LITTLETON

SCHOOLS

2020
CONSTRUCTION
STANDARDS
VOLUME I

Divisions 21, 22, 23 and 26
Issue Date: October 01, 2020

For use in all new projects as of the issue date

Projects in progress prior to the issue date should refer to the appropriate prior issue



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

TABLE of CONTENTS
DIVISION 21 FIRE SUPPRESSION

21 00 00 General Fire Suppression Requirements
21 10 00 Water-Based Fire Suppression Systems
21 30 00 Fire Pumps

DIVISION 22 PLUMBING

22 10 00 Plumbing Piping

22 30 00 Plumbing Equipment

22 40 00 Plumbing Fixtures

22 60 00 Gas and Vacuum Systems for Laboratory and Healthcare Facilities

DIVISION 23 HEATING, VENTILATING and AIR CONDITIONING (HVAC)

23 00 00 General HVAC Requirements

SECTION 23 08 00 - MECHANICAL COMMISSIONING

SECTION 23 09 23 - DIRECT DIGITAL CONTROL SYSTEMS
SECTION 23 09 93 - SEQUENCE OF OPERATION

SECTION 23 20 00 - BASIC PIPING MATERIALS AND METHODS
SECTION 23 21 13.13a - UNDERGROUND PIPING FOR SYSTEMS BELOW 250° F
SECTION 23 21 13.13b - UNDERGROUND PIPING FOR CLASS A SOILS
SECTION 23 21 16 - PIPING SPECIALTIES

SECTION 23 21 23 - HYDRONIC PUMPS

SECTION 23 23 00 - GLYCOL SYSTEMS

SECTION 23 23 16 — REFRIGERANT PIPING SPECIALTIES
SECTION 23 25 00 - WATER TREATMENT

SECTION 23 31 13 - METAL DUCTWORK

SECTION 23 33 00 - DUCTWORK ACCESSORIES

SECTION 23 33 19 — DUCTWORK SOUND ATTENUATION
SECTION 23 34 00 - AIR HANDLING FANS

SECTION 23 36 00 - AIR TERMINALS

SECTION 23 37 13 - AIR DISTRIBUTION DEVICES

SECTION 23 51 00 - BREECHINGS, CHIMNEYS AND STACKS
SECTION 23 52 00 - BOILERS

SECTION 23 53 00 - BOILER ACCESSORIES

SECTION 23 54 00 - FORCED AIR FURNACES

Volume 1 TOC Page 1 of 2



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

SECTION 23 62 00 - CONDENSING UNITS
SECTION 23 63 13 - AIR COOLED CONDENSERS
SECTION 23 64 16.13 - CENTRIFUGAL CHILLERS - AIR COOLED
SECTION 23 64 16.16 - CENTRIFUGAL CHILLERS - WATER COOLED
SECTION 23 64 19 - RECIPROCATING / SCROLL CHILLERS
SECTION 23 65 00 - COOLING TOWERS
SECTION 23 73 00 — PACKAGED INDOOR HVAC UNITS
SECTION 23 74 00 — PACKAGED ROOFTOP HVAC UNITS
SECTION 23 75 13 — AIR HANDLING UNITS
SECTION 23 81 23 - COMPUTER ROOM AIR CONDITIONING UNITS
SECTION 23 82 00 — TERMINAL UNITS
SECTION 23 83 13 - ELECTRIC HEATING CABLES

DIVISION 26 ELECTRICAL

26 00 00 General Electrical Requirements

26 10 00 Medium-Voltage Electrical Distribution

26 20 00 Low-Voltage Electrical Distribution

26 30 00 Facility Electrical Power Generating and Storing Equipment
26 50 00 Lighting

Volume 1 TOC Page 2 of 2



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

DIVISION 21 FIRE SUPPRESSION

21 00 00 General Fire Suppression Reguirements

o Littleton Public Schools (LPS) Fire Suppression Division 21 provides “Model
Specifications” intended to assist consultants develop project specifications

o Identification of technical requirements or prohibitions, pre-approved
manufacturers, and preferred products or models is intended to optimize long-
term value to the District and its facilities, balancing innovation and competitive
first-cost with manageable standardization and sustainable life-cycle costing

0 The sections are not sufficiently complete to serve as specifications

Sections require customization to address conditions, needs and
applications for specific projects

Detailed collaboration between consultants and LPS managers,
technicians, and users is required

Proposed deviation requires consultation with and acceptance by the LPS
Operations, Maintenance and Construction Department (OMC) and LPS
Project Manager (PM)

Consultants are responsible for informing the District of any conflict found
between the model sections and current codes, standards, or best
practices.

e Sprinkler System

o Supply lines shall be installed overhead, not underground, for easy inspection
and drainage.

e Normal Requirement

0 Two (2) hydrants within 500" of maximum risk
0 One (1) within 700" of furthest risk.

0 Investigate basement areas, corridors/exits, auditorium platforms, boiler
rooms, and kitchen areas to determine fire protection requirements within the
Building(s), as required by the latest edition of applicable Building Code(s).

e Fire Alarm Systems/Extensions

o0 Shall match existing system(s) or as otherwise approved by the Littleton Public
Schools (LPS) Operations, Maintenance and Construction Department (OMC),
LPS Project Manager (PM), and governing fire department

Consultants are required to coordinate with LPS resources including:

Division 27 Technology Design Typicals

Division 28 FA & MN Schematics

Safety and Security Guidelines for Facility Design

Construction Standards Volume 1 for Divisions 00-14 and 31-33
Construction Standards Volume 3 for Divisions 27-28

Resources can be found on LPS Manuals and Regulations web page:

https://littletonpublicschools.net/manuals-regulations
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21 10 00 Water-Based Fire Suppression Systems
PART 1 - GENERAL

1.1 DESCRIPTION OF WORK:

A.  This Section specifies automatic sprinkler systems for buildings and structures.
Materials and equipment specified in this Section include:
Pipe, fittings, valves and specialties.
Sprinklers and accessories.

B. Products furnished and installed include sprinkler head cabinet with spare sprinkler
heads.

C.  The work of this section includes engineering by the Contractor. The Contractor shall
act as Engineer of record for all fire protection work.

EDIT NOTE: Use the following paragraph for remodels and expansion projects.

D. Where the fire protection system work is an extension of the existing fire protection system,
provide all modifications to the existing system as required to complete the new work.
Provide hydraulic calculations and shop drawings where required by the extent of the work or
by the authority having jurisdiction.

12 DEFINITIONS:
A. Pipe sizes used in this Specification are Nominal Pipe Size (NPS).

B. Other definitions for fire protection systems are listed in NFPA Standards 13, 13R, 14, 20
and 24.

C.  Working plans as used in this Section means those documents (including drawings and
calculations) prepared pursuant to the requirements contained in NFPA 13 and 14 for
obtaining approval of the Authority Having Jurisdiction.

13 SYSTEM DESCRIPTION:

A. Provide a complete fire sprinkler system for the entire building (including, but not limited to,
electrical rooms, mechanical penthouses and accessible sections of air handling units,)
except designated areas as shown on the drawings which will not require fire sprinkler
coverage will be specifically noted with "No A/S".

B. Fire protection system is a "wet-pipe" system employing automatic sprinklers attached to a
piping system containing water and connected to a water supply so that water discharges
immediately from sprinklers opened by fire.

C. Fire protection system is a "dry-pipe" system employing automatic sprinklers attached to a
piping system containing air or nitrogen under pressure, the release of which (as from the
opening of a sprinkler) permits the water pressure to open a valve known as a dry-pipe
valve. The water then flows into the piping system and out the opened sprinkler.

D. Single Interlocked Preaction System: The single interlocked preaction system requires
operation of the detection system to trip the deluge valve and fill the system with water.
Water will then be discharged on the fire when the sprinklers fuse. If the sprinkler piping or
sprinkler is broken, the valve will not open. If the detection system operates due to fire,
damage, or malfunction, the valve will open but the water will be contained in the sprinkler
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piping. If the detection system does not operate, the valve will not open. Provide manual
release as required by NFPA-13. Detection system and wiring to preaction or fire alarm
panel by Division 28.

1. The Preaction System shall be a UL listed assembly.

E. Double Interlocked Preaction System: The double interlocked preaction system utilizes a
detector system and pressurized air in the sprinkler piping. This system utilizes the
deluge valve and is so arranged that the valve will open only when both pressure
reduced in the sprinkler piping and the detection system operates. If the detection
system operates due to fire, damage, or malfunction, the valve will not open. If the
sprinkler piping is damaged or sprinkler is broken or fused, the valve will not open. The
operation of both a sprinkler and a detector (or release) is required before the valve will
open allowing water to enter the system piping. The system shall be supervised.
Provide manual release as required by NFPA-13. Detection system and wiring to
preaction panel or fire alarm panel by Division 28.

F. Fire protection system is a "deluge” system employing open sprinklers attached to a
piping system connected to a water supply through a valve that is opened by the
operation of a fire detection system installed in the same areas as the sprinklers. When
this valve opens water flows into the piping system and discharges from all attached
sprinklers.

G. Fire protection system is a "Class Ill, Standpipe and Hose" system which is an
arrangement of piping, valves, hose connections and allied equipment.

H.  Elevator Shafts and Machine Rooms: Sprinklers shall be installed in elevator
machinery rooms, at the top of elevator shafts, and at the bottom of elevator shafts,
unless not required.

1. Sprinkler coverage shall be designed for Ordinary Hazard Group One. Sprinkler
heads shall be high temperature classification (286 degrees F.).

2. The sprinkler heads in the elevator machinery room shall be supplied from a separate,
independent sprinkler branch line with a readily accessible indicating shut-off valve
located outside of the shaft or machinery room.

3. At least one smoke detector shall be located in the same area of each sprinkler
head. Activation of any one of these detectors shall cause emergency recall (if
equipped) of the elevator(s) and also put the building into alarm.

4. In addition to smoke detectors, at least one thermal detector, with 190 degrees F. fixed
temperature, shall be installed in the same area of each sprinkler head. The circuitry for
the thermal detector(s) shall be separate from the circuitry for the smoke detector(s).
When any thermal detector is activated, a shunt-trip circuit breaker shall automatically
disconnect all electrical power to the elevator machinery room and the elevator
machinery.

5. Division 28 shall provide Fire Detection System (detectors, wiring, panel, etc.) for

complete operation of the Fire Sprinkler System for the elevator shaft and machine
room.

1.4 PROJECT SEISMIC REQUIREMENTS:

A. Fire protection systems shall be installed to meet NFPA and UBC Seismic Zone 1
requirements.
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1. Where any conflicts arise the more stringent requirements shall be applicable.
15 SUBMITTALS:

A. Product data for each type sprinkler head, valve, piping and piping specialty, fire protection
specialty, fire department connection and any equipment installed in accordance with the
Contract Documents. Index per specification chapter and item number.

B. Shop drawings prepared in accordance with NFPA 13 identified as "working plans,”
including detailed riser schematics indicating pipe sizes and lengths; and hydraulic
calculations where applicable, which have been approved by the authority having
jurisdiction. Do not proceed with the installation of the work until the Architect/Engineer
review of shop drawings is received.

C. Contractor shall stamp shop drawings indicating compliance with applicable codes and
contract drawings. Contractor shall stamp drawing "Approved for Construction.”

D. If more than two submittals (either for shop drawings or for record drawings) are made by
the contractor, the Owner reserves the right to charge the contractor for subsequent reviews
by their consultants. Such extra fees shall be deducted from payments by the Owner to the
contractor.

