550 ohms with an ontput load of 250 ohms,

Acceptable Manu{acturer;

1. Action Instruments waodel T700
2. Moore Indusines model SCX

3. Acromag model 1505

4. Approved equat

PARYT 3 - EXECUTION

3.01

A.
B.

.

3.02

INSTALLATION
Instaliation requirements per Scetion 17010,

Flectrical Counections: Final connections between rigid raceway systems and instruments
shall be made with jacketed flexible conduit with a maximum length of two feet.

Tageing: All field instruments shall be labeled with function and instrament number, Le. (FIT-

SOL-OUV/A-STREAM INFRLUENT FLOW METER). Tag shall be 10gs 316 stainless steel

with stamped letters and mambers attached (o device with 12ga 316 stainless steel wire,
TESTING
Testing requirements per Section 17010,

END OF SECTION 17221
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SECTION 17231
ANALYTICAL INSTRUMENTS

PART 1 - GENERAL

181
A,

B

142

1.83

SUMMARY

This Sectionn specifies reg ts for analytical instraments. This section applies to
instromentation  eloments hat qumt-famelv convert -cmed process parameiers into a
form/ ~f§,1:ai compatible with process wmeasurement, conirol, and dibp}ﬁ'v’ devices and
accessories. '

Related Sections: The work of the following Sections is related to the work of this Section.
Other Sections, not referenced below, may also be related to the proper performance of this

work, 1t is the Contractor’s eﬁponsm;hw o perform all the work required by the Contract
Documents.

racyey

1. Section 17221 Field Instruments General

1‘?0;“:;;:51108 Bem‘.lunark%' Rems Eiféted ‘ov “saﬁ numbe;-'r are inteﬁdec' to serve as pﬂ'formassee

{02 -kmb thas hc.w: heen ﬁi%rsadcd ar ae o.hcr ise obsok‘,tc' :‘.\0.

Not all products Hsted are required for all applications. Submit only products required for the
application.

QUALITY ASSURANCE

Per Section 17221 Field Instraments General,
SUBMITTALS

Per Section 17010-1.03

PART 2~ PRODUCTS

201 DETAILED INSTRUMENT REQUIREMENTS
A, Reguirements for instruments are specified in this seetion and on INSTRUSPEC sheets m Part 3
B Installation and application requirernents are specified in Division 17 Sections, and/or on the
contract Drawings,
PART 3. EXECUTION
3061 INSTRUSPEC SHEETS
A, INSTRUSPEC sheets provide detatled requirements for the instruments listed below,
‘ v EI\‘J RUSPEE ‘wmbf;&lﬁmﬁiﬂiﬁm ument Deser sptmn Tnstrament Function
. ATT3 , o é Process 3 h'id Analyzer | PH Measurewent
: Qu«p crded Solids ;v.t,abru;;t'"‘t
Instrament (deuixfscaimu” AT {AF IATY ssﬁ)
instrument Functiow pH measurement
instrument Description: pi Analyzer
Power Supply: 126 VAC
Signal Tnput: NA
Signal Cuiput. {2} 4-20 ma DC, HART
ANALYTICAL INSTRUMENTS
TEIRA TECH: 8/12 172313 134339A



Process Connection: Probe, sulby mr«ﬁﬁ T NINTE

Product Reguire

Ceueral

=
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Transmitier:

TETRATECH: 8/12

700,
1

enis:

na,snm‘iﬂm of pH by the sensor is accomplished by tmmersing & glass or
metal electiode and a reforence electrode inte 2 process solution. Measured pH
is r{,idted to the logarithw of bydrogen ion activity m the solution. This

mstrument also provides temperature compensation.

Cable: Provide signal cable between the primary element and ransmitter by the
systemn manufactorer, 13 feetmaximum length.

Sensing clecirode: Flat glass suitable {or gbrasive soiutions.
Presmiplifier: Remote, sensor to transmitter distance 15 feet maximum.
’?ezx;;pcraﬁ:,re range: & 1o 110 degrees C.

Pressure range: § to 100 psig.

Temperature Compensation: lntegral prif0 sensor. Aufomatic compensation
from 32 to 185 degrees

Maiertals of consirction: Tefzel, glass, corawie, Viton,
Submersion depth: 2.5 mches to 23 fect,

Maximum pressure at operating temperatuee: 100 psi at 65 degrees ¥, 50 psi at
85 degrees B,

Power supply: Transwmiter,

. Provide Integral cable with guick disconnect

Approval £M.

Rating: Class 1, Division |, Groups A, B8, C, and D; Class 2, Diviston 1, Groups
Eoand G, iazardou’ tocations, explosion proof, intrmsically safc.

Installaiion m hazardous location shall be intrinsically safe, FM certilied, and
..... N

listed per NEC 504, Prowvide all r:,gmcﬁ certificates, conirol drawings, and
intrinsic safety uai.. ulations, e, as required by the application.

Fnelosure: NEMA 4X, IPAS, NEMA 78, sunitable for area classifications,
Display: 2 e 7 segment LCD display.

Configuration: Provide software configuration fools and all required connection
ACCESSOTIES,

Ambient temperature range: -4 (0 149 degrees F,
Relative humidity: O to 95% non condensing.
’i"mnperatizre resolution: 1 degree C.

REVEME EN-61326, CF,

Measurement range: O to 14 pHL

Preamplifier: Tntegral, sensor fo fransmitier distance 13 feet maximom.

ANALYTICAL INSTRUMENTS
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I:’}v Temperature compensation: PL 100 RTD located 1o the sensor, 5 to 270 degrees
F

11, Accuracy: =} mV @ 25degrees C:: 5,01 pH.

12, Repeatability: £1 waV @ 25degrees €+ 0.01 pH.

13. Stability: 025% per year at 25 degrees €.

14, Internal diagnostics

15, Mounting option: Field, as indicated on the drawings.

16, Approval: FM.

17, Rating: Class 1, Division 1, Groups A, B, €, and I Class 2, Division |, Groups
Fand G, ham.ak)u,., tocaiions, explosion proofl intvinsically safe.

18, Istaiiation in hazardous location shall be intrinsically safe, FM certified, and
listed per NEC 504, Provide all required cestificates, conirol drawings, and
intrinsic safety calculations, ete, as required by the applicstion,

Acceptable Mamutacrurer:
i, FEndress + Hauser Liguiline OMA4Z with sensor CPFEID
2. Hach GLiscZO0 & gii‘ai rroitti-channel with PEER PDP digital sensor

3. Approved egual,

instaliation:

1. Peorthe manufacturers msbructions and recommendations
2. As shown on the Drawings.
3. Sensor Mounting;

a.  in-line via ball valve assembly,

Lol

.odna Q:‘s’i"‘lp}. line vig twist-lock flow chambers.

o

To-line via twist-lock bushings or tees,

e

d.  In-stiu via electrode proection sleeve.

Latd

As indicated on the drawings.
Calibration:
1. Calibrate per SNections 17200 Schedules.

2. Cabbraie per the manufactner's instructions.

Instrumment {dentification: A4 {T88)

Instrument Function: Suapended Solids weasurement

Tnstrument Description: TSS Analyzer

Power Supply: 120 VAL

Signal Inpots NA

Signal Output: {2} 4-20 ma DC, HART

Progess Connection: Sensor, 1Y “ NPT 316 S8 isolation valve assembly and male

nipple o attach to 1 4 NPT boss or saddle in pipe supplied by
contractor.

ANALYTICAL INSTRUMENTS
TETRA TECH: /12 172303 ' 1343384



Produot Reguirements:

General;

Sensgor:

RS

-]

&

pegy

Continuous on-live measurement of suspended solids in the range of §-50,000
ppm or mgdl range. Nornnal operating range 0-599 ppm for this a phcatsrm

e

Smgle NIR {Near Infra-Red) lght beam generated by a light emitting diode
{LED) and recetved by a silicon detecior,

Sensor housing is to be made of 31688 with glass lenses.

Designed for 90 psig (6 bar) working pressure and supplied with integral built-
i mechanical stop.

Integral 88 flusbing nozzle with check valve,
Mount i 2 1.57 apt femsle connection on pipe,
Gap between lenses is fo beto be Do,

Sensor 10 be supplied with 33° {10 m) of shielded 4-conductor cable with
polyurethane jacket and metallic M1Z-connector with o-ring seal. .

Measuring range of 30-30.000 vpm

Sensor o have integral 88 flushing aozzle,

Transmtter {(Controd Box):

1.

TETRA TECH: 8/12

o2

4,

6.

9

)

10,

[ — —— o

ey

o8]

L

'yh-&h

Enclosore: NEMA 4X, P65
Support twWo sensors.

Two independent linearized 4-20 mA, max 500 chms gaivapically isolated,
outpui  signals (12 bit  resclution) proportional to  suspended  solids
concenirations.

Hinminsted graphical LOD display.

Graphical display to show solids concentrations in ppra, mg/t ov % solids and 0-
100% of mA output

Oravhical display to show calibration points snd cument suspended solids
¥ } s p
conceniration. .

dampening feature or integration time, which can be set from 1 1o 899 seconds,

Buili-n hesfer o maintnin proper temperature down to 20 F ouiside
temperature.

Approval FMVL

Flushing solenoid valve prewired in conteol box

. Ouiput o be held constant during flushing owele.

. Flushing lguid to be 40-60psig filtered reuse water o compressed atr,
. Control box to have {4) 316" holes for mounting.

. Sun-Hight vesistant components, exposed o diveet sunlight.

. All programuming and setfings performed exterior to the control box by using a

self-instructing weny, condrolled by three touch pad keys.

ANALYTIOAL INSTRUMENTS
172314 134339A



Acceptable Manufacturen
Cevlic ITX-1L
2 Approvesd equal.
Instatlation:
i, Per the manufacuwer’s nstructions and recomumendations
2. Asshown on the Drawings,
3. Sensov Mounting:
3. In-line via ball valve assenbly.
b, Asindicated on the deawings.
Calibration:
1. Calibrate per Seciions {7900 Schedudes. -

Calibrate per the manufpehurer’s instruciions.

N

END OF SECTION 17231

ANALYVTICAL INSTRUMEN
TETRA TECH: 8§/12 172313 1343394
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SECTION 17241
FLOW TRANSMITTERS

PART I - GENERAL

.81
A

D

12

1.03

SUMMARY

This Section specifles requivements for flow transmitters, This seclion spplies w0
mstramentation clements that quantitatively convert sensed process flow encrgy info 2
form/signal compatible with process measwrement, control, and display devices and
aceessories.

Related Sections: The work of the following Sections is related to the work of this Section.
Other Sections, not referenced below, may also he related to the proper perfonmance of this
work. Tt is the Contractor’s responsibility o perform all the work required by the Contract
Documents.

1. Section 17221 Field Instruments General

Performance Benchmarks: Tems listed by part number are intended to serve a3 porformance
benchmarks., Submit most current model meeting the benchimnark performance requirements
for tlems that have been superseded or are othaiwise obsolete UNO.

Mot all products Hsted are required for all applications, Submit only products required for the
appiication,

QUALITY ASSURANCE

Per 17221 Field Instruments General,
SUBMITTALS

Per 17010-1.3.

PART 2 - PRODUCTS

201

DETAILED INSTRUMENT REQUIREMENTS
Requirements for mstruments are specified in this section and on INSTRUSPEC sheets in Part 2.

installation and application requirements are specified in this section, section 17901, and/or on
the contract Drawings.

PART 3 - EXECUTION

KX
Al

INSTRUSPEC SHEETS

The following INSTRUSPEC sheeats provide detsiled requirements for the listed instruments,

imtrummi ] umtwn

FM 1 i Magnetic flow mele

FLOW TRANSMITTERS

A TTRCH: §12 17241-1 1343384




Instrument Idenitfication: 1281531

{ngtroment Function: Flow measturement

{nsirument Description: Magnetic flow metering systern

Power Supply: 120 VAC {transmitter}

Signal Input: Induced Voliage

Signal Ouiput; 4.2 mA DO, Digital

Process Connection: flange, ANSI B16.5 Class 150, ratsed face

Product Reguirements:
General:

i, Magnetic flow meter shall be provided as a system consisting of a flow tube
di’-d remotely mounted converter/ransmitter complete with all necessary
inferconnecting cables for the flow fube fo transmitter separation shown,

System shall be suitable for measuring water and sludge flow.

N2

3. Provide grounding rings for both upstream and downstceam conunections with
the process piping.

4. Provide mechanical profection for the flow whe flanges and liner during
iustaiiation or removal of the flow tube,

5. Provide pipe rf.du-.x:' and expander where pipe run size is different from
specified flow tbe siz

6. The reducer and expander shall be uniformly diverging a and converging swages
with a total reducing angle not excending ¥ degrees.

7. Flow Tube and iransmitier shall be the products of the same manuiactorer
recommended for use together by the manufacturer,

Flow Tube:

1. The inside diameter of the flow tube is shown the Process Mechanical drawings
of the bid documents,

2. Flow tube features: measuring tube material 304 stainless steel] iiner material
will he Polyurethane for sizes less than 2%, and hard mbber for sizes 27 and
iargc.t.

‘s

3. Pulsed DC field excitation with automatic zero point correction.
4. Field coil insnlation class F.

S. Field replaceable elecirodes veplacesble when flow mbe is under operating

pressure.
6. Blecuwode material 316 Ti stainiess steel
7. Housing: NEMA 4X.
3. Groonding ring material 316 T1 stainless siech

FLOW TRANSMITTERS
TETRA TECH: 8/12 172412 13
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Transmitter:

[

-~
Ly

=

?_‘;

9,

Signal converier/iransmitier shall be suitable Tor an adiustable fullscale flow
within the limits of from 1 to 30 feet per second.

Signal converter / transmitter shall be remotely mounted from tlow tube and
mictoprocessor based, Provide cable for 25 foot remote connection. Actual
distance fo be veritied with site and customer requirements.

Bi-directional flow and totalization measurement,
{ntegral pigh-contrast LOD display, niegral control panel
Accuracy of §,3% of Rate.

?s,ﬁ..dl ouipus 420 mA DO, galvanically isolated and internally powered 500
hm driving capability.

25,

Low-flow culoft: adiustable from 1% to 3% of range

Terminals and signal converter modules plug in and replaceable withowt
recalibration or resetting  and  upgradesble o comply with  fblure
communication standards,

Adjustable dampening, 0.2 to 256 seconds

1 Power 120 VAL,
11, Enclosure: NEMA 4X wall mount.

12, Flow raie ealibration por Secion 17900 Schedules,

Acceplable manufaciuren

.
i
H

2

instaliation:

[

Calibration

TRYRA TECH: 8112

Endress -+ Hauser Promaag S6W

Anproved eguals,

Install in accordance with manufacturer’s instrucions, AP RPE50, and the
specified funclional requirements,

Install ground rings upstream and downstreanm of the flow tube.
Tnstall the fransmitter on the wall near o but rewotely from the flow whe.

Provide signal cable between the primary element snd transmitter by the syster
manufactures.

Provide a sufficient length of cable for installation of 2 condinuous run betwoeen
the primary element and the remotely wounted transmitier,

Range shall be per Section 17900 Schedules,
Instrurnent shall be catibrated and certified at the factory by the manufacturer.

EMD OF SECTION 17241

FLOW TRANSMITTERS
172413 134335A



PART
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A,
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PART 2
2.81
A
H.

PART 3

3.01

A

A

SECTION 17242
LEVEL TRANSMITTERS

1~ GERNERAL

SUMMARY

This Section . specifies requirements for level transmitters. This <e-=$;~'on applies o
instrumentation elements that quantitatively convert sensed process level into a form/signal
compatible with process measurement, control, and display devices and accessories.

The work of the {ollowing Sections is related to the work of this Section, Uther Secrions, not
referenced below, may also be related to the proper parformance of this work. It is the
Conttactor’s responsibility to perform all the work required by the Contract Documents,

1. Section 17221 Ficld Instruraents General

Performance Benchmarks: ftems listed by part number are ntended to serve as performance
benchmarks. Subrait most current model ms.f.img the benghmark perfonmance requirements
for items that have been superseded or are otherwise obsclete UNO.

Net all products listed are reguired for all applications. Submit only products required for the
application.

QUALITY ASSURANCE
Per Section 17221 Field Instruments Geueral.
SUBMITTALS
Per Section 17010-1.3,
- PRODUCTS
DETAILED INSTRUMENT REQUIREMENTS
Requircments for instuments are specified in this section and on INSTRUSBPEC sheets in Part 3.

Installation and application requirements ave specified in this section, section 17901, and/or on
the coniract Drawings.

- EXECUTION
INSTRUSPEC SHEETS

The following INSTRUSEEC sheets provide detailed requiveraents for the Hsted msthuments.

i\S’E‘RUhPFL Symbol imtrunu,nt Dewnptwn

Level Measmament

i-m 1 Measur

n

Siudge Bianiet | Measurement

CTRANSMITTERS

;.-Z

TETRA TECH: 8/12 17242-1 13433%A



Tustrament Ydentification: LT

Instrament Function: Level Measurcment
Tnstroment Description: Submersible Vented (Gage Pressure Transmnitter |

Power Supply:

Signal lnput:

Signal Output:

120VAC o remole ransmatier
Process

4.20 ma DC, digital, HART

Process Connection: NA

Product Requirements:

SensorCable:

Transmities

TETRA TECH: 8/12

2

[#5)

&)

L

Pressure sensor shall he femperature compensated silicone peizo-resistive
bridue tvpe, shock and vibration-resistant design.