E. Maintenance data for each type sprinkler head, valve, piping specialty, fire protection specialty,
fire department connection and hose valve specified, for inclusion in operating and
maintenance manual specified in the LPS General Conditions of the Contract and Section 23
05 00 "Basic Mechanical Requirements."

F. Welder's qualification certificate.

G. Testreports and certificates including "Contractor's Material and Test Certificate for
Aboveground Piping" and "Contractor's Materials and Test Certificate for Underground
Piping" as described in NFPA 13.

H.  Hydraulic calculations and drawings submitted to the Engineer shall be prepared under the
direct supervision of and bear the signed stamp of a professional engineer registered in the
State of Colorado and familiar with this type of installation and with previous similar
experience (practicing in the Fire Protection field) certifying that the fire sprinkler system has
been designed and hydraulically calculated in compliance with NFPA and governing codes.

l. Fire sprinkler piping design drawings shall show all ductwork, air devices, lighting and
electrical panels.

J. Shop drawings and hydraulic calculations shall be stamped and signed by the local fire
prevention authority prior to submitting shop drawings to the Architect/Engineer.

1.6 HYDRAULIC DESIGN:

A.  The Fire Sprinkler System shall be hydraulically calculated by the Contractor. Pipe schedule
method is acceptable only as allowed in NFPA 13 5-2.2.

B.  The wet pipe fire sprinkler system for the building shall be hydraulically calculated to
comply with NFPA-13 and the following criteria:

1. Light hazard occupancy for areas unless noted otherwise.

2. Ordinary hazard occupancy for the following:
a. Where noted or shown on drawings.
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b. Commercial Kitchens
C. Library Stack Areas

3. Hose allowance shall comply with NFPA-13.

Final fire protection system demand shall be a minimum of 10 PSI below the water supply
curve.

Velocities in pipes shall be shown on hydraulic calculations. Velocities in overhead piping
shall not exceed 32 feet per second. Velocities in underground piping shall not exceed 16
feet per second (see 21.10.00).

Allow 10 feet of loss for electric water flow switches and note on hydraulic calculations.

The Fire Protection Contractor shall provide as many sets of hydraulic calculations as
necessary, performed and submitted to prove that the most remote and demanding areas
are calculated.

Design information shall be permanently affixed to the main riser as described in
NFPA Pamphlet 13.

Water flow data for bidding purposes only is:

[ ]psi static
[ Jpsiresidual with[ ] gpm flowing

The Fire Protection Contractor shall be responsible for water flow data from the
appropriate water department. A copy of the water flow test data from the water
department shall accompany the hydraulic calculations before hydraulically calculating
equipment fire sprinkler system.

The pipe and valve sizes indicated on the drawings and details are minimum sizes to be
used regardless of sizes allowed by hydraulic calculations.

QUALITY ASSURANCE:

A.

B.

C.

Installer Qualifications: Installation and alterations of fire protection piping, equipment,
specialties, and accessories, and repair and servicing of equipment shall be performed only
by qualified installer. The term qualified means experienced in such work (experienced
shall mean having a minimum of 5 previous projects similar in size and scope to this
project), familiar with all precautions required, and has complied with all the requirements of
the authority having jurisdiction. The contractor shall be licensed for the design and
installation for the specific type of system in the jurisdiction where the work is to be
performed and the State of Colorado. Upon request, submit evidence of such qualifications
to the Engineer. Refer to the LPS General Conditions of the Contract and other Division 21
sections for minimum requirements for "Installers."

Quialifications for Welding Processes and Operators: Comply with the requirements of
AWS D10.9, Specifications of Qualifications of Welding Procedures and Welders for
Piping and Tubing, Level AR-3."

Regulatory Requirements: Comply with the requirements of the following codes:

1. NFPA 13 - Standard for the installation of Sprinkler System, including
applicable seismic requirements.

2. NFPA 13R - Standard for the Installation of Sprinkler Systems in
residential occupancies up to four stories.
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NFPA 14 - Standard for the Installation of Standpipe and Hose Systems.
NFPA 24 - Installation of Private Fire Service Mains and their applications.
NFPA 1961 - Standard for Fire Hose.

. NFPA 1963 - Screw Threads and Gaskets for Fire Hose Connections.

oosw

EDIT NOTE: Verify with Owner insurance requirements to specify FM or IRI.

7. UL and FM Compliance: All fire protection system materials and components shall be
Underwriter's Laboratories and Factory Mutual listed as well as labeled for the
application anticipated.

8. National Electrical Code (NEC).

9. Uniform Building Codes, including applicable seismic requirements.

10. Requirements of the local Building Department and Fire Department.

Reference and standards listed are minimum requirements. Where more
stringent requirements are specified or noted on the drawings, this shall be
applicable.

1.8 SEQUENCING AND SCHEDULING:

A.

B.

Schedule rough-in installations with installations of other building components.

Minimum time frame for notice of inspections, tests and meetings is five (5) days and list
the persons to be notified.

1.9 EXTRA STOCK:

A.

Heads: For each style and temperature range (and length for dry heads) required, furnish
additional sprinkler heads per NFPA-13.

1. Obtain receipt from Owner that extra stock has been received.

Wrenches: Furnish 2 spanner wrenches for each type and size of valve connection and fire
hose coupling.

PART 2 - PRODUCTS
2.1 MATERIALS AND PRODUCTS:

A.

General: Provide piping materials and factory-fabricated piping products of sizes, types,
pressure ratings, temperature ratings, and capacities as indicated. Where not indicated,
provide proper selection as determined by Installer to comply with installation requirements.

Provide sizes and types matching piping and equipment connections; provide fittings of
materials which match pipe materials used in fire protection systems.

All equipment used on this project shall be new and UL listed unless noted or specified
otherwise.

2.2 MANUFACTURERS:

A.

Manufacturer: Subject to compliance with requirements, provide fire protection system
products from one of the following:

1. Gate Valves:
a Central
b. Automatic
c Grinnell Valve Co., Inc.
d Nibco
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e Kennedy Valve, Div. of ITT
f. Mueller

g. Stockham

h Milwaukee

i. Misson

J- Firematic

2. Swing Check Valves:

Central

Viking

Grinnell Valve Co., Inc.
Nibco

Kennedy Valve, Div. of ITT
Mueller

Stockham

Milwaukee

Star Sprinkler Company
Victaulic

Globe

Potter Roemer

TARTTSe@ 000 o

3. Butterfly and Ball Valves:

a. Grinnell

b. Mueller

C. Victaulic
d. Milwaukee
e. Kennedy

Grooved Mechanical Couplings:
a. Central Sprinkler, Inc.
b. Gruylock

c. Victaulic Company of America

5. Double Check Valve Assembly:
a. Febco Model 850
b. Watts Model 709
C. Conbraco 40-100
d Ames Model 2000 (epoxy)

EDIT NOTE: When using reduced pressure backflow preventer, provide large floor sink. See code
book and manufacturer's data for capacities.

6. Compact Double Check Assembly:
a. Febco Model 870/870V

7. Reduced Pressure Backflow Assembly:
a. Febco Model 860
b. Watts 909
C. Conbraco 40-200
d. Ames 4000 Rp (epoxy)

8. Compact Reduced Pressure Backflow Assembly:
a. Febco Model 880/880V

9. Fire Protection Specialty Valves
a. Grinnell/Gem
b. Central
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Reliable Automatic Sprinkler Co., Inc.
Viking Corporation

Globe

Star Sprinkler Corporation

o ao

10.  Fire Department Connection:
Croker

Potter-Roemer
Standard

Elkhart

Grinnell/Gem

P20 T®

11.  Sprinkler Heads:

Central Sprinkler Corp.

Automatic Sprinkler Corp. of America.
Reliable Automatic Sprinkler Co., Inc.
Viking Corp.

ITT Grinnell

Star Sprinkler Corp.

Globe

© - ooooTe

12.  Fire Protection Specialties:

Grinnell Fire Protection Systems Co., Inc.
Croker-Standard Div., Fire-End & Croker Corp.
Elkhart Brass Mfg. Co., Inc.

Gruneau Sprinkler Mfgr. Co., Inc.

Potter Roemer, Inc.

PooTo

13. Inspector's Test and Drain Module

a. Grinnell/Gem
b. Victaulic
C. A.G.F.

2.3 BASIC IDENTIFICATION:

A. General: Provide identification complying with Section 23 05 53 "Mechanical
Identification”, in accordance with the following listing:

1. Fire Protection Piping: Pipe markers.
2.  Fire Protection Valves: Valve tags.
3. Fire Protection Signs: Provide the following signs:
a. Ateach sprinkler valve, sign indicating what portion of system valve controls.
b. Ateach outside alarm device, sign indicating what authority to call if device
is activated.
c. Atdoor to each sprinkler control valves or at ceiling access points, sign
reading "FIRE CONTROL".
d. Ateach drain or test, sign indicating its purpose.

B. Attach to the riser a metal sign indicating the name, address and telephone number of the
fire protection contractor. Also indicate the date of installation.

2.4 BASIC PIPING SPECIALTIES:

A.  General: Provide piping specialties complying with Section 23 05 00 Basic Mechanical
Requirements section "Piping Specialties", in accordance with the following listing:

1. Pipe escutcheons.
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Dielectric unions (not allowed at LPS).
Drip pans.

Pipe sleeves.

Sleeve seals.

Fire Barrier Penetration Seals.

gk wN

2.5 BASIC SUPPORTS AND ANCHORS:

A. General: Provide supports and anchors complying with Section 23 05 29 "Supports and
Anchors" in accordance with the following listing:

1. Adjustable steel clevis hangers, adjustable steel band hangers, or adjustable band
hangers, for horizontal-piping hangers and supports.

2. Two-bolt riser clamps for vertical piping supports.
3. Steel turnbuckles and malleable iron sockets for hanger- rod attachments.

4, Concrete inserts, top-beam C-clamps, side beam or channel clamps or center
beam clamps for building attachments.

5. Concrete inserts and other type hangers penetrating into or through structural
members shall be submitted (by the Fire Protection Contractor) to and have the
approval of the structural engineer contracted for this project.

6. Powder driven studs shall not be allowed.

7. Hangers (which are acceptable for project) and hanger spacing shall be in
accordance with NFPA-13.

2.6 PIPE & FITTINGS (UNDERGROUND) (see 21.10.00):

A. Underground pipe shall be ductile iron, thickness Class 52 unless specified otherwise by
local authorities or ANSI/AWWA C150/A21.50-81; 350 psi pressure rating; tar coated
outside, cement mortar lined inside in accordance with ANSI/AWWA C104/A21.4-80. Full
lengths of pipe shall be utilized to the greatest extent possible.

B. Fittings for ductile iron pipe shall be 250 psi pressure rating in accordance with
ANSI/AWWA C110-77, tar coated outside and cement lined inside in accordance with
ANSI/AWWA C104/A21.4-80.

C. Joints shall be push-on or mechanical type as per ANSI/AWWA C111/A21.11-80.

2.7 PIPE AND TUBING MATERIALS (INSIDE BUILDING):

A. General: Refer to Part 3 Article "Pipe Applications" for identification of systems where
the below specified pipe and fitting materials are used.

B.  Steel Pipe: ASTM A 53, A795 or A135, Schedule 40 or Schedule 10, U.S. manufacture,
black steel pipe, plain ends.

C.  American Tube Company "Dyna-Thread-40" and "Dyna-Flow" and Allied Tube and
Conduit Corporation "Super Flo" are acceptable to Schedule 40 pipe. Installation shall
be per manufacturer's recommendations.