Weited parts shall be ASTM AZ7Y6, type 316 stainless steel mintmum unless
otherwise specified

Fiuid £l shall be inert Siicone oil/groase, nnless otherwise specitied.

Process connection: Teflon-coated flush elastomeric diaphragm with retatning
ring, 1 diameter manimuam.

Sensos 10 be 2-wire device that will connect to renote transmitier

Cable: Z-wire pluse case ground. Polyurethase jacket, length 25 feet to remote
t-.mnsmaiicx {actual length to be determined in the ficld with cusiomer approval
and may be less)

Ageney approval UL or FM listed
Rating: NBMA 250, Type 6 (IP68). waterproof form inunersion to 3x range.
Ammospheric reference: vent tube molded into cable

m

Transmitter (o be remaote NEMA 250, Type 4X enclosure
120VAC power supply
4-20mA input channel

Terminal Enclosure: provides wveut tube with weatherproot, bug-proof
atrnospheric vent,

Location: unclassified area

Indicator: Transmitters shall be provided with an output indicator which shall
be 90-degree movement, or LD,

Indicator scale shall be calibeated In process units with tic wmarks for
mitliampere inpu

Accuracy shall be within 2 percent of span.

Range shall be selected so calibration point is betwesn 20% and 30% of the
scaleable range.

LEVEL TRANSMITIERS
i7242-2 1343594



Anceptable Manutacturers:
1. GE/Dwuck model PTX

2. Approved equal

Instrument Identification: Y2

Instryment Fonction: Leve! Measuroment

Instrament Description: Head Monitoring Level Transositter
Power Supply: 24V

Signal faput Process

Signal Guiput: 420 ma DO, digital, HART
Process Connection: NA

Product Reguiremenis:

+

t. Transmitter shall be “smart” with capacitance or resomant-wire type.

2. Wetted parts shall be ASTM AZ76, type 316 stainless steel minimum unless
otherwise specified

3. Span shall be adjusiable over a 6:1 or greater range.

4. Over vange capacity without atfecting calibration shall be not less than 200
nercent of maximum specified range.

%, Volumetric displacerent shall not exceed 0.81 cubic inches over the speciBed
span.

6. Fill {luid unless otherwise specified shall be silicone oil,
7. Adjustable dampening shall be provided.

¥, Bxternal zero and span adjusunent shall be provided.

9. Accuracy shall be 0.25 percent of span or better for 5 ﬂ ans greater than 5 inches

water column, and 0.5 percent of span or better for spans less than or equalto 5
wmches water colunwn,

10, Monitor shall be 1501, 3 inch flange.

P, Indicator: Transmitters shall be providr*d with an output indicator which shall
be 90-degree movement, or LD, 2-1/2 inch milliammeter enclosed in &
o
NEMA 7/0 metey case.

12, Indicator scal

¢ shall be calibraied in progess usits with te marks for
miilampere input.

A diode shall be provided o maintain Joop continvtly in case of meter
movament iz ;Eurc O TEMGVaL

—
L3

Accuraey shall be within 2 percent of span.

w
R

L

. Range shall be selocted so calibration point iz between 20% and 80% of the
scaleable range.

16, Kalrez seal,

w

LEVEL TRANSMITTERS
TETRATECH: 812 17242.3 1343394



Agceptable Manufacturers:

i,
2

fnstallation:

by -

[

Calibration:

i

Fuadress + Hauser Cerabar PMCT1

Approved equal
Per Section 17010,
Per ihe manufacturers instructions and recommendations,

Follow the recommendations of AP RPESH

Per Section 178901,

2. As required by the process.
Instrament identification: LT3
Instroment Function: Tevel Measurement
fnstroment Descriptiow Level {Differential Pressure) Transmitier

Power Supply:
Signal npot:

Signal Guiput

9-30 VI
NA
420 ma DT, digital, HART

Process Connection! Two 12-inch female NPT flange adapters.

Product Regnirements:

TEIRA TRCH: 8712

o

3

(N

o B

o

Pressure transwaitter shall be capacitance or silicone piczo-resistive bridge type.

Unless otherwise specified, wetied parts shall be ASTM AZ76, Type 316
staindess steel,

Rangeability: 1511, ‘

Unless otherwise speetfied, §11 fuid shall be DC 200 Silicone oih
Adjustable dampening: 0.5 to 10 seconds.

Extemnal zero adjnstivent,

Accuraey shall be +0.1 percent of span,

Transmitters shall be available in (0" W to 600 PSIG ranges. Specific ranges
shall be designated in Section 17901 Instrument fudex,

Provide differential pressure wansmitters with a three-valve maniiold per
Section 17211 and with fowr Vd-nch drainfvent ports, two plugged and two
provided with bleed valves,

Static preszure rating shatl be 2,000 psig or greater.
Y g 2 org

. Sroart iransodtier sub-carvier compatibility with digital profocol.

LEVEL TRANSMITTERS
17242 1343394



TETRA TECH:

Accepiable Manutacturers:

i

tustallation:

)
Kue

3.

Calibration:

Instrwment Idendification:
sirument Function:

fnstrument Description:

Power
Signal Input

Signal Chuiput:

Process Connection:

Supply:

i.
2

Endress -+ Hauser Deligbar PMD7S
Approved equal

Per Sechon 17010,
Per the manufacturer’s instructions and recommendations,

Folliow the recommendations of APT RPS50,

Per Section 17961,

Catibrate as requived by the process.

184

{evel measurament

Ultrasonic Level Trangmitter
120VALC

Ulirasonic
420 ma DO, digital, HART

Nen Contact

Product Reguirements:

oo

[

. Provide mieasured value reso

Beam width shall be 6 degrees or Jesa.
Rangeahilily shall be 10601,
Accuracy shall be 0.2 percent of calibrated vange.

Provide integral or remote LCD display and configuration module as reguired

by the application,

Provide available software configucation tools.

Approvals: Tostrument shall bear the CF mark

Houosing: Aluminom T2 NEMA 6P IP68, NEMA 4X P66, with separate
terming! comparbnent, '
Provide infegrated fermperaltre sensor for tenperature compensation,

device

Provide adeguate casble for contimpous conpection io

indicated on the drawings without sphees,

terminating

Ambient and process temperature range shall be-40 to 140 degroes I

. Provide echo suppressicn function.

ution of L0887 oy better

feasuring error shall be lessthan +/~ 167 Or 2% of measuring distance.

Acceptable Manufacturers

812

i.

Fndress + Hauser Proscoic FMUSO with zensor FIXL

LEVEL TRANSMITTERS

17242-5 1343394



2. Appﬁwed FEqual

Installation:

ot

1. Install in accordance with the manufactureds instructicns.

2. Fellow the recommendations of AP RPS5Q.
3. Install as required by the application

4, Install as shown on the drawings.
Calibration:
i, Cahbrate per Section 17900 Schedules.

2. Coordipate instrument calibration with the Project Representative al the fime of
prrchase and installation

Instrument fdentification: LS
Instrument Function: Level measurement of sludge blanket
Instrwment Description: Sludge Blanket Moter
Power Supply: 1Z0VAL

Signal nput: WNear Infrared (NIR) Optical Sensor
Signal Outpot: 420 ma DC, digital
Process Connection: Travelling, Submersed

Product Requirements:
Sensor:
1. Measnring range: 1.5 to 26 fest
2. Cable: shielded 4-wire, polyurethane cable, length 36 fi.
3. Material 316 88
4. Location: Submersed
5. Lens material; BK7 glass
& Measuring principle: MIR optical sensor
. Sensor and transmitior shal! be compatible mmiu:,t manufaciured by the same
company and reconunended by the manufaciurer for the application.
Transmitter:
L. Environment:
i, Location; Outdonr
b, Temperature: -20 1o 50 degroes ©
2. Raunge: 1 to 26 feet
3. Acecurscy: 25% of max range or 6 win, whichever is greater
4, Resolution: 1% of program range or 2 mn, whichever is greater
5. Programming: LCD display, membrane keypad

6. Power supply: 115V/60Hz

: CEVEL TRANSMITTERS
THIRA TRCH: 8112 17242-6 134333A



7. Power consumption: 20VA, 10VA standby, 70VA with heater

8. Anaglog Outputs: four each 4-20 wA, max loading 750 ohms (1% resolution,

isolated

9. Relay suputs: minimem 2 form A/ 1 form €, all rela

inductive

@

. Flush water supply: %7 hose nipple

P Y
——

. Cable: Per manufacturers recommendations
Approvals: CE, FM, CSA, UL

. Enclosure: NEMA 4

o

b
Led

Acceptable Manufacturers:

1. Cerlic CBX sys

fo Ur approved equal

"D

{nsiallation:
Install i accordance with manufzcturer’s instructions

L
2. Iustalt as vequired by the application

o

Install as shown on the drawings.
Calibration:

1. Catibrate per Section 17900 Schedules.

END OF SECTION 17242

LEVEL TRANSMITTERS
TETRA TECH: 8/12 {72427
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TETRA TECE

SECTION 17243
PRESSURE TRANSMITTERS

PART [ - GENERAL
1.1 SUMMARY
A. This Seciion specifies requirements for pressure franswitiers. This section applies fo
wmstrumentation elements that ouemiitotively convert smsed process pressure into a form/signal
comparible with process measurement, control, and display devices and ACCEREOTIES.
BB, The work of the following Sections is r‘eiatr* i i the work of this Section, Other Sections, not
referenced below, may alse be related fo the proper performance of this work, 1 i the
Coniractor’s responsibility to perform all the work required by the Contract Documents.
1. Section 17221 Field Instroments General
.  Performance Benchmarks: Homs listed by part number sre intended (o serve as performance
benchmarks, Submit most cumrent model meeting the benchmark perivimance requirements
for items that have been superseded or are otherwise obsolete UNGHL
D, Listed instruments: Not all producis listed are required for all applications. Submil only
products required for the application.
182 QUALITY ASSURANCE
Per Rection 17221 Field Instruments General.
183 SUBMITTALS
Por Section 17010-1.3,
PART 2 - PRODUCTES
2.81  DETAILED INSTRUMENT REQUIREM’EN’!’S
A, Reguirements for instroments are specified in this section and on INSTRUSPEC sheets in Part 3.
8. Instaliation and application reguirements ave specified in this section, Section 17901, and/or
on the contract Drawings.
PART 3 - EXECUTION
301 INSTRUSPEC SHEETS
A, The following INSTRUSPEC sheets provide detailed requirements for the listed instroments.

in.sirummi D; scrlpiz{m

Bnﬂirument 1* nnotion

Differential plew;nc fransinitter § Pressore measurement

Gage pressute wansmitier | Pressure measurement

JRE TRANSMITTERS
{72431 1343304




Instroment Identification: PR/PDET

Tnstrument Description: Differential pressure ransmitter
Instrignent Function: Differentia! fressure {Lovel) messurement

Power Supply:
Signal Input;

Signal Cratput:

@30 VD
N:;r'\
420 A DO, gﬁgitah HART

Process Connechon: Two V/2-inch female NPT flange adapters.

Product Bequirements:

1.

1

TP

6.

Pressure ranswitter shall be capacttance or silicone piezo-resistive bridge type.

Unless otherwise specified, wetted parts shall be ASTM AZ75, Type 316
stainless steel.

Unless otherwise specified, 81 fluid shall ve DC 200 Silicone oil
Adjustable dampening: 0.5 0 10 scconds.

Transmiiters shall be available in 10" W o 600 PSIG ranges. Specific ranges
shall be designated in Section 17901 Istrument Index,

Provide differential pressure tragsmitters with a three-valve manifold per
Section 17211 and with fowr I/A-nch drainfvent ports, two plugged and two
provided with bieed valves.

7. Static pressure yating shall be 2,000 psig or greater.

&

Smurt transwitier sub-carrier compatibihity with digital protocol.

9 FKM Viton seal

10, fransmitter shall have HistoRonM-DAT Setup/THagnotic.

it

12,

Spau shall be adiustable over a 100:1 or grester range.

Over ranpe capacity without affecting calibration shall be not less than 200
peroent of maxionnn specitfied range.

13 Volmetric displacement shall not exceed (.01 cubic inches over the specified

-

i

16.
7.

4.

(]

span.
Adjustable dampening shall be provided,

External zero and span adjustient shall be provided.
Reference Accuracy shall be 0,075 percent of sef span

Transmitter shall be remotely wounted at a distance of 25 feet {aciual distance
may be less, to be determined with owner's representative in field)

- 18, Range shall be selected so calibration point is between 20% and 80% of the

scaleable range.

Acceptable manufscturer:

+
i,

T

s

TETRATECH: 812

Badress + Hauser Dettabar PMD785.

Approved sgual

PRIOSSURE TRANSMITTERS
172432 1343304



Installation:
Install in accordance with manufhcturers instiuctions

Follow the recommendations of AP RPSSL

o S

Provide voot valves at all process pressure taps.

4, Yocated pressure measuremenis as close as praciical to the process tap and
positioned fo permit observation and mainienance {rom grade or work platform
uniess otherwize specified,

5. Tro nof support prm&mc insirmments from process piping, vnless otherwise
bpb(-.l.LM.ré.
Calibration:
1. Per Section 17901 Instiumment Index.
Instrument Identification: PRBTT
Instrument Description: (iage pressure transmitier ‘
Instrugaent Fanetion: Preossure measurement
Power Supply: 30 VI
Signal Input NA
Signal Quipuls 4-20 mA DO, digital, HART
Process Connection: Process connection shall be 316L 1/Z NPT or 17 or 27 flange

based upon apphcation requirements
Product Bequiremenis:
{. Puessure transmiiter shall be capacifance twpe or silicone strain gage {ype.

2. Unless otherwise specified, wetted parts sball be ASTM A276, type 316
stainless steel,

3. Rangeabiity: 151 minimwsm.
4. TFill fluid shall be DC 200 Silicone v, unless otherwise specified..

<

5. Range: Transmitters shall be available in 0 to 600 PSIG ranges, Specitic ranges
shall be designated in Section 17901,

&, Transwitters with spans less than or equal to 25 psig shall be provided with one
1/2-inch flanged process conuneeiion and two 1/d-wech drsinfvent ports, one
plugzed and one provided with bleed walve,

7. Reference diaphragm shell be provided with a westherproof, bug-proot
atmospheric vent.

8. Transmitiors for spans greater than 25 paig shall be similar 1o the above except
shall he designed for gage pressure servige, and DVerpressure mtxr- i* i be
greater than the lesser of 2000 psig and 150 percent of maximum Lzmg;.

0. Provide smart transmitter sub-carrier capability compatible with digital
protocol,

10, Transmitter shall be remotely mounted at a distance of 25 feet (aciual distance
may be less, 0 be deterinined with ownet's representative in hield)

PRESSURE TRANSMITTERS
TETRA TECH: 8/12 37243-2 1343394
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ok

I

Instalistion:

~3

Calibratione

TETRATECH: 812

1. Transtitter shall have HistoRom/M-Dat Setup/Disgnotic software

. Sensor shall be ceramic

Span shall be adjustable over a 10011 oy greater vange.

Over vange capacity without affecting calibration shall be not less than 200
percent of maxinmum specified range,

. Yolumetric displacement shall not exceed 0.01 cubic inches over the speciiied

span.

Tragsmitter enclosure shall be Aluminum P66/67 NEMA 6P
Adjustable dampening shall be provided.

Fxternal zero and span adinstment shall be provided.
Accuracy shall be 0.073 percent of span

Transmitters shall be provided with an outpot indicator which shall allow for
S0-degree movement, or LU,

Tndicator scale shall be calibrated in PSL

fe manvfactures

Endress -+ Hauser Cevabar PMOT!

Anproved equal

Install in accordance with manufacturer’s instructions
Follow the recommendations of APIRPSS0 o the specified requirements.

Provide voot vatves af all process pressure taps.
X

Provide gage valves af the insuument where the instrument is not within sight
of the root valve or where two of more nsruments are connected (0 5 single
tap.

DO NOT connect safely instruments 10 the same process tap 4s nsiruments
used for contvel, indication, or vecording,

Unless otherwise specified, pressure instruments shall be located as close as
vractical fo the process tp and shall be positioned fo permit cbservation and
mainienance from grade or 3 mainienance platfor,

Pressure instruments shall NOT be supported from process piping.

Per Sectiom 17901 Tnstrument ndex.

END OF SECTION 17243

PRESSURE TRANSMITTERS
172454 1343394



SECTION 17245
TEMPERATURE TRANSMITTERS

PART 1 - GENERAL

101

A
e

.

C.

2,

1.02

13

SUMMARY

This Section specifies requirements for temperature {ransmitters. This section applies to
instrumaentation elements that quantitatively conver! sensed process {emperature o a
form/signal compatibie with process measurement, conirol, and display devices and
ACCESSOTIE

m

The work of the following Sectiouns is related to the work of this Section, (Other Nections, not
referenced below, may also be welated to the proper performance of this work., R is the
Coniractor’s responstbility to perform ail the work required by the Contract Documents.

1. Section 17221 Field Instruments General

Performance Benchmarks: frers listed by part number are intended to serve as performance

benchmarks, Submit most current model meeiing the benchmark performance requirements

for tems thai have been superseded or are otherwise obsolete UNO,

Not all products lsted ave required for all applications, Submit only products required for the
application.

QUALITY ASSURANCE

Per Section 17221 Field Instrumenis General,
SUBMITTALS

Per Section 17010-1.3,

PART 2- PRODANCTS

201 DETAILED INSTRUMENT REQUIREMENTS
A, Requirements for instruments are specified in this section and on INSTRUSPEC sheets in Pant 3,
B.  Installation and application requirements are specified in this section, Section 17901, and/or
on the contract Drawings.
PART 3+ EXFCUTION
301 INSTRUSPEC SHEETS
A, The following INSTRUSPEC sheets provide detailed requirements for the listed instruments.

Imtt wment i)escu;lmm B

e
]

I Temperatwe measurenent

TEMPERATURE TRANSMITIERS
TETRA TECH: 8712 172451 1343384



Instrument Tdentification:
Tnstrurment Function:

Instrimnent Description

Power Supply:

Sigual Inputs

Signal Outpat

Process

Connection:

T

Tomperature measurement

Tewmperature ttansmitter

120VAC, 60 Hz or 26 VDO, 8 VA maximum

2, 3 or 4-wive RTD 100 Ohm Blatinum, or T/C type L K, B, N,
B, 3 TorB

4-20 ma DC, digital

Thermowell per Section 17213

Product Requirements:

Sensor
-1,
Transmitter:

1.

.
7.

13

9,
10.

=
st

Acceptable

p——

A

TETRATECH: 8/12

Provide a sensor 1o accordance with Section 17941,

Transmiiier shal
transmission sig

convert the sensor resistance or mV cutput to a milhampere
iai output with an acewracy of +0.1 percent of range or betier,

Input range: As specifted in Section 17881,
lnput Sensitivity:
Input Tropedance:
Ace axma y and stability: +0.1% of range or 0.1 c‘e;:ne» C, whichever is greater,
‘or 2 vears with RTD sensor and T year with T/C sensor.

-!-

Isolation: faput/Output/Power - 5300 VAL mivimum

Tronsmitter shall provide output power for seunsor ov Cold Juochion
compensation for sensor, as wquired.

Display: ‘5-1:",2
degrees Cen

digit integral LD display w/ decimal potnt, minne sign, and
grade/Fahrenheit indicator.

Approvals: FM Explosion proof and/or Inwinsically safe in hazavdous areas
Enclosure:
a. NEMA 4X in pon hazardous arcas
b, NEMA 7 in hazardous areas
¢, Max. Dimensions: 4.7 inch (120 sun) dia. x 5.2 inch (132 mm) Depth
Envirenmental:
3. Operating Temperatore: -20 degrees  to + 70 degrees ¥
b, Humidity: § - 85%, non-condensing

¢, Altitude: 0- 500 meters

Manufscturers:

Fudress -+ Hauser THIZ

Approved equal

TEMPERATURE TRANSMITTERS

173457 1343394



Instaiiation:
t. Tostall per manufactured's lastructions and recommendations.
2. Follow the recommendations of APLRP.331.
Calivration:
1. Application, sensor, and calibration requivements per Section 17981,

END OF BECTION 17248

TEMPERATURE TRANSMITTERS
TETRA TECH: §/12 17243-3 1343394



SECTION 17231
PROCESS SWITCHES

PART 1 - GENERAL

1.8%
A,
B

.02
A

184

THIRA

SUMMARY
This Scction specifies requirerments for process and non process activated switches.
Performance Benchmarks: Treras listed by part number are intended to sevve as performance

henchiarks, Submit wmost current model mesting the benchmerk performance requirements
for items that have been superseded or are otherwise obsolete UNG.

Not sl products listed are required for ail applications. Submit only products required for the
application.

REFERENCED SECYTIONS

The work of the following Sections is related to the work of this Section. Uther Sections, not
referenced below, may also be related to the proper performance of this work, T is the
Contracior’s responsibility to perforra all the work required by the Coniract Documents.

1. Section 17010 Instrumentation and Control Syste

QUALITY ABSURANCE

Referenced Swandards: This Section in w&'pcmtcs by reference the laiest revision of the

documents Hsied below, In case of conflict between the requirements of this Section and those
of the listed documents, the more demaﬁfimg requirements shall govem.

1. APIRP3SG Manual on Insmﬁi}aﬁc‘n c’rf Reﬁnery Instruments and Countrol Sysiems,
Part 1 - Process Instrumentation and Control

2. NEMA 250 Finclosures fov Electrical BEguipment {1000 Volts Maximum}

3. NEMAICSZ Industrial Conirol Bevices. Controllers and Assemblies

4. NEMAICI 6 industrial Control and Systems: Enclosures

Listing

1. All maierials and equipment specified herein shall be within the scope of Nationally
Recognized Testing Laboratory (NRTL) examination services, be approved by the
WNRTEL for the purpose for which they are used. and shall bear the appropriate
fisting/label.

2. Equipmeni listed/labeled by an NRTL scceptable to the local authority having
jurisdiction,

3. When a product is not available with a listing/label for the purpose for which i is o
serve, the preduct may be required by the taspection authonty 1o underge a special
inspection al the manutacturer’s place of assembly or as & completed assewbly in the
ficld. Al costs and expenses incurred for such inspections shall be included in the
original contract price.

SUBMITTALS
Per Section 17010-1.03.

PROCESS SWITUHES

TECH: 8112 - 172511 ) 1343394



PART 2

2.

a1
Al

B,

- PRODUCTS

GENERAL

SWITCHES: Unless othetwise specified, switches shall comply with the following

requirenents:

5. Contact outpuis used for alarm actuation shall be ordinan i} closed and shall open fo
initiate the alam.

2. Contaet outputs used to control cqutpm'»n- shall be ordinarily open and shail close to

start the equipment.

[

Contacts monitored by sofid-state equipment such as pie )gmmmabk‘ legic controllers or
annunciators shall be hermetically sealed and designed for switching currents from 20 to
100 maA at 24 VRC.

4. Contacts monitored by eleciromagnetic devices such as mechanical relays shall be vated
MNEMA YOS 2, designation B300.

5. Double barriers shall be provided between switch elements and process {inids such that

failure of one barrier will not permit process {ulds into electrical enciosures.

7. Provide suitable intrinsic-sa fety barriers for contacts in hazardous areas that awe
monitored by equipment in safe areas.

8. RUSSED INSTRUMENTS: Provide Device Net, Foundation FPield Bus, or approved
equal for digital communications of process switch signals. Only one digitsl protocol for
process switches communications shall be atlowed,
squirements for instruments are specified in this section and opn INSTRUSPEC sheets in Part 3.
nstaliation and application reguirements are specified in this section, section 17901, and/ov on
the conract Drawings.

INTRINSIC SAFETY BARRIERS AND RELAYS
Intrinsic safety barriers for process switches:
Lo Dual input, passive type,

2. Shunt dicde barrier construction with non-replaceable fuse and internal current limiting

resistor
3. Listings: UL, FM or CSA cartified for use in Class ¥ Groups A, B, €. D; Class H Groups

E F,G.
4, Accentable manufacturers:
. Ronan X37 Serie
b, Turck MZ-61 Series
o, Approved equal
intrinsic salety relays:

1. TIsolates field contacts in classified location from conirol circuits in non-classified
focation.

PROCESS SWITCHES
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Iaput:

a.  Maximum feld contact current/voliage: 10 mA/LHI VAC
b, Tum-on seasitivity: < 150K Ohms

c.  Turp-off sensitivity: > 1 Megachin

3. Ouiput

a.  SPEYNOMNC, s:':vitchiﬁg action field programmable

b, Rating: 1 A resigtive at 24 VD or 120 VAL

5. Listings: UL of FM approval for use in Class ¥ Groups A, B, U, D, Class T Groups I, ¥,

6. Faclosure: NEMA 1

Asceptable manufacturers:

a  Cewms SafePak model 54820
b, Stahl IS Isolator Type 2170
¢, Sguare-D series 8301 TO or NY2
7

4. Warrick series 17 or 2

e Approved equal

PART 3 - EXECUTION

381

S
& ¥

B.

L
=
e

EINSTALLATION
Installation requirements per Section 17010,

Electrical Connections: Final connections between rigid racewsy systoms and iostrumenis
shall be made with jacketed flexible conduit with s maximum length of two fecl.