D.  Schedule 5 pipe shall not be allowed.
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The Corrosion Resistance Ratio of the pipe shall be 1.00 or greater. Documentation shall
be presented with product submittal.

Schedule 10 pipe shall only be allowed for pipe sizes 2-1/2inches and larger.

Provide galvanized, schedule 40, piping system for preaction system and drain risers.

FITTINGS (INSIDE BUILDING):

A.

Cast-Iron Threaded fittings: ANSI B16.4, Class 125 standard pattern, for threaded
joints. Threads shall conform to ANSI B1.20.1.

Malleable-lIron Threaded Fittings: ANSI B16.3, Class 300, standard pattern, for
threaded joints. Threads shall conform to ANSI B1.20.1. Install steel pipe with
threaded joints and fittings for 2inches and smaller and where shown on drawings.

Steel Fittings: ASTM A234, seamless or welded, for welded joints.

Grooved Mechanical Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47
Grade 32510 malleable iron; or ASTM A53, Type F or Types E or S.

Grooved Mechanical Couplings: Consist of ductile or malleable iron housing, a synthetic
rubber gasket of a central cavity pressure-responsive design; with nuts, bolts, locking pin,
locking toggle, or lugs to secure roll- grooved pipe and fittings. Grooved mechanical

couplings including gaskets used on dry-pipe systems shall be listed for dry-pipe service.

Grooved Mechanical Fittings and Couplings for the entire fire protection system shall be of
the same manufacturer as submitted in shop drawing equipment review.

Cast-lIron Threaded Flanges: ANSI B16.1, Class 250; raised ground face, bolt spot faced.
Cast Bronze Flanges: ANSI B16.24, Class 300; raised ground face, bolt holes spot faced.
Plain end, hooker type, or push-on fittings or couplings shall not be allowed.

Bushings and reducing couplings shall not be allowed.

UL listed and Factory Mutual approved segmentally welded fittings are acceptable. Friction
loss and flow data shall accompany hydraulic calculations.

JOINING MATERIALS:

A.

Welding Materials: Comply with Section Il, Part C, ASME Boiler and Pressure Vessel
Code for welding materials appropriate for the wall thickness and chemical analysis of
the pipe being welded.

Gasket Materials: Thickness, materials and type suitable for fluid or gas to be handled,
and design temperatures and pressures.

GENERAL DUTY VALVES:

A.

Gate Valves - 2 Inch and Smaller: Body and bonnet of cast bronze, 175 pound cold water
working pressure - non-shock, threaded ends, solid wedge, outside screw and yoke, rising
stem, screw-in bonnet, and malleable iron hand-wheel. Valves shall be capable of being
repacked under pressure, with valve wide open.
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B. Gate Valves - 2-1/2 Inch and Larger: Iron body; bronze mounted, 175 pound cold water
working pressure - non-shock. Valves shall have solid taper wedge; outside screw and
yoke, rising stem; flanged bonnet, with body and bonnet conforming to ASTM A 126 Class
B; replaceable bronze wedge facing rings; flanged ends; and a packing assembly
consisting fa cast iron gland flange, brass gland, packing, bonnet, and bronze bonnet
bushing. Valves shall be capable of being repacked under pressure, with valve wide
open.

C. Butterfly Valves: 2-1/2inches to 12inches, grooved, ductile iron body and disc ASTM-536,
disc EPDM coated, listed and approved minimum 175 psi service, actuator, self-contained
supervisory switch, weatherproof approved for indoor or outdoor use.

D. Ball Valves: 1-1/2inches and smaller shall be threaded, forged brass construction, with
teflon seats and blow out proof stem. Ball shall be full port with chrome plated ball.

E. Ball Valves: 2inches to 3inches, shall be listed to 300 psi with optional internal tamper
switch. Body shall be ductile iron with corrosion resistant coating. Ball shall be 316
stainless steel, standard port design.

F. Swing Check Valves: MSS SP-71; Class 175, cast iron body and bolted cap conforming
to ASTM A 126, Class B; horizontal swing, with a bronze disc or cast iron disc with
bronze disc ring, and flanged ends. Valve shall be capable of being refitted while the
valve remains in the line.

G. Double Check Valve Assembly: Double check valve assembly shall be UL listed for
fire protection service and USC-CCCF approved. Installation arrangement shall be
per manufacturer's recommendations.

H.  Provide reduced pressure backflow preventer where required by authority having
jurisdiction and/or water department having jurisdiction. See Part 2 Products under this
Section for acceptable manufacturers and model number.

2.11  SPECIALTY VALVES:

A. Dry-Pipe Valves: Differential type, 175 psig working pressure, and have cast iron,
flanged inlet and outlet, bronze seat with "O" ring seals, single hinge pin and latch
design. Provide trim sets for air supply, drain, priming level, alarm connections, ball
drip valves, pressure gauges, priming chamber attachment and fill line attachment.

B.  Air-Pressure Maintenance Device, Dry-Pipe Systems: An automatic device to maintain the
correct air pressure in a dry-pipe system or deluge system. System shall have shut- off
valves to permit servicing without shutting down the sprinkler system, bypass valve for
quick system filling, pressure regulator or switch to maintain system pressure, strainer;
pressure ratings 14 to 60 psig adjustable range, and 175 psig maximum inlet pressure.
Electrical ratings shall match compressor ratings.

C. Deluge Valves: Cast iron body, 175 psig working pressure, hydraulically operated,
differential pressure type valve. Valves shall have flanged inlet and outlet and bronze
seat with "O" ring seals. Provide trim sets for bypass, drain, electric sprinkler alarm
switch, pressure gauges, drip cup assembly piped without valves separate from main
drain line, fill line attachment with strainer and push rod chamber supply connection.

D. Emergency Pull Box: Metal enclosure, labeled with "Manual Emergency Station" and
operating instructions, complete with union, 1/2 inch pipe nipple and bronze ball valve.
The enclosure cover shall be held closed by a breakable strut, which prevents accidental
opening and must be replaced after each opening.

Section Revision: 01/2019 Water-Based Fire Suppression 21 10 00 Page 10 of 21



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

E. Preaction Valves: Preaction systems shall have valves specifically listed for preaction
service.

F. Deluge/Preaction System Control Panel: Panels shall be single-area, two-area, or single-
area cross-zoned type as indicated. Control panel shall consist of a NEMA 1 enclosure,
and contains detector, alarm and solenoid valve circuitry for operation of deluge valves.
Panels shall contain power supply, battery charger, standby batteries, field wiring terminal
strip, electrically supervised solenoid valves and polarized fire alarm bell, lamp test facility,
SPDT auxiliary alarm contacts and rectifier. Control panel shall be UL listed and FM
approved when used with thermal detectors and Class A detector circuit wiring. Electrical
characteristics shall be 120 volts AC, 60 Hz, with 24 volts DC Gel Cell batteries. Panel
provided by Division 21. Wiring from Fire Alarm Panel and power to Control Panel by
Division 26. Locate Control Panel alongside Fire Alarm Panel.

2.12 BASIC METERS AND GAUGES:

A. General: Provide meters and gauges complying with Section 23 05 19 "Meters and
Gauges", in accordance with the following listing

1. Pressure gauges, 0-250 psi range.
2.13 ALARM DEVICE AND FIRE PROTECTION SPECIALTIES:

A. General: Provide fire protection specialties, UL-listed, in accordance with the listing.
Provide sizes and types which mate and match piping and equipment connections.

B.  Water Flow Indicators: Vane type water flow detector, rated to 250 psig; designed for
horizontal or vertical installation; have 2-SPDT circuit switches to provide isolated alarm
and auxiliary contacts, 7 ampere 125 volts AC and 0.25 ampere 24 volts DC; complete
with factory-set field-adjustable retard element to prevent false signals, and with
activation time retarding capability set at 90 seconds. The setting shall be verified
through the inspectors test prior to final inspection.

C.  Supervisory Switches: Provide products recommended by manufacturer for use in
service indicated. SPST, normally closed contacts, designed to signal valve in other than
full open position.

D. Pressure Switch: Indicating low pressure trouble in sprinkler system.

E. Pressure switch: Indicating flow in sprinkler system.

F. Low Air Pressure Horn: Provide low air pressure horn as indicated.

2.14 AUTOMATIC SPRINKLERS:

A. Sprinkler Heads: Fusible link or frangible bulb type, and style as indicated or required by
the application. Unless otherwise indicated, provide heads with nominal 1/2 inch
discharge orifice, for "ordinary" temperature range with a minimum temperature of 155
degrees F. Provide "intermediate" temperature heads in Electrical rooms, where required
as noted in NFPA 13, and as required by the Authority having jurisdiction.

B. Sprinkler Head Finishes: Provide heads with the following finishes:

1. Upright, Pendent and Sidewall Styles: Factory brass, rough bronze finish for heads

in unfinished spaces. Heads shall be stainless steel where installed exposed to
acids, chemicals, or other corrosive fumes.
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2. Concealed Style: Rough brass, adjustable, with painted white cover plate in
finished spaces. (GEM Models FR946 and F946 Clean Line Sprinklers are not
acceptable.)

3. Recessed Style: Bright chrome, with bright chrome escutcheon plate. GEM
Models FR948 and F948 recessed sprinklers are not acceptable.

4.  See drawings for additional sprinkler type requirements.
Sprinkler Head Cabinet and Wrench: Finished steel cabinet, suitable for wall mounting,
with hinged cover and space for spare sprinkler heads plus sprinkler head wrench.
Provide amounts of each style per NFPA-13. Locate head cabinet on shop drawing
submittal.

Plastic fire sprinkler escutcheons are not acceptable.

2.15 FIRE HOSES AND RACKS:

EDIT NOTE: Use para. A for Class | standpipe systems, para. B for Class Il standpipe systems, para.
C for Class lll standpipe systems in a fully sprinklered building, and both A and B for Class IlI

standpipe systems in a non-sprinklered building or where required by the AHJ. Some may require

1- 1/2inch valve outlet even if no hose is required; some may require both a 1-1/2inch and 2-
1/2inch valve. Use pressure regulating valves only where system pressure exceeds 100 psig for
1-1/2inch valve or 175 psig for 2-1/2inch valve.

A.

Hose Outlet Valves: 300 psig, 2-1/2 inch, rough chrome plated, pressure regulating, brass
angle valve with external threads having the local fire department standard thread, for the 2-
1/2 inch valve, as specified in NFPA 1963. Provide with cap and chain finished to match
valve.

OR

Hose Outlet Valves: 300 psig, 1-1/2 inch, rough chrome plated, pressure regulating,
brass angle valve with external threads having the local fire department standard
thread, for the 1-1/2 inch valve, as specified in NFPA 1963. Provide with cap and chain
finished to match valve.

OR

Hose Outlet Valves: 300 psig, 2-1/2 inch, rough chrome plated, pressure regulating, brass
angle valve, with removable, 2-1/2 inch x 1-1/2 inch reducing lug pin and hose connector
coupling. Valve and coupling shall have external threads having the local fire department
standard thread, for the 2-1/2inch valve, as specified in NFPA 1963. Provide spanner
wrench for removal of reducing coupling. Provide with cap and chain finished to match
valve.

EDIT NOTE: Verify requirement for hose and rack. Most AHJs do not want building-supplied
hose. Also, edit 2.16 appropriately.

D.

Fire Hoses: 100 foot long, 1-1/2 inch, lined linen hose with pin lug, chrome plated, quick

disconnect coupling; and chrome plated brass fog nozzle spray pattern adjustable from shut-off

directly to 50 degrees fog, through 90 degrees fog. Comply with the requirements of NFPA
1961.