Tagging: All field instrame ! be labeled with unction and instrument number, ie, (FIT-
3GI/EFFLUENT FLOW METER). Tag shall be 10ga 316 stainless steel with stamped lotters
and numbers attached to deviee with 12g2 316 stainless stesl wire,

TESTING
Testing requirements per Section 17010,
INSTRUSPEC SHEETYS

The following INSTRUSPEC shects provide detailed requirements for the listed devices,

De E. AP
TETRA TECH: /12 172513 134338A



INSTRUSPRC

Instrument Description

Thermal dispersion flow switch for water, air,

insettion paddle type flow swiitch

Symbel
ot
itrogen
BS2
181 Level Swiich, float
152 Level Switch, stew supported
153 Level Switch, conductivity
154 Level Switch, Displacer Float
S Pressure swilch
PDSH

PIISLA

PISL2

ey

Differential Pressure switch, high sange
Differendal Pressure switch, Jow range

Differential Pressure switch, Jow range

.

) Temperature swilch
¥S Vibration switch
251 Door position switch
Z82

Mechanical equipment position switeh

Instrament Function

Hlow threshold detection

Flow threshold defection
Level measurament
Multi-level measurement
Multi-level measurement
Multi-level measurcment
Pressure measurement

Differential progsure
measuement

Differontial progsue
wmeasusment

Differential pressue
measurement, EP

Temperaree Monttor {Flwid
fmersion)

Bowipmeni vibration monitor
intrusion detection

Bosition Limit detection

Instrument Type Symbol:
Instrument Deseription:
Instrument Function:

Process Connection:

1. Switch shall be suitab!

- 3/4% or larger MNTP

FRi
Thermal dispersion flow switch,
shold

Flow thres detection for waler, aly, and nitrogen

, apphication dependent.

e for flow / no flow detection of waler, sir, and nitrogen

2as In process piping.

Product Requiremenis:
Geanearal:
Sensor:

1. Seunsor material g

hall be 316 stainiess steel.

2. Operating sempes:mu'e range shall be -50 0 350 degrees ¥l

3. Maximum operation pressure shall be 4000 psig.

4. Response time: 3 sec

onds

5. Repeatability: +/- 0.5% of vange

6. Probelengthe 127, 187, custom

TETRATE

PROC E*,S

SWITCHES
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TETR

Transmitter

Housing: UL/CSA rated explosion proof ad necded
Temperature: 30 to 130 degreas ¥

Power Supply: 120 VAU 60Hz 4 waits

Relay Cutput; SPDT 3 amps resistive

Connectioas: 17 FNPT

Acceptable manufacturer:

i

B e

Instaliation:

Cahbration:

Ameritrol Ine., FX series
Fhad Components Intemational
Magneirol Thertantel

Approved equal

Install according to the manufaciurers recommendations.

Install as indicaied on the Drawings.

1. Calibrate per Section 17961,
Instrument Type Symbol: ¥82

Insttoment Description:
Ingtrunent Function:

Process Con

insertion paddie type flow switch

Fiow threshold detection for water

neohion: Insertion

Produst Requiremenis:

H

RS )

W

Flow switches shall be msertion paddle tye.

Provide snap action {rom C contract closure outpul

Set point shall be adjusted by the insertion length of flow swich paddla
Paddie shall be 316 stainless sieel.

Provided with NEMA 4X function box.

Aceceptable manufaciren

i

7

s

Instaliation:

Cglibration:

A THOH:

12

Geins FS-350

Approved egual

Install according to the manufacturers recommendations.

Install as indicsted on fhe Drawings.

Calibrate per Bection 17981,

PROCESS SWH‘CHES
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Inshirument idenitfcation:
Instrument Functiom

fnstrument Description:

L5t
Level measurement

Float lovel switch

Power Supply:
¥

Signal Tnput:

Signat Output:

Process Connection:

N/A
N/A
Contacts
N/A

Product Reguirements:

'
i,

IR O

L

&,

;
£

SPST tilt aciuated switch,
Switch shall not contain mercury.

High buovancy, foam filled, durable, corrosion resistant float housing.
{4-AWG wive type 8O cable with PV outer jacke
Tikt switch shall be rated for fwo amps at 120 VAU mindmun,
Cable length #s needed, field verify,

Contacts: § NO or 1 NC

Acceptable manufaciyrer

i.

Installation:

Calibratiom

+
'
e

Yustrument Identification:
Iastrument Function:

Instroment Desoription:

Power Suppiy:

US Filter Modet 8G-EF

Anchor Sclentific Selo-Fleat
Approved egual
install per Contract Drawings,

Install per the manufachwer’s msiructions.

Per Section 17901

182

Multi-level measurement

Stems Mounted Muliiple Float Switch
120V AL

Process: Waste water
Sigunal inpot: NA

Signal Ouiput Confacts
Process Conaection: DA

Product Reguiremenis:

i

o

e

TETRA TECH: 8/12

Switch shall be s SPRT.

Switch shall be UL or FM approved,

PROCERS ui’»’i CHES
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th &

&

9.

Provide four aptuation levels.

Lead wire lengih shall be 247

Mount and stem material shall be 316 88,

Float material shall be 88,

Float diameter shall be Mir sid.

Float operating temperature it shall be up to 150°F.

Float operating meximum pressure shall be 100 PSL

10, ¥lectrical conneciion junction box ghall he NEMA 4 tvpe.

Acceptable mamifacturer

1.

i~

3.

Instaliation:

i.
2.

.

Calibration:

[

CGEMS Model 1LE700
Barksdale BLS-800

Approved egoal

Install per manofacturers recommendations.

Per the contract drawings.

Por Section 17901,

Instrument Type Symbol L83

Instrument Functon Mulii Point level detection,
Instromment Description: Conduetivily seusor.
Process Connection: J-inch male pipe thread,

Product Requirements:

Elecirode Holder:

Blecirodes:

TEIRA TECH: §/12

Assewbly capable of bolding up to seven 1/4-inch-diameter rod type probes.

3-inch male pipe thread attachment o electrode chamber,
Die-cast epoxy-coated alumimun terminal housing,
216 stainiess steel body,

34-inch boss for electrival conduit.

Vé-inch 316 stainiess stee] vod threaded on one end for atischment fo electrode

holder.

PV heat shrunk sheathing,

Fach probe cul to exact lengih for the sensing elevaiions as shown on
Drawings.

PROCESS SWITCHESR
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Electrode Relay Module:
1. Power supply: 120 VAL 60Hz
2. Solid state plug-in module,

3. One form-C SPDT load contact per module.

&

Minimum contact rating 8 arp resigiive at J20VAL,

w

Temperature: -50 to 140 dogrees ¥

o

Direct or inverse acting,

=

Field adiusiable sensitivity.

(@]

Primary voliage 120VAC,

2, Secondary cireuit: 1IVAC RMS, 2.3 milliamps

10, NEMA | enclosure,

11. UL approved for hazardous boeation use, intringically safe.
Accepishle manefacturen

i, Warrick Conirpls Series 3E probe fiiting

2. Warnck Controls SBeries 27 relay wodule

3. Warrtck Controls Series 3B or 3H as reguired by the application

4. All components shall be the products of a single manntachre

L

Approved equal
fastallation:
1. Install in accordance with menuiacturess instructions.

2

.

As specified oo the Drawings.

s

Calibration:

4

1. Set and rvesel points shall be per Section 17981

2. As specified on the Drawings,

{nstrument Type Symbekh 154

Instiument Function: Mulii-level measurement
Instrument Description: Level Switch, Displacer Float
Provess Connection: Ag reguired

Product Requiremenis:

1. Level swiiches shall be spring teustoned cable supported displacer type switch
using buoyancy principle.

Z.  Switch achion shall be mercury switch, forn-C contact arrangement.
3. All parts shall be 316 or 204 stainless siech

4. Fnclosure shall be epoxy coated NEMA 4, or egual.

PROCESS SWITCHES
TETRA TECH: 8/12 17251-8 ‘ 1343394



Acceptable manufacturen

nstaliation:

)

N

Calbibration:

Magnetrol Serigs ALS

Approved egunl

install in accorvdance with manufaciurers msiructions,

As specified on the Drawings.

1. Set and reset points shall be per Section 17981,
2. Asspecified on the Drawings.

Ingirument Identification: FES

Instrument Punction: Pressure measurement

Instrament Description: Pressure switch

Power Supply: NA

Signal Input; NA

Signal Ouiput: Contacts
Process Connection: 1/4-inch fomate NPT,

Product Reguivements:

i,
2.

oy

6.

TETRA T

I Q7R
»el 5}! L

Construction: Pressure element and a precision switch.
Pressure element:
a.  Typer Diaphragm type with Buna-N diaphragm, ot brass dual bellows,

b, Overpressure:  Capable of withstanding 10 tmes overrange pressure
without affecting calibration.

Switch:
a. Hermetically zealed SPDT, unless otherwise specifted.
b, Contactsrated 10 A at 120 VAC, 0.5 A ot 120 VDO, resistive,

c. Adjusiable set-point and deadband of approximately 10% to 90% of
operating range, unless otherwisc specifie

Range: As ';pu,zi-c-l Set point should fall between 30% and 70% of operating
range. Sef point and reset point shall be indicated on calbrated scales.
Accuracy: Hepeatability and sensitivity shall be +-1% of operating range or
better.

Enclosure:

a.  Cast ahunirom rated NEMA 4% or NEMA 7, a8 required,

b, Two 34-inch conduit comnections,

PROCESE SWITCHES
172519 (343394



Acceptable manufactuers

1. Sguare-D series 9012 G

2. Asheroft LP Series

2. Mercowd Series 1000

4. Approved equal

Insiallation:

1. Install per manufacturer's instructions and the recommendations of APL RPS30
10 the specified requirements.

2. Provide root valves at all process pressure taps exeept taps made for safety
fagtrismenis.

3. Provide gage valves ai the instrument where the instrument is not within sight

Cof the root valve or where fwo or more instruments are conpocted fo a single
fag.

4, Do not connect safely instrumenis o (he same process {ap as wstruments uged
for control, indication, ov recording. Jni sz otherwise specified, Jocate as close
as practical to the process fap and posttion o pemmit observation and
mamtenance.

Calibraton:

1. Application, calibration, and set points shall be per Seotion 17981

Tustrument Identification: PSR
nstrument Punction: Differential pressure measurement
fnstrument Description: Differential pressure swiich, high range
Power Supply: N/A
Signal Toput: NA
Signal Output: Contscls
Process Connection: 18- or 1/4-nch NPT high and low pressure taps.

Product Reguirements:

TETRA TECH: 8/12

i

2

Lol

Construction Dﬁferemia! pressure clement and a precision switch,

Pressure glement:

a. Type: Disphragm type with Buna-N disphvagm, or as specified

b, Overpressure:  Capable of withstanding 10 traes over range pressure
without affecting calibration, *

Switeh:

2. Snap-action SPDT, unless otherwise specified.

b, Rated 15 A at 120 VAC

¢. Adjustable set-point and desd basd of approximately 10% io 90% of

operating range, unless otherwise specified.

PROCESS SWITCHES
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Range: As specified. Set point should falf hetween 30% and 70% of operating
range. Set point and reset point shall be indicated ou calbirated scales.

Accuracy: Repeatability and sensitivity shall be +-3% of operating range oF
better.

Erclosure:

. Cast sluminum NEMA 4%

-t
@

5. NEMA7 for hazardous aress

e, Two 3/4-inch conduit connections

Acceptable manufacturers

i
2.

[§%)

4

Tnstaliation:

Calibration:

1.

e

Lav

(3]
B

1.

Bguare-UJ series 9012G

Asheroft series LDA, D400, D700
Mercoid series PG SALTI00
Approved equal

fnstall per mannfacturer's instouctions and the recommendations of APLI RP3S]
to the specified requiremenis,

Provide root valves af all process pressure taps except taps made for safety
instruments,

Provide gage vatves al the instroment where the instrument is not within sight
of the root vsive or where two o more Inshraments are connected o a single
tap.

3o not conneet safety instriwnents to the same process ap as instroments used
for control, indication, or meodrding.

Unless otherwise specified, focate as close as practical to the process fap and
pasition to permit abservation and maiienance.

Application, calibration, and sef points shail be per Section 17861,

Instrument Identification: PORL

Instroment Fupefion: Infferential pressure measurement
Instroment Description: Differential pressure switch, low range
Power Supply: NIA

Sigual Inpuot: Process

Signal Output Contacls

Process Connection: 1/8-mch NPT high and low pressure taps.

Product Reguirements:

THTRA TECH: 212

i.

2

Service: Alr and nen-combustible, compaiible gases.

Wetied Materials: Consult Factory,

PROCESS SWITCHES
172511 1343304
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Temperature Limits: -30 to J80°F (-34 10 82.2°C). 182300, -20 to 180°F (28
to §2.2°0).

4, Pressure Limits: 10 psig {68.95 kPa) continuous, 25 peig (172.4 kPa) surge.
5. Switch Type: Qmmc—p e double-throw (8PDT)
5. Repeatability: 3:2%,

7. 'E':’I“C?i'ia:ai Rating: 15 A @ 120-480 VAC, 60 11z Resistive 1/8 HP @ 125 VAL,
V4 HP @ 2506 VAL, 60 Hz. De-rate to 10 A for operation at high cycle rates.

8. Elecirical Compections: 3 screw type, commen, normaily open and nonually
closed.

G, Progcess Connections: 178" female NPT,

10, Mounting Orientation: Diaphragm in vertical position. Consult factory for other
position orientations.

{1, Set Point Adjustiuent: Screw fype inside mounting spod,
12, Weighi: 11, 5 oz {595 o),
13, Agency Approvals: CE, UL, USA, F¥
t4, Set Points from 0.07" to 85" w.c.
15, Repetitive Accuracy within 2%
Acceptable manuiactarer
1. Diwyer Series 1800
2. Approved eoual
nstaliation:

1. fustall per manufacturer's insiructdons and the recommendations of AVT RPIS0
to the specified requiremenis.

[

Provide root valves ab all process pressure taps except taps made for safety
instriments,

3. Provide gage valves at the fnsiroment where the instmument is not within sight
of the root valve or where two or more instraments are connected 1o s smgle
tap.

4, Do not connect safety mstruments 0 the same process ap 45 siruments us

for control, fudication, or recording,

LA

. Unless otherwise specified, locate as close as practical to the process tap and
position to permit obsarvation and maintenance,

Calibration:

1. Application, calibration, and set points shall be por Section 17961,

PROCESS SWITCHES
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Instrument {dentification: PDISLY

Insgrument Function Differential presswre measurement, jow range
Instoument Description: Differential pressure switeh, low rangg EP

Power Supply:
Signal Input:

Sigual Output:

MNIA
Provess

Contacis Paragraph 17216

Process Connection: 1/8-inch NPT high and low pressure taps,

Product Requirements;

t.

P

>

»

h

14
15,

Switch shall be for low range differential pressures, with repetitive accuracy of
pliss or sninus 3 percent of fidl scale throvghout range.

Service: Alr and non-combusiible, compatible gases.

Wetted Materials: Consul factory,

Temperature Limits: -40 to 140°F (40 10 60°Cy; § 1o 1407F {17.8 to 60°Chifor
195008, 15, 25, and 38, <30 to 130°F (344 to 54.4°C) for 1950-02,

Pressure Limits: Continnous: 1950% - 45" w.e. (011 bar); J950Ps - 35 psi
241 bar); 1950P-50 only - 70 psi {4.83 bar), Surge: 19580 - 10 psi (.69 bar);
1950P's - 30 psi (3.45 bary; 19509-50 only - 50 psi (6.21 bar}.

Enclosure Rating: NEMA 3 (1P54) rain tight, NEMA 7 and 9.
Switch Type: Smgle-pote double-throw (SPDT).

Flectrical Rating: 15 A @ 125, 259, 480 VAC, 40 Hz. Reststive /R HP @ 123
VAL, V4 HP @ 250 VAC, 60 Ha

Blectrical Connections: 3 screw type, common, normally open and normally
ciosed.

Process Connections: /8" femals NPT,

i. Mounting Orientation: Diaphragm in vertical position. Consult factory for other

position ovientaticns.

. Bet Point Adjusunent: Screw type on top of honsing,.

-
N

oF, UL and CSA listed, FM approved for use in Class i, Div 1, Groups © and
03, Class 11 Groups B, F, and & and Class 1 hazardouns atmospheres,

Weatherproof features bolude a drain plug and O-ring seal in cover.

o

Models offer set points from .03 10 20" wee. (7.5 10 § ¥Pa) and from .5 10 60 psi
{0,035 t0 3.5 bar).

Acceptabie iamuiacturers

fnstallation:

TETRA TECH: 8142

1.

[

{rwyer series 1956

Approved equal

Install per manufachurer's instructions and the recotwnendations of AP RP550
to the specified requirenents,

Provide rootl valves at all process pressure faps except taps made for safety
ingtruments.

1343354
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Provide gage valves at the instrument where the instruoment is not within sight
of the root valve or where two of more instruments are connecied © 8 single
iap.

4. Do not commect safety instnuments {o the same process tap as instrumients osed
for controd, indication, or recording,

3. Unless otherwise specified, locate as close as practical to the process tap and
position to permit observation and mainenance.