Hose Rack: Semiautomatic, steel rack, finished in red enamel, and holds hose in place with
cadmium plated pins. Racks shall be secured to the outlet valve and a pivot for release of
hose.
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EDIT NOTE: Below is a cabinet for 1-1/2inch valve, 2-1/2inch valve, extinguisher and no hose. Edit
as appropriate.

2.16  HOSE, VALVE AND EXTINGUISHER CABINETS:

A.

B.

General: Provide cabinets to house hose valves [hoses] [and extinquishers] as indicated.

Construction: Manufacturer's standard enameled steel box, with trim, frame, door and
hardware to suit cabinet type, trim style, and door style indicated. Weld all joints and
grind smooth. Miter and weld perimeter door frames.

Cabinet Type: Suitable for mounting conditions indicated, of the following types:

1. Recessed (FVC-1): Cabinet box (tub) fully recessed in walls of sufficient depth to
suit style of trim indicated.

2. Surface-Mounted (FVC-2): Cabinet box (tub) fully exposed and mounted directly on
wall.

Provide fire valve cabinet of type indicated with [full glass panel] [solid panel] door.

Provide standard equipment "Croker" Series 2750, or "Potter Roemer" Series 1880 valve
and extinguisher cabinets.

2.17 ROOF MANIFOLD:

A.

Provide [2] [3] way cast brass angle body, male outlets. Provide with [2] [3] hose angle
valves (2-1/2inch), cast brass body, female inlet x male outlet, caps and chains, 300 psig
rated. Manifold and valves shall have rough brass finish.

2.18 FIRE DEPARTMENT CONNECTIONS:

A.

Wall Type Siamese Connections: Polished chrome cast brass, 2-way flush wall type, with
wall escutcheon and having National standard threads, for the connections size indicated, as
specified in NFPA 1963. Each inlet shall have a clapper valve, and cap and chain. Unit shall
have wall escutcheon of cast brass, finish to match connections, with words "Standpipe - Fire
Dept. Connection” or "Auto Spklr. - Fire Dept. Connection" or "Auto Spklr. and Standpipe -
Fire Department Connection” in raised letters. Contractor shall verify threads with local fire
department.

Sidewalk Siamese Connection: Polished Chrome plated cast brass, angle body, two way,
siamese connection. Connection sizes shall be 4 inch outlet and two 2-1/2 inch inlets, having
NH standard threads, for the connection size indicated, as specified in NFPA 1963. Each inlet
shall have a clapper valve, and cap and chain. Provide 18 inch high chrome plated brass
sleeve and chrome plated brass sidewalk plate, with words "Standpipe - Fire Dept.
Connection™ or "Auto Spklr. - Fire Dept. Connection” or "Auto Spklir. and Standpipe - Fire
Department Connection” in raised letters.

Fire department connections including location shall meet the approval of the fire
department having jurisdiction.

2.19 INSPECTOR'S TEST AND DRAIN ASSEMBLY:

A.

B.

Provide an alarm test module of a manufacturer listed in paragraph 2.2.

Comply with NFPA-14, Section 5-11, for draining and testing of wet standpipe system.
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C. Test and drain piping shall be routed to exterior. Location shall meet Owner's approval.

PART 3 - EXECUTION

3.1

3.2

3.3
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EXAMINATION:

A. Examine rough-in for fire hose valves and cabinets to verify actual locations of piping
connections prior to installing cabinets.

B. Examine walls for suitable conditions where cabinets are to be installed.

C. Do not proceed until unsatisfactory conditions have been corrected.

PIPE APPLICATIONS:

A. Install Schedule 40 steel pipe with threaded joints and fittings for 2 inch and smaller.

B. Install Schedule 40 steel pipe with roll-grooved ends and grooved mechanical coupling or
with threaded joints and fittings.

C. Acceptable alternates to Schedule 40 pipe shall be installed per manufacturer's
recommendations.

PIPING INSTALLATIONS:

A. Provide a minimum 5feet-Oinches cover for all underground pipe installations (see
21.10.00). Install in accordance with AWWA C600.

B. Locations and Arrangements: Drawings (plans, schematics, and diagrams) indicate
the general location and arrangement of piping systems. So far as practical, install
piping as indicated. Drawings are diagrammatic in character and do not necessarily
indicate every required offset, valve, fitting, etc.

1. Deviations from approved "working plans" for sprinkler piping, require written approval

of the Authority Having Jurisdiction. Written approval shall be on file with the
Engineer prior to deviating from the approved "working plans."

C. Install sprinkler piping to provide for system drainage in accordance with NFPA 13.

D. Use approved fittings to make all changes in direction, branch takeoffs from mains, and
reductions in pipe sizes. Welded outlet branch pipe fittings are acceptable.

E. Install unions in pipe 2 inch and smaller, adjacent to each valve. Unions are not required
on flanged devices or in piping installations using grooved mechanical couplings.

F. Install flanges or flange adapters on valves, apparatus, and equipment having 2-1/2 inch
and larger connections.

G. For welded pipe, all cutouts (coupons) shall be removed prior to installation.
H. Hangers and Supports: Comply with the requirements of NFPA 13. Hanger and support

spacing and locations for piping joined with grooved mechanical couplings shall be in
accordance with the grooved mechanical coupling manufacturer's written instructions, for

rigid systems. Provide protection from damage where subject to earthquake in accordance

with NFPA 13.
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Make connections between underground and above-ground piping using an
approved transition piece strapped or fastened to prevent separation.

Install mechanical sleeve seal at pipe penetrations in basement and foundation walls.
Refer to Section 23 20 00 "Basic Piping Materials and Methods."

All piping penetrating walls to structure shall be sleeved and sealed per Section 20 05
Install test connections sized and located in accordance with NFPA 13 complete with shutoff
valve. Test connections may also serve as drain pipes.

Install pressure gauge on the riser or feed main at or near each test connection. Provide
gauge with a connection not less than 1/4 inch and having a soft metal seated globe valve,
arranged for draining pipe between gauge and valve. Install gauges to permit removal, and

where they will not be subject to freezing.

The fire line entry valves shall have monitoring electrical switches, the wiring from which
shall be carried to the fire annunciating panel.

The fire protection contractor shall be responsible for the coordination of his installation
with all other contractors. See Section 23 05 00 for prioritized components.

Protect adjacent area where pipe cutting and threading takes place (e.g. floors, ceilings,
walls, etc.).

There shall be no fire sprinkler piping in electrical rooms (other than piping serving sprinklers
directly in that room) or installed over any electrical panels.

Provide spring-loaded check valve at top of drain risers.
Install pressure gauges on city and system sides of fire entry valve assembly.

Install hangers straight and true and piping parallel to building lines.

PIPE JOINT CONSTRUCTION:

A.

B.

Welded Joints: AWS D10.9, Level AR-3.

Threaded Joints: Conform to ANSI B1.20.1, tapered pipe threads for field cut threads.
Join pipe, fittings, and valves as follows:

1. Note the internal length of threads in fittings or valve ends, and proximity of internal
seat or wall, to determine how far pipe should be threaded into joint.

2. Align threads at point of assembly.
3. Apply appropriate tape or thread compound to the external pipe threads.

4, Assemble joint to appropriate thread depth. When using a wrench on valves place
the wrench on the valve end into which the pipe is being threaded.

5. Damaged Threads: Do not use pipe with threads which are corroded or damaged. If a
weld opens during cutting or threading operations, that portion of pipe shall not be
used.
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Flanged Joints: Align flange surfaces parallel. Assemble joints by sequencing bolt tightening
to make initial contact of flanges and gaskets as flat and parallel as possible. Use suitable
lubricants on bolt threads. Tighten bolts gradually and uniformly to appropriate torque
specified by the bolt manufacturer.

Mechanical Grooved Joints: Roll grooves on pipe ends dimensionally compatible with the
couplings.

End Treatment: After cutting pipe lengths, remove burrs and fins from pipe ends.

VALVE INSTALLATIONS:

A.

General: Install fire protection specialty valves, fittings and specialties in accordance with
the manufacturer's written instructions, NFPA 13 and the authority having jurisdiction.

Gate Valves: Install electronically supervised-open indicating valves so located to control
all sources of water supply except fire department and roof manifolds connections.
Where there is more than one control valve, provide permanently marked identification
signs indicating the portion of the system controlled by each valve. Refer to Division-15
Section "Mechanical Identification" for valve tags and signs.

Valve at water main tap shall be underground gate valve with roadway box.

Install approved check valve assembly reduced pressure backflow preventer in each
water supply connection. Provide check valve and indicating valve (with tamper
switch) on the discharge side of reduced pressure backflow preventers.

Dry-Pipe Valves: Install in the vertical position, in proper direction of flow, in the main supply
to the dry- pipe system. Install the basic trim set, priming chamber attachment and fill line
attachment in accordance with the manufacturer's written instructions. During hydrostatic
test of system piping at pressure in excess of 50 psi, position the clapper in latched wide
open position or removed from valve, to prevent injury to the valve. Test valve for proper
operation.

Deluge Valves: Install in the vertical position, in proper direction of flow, in the main supply
to the deluge system. Install the basic trim set in accordance with the manufacturer's
written instructions. Connect system controls and test valve for proper operation.

Hose Outlet Valves: Install 1-1/2 inch hose outlet valves at each standpipe outlet for hose
connections for use by building occupants. Install 2-1/2 inch hose outlet valves at each
standpipe outlet for hose connections for use by the fire department.

OR

Hose Outlet Valves: Install 2-1/2 inch hose outlet valves with easily removable 2-1/2 to 1-
1/2 inch reducing coupling at each standpipe outlet for hose connections.

SPRINKLER HEAD INSTALLATIONS:

A.

Any sprinkler heads with any paint on them shall be replaced. The sprinkler system shall
then be hydrostatically tested again at the contractor's expense.

Sprinkler heads shall be positioned so as to comply with NFPA-13 for any obstructions. This
includes, but is not limited to, soffits, surface mounted lights and indirect lighting
arrangements. The Fire Protection Contractor is responsible for identifying these
obstructions and designing the system accordingly.
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Run piping concealed above heated furred ceilings and in joists to minimize obstructions.
Expose only heads.

Protect all exposed sprinkler heads against mechanical injury with standard guards. Provide
sprinkler head guards in all mechanical, electrical or storage rooms as well as exposed
pendant heads which are installed less than 8feet-Oinches A.F.F.

Provide 1 inch diameter nipple and 1 inch x 1/2 inch reducing fitting for each upright head.
(Excluding mechanical equipment rooms.)

Provide heads in "pocketed" areas caused by exposed duct, piping or beams.
Sprinkler head deflector distance from face of finished ceiling shall not exceed 4inches.

Sprinkler heads shall be located in the center of all 2 foot x 2 foot ceiling tiles and quarter
points, along the center line lengthwise of 2 foot x 4 foot ceiling tiles.

Use proper tools to prevent damage during installations.
Install sprinkler piping in a manner such that mechanical equipment, ceiling tiles or lights
can be accessed and easily removed. The sprinkler piping shall be installed to provide a

minimum of 6inches above the top of a finished ceiling.

Minimum fire sprinkler head temperature rating for sprinklers in electrical rooms shall be 212
degrees F. Keep sprinklers as far from transformers and/or panels as spacing allows.

FIRE VALVE CABINET INSTALLATIONS:

A.

Install fire hose valve and extinguisher cabinets in locations and at mounting heights
indicated, or if not indicated, at heights to comply with applicable regulations of governing
authorities.

1. Prepare recesses in walls for cabinets as required by type and size of cabinet and
style of trim and to comply with manufacturer's instructions.