Caltbrationd

1. Application, calibration, aad sef poinds shall be per Section 17981

Instrument Identifiontion: TH

-

Instroment Fonction: Temperature monitor

Tnstrument Description: Temperature switch, Capiliary-type Fiuid irmmersion
Power Supply: NA

Signal nput NA

Signal Qutput: Contacis

Process Connection: P20 NPT

Product Requirements:

1. Constraction:  {dguid-filled bulh and capillary, pressuve sensor, suap acton
switeh,

2. Bulb and capillary: Material, copper or stainless steel, as specified. Length as
aeeded,

3. Pressure element:

a. Type: Bourdon tube, copper or stainless steel as required

b, Overpressare: Capable of withstanding 300 psi camllary pressure
4, Switch:

a. Genersl purpose SPDT, unless otherwise specified.

b, Rated 10A at 120 VAL, .5 A at 126 VDCL

¢, Adjustable set-poini aud dead band of approximately 0% o 90% of
operaii

ting range, unless otherwise specified.

<

5. Accuracy: Repeatability and sensidvity shall be +-2% of operating range or
betier,

&, Enclosure:
4. Cast aluminun NEMA 4X
b, NEMA 7 in hazardous areas
¢, 3d-inch conduit connechions
Acceptable Manufacturers:

1. Ashoroft series L, 400, 700

PROCESS SWITCHES
TETRA TECEH: 8/12 17251-14 134339A



b2

Mercoid setios O
2, Approved equal

Installation:

i Install per manufscturers insiructions.
2. FPollow the recommendations of APIRP350.

bt

As shown on the drswings.
Calibration:

i, Application, calibration, and sef points shall be per Section 17961,

Instrowent Identification: s

Instrionent Fonctiow Sense Vibration of Process Hguipment
Ingtroment Description: Vikvation Switch, Electeonie

Power Supply: 120 VAQ, 60 Hz or 24 VIO, 5 VA max
Signal Inpat; WA

Signal Output: Triac, FET, 4-20 mA, see below
Process Connection: Machined surface witasteners

Product Requirements:
1. Constuciion: Consisis of o self-contained seismic vibration sensor, electronic
signal processing and alarm cireuitry with {wo alarm relays,
2. Operation:
s Intended 1o protect rotating machinery from damage due to mechanicsd
matfoacton and vibration,
b, Sigpal processing elecironics shall convert seismic senser ouwtput into
velociiy signal, test for alawss, and fransmit analog veloeity signal,
¢ Include an alarm inhibit feature that prevents the switch from iripping
during machine stat up, as indicated by contact closure. Afler the inhibit
period, the switch shall funciion normally.

d. Include an alarw delay feature that prevents the swiich from tripping
during short ferm transiont vibration condittons. Under contimeed gh
wibration the switch shall tip atter the delay period. Alarm delay period
shall be programmasble from 3 16 10 seconds.

Range:

v
L

8. Danger alarm set-point 615 to 1.5 inches/sec
b, Warning alarm set-point; 10% 1o 100% of Danger set-point

c.  Analogsignall 0to 180% of Danger set-point

4, Accuracy: +-5% tull sesle
5. Enclosure:

a,  Cast alundnom or cast iron NEMA 4%,

PROCESS SWITCHES
bl ‘ 17251-15 13433%A



b, NEMA 7 in bazardous areas.
¢, Conduit fittings: 34-inch conduit opentng for power and signal witing.
&, Signal Output;
a. AL powered nnils: Sohd-state tiac, rated 2 A at 120 VAT
b, DC powered units: Power FET, rated 3 A at 24 VDC.
¢, Analogoutput: 4-20 A into § w 560 Ohms
Acceptable Manufhcturer:

1. Rochester model VT-121520

£

Robertshaw model 566
3. Approved egusl

Installation:
1. Mount and connect per manutfachirer's instructions.
3. Asshown in the Contract Drawings,

Calibration:

1. Appheation, calibration, and set points shall be per Sectton 7981

ingtrument Type Syinbol: 51
Instrument Function: Door position threshold detection,
Instroment Description: Magnetic reed switch.

Product Requirements:
1. Provide tndustial grade switch suitable for harsh environments,
2. Comtgets: SPOT form C, .5 amp max, 100 VAC/DC max at 25 amps, 7 VA
max.
3. Magaoetic reed switch.

4, Prevent siicking or freczing between the two swiich plates that fonu the
magnetic feld.

5. Elecuical components hermetically sealed.

6. 316 Stainless Sieel anwored lead fype.

Operating temperainre: -40 (o 150 degrees ¥
§. UL Histed.

i

. Warranty exceeding 10 years for workananship, material acd factory defects.

3%

¥

T
H

Agcceplable mamafacturer
1. GE Security Praducts 2500 series
2. George Risk Industries

3. Approved egual

PROCESS SWITCHES

TEIRA TECH: 8/12 17251-16 1343394



Instaiiation:

e
H

Les

Calibration:

i

Install in accovdance with manufachuirer’s Instruciions and
requiraments.

Suitable for metal door installation.

Por sife requiremenis,

Tnstrument Type Symbol: A
Instrument Punction: Position threshold detection.
Instrument Description: Eimit switch.

Product Regquirements;

Configuration as required by the application.
NEMA rating as required by the application.
Area classification listing a8 required by the apphcation,

Conta
carrving capacity.

Acceptable manufacturer;

Installaton:

Calibration:

TETRA TECH: #/12

1.
2

¥
2,

Square D Class 9007
Allen Bradley
Approved equal

Tnstall in accordance with manufaciurer’s mstructions.

Installation and actuation as reguired by the application,

Per stie and eguipment reguirements,

END OF SECTION 17251

PROCERS SWITCHES
1725117

the application

© SPUT, quick make and break, 120 VACHC, 20 amps coutinuous
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SECTION 17960
SCHEDULES
PART 1 - GENERAL '
.81 SUMMARY
A, Scope: The following schedules are provided:
1. Section 17901 Instrument Schedule (Inshrument Index;}
2. Section 17903 PLC VO Schedule
B.  Schedule fields are listed in Part 3.
1.62 RYEFERFNCES

References to drawing numbers provided in these schedules are provided as a convenience
only. An incorvect drawing number or the omission of an appropriate drawing aumber shall
have no impact on the scope of work requived under this contract.

PARY 2~ PRODUCTS
2481 SCHEDULES

A.  Data Ficlds: Schedules shall provide the data columns indicated in Part 3.

s

B.  Instrument Schedule:

f. This schedule briefly describes major discrete devices reguired by the control systemt.
Scheduled devices shall be provided as described in the schedules and in the referenced
specification pavagraph. Hach instrumsent s located by 2 panel reference or electrical ov
mechanical plan drawing reference (if field mounted),

r

These schedules shall not be inferpreted as a set of complete data sheets for the devices
but only as a listing of tnstrumients with cettain salient features described.  Additional
elements such as power supplies, current repeaters or isolators, mounting hardware, cord
sets, and other such elements as may be requived by a particular vendor in order to
complete the system shall be provided cven though not histed. The Contractor shall
create complete ordering information for all instruments and shall submit this
information to the Engineer for veview prior o manufacivre.

Led

Iostrument Scheduie columa deseriptions:

a. Tag number: These are fnstrument tag pumbers which include the 3-digit
mstrument loop {IL) swmbers and individual mstrument prefixes and suffixes, ov
component name or circuit designation.

b, Descripion: Defines application of the loop or identifies the type of jndividual
instrument within the loop.

¢.  Specification nwmber:  Numbers refer to specification requivements for new
fnstruments which shall be provided.

d.  Process drawing rumber (P&1d): Numbers refor to basic process flow drawings
showing the schematic locations of primary measuring elements and final control
devices within the process.

e, Physical lncation drawing number; Numbers refer to instrumment location drawings
showing locations for individual field mounted instramenis,

SCHEDULES o
TETRA TECH: §/12 17900-§ 1343394



PART 3 - EXECUTION
301 SECTION 17901 INSTRUMENRT SCHEDULE
A, Cotumn Headings to Include:
I, TAG NUMBER
2. DESCRIPTION
3. P&ID DRAWING NUMBER
4,  LOCATION DRAWING NUMBER
5. SPEC NUMBER
6. CALIBRATION RANGE
7. AFPLICATION NOTES

3.8 SECTION 17983 PLC VO SCHEDNLE
A, Column Headings to Include:
1. TAG NUMBER

2. DESCRIFTION
3. P&ID DRAWING NUMBER
4, PANEL NUMBER
5. FOTYPE
6. MODULE TYPE
7. RACK
8. SLOT
9. POINT
END OF SECTION 17908
SCHEDULES
TETRA TECH: 8/12 179002
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