2. Securely fasten fire hose valve and cabinets to structure, square and plumb, to
comply with manufacturer's instructions.

3. Where exact location of surface-mounted cabinets is not indicated, locate as
directed by Architect.

Identify equipment in cabinet with lettering spelling "Fire Hose," "Fire Hose and
Extinguisher," and "Fire Hose Valve and Extinguisher" applied to door by process
indicated below. Provide lettering to comply with requirements indicated for letter style,
color, size, spacing and location or, if not otherwise indicated, as selected by Architect
from manufacturer's standard arrangements.

FIRE DEPARTMENT CONNECTION INSTALLATIONS:

A.

B.

Install automatic drip valves at the check valve on the fire department connection to the
mains. Route drain to exterior.

Install mechanical sleeve seal at pipe penetration in outside walls.

ROOF MANIFOLD INSTALLATION:
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Install automatic drip valves between control valve and roof manifold outlets as to drain
entire length of pipe. Route drain to Janitor's sink.

Install mechanical sleeve seal at pipe penetration thru roof. Seal penetration water tight.

TEMPORARY CONSTRUCTION STANDPIPE SYSTEMS:

A.

Temporary construction of standpipe risers shall be provided, along with hose, nozzles
and valves as appropriate and as required by the Authority Having Jurisdiction. The
risers shall continue up thru each floor as the floors are erected. Standpipes shall be
supplied through a temporary Siamese inlet at grade located and sized as directed by
the Authority Having Jurisdiction. Access to the temporary Siamese inlet connection
shall be kept clear and accessible at all times. It shall be the responsibility of the
Contractor to insure this temporary fire protection supply be available at all times. All
valves shall be properly adjusted for the maximum pressure setting allowable.

The contractor shall be responsible for all design coordination and approval with the Authority
Having Jurisdiction, construction and phasing of the temporary construction standpipe
system.

FIRE HYDRANTS AND VALVE BOXES:

A.

Fire hydrant shall be of sufficient length to allow the centerline of the nozzles to be 18
inches above finished grade, with 6inches flanged or mechanical joint inlet connection, 5-
1/4inch valve opening, 4inch pumper nozzle, and two 2-1/2inch male hose nozzles. The
hose nozzles threading shall be same as [Owner's existing fire hydrants] [municipal fire
hydrants]. Operating nut shall be same as [Owner's existing fire hydrants] [municipal fire
hydrants], with operating wrench, and shall be tested and listed by AWWA, UL and FM.

Valve box shall be adjustable sliding type of sufficient length to allow top to terminate
flush with finishing grade, with round base and lid marked "Water" in integrally cast
raised letters. Valve box shall be furnished with valve operating wrench of sufficient
length to extend 3 feet above finished grade when engaged with valve.

Manufacturer and model number of fire hydrant shall have the approval of fire department
having jurisdiction prior to being submitted to Architect/Engineer for review.

INSTALLATION OF BASIC IDENTIFICATION:

A.

General: Install mechanical identification in accordance with Sections 23 05 00 and 23 05
53.

Install fire protection signs on piping in accordance with NFPA 13 and NFPA 14
requirements.

INSTALLATION OF METERS AND GAUGES:

A.

Install meters and gauges in accordance with Section 23 05 19 "Meters and Gauges".

FIELD QUALITY CONTROL:

A.

Flush, test and inspect sprinkler piping systems in accordance with NFPA 13, Standard
for installation of sprinkler systems, Edition 1991 - Chapter 8.

The fire sprinkler system shall not be connected to underground piping until the fire
service main is tested and approved (see 21.10.00).
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C. The Fire Protection Contractor shall conduct and bear the costs of all necessary tests of
the fire protection work, furnish all labor, power and equipment. All piping shall be
tested with water as required, the tests witnessed by the authority having jurisdiction.

D. Dry and preaction systems shall be both hydrostatically and pneumatically tested.
Pneumatic test shall be in accordance with NFPA-13.

E.  The fire protection piping shall be tested under a hydrostatic pressure of not less than
200 psig, for a duration of not less than 2 hours.

F. Replace piping system components which do not pass the test procedures specified,
and retest repaired portion of the system at Fire Protection Contractor's expense.

G.  All piping tests (pneumatic and hydrostatic) shall be conducted prior to the application of
any painting materials. This will prevent hidden leaks and/or repainting of
repaired/altered piping.

SYSTEM CERTIFICATION:

A. The Contractor shall provide the Owner with written certification prior to final inspection,
that all new equipment:

1. Has been visually inspected and functionally tested as required by the Specifications.

2. Is installed entirely in accordance with the manufacturer's recommendations within
the limitations of the system's UL listings and NFPA criteria.

3. Is in proper working order.

FINAL INSPECTION AND TESTING:

of the final acceptance tests. The Fire Protection Contractor, the Fire Alarm System

Contractor and the Owner will conduct the final inspection and witness the final acceptance

test.

B.  Alltests and inspections required by the referenced Codes and Standards, and the
Owner shall be performed by the Contractor.

C. The inspecting committee as referenced above will visit the job site to inspect the work
and witness the final acceptance tests when they have been advised by the Contractor
that the work is completed and ready for test. If the work is not complete or the test is
unsatisfactory, the Contractor shall be responsible for the Consultant's extra time and
expenses for re- inspection and witnessing the re-testing of the work. Such extra fees
shall be deducted from payments by the Owner to the Contractor.

D.  After the system has been inspected and tested, a certificate, "Contractor's Material and
Test Certificate Sprinkler System - Water Spray System," shall be provided by the
contractor and shall be signed by him or his representative, the Owner's representative
and by a representative of the fire department if appropriate. Sufficient copies shall be
prepared to ensure the Engineer, Owner, all inspecting authorities and the contractor
have a copy for their files. The Contractor shall prepare one (1) test report for each
inspection performed whether successful or not.

E. The signing of the certificate by the Owner's representative shall in no way prejudice any
claim against the contractor for faulty material, poor workmanship, or failure to comply with
inspecting authority's requirements or local ordinances.

The Contractor shall make arrangements with the Owner for final inspection and witnessing



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

Contractor shall provide at least five (5) working days’ notice for all tests.

All sprinkler supervisory initiating devices shall be functionally tested to verify proper
operation.

All supervisory functions of each initiating device shall be functionally tested.

Receipt of all alarm and trouble signals, initiated during the course of the testing, shall
be verified at the fire alarm control panel.

3.17 WORKBY OTHERS:

A.

Wiring of all water flow switches and tamper switches on valves to central alarm panel are
by Division 28.

3.18 OPERATION AND MAINTENANCE MANUAL:

A.

The Contractor shall provide the Owner with a loose-leaf manual containing:

1. A detailed description of the systems.

2. A detailed description of routine maintenance required or recommended or which
would be provided under a maintenance contract including a maintenance schedule
and detailed maintenance instructions for each type of device installed.

3. One copy of NFPA-25.

4, Manufacturers' data sheets and installation manuals/instructions for all
equipment installed.

5. A list of recommended spare parts.

6. Service directory, listing the specific equipment items and where parts can be
obtained, with name, address and telephone number.

7. Full size sepias of the record drawings (stamped and signed per section 1.6).
8. Hydraulic calculations (stamped and signed per section 1.6).
9. Test certificates.

Refer to the LPS General Conditions of the Contract and other sections of Divisions
20 through 28 for additional requirements.

Within 15 days of the completion of the work, six (6) copies of the manual shall be
submitted for approval.

3.19 RECORD DRAWINGS:

A.

The Contractor shall provide and maintain on the site an up-to-date record set of
approved shop drawing prints which shall be marked to show each and every change
made to the sprinkler system from the original approved shop drawings. This shall not
be construed as authorization to deviate from or make changes to the shop drawings
approved by the Owner without written instruction from the Owner in each case. This
set of drawings shall be used only as a record set.
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B. Upon completion of the work, the record set of prints shall be used to prepare complete,
accurate final record drawings reflecting any and all changes and deviations made to the
sprinkler system.

C. The Owner, at his option and at the Contractor's expense, may require revised hydraulic
calculations depending on the extent and nature of field changes.

D. The Record Drawings and Hydraulic Calculations shall have the signed stamp of a
professional engineer registered in the State of Colorado certifying the Record Drawings
and the Hydraulic Calculations accurately represent the completed fire protection system.

E. Upon completion of the work, two sets of blueline record drawings shall be submitted to
the Owner for review.

F. Upon correction of the blueline record drawings as needed, and after final approval, two
(2) additional sets of blue line record drawings, one PDF version and one editable
AutoCAD version shall be delivered to the Owner.

3.20 GUARANTEE PERIOD:

A.  Guarantee: The Contractor shall guarantee all materials and workmanship for a period of
one year beginning with the Date of Final Completion and Acceptance by the Owner. The
Contractor shall be responsible during the design, installation, testing and guarantee
periods for any damage caused by him (or his subcontractors) or by defects in his (or his
subcontractors’) work, materials, or equipment.

B. Emergency Service: During the installation and warranty period, the Contractor shall
provide emergency repair service for the sprinkler system within four hours of a request by
the Owner for such service. This service shall be provided on a 24 hour per day, seven
days per week basis.

3.21  TRAINING:

A.  The Contractor shall conduct two (2) training sessions of four (4) hours each to familiarize
the building personnel with the features, operation and maintenance of the sprinkler
systems. Training sessions shall be scheduled by the Owner at a time mutually agreeable
to the Contractor and the Owner.

3.22 WATER DAMAGE:
A.  The Fire Protection Contractor shall be responsible for any damage to the work of others,
to building and property/ materials of others caused by leaks in automatic sprinkler
equipment, unplugged or disconnected pipes or fittings, and shall pay for necessary

replacement or repair of work or items so damaged during the installation, testing or
guarantee periods of the automatic sprinkler work.

END OF SECTION 21 10 00
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21 30 00 Fire Pumps
PART 1 - GENERAL
11 SUMMARY:
A.  This Section includes fire pumps.

B. Refer to Division 3 for concrete work for formwork, reinforcement, and concrete for
equipment pads.

C. Refer to Division 7 for flashing and sheet metal for roof and wall penetrations

D. Refer to Divisions 20 through 25 for mechanical/electrical requirements, mechanical
identification, fire protection system, piping and fuel systems.

E. Refer to Divisions 26 and 28 for electrical connection for equipment, power-supply wiring,
field-installed electrical devices, and fire alarm systems.

1.2 DEFINITIONS:

A. Fire Pump: Pump intended to supply water, at rated capacity and at total rated head,
required for fire protection service.

B. Fire pump unit is defined as an assembled unit consisting of fire pump, driver, controller,
and accessories.

C. Horizontal fire pump category includes axially-split-case (both horizontal and vertical
mounting) and radially-split-case (both end suction and vertical in line) fire pump types.

D. Pressure Maintenance Pump: Pump intended to maintain water pressure in system.

E. Pressure maintenance pump unit is defined as an assembled unit consisting of pressure
maintenance pump, driver, controller, and accessories.

1.3 SYSTEM PERFORMANCE REQUIREMENTS:

A. Provide fire pump systems consisting of fire pump units, pressure maintenance pump units,
accessories, and piping, complying with performance requirements determined by fire
protection design-build contractor, and compatible with building fire protection systems.

14 SUBMITTALS:

A. General: Submit the following in accordance with the LPS General Conditions of
the Contract and other sections of Divisions 20 through 25.

B. Product data for each fire pump unit and each pressure pump unit, including clearly stated
rated capacities of each selected model, performance curve with each selection point
indicated, driver, pump controller, furnished specialties, and accessories; plus weights
(shipping and installed).

C. Installation and start-up instructions for each fire pump unit and each pressure maintenance
pump unit.

D.  Product certificates signed by manufacturers of fire pumps, certifying that their products
comply with specified requirements.
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Test curves of fire pump manufacturer's factory shop tests for each fire pump and
certificates signed by manufacturer verifying that the test results comply with specified
requirements.

Welding procedures specifications for each welding process, welding procedures
qualifications test records, and welders’ qualification test records complying with
requirements specified in "Quality Assurance" below.

Shop drawings showing the layout and connections for each fire pump unit and each
pressure maintenance pump unit, including pump, pump driver, pump controller, related
accessories, and piping. Include setting drawings with templates, and directions for
installation of foundation bolts, anchor bolts, and other anchorages.

Wiring diagrams detailing field-installed wiring for power, signal, and control systems.

Field acceptance test data showing proper performance in accordance with provisions
specified.

Maintenance Data: Submit maintenance data for each type of fire pump unit and pressure
maintenance pump unit for inclusion in Operating and Maintenance Manual specified in the
LPS General Conditions of the Contract and Section 21 10 00.

1.5 QUALITY ASSURANCE:

A.

Manufacturer Qualifications: Firms whose fire pumps, pressure maintenance pumps,
drivers, controllers, and major accessories are listed by product name and manufacturer
in UL "Fire Protection Equipment Directory" and FM "Approval Guide" and comply with
other requirements indicated. Pressure maintenance pumps are exempt from UL and
FM requirements. Pressure maintenance pump controllers are exempt from FM
requirement. Flow measuring systems are exempt from UL requirement. Those products
which have been in satisfactory use in similar service for not less than 5 years.

Provide listing/approval stamp, label, or other marking on equipment made to specified
standards.

Comply with local fire department/marshal standards pertaining to material, hose threads,
and installation.

Comply with the requirements of NFPA 20 "Centrifugal Fire Pumps" for fire pumps, drivers,
controllers, accessories, materials, and installation.

Comply with the requirements of NFPA 70 "National Electrical Code" for electrical
materials and installation.

Comply with the requirements of FM "Approval Guide" as applicable to fire pumps, drivers,
controllers, and accessories, and provide system capable of FM acceptance.

Regulatory Requirements: Comply with the provisions of the following:
1. ASME B31.9 "Building Services Piping" for materials, products, and installation.
2. ASME "Boiler and Pressure Vessel Code," Section IX, "Welding and Brazing

Qualification" for qualifications for welding processes and operators according to
Section 20 10 00, 1.2D.
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Manufacturer's Factory Tests: Perform factory test of each fire pump. Copy to be submitted
to Engineer prior to shipment.

1.6 DELIVERY, STORAGE, AND HANDLING:

A.

F.

Preparation for Shipping: After assembly and testing, clean flanges and exposed
machined metal surfaces and treat with an anticorrosion compound. Protect flanges, pipe
openings, and nozzles.

Store fire pumps, pressure maintenance pumps, drivers, controllers, and accessories
in a clean dry place.

Retain shipping flange protective covers and protective coatings during storage.

Protect bearings and couplings against damage from sand, grit, and other foreign matter.
For extended storage greater than 5 days, dry internal parts with hot air or a vacuum-
producing device to avoid rusting internal parts. Upon drying, coat internal parts with a
protective liquid, such as light oil. Dismantle bearings and couplings, dry and coat them with

an acid-free heavy oil, and then tag and store in a dry location.

Comply with Manufacturer's rigging instructions for handling.

PART 2 - PRODUCTS

2.1 MANUFACTURERS:

A.

Manufacturers: Subject to compliance with requirements, provide products by one of
the following:

1. Axially-Split-Case Fire Pumps:

Allis-Chalmers Corp.; Industrial Pump Div.
Aurora Fire Pump

Fairbanks Morse Pump Div.; Colt Industries.
Patterson

Peerless Pump; A Sterling Co.

PaooTo

2. End Suction, Radially-Split-Case Fire Pumps:
a. Allis-Chalmers Corp.; Industrial Pump Div.
b. Aurora Fire Pump

3. In-Line, Radially-Split-Case Fire Pumps:
a. Aurora Fire Pump
b. Peerless Pump; A Sterling Co.

4, Vertical Turbine Fire Pumps:

Allis-Chalmers Corp.; Industrial Pump Div.
Aurora Fire Pump

Fairbanks Morse Pump Div.; Colt Industries.
Peerless Pump; A Sterling Co.

Goulds Pumps, Inc.

ceooTp

5. Multi-Stage, Pressure Maintenance Pumps:
a. Allis-Chalmers Corp.; Industrial Pump Div.
b. Aurora Fire Pump
C. Peerless Pump; A Sterling Co.

Section Revision: 01/2019 Fire Pumps 21 30 00 Page 3 of 17



10.

11.

Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

Regenerative Turbine, Pressure Maintenance Pumps:
a. Allis-Chalmers Corp.; Industrial Pump Div.

b. Aurora Fire Pump

C. Fairbanks Morse Pump Div.; Colt Industries.

Vertical Turbine, Pressure Maintenance Pumps:
a. Allis-Chalmers Corp.; Industrial Pump Div.
b. Aurora Fire Pump

C. Fairbanks Morse Pump Div.; Colt Industries.
d. Peerless Pump; A Sterling Co.

Electric Motor Drivers: Electric motor driver manufacturers are option of fire pump
manufacturers. Electric motor curves are to be submitted prior to bid date.

Aurora Fire Pump

Diesel Engine Drivers:
Caterpillar, Inc.

Clarke GM Diesel, Inc.
Cummins Engine Co., Inc.

PooTo

Diesel Engine Driver Gear Drives: Right-angle gear drive manufacturers are

option of fire pump manufacturers.

Fire Pump Controllers, Alarm Panels, and Pressure Maintenance Pump Controllers:

a. Firetrol, Inc.
b. Metron, Inc.

Flow Measuring Systems:

a. Barco Div.; Marison Industries.

b. Dieterich Standard; A Dover Industries Co.
C. Gerand Engineering Co.

2.2 FIRE PUMP SYSTEMS, GENERAL:

A.

C.

Fire Pump Systems: Provide fire pump units and pressure maintenance pump units,
having specified compatible components and accessories.

Horizontal fire pumps, except in-line type, and drivers shall be factory assembled,

mounted on same base, and connected with a flexible coupling having a guard.

Vertical turbine fire pumps and electric motor drivers shall be factory assembled.

2.3 FIRE PUMPS, GENERAL: V

A.

E.

Fire Pumps: UL 448, base-mounted, factory-assembled, and factory-tested, of types,
capacities, and characteristics indicated.

Fire Pumps: Base-mounted, factory-assembled, and factory-tested, of types, capacities,
and characteristics indicated.

Preparation for Shipping: After assembly and testing, clean flanges and exposed
machined metal surfaces and treat with an anticorrosion compound. Protect flanges, pipe
openings, and nozzles.

Nameplates: Provide nameplates, complete with capacities, characteristics, and
other pertinent data.

Factory Finish: Red, enamel paint applied to assembled, tested units prior to shipping.

Section Revision: 01/2019 Fire Pumps 21 30 00

Page 4 of 17



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

2.4 AXIALLY-SPLIT-CASE FIRE PUMPS:

A.

J.

K.

Characteristics: Fire pumps shall furnish not less than 150 percent of rated capacity at
not less than 65 percent of total rated head. The shutoff head shall not exceed 120
percent of total rated head.

General Description: Base-mounted, centrifugal, separately coupled, bronze-fitted,
axially-split-case design, specifically labeled for fire service.

1. Type: Horizontally mounted, single stage - double suction.

2. Type: Horizontally mounted, multistage - single suction.

3. Type: Vertically mounted, single stage - double suction.

Casing Construction: Axially-split-case centrifugal design; cast-iron pump casing with
suction and discharge flanges machined to ANSI B16.1 dimensions, and 125-psi
pressure rating, except where 250-psi rated flanges are indicated.

Impeller Construction: Statically and dynamically balanced, of construction to match type
fire pump, fabricated from cast bronze, keyed to shatft.

Wear Rings: Replaceable, bronze.
Pump Shaft and Sleeve: Steel shaft, with bronze sleeve.
Pump Shaft Bearings: Grease-lubricated ball bearings contained in a cast-iron housing.

Seals: Stuffing box consisting of a minimum of 4 rings of graphite-impregnated braided yarn
with a bronze lantern ring between center 2 graphite rings, and a bronze packing gland.

Pump Couplings: Flexible, capable of absorbing torsional vibration and shaft misalignment;
complete with metal coupling guard.

Motor: Flexible-coupled to pump.

Baseplate: Steel construction with grout holes, | beam will not be allowed.

2.5 RADIALLY-SPLIT-CASE FIRE PUMPS:

A.

Characteristics: Fire pumps shall furnish not less than 150 percent of rated capacity at not
less than 65 percent of total rated head. The shutoff head shall not exceed 140 percent of
total rated head.

End-Suction-Type Fire Pump General Description: Base-mounted, centrifugal, separately
coupled, end-suction, single-stage, bronze-fitted, radially-split-case design, specifically
labeled for fire service.

1. Pump Coupling: Flexible, capable of absorbing torsional vibration and shaft
misalignment; complete with metal coupling guard.

2. Motor: Flexible-coupled to pump.

In-Line-Type Fire Pump General Description: Centrifugal, close-coupled, single-stage,
vertical in-line, bronze-fitted, radially-split-case design, specifically labeled for fire service.

1. Motor: Direct-mounted to pump casing.
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D. Casing Construction: Radially-split-case centrifugal design; cast-iron pump casing with
suction and discharge flanges machined to ANSI B16.1 dimensions, and 125-psi pressure
rating, except where 250-psi rated flanges are indicated.

E. Impeller Construction: Statically and dynamically balanced, closed, overhung, single-
suction, cast bronze, and keyed to shaft.

F. Wear Rings: Removable, bronze.
G. Pump Shaft and Sleeve: Ground and polished steel shaft, with bronze sleeve.

H.  Seals: Stuffing box having a minimum of 4 rings of graphite-impregnated braided yarn
with a bronze lantern ring between center 2 graphite rings and a bronze packing gland.

l. Base or Pedestal: Steel or Cast Iron
2.6 VERTICAL TURBINE FIRE PUMPS:
A. Characteristics: Fire pumps shall furnish not less than 150 percent of rated capacity at a
total head of not less than 65 percent of the total rated head. The total shutoff head shall

not exceed 140 percent of total rated head.

B.  General Description: Vertical shaft turbine type, centrifugal design, having impellers
discharging into bowls and a vertical pump column, specifically labeled for fire service.

C. Pump Head Construction: Cast iron, with discharge flange machined to ANSI B16.1
dimensions, and 125-psi pressure rating, except where 250-psi rated discharge
flange is indicated.

D. Line Shaft: Stainless steel or steel with corrosion-resistant shaft sleeves.

E. Pump Line Shaft Bearings: Rubber sleeve water lubricated.

F. Line Shaft: Steel.

G. Pump Line Shaft Bearings: Corrosion-resistant oil lubricated.

H.  Impeller Shaft: Monel metal or stainless steel.

l. Pump Bowl Assemblies: Cast-iron with closed type bronze impellers.

J. Pump Column: Of length indicated.

K. Suction Cans must be UL/FM approved.

L. Suction Strainer: Cast or fabricated nonferrous corrosion- resistant metal suction strainer
having free area not less than 4 times suction inlet cross-sectional area, with the openings
that will not permit passage of a 5/16-inch sphere for pump rating of 500 gpm or less and a
1/2-inch sphere for pump rating more than 500 gpm.

2.7 ELECTRIC MOTORS:
A. Fire Pump Electric Motor Drivers: NEMA MG 1, open drip-proof, squirrel cage,

induction motor, complying with NFPA 20 and NFPA 70, and wiring compatible with
type controller used.
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Fire Pump Electric Motor Drivers: Vertical hollow shaft, open drip-proof, squirrel cage,
induction motor, complying with NFPA 20 and NFPA 70, and wiring compatible with type
controller used. Construction of motor such that total hydraulic and static thrust of pump
rotating assembly can be carried by motor thrust bearings. Mount motor directly on pump
discharge head assembly for correct shaft alignment. Equip motor with top drive coupling
and nut for axial adjustment of pump impellers, and non-reverse ratchet to prevent pump
backspin.

Fire Pump Motor Nameplates: Provide nameplates, complete with motor
horsepower, characteristics, and other pertinent data.

Fire Pump Motor Factory Finish: Red, enamel paint, same as for fire pump,
applied to assembled, tested units prior to shipping.

Pressure Maintenance Pump Electric Motors: NEMA MG 1, open drip-proof, squirrel
cage, induction motor, complying with NFPA 20 fire pump motor requirements and
NFPA 70, and wiring compatible with controller.

Pressure Maintenance Pump Motor Factory Finish: Enamel paint, same as for
pressure maintenance pump, applied to assembled unit.

DIESEL ENGINES:

A.

Fire Pump Diesel Engine Driver: UL 1247, horizontal shaft, open-type diesel engine, of
scheduled capacity. Provide the following accessories for automatic operation:

Fire Pump Diesel Engine Driver: UL 1247, horizontal shaft open-type diesel engine, of
scheduled capacity, for operation with right-angle gear drive. Provide the following
accessories, compatible with and of capacity to match diesel driver, for automatic
operation:

1. Emergency manual operator, factory-wired, for standby engine starting and
operation in case of main controller or wiring malfunction.

2. Engine cooling system consisting of water piping, valves, strainer, pressure
regulator, heat exchanger, coolant pump, bypass piping, and fittings; factory-
installed.

3. Flexible exhaust connector.

4, Residential exhaust silencer (85 dBA).

5. Commercial exhaust silencer.

6. Engine jacket water heater, factory-installed, electric elements.
7. Dual batteries, lead-acid-storage type, providing 100 percent standby reserve
capacity.

8. Fuel system, in compliance with NFPA 20.
9. Fuel storage tank, of size indicated, with floor legs and direct-reading level gauge.
10. Exhaust System, ASTM A 53, Type E or Type S, Schedule 40, black steel pipe,

ANSI B16.9 weld-type pipe fittings, ANSI B16.5 steel flanges, ANSI B16.21
nonmetallic gaskets, and fabricated double wall steel pipe ventilated thimble.

Section Revision: 01/2019 Fire Pumps 21 30 00 Page 7 of 17



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

C. Gear Drive: Vertical hollow shaft right-angle gear drive unit. Direct connect drive to pump
shaft and equip with non-reverse ratchet. Connect drive to engine with flex shaft with
enclosing guard. Provide drive with provision for adjusting pump impeller lateral setting for
proper pump operation and performance.

D. Nameplates: Provide nameplates, complete with engine horsepower, characteristics, and
other pertinent data.

E. Factory Finish: Red, enamel paint same as for fire pump, applied to assembled, tested unit
and to ferrous metal accessories, except where other finish is specified, prior to shipping.

29 FIRE PUMP CONTROLLERS AND ALARM PANELS, GENERAL:
A. Fire Pump Controllers and Alarm Panels: Combined automatic and non-automatic
operation, UL listed and FM approved, factory-assembled and wired, and factory-tested, of
types, capacities, electrical characteristics, and with features indicated.

1. Standard: UL 508.

B. Enclosure: NEMA ICS 6, Type 2, drip-proof, indoor, except where special-purpose
enclosure is indicated.

C. Provide controls, devices, alarms, functions, and operations listed in NFPA 20, as required
for the type driver and controller used, and the specific items listed for each type controller.

D. Nameplates: Provide nameplate complete with capacity, electrical characteristics, approvals
and listings, and other pertinent data, on enclosure door.

E. Provide mounting for enclosures as indicated:

1. Full-Service Fire Pump Controller Mounting: Wall or floor stand type, as indicated, for
field electrical connections.

2. Full-Service Fire Pump Controller Mounting: Wall type, for field electrical connections.

3. Full-Service Fire Pump Controller Mounting: Floor stand type, for field electrical
connections.

4. Full-Service Fire Pump Controller Mounting: Unit mounted on pump base and
factory-wired.

5. Limited-Service Fire Pump Controller Mounting: Wall or floor stand type, as
indicated, for field electrical connections.

6. Limited-Service Fire Pump Controller Mounting: Wall type, for field electrical connections.
7. Limited-Service Fire Pump Controller Mounting: Floor stand type, for field electrical
connections.

8. Alarm Panel Mounting: Wall type.
9. Factory Finish: Red, enamel paint applied to assembled, tested units prior to shipping.
F. Controller Sensing Pipes: Provide nonferrous metal sensing piping, 1/2-inch size, with 1/2-inch

globe valves for testing mechanism of controller, from system to pump controller, as indicated.
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Provide bronze check valve with 3/32-inch orifice in clapper or ground-face union with
noncorrosive diaphragm having 3/32-inch orifice.

1. Fabricate pipe and fittings in accordance with NFPA 20.
2.10 FULL-SERVICE, ELECTRIC-MOTOR-DRIVE FIRE PUMP CONTROLLERS:

A.  Motor Controllers: Controller specifically listed for electric motor drive fire pump service
and service entrance.

EDIT NOTE: Coordinate and select starter type with Electrical Engineer. Also, coordinate terminal lug
sizes with Electrical Engineer.

Type: Across the line (up to 75 HP).

Type: Primary resistance (up to 100 HP).

Type: Part winding (up to 100 HP).

Type: Wye-delta (closed transition) (up to 100 HP).
Type: Wye-delta (open transition) (up to 100 HP).
Type: Autotransformer

ok whE

B. Rate controller for scheduled horsepower. Provide controller with short circuit withstand
rating at least equal to short circuit current available at controller location, taking into account
cable size and distance from substation or supply transformers.

EDIT NOTE: ATC only where required for dual feed or emergency power.

C. Automatic Transfer Switch: Enclosure complying with requirements for and attached to fire
pump controller above, containing an automatic transfer switch having rating at least equal to
the fire pump driver motor horsepower; or when motor is rated in amperes, shall have an
ampere rating not less than 115 percent of the motor full-load current and also shall be
suitable for switching the motor locked rotor current. Provided by [coordinate with electricall.

1. Standard: UL 1008.

D. Voltage Surge Arrestor: Provide voltage surge arrestors complying with ANSI C62.1 or C62.11
installed from each line terminal of the isolating switch to ground. These devices shall be rated
to suppress voltage surges above rated line voltage.

E. Provide controller capable of performing or containing the following features:

1 Isolating means and circuit breaker.

2. "Power Available" and "Phase Reversal" pilot lamps.

3. Ammeter with current transducers.

4 Three separate dry contacts indicating motor running condition, loss of line power
(including low voltage or loss of any one phase), and line power phase reversal.
Automatic and manual operation, and minimum run time relay to prevent short cycling.
Remote start.

Water pressure actuated switch having independent high and low calibrated
adjustments responsive to water pressure in fire protection system.

8. Manual and automatic shutdown.

9. Emergency start lever bypassing all control circuits.

Noo

2.11  LIMITED-SERVICE, ELECTRIC-MOTOR-DRIVE FIRE PUMP CONTROLLERS:

A. Motor Controllers: Limited-service controller for electric motor drive fire pump service, and
service entrance.
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EDIT NOTE: Coordinate starter type and terminal lug sizes with Electrical Engineer.

1.

Type: Across the line.

B. Rate controller for scheduled horsepower. Provide controller with short circuit withstand
rating at least equal to short circuit current available at controller location, taking into
account cable size and distance from substation or supply transformers.

2.12 DIESEL ENGINE DRIVE FIRE PUMP CONTROLLERS:

A. Engine Controllers: Controller specifically listed for diesel engine drive fire pump service,
capable of performing or containing the following features:

ONoOUOAWNE

Built-in dual battery charger.

Time clock for weekly automatic test.

System pressure recorder, electric alternating current driven with spring backup.
Timing relay for automatic stop.

Power failure start, with time delay to prevent start at momentary loss of power.
Low-fuel-level alarm.

Alarm contacts for remote alarm of "Engine Run,"” "Switch Off,” and "Engine Failure."
Pump room alarms shall be both audible and visible signals.

2.13 ALARM PANELS:

A.  Alarm Panel: NEMA ICS 6, Type 1 remote wall-mounting-type panel with audible and visible
alarms matching type controller used. Provide following features and manufacturer's standard
features:

1.

Electric Motor Drive Fire Pump Controller Alarm Panels:
a. Motor operating condition.

b. Loss of line power.

C. Phase reversal.

d. Low water alarm.

Diesel Engine Drive Fire Pump Controller Alarm Panels:
Engine running.

Main switch off or in manual position.

Engine trouble.

Low water alarm.

Low fuel.

PTaoooTo

2.14 HORIZONTAL FIRE PUMP ACCESSORY FITTINGS:

A. Provide the following accessory fittings, matching fire pump suction and discharge ratings,
as required for fire pump capacity rating:

1.

2.

Automatic air release valve.

Casing relief valve.

Suction and discharge pressure gauges.
Eccentric tapered reducer at suction inlet.

Concentric tapered reducer (increaser) at discharge outlet.
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Hose valve test header manifold and round brass identification escutcheon plate, for
wall mounting, manufacturer's standard finish, with lettering equivalent to "PUMP
TEST CONN."

Hose valves with caps and chains, NFPA 1963 hose thread conforming to local fire
department standards, bronze finish.

Ductile iron or brass body, hose valve test header manifold having nozzle outlets
arranged in a single line, for horizontal flush wall mounting, polished chrome-plated
rectangular brass escutcheon plate with lettering equivalent to "PUMP TEST
CONNECTION."

Hose valves with caps and chains, NFPA 1963 hose threads conforming to local fire
department standards, bronze with polished chrome finish.

Ball drip valve.

Main relief valve, UL 1478.
Closed discharge cone.
Open discharge cone.

Factory Finish: Red, enamel paint except where brass or other finish is specified.

2.15 VERTICAL TURBINE FIRE PUMP ACCESSORY FITTINGS:

A. Provide the following accessory fittings, matching fire pump discharge rating, as required for
fire pump capacity rating:

1.

2.

10.

Automatic air release valve.

Casing relief valve.

Discharge pressure gauge.

Concentric tapered reducer (increaser) at discharge outlet.

Hose valve test header manifold and round brass identification escutcheon plate, for
wall mounting, manufacturer's standard finish, with lettering equivalent to "PUMP TEST

CONN."

Hose valves with caps and chains, NFPA 1963 hose threads conforming to local fire
department standards, bronze finish.

Ductile iron or brass body, hose valve test header manifold having nozzle outlets arranged
in a single line, for horizontal flush wall mounting, polished chrome-plated rectangular brass
escutcheon plate with lettering equivalent to "PUMP TEST CONNECTION."

Hose valves with caps and chains, NFPA 1963 hose threads conforming to local fire
department standards, bronze with polished chrome finish.

Ball drip valve.

Main relief valve, UL 1478.
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11. Closed discharge cone.
12. Open discharge cone.

13. Water level detecting device, ASTM B 88 Type L copper water tube, ANSI B16.22
wrought-copper, solder-joint fittings, ASTM B 32 Alloy Sb5 solder; with pressure
gauge and connection fitting for attaching a hand-operated air pump. Piping
arrangement and length shall be as detailed in NFPA 20 Appendix A.

B. Factory Finish: Red, enamel paint except where brass or other finish is specified.
2.16 PRESSURE MAINTENANCE PUMPS:

A. Pressure Maintenance Pumps, General: Base-mounted, factory- assembled, and factory-
tested, of pump types, capacities, and electrical characteristics indicated. Close coupled
pressure maintenance pumps are exempt from base-mounted requirement.

B. Characteristics: Pressure maintenance pumps shall furnish not less than rated capacity at
not less than total rated head indicated.

C. Construction: Cast-iron pump casing with suction and discharge connections of size indicated,
threaded, or flanged and machined to ANSI B16.1 dimensions, and 125-psi minimum pressure
rating, except where 250-psi rated flanges are indicated.

1. Impeller: Bronze or stainless steel.

2. Shaft: Stainless steel.

3. Seals: Mechanical.

D. Nameplates: Provide nameplate complete with capacity, electrical characteristics, and other
pertinent data.

E. Factory Finish: Manufacturer's standard color enamel paint applied to assembled, tested
units prior to shipping.

F. Multi-Stage Pressure Maintenance Pumps:

1. Construction: Multi-stage, centrifugal, vertical construction, base mounting.
G. Regenerative Turbine Pressure Maintenance Pumps:

1. Construction: Regenerative turbine, close coupled construction, for pad mounting.
H.  Vertical Turbine Pressure Maintenance Pumps:

Construction: Vertical turbine, base mounting.

Pump Head: Cast iron.

Line Shaft: Stainless steel or steel with corrosion-resistant shaft sleeves.
Pump Line Shaft Bearings: Rubber sleeve water lubricated.

Line Shaft: Steel.

Pump Line Shaft Bearings: Corrosion-resistant oil lubricated.

Impeller Shaft: Monel metal or stainless steel.

Pump Bowl Assemblies: Cast-iron with closed-type bronze impellers.
Pump Column: Of length indicated.

©CoNoOMWNE
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10. Suction Strainer: Cast or fabricated nonferrous corrosion- resistant metal suction strainer
having free area not less than 4 times suction inlet cross-sectional area; with the openings
that will not permit passage of a 5/16 inch sphere.

PRESSURE MAINTENANCE PUMP CONTROLLERS:

A. Pressure Maintenance Pump Controllers: Combined automatic and non-automatic operation,
UL listed, factory-assembled and wired, and factory-tested, of types, capacities, electrical
characteristics, and with features indicated, for electric motor drive pressure maintenance
pump service.

1. Type: Across the line.
2. Standard: UL 508.

B. Enclosure: NEMA ICS 6, Type 2, wall mounted, for field electrical wiring.

C. Provide controls, devices, alarms, functions, and operations listed in NFPA 20, and the
specific items listed.

D. Rate controller for scheduled horsepower and provide the following items:

Fusible disconnect switch.

Pressure switch.
"HAND-OFF-AUTQ" selector switch.
Pilot light.

Running period timer.

agrwONE

E. Nameplates: Provide nameplate complete with capacity, electrical characteristics, approvals
and listings, and other pertinent data, on enclosure door.

F. Mounting: Wall type for field electrical connections.

G. Factory Finish: Manufacturer's standard color enamel paint applied to assembled, tested
units prior to shipping.

H.  Controller Sensing Pipes: Provide nonferrous metal sensing piping, ¥z inch size, with %2 inch
globe valves for testing mechanism of controller, from system to pump controller, as indicated.
Provide bronze check valve with 3/32 inch orifice in clapper or ground-face union with
noncorrosive diaphragm having 3/32 inch orifice.

1. Fabricate pipe and fittings in accordance with NFPA 20.

PRESSURE MAINTENANCE PUMP ACCESSORIES:

A. Provide following accessory fittings, matching pressure maintenance pump suction and
discharge ratings, as required for pump capacity rating:

1. Casing relief valve.
2. Suction and discharge pressure gauges.

FLOW MEASURING SYSTEMS:
A. General: Fire pump flow measuring systems shall be FM approved, indicate flow in gpm to
not less than 175 percent of fire pump rated capacity, and consist of a sensing element of

size to match pipe, tubing, flow meter, and fittings.

B. Pressure Rating: 175 psi minimum.
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Provide flow measuring device manufactured by Meriam Model FM-D15 6 inch dial flow
meter; Barco or equal.

Provide flow measuring systems complete with operating instructions.

2.20 SOURCE QUALITY CONTROL:

A.

Factory Tests: Hydrostatically test and test run each pump prior to shipment. Test at 150
percent of shut-off head plus suction head, but not less than 250 psig. Produce certified
test curves showing head capacity and brake-horsepower of each pump.

PART 3 - EXECUTION

3.1 EXAMINATION:

A.

Examine areas, equipment foundations, and conditions with Installer present, for compliance
with requirements for installation and other conditions affecting performance of fire pumps. Do
not proceed with installation until unsatisfactory conditions have been corrected.

Examine fire protection piping systems to verify actual locations of piping connections prior
to installation.

3.2 INSTALLATION OF FIRE PUMPS:

A.

General: Comply with the manufacturer's written installation and alignment instructions
and with NFPA 20 and FM standards.

Install pumps in locations indicated and arrange to provide access for periodic maintenance,
including removal of motors, impellers, couplings, and accessories.

Support pumps and piping separately so that the weight of the piping system does not
rest on pumps.

Set base-mounted pumps on concrete foundations. Disconnect coupling halves before
setting. Do not reconnect couplings until alignment operations have been completed.

1. Support pump base plate on rectangular metal blocks and shims, or on metal wedges
having a small taper, at points near the foundation bolts to provide a gap of 3/4 to 1-1/2
inches between the pump base and the foundation for grouting.

2. Adjust the metal supports or wedges until the shafts of the pump and driver are level.
Check the coupling faces and suction and discharge flanges of the pump to verify that
they are level and plumb.

Provide piping accessories, hangers, supports and anchors, valves, meters and gauges,
and equipment supports as indicated for complete installation.

Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be
factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical
Installer.

1. Verify that electrical wiring installation is in accordance with manufacturer's submittal
and installation requirements of Division 26 sections. Do not proceed with equipment
start-up until wiring installation is acceptable.
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3.3 ALIGNMENT:

A.  Align pump and driver shafts after complete unit has been leveled on foundation and after
grout has set and foundation bolts have been tightened.

B.  After alignment is correct, tighten the foundation bolts evenly but not too firmly. Fill the base
plate completely with nonshrink, nonmetallic grout, with metal blocks and shims or wedges in
place. After grout has hardened, fully tighten foundation bolts. Check alignment and take
corrective measures required.

C.  Make piping connections, check alignment, and take corrective measures required.

1. Adjust alignment of pump and driver shafts for angular and parallel alignment by one of
the two methods specified in the Hydraulic Institute "Centrifugal Pumps - Instructions
for Installation, Operation and Maintenance."

2. Alignment tolerances shall meet manufacturer's recommendations.

3.4 CONNECTIONS:

A. General: Install valves of types and at locations indicated, that are same size as the piping
connecting the fire pump, bypass, test header, and other piping systems.

B. Install suction and discharge pipe sizes equal to or greater than the diameter of fire pump
nozzles.
C. Install pressure gauges on the suction and discharge of each pump at the integral pressure

gauge tappings provided.

D. Install cooling system piping connection for water supply to heat exchanger, and piping
and connection for drain from heat exchanger to point of disposition.

E. Install exhaust system piping from diesel engine driver to point of termination outside the
structure. Install pipe and fittings with welded joints, and components having flanged
connections with gasketed joints.

F. Install flow meters and sensing elements where indicated. Install connections, tubing, and
fittings between flow sensing elements and meters as prescribed by manufacturer's
installation instructions.

G.  Electrical wiring and connections are specified in Divisions 26 and 28 sections.
35 FIELD QUALITY CONTROL:

A. Manufacturer's Field Service: Provide the services of a factory-authorized service
representative to supervise field assembly of components, installation of fire pump units and
pressure maintenance pump units, including piping and electrical connections, field
acceptance tests, and to report test results in writing.

B. Check suction lines connections for tightness to avoid drawing air into the pump.

C. Perform field acceptance tests of each fire pump unit (fire pump, driver, and controller) and
system piping, when installation of fire pump units is complete. Comply with operating
instructions and procedures of NFPA 20 to demonstrate compliance with requirements.
Where possible, field correct malfunctioning equipment, then retest to demonstrate
compliance. Replace equipment that cannot be satisfactorily corrected or that does not
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perform as specified and as indicated, then retest to demonstrate compliance. Verify that
each fire pump unit performs as specified and as indicated.

3.6 COMMISSIONING:

A. Start-Up Services, General: Provide the services of a factory-authorized service
representative to provide start-up service and to demonstrate and train Owner's
maintenance personnel as specified below.

1.

Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and components.

Train Owner's maintenance personnel on procedures and schedules related to
start-up and shutdown, troubleshooting, servicing, and preventative maintenance.

Review data in Operating and Maintenance Manuals. Refer to the LPS General
Conditions of the Contract "Project Closeout."

Schedule training with at least 7 days' advance notice.
Provide fire hoses in number, size, and of length as required to reach a storm drain or

other acceptable location for the disposal of fire pump test water. These fire hoses are
for use during field acceptance tests only and are not to become property of the Owner.

B. Final Checks Before Start-Up: Perform the following preventative maintenance operations
and checks before start-up:

1.

2.

Lubricate oil-lubricated bearings.

Remove grease-lubricated bearing covers and flush the bearings with kerosene and
thoroughly clean. Fill with new lubricant in accordance with the manufacturer's
recommendations.

Disconnect coupling and check electric motor for proper rotation. Rotation shall
match direction of rotation marked on pump casing.

Check that pump is free to rotate by hand. If the pump is bound or even drags
slightly, do not operate the pump until the cause of the trouble is determined and
corrected.

Install coolant in cooling system. Fill closed loop cooling system with potable water
and add a rust inhibitor.

Install coolant in cooling system. Fill closed loop cooling system with a solution of 50
percent potable water and 50 percent ethylene glycol permanent antifreeze. Add rust
inhibitor, if not included in antifreeze.

C.  Starting procedure for pumps:

1.

2.

3.

4.

Prime the pump, opening the suction valve, closing the drains, and prepare the pump
for operation.

Open the sealing liquid supply valve if the pump is so fitted.
Start motor.

Open the discharge valve slowly.
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5. Observe the leakage from the stuffing boxes and adjust the sealing liquid valve for proper
flow to ensure the lubrication of the packing. Do not tighten the gland immediately, but let
the packing run in before reducing the leakage through the stuffing boxes.

6. Check the general mechanical operation of the pump and motor.

END OF SECTION 21 30 00

END OF DIVISION 21
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DIVISION 22 PLUMBING

22 05 00 Common Work Results for Plumbing

¢ In the absence of other information, standards of the following organizations apply:
o Americans With Disabilities Act (ADA)
0 American Gas Association (AGA)
o0 American National Standards Institute (ANSI)

0 American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc. (ASHRAE)

American Society of Mechanical Engineers (ASME)

American Water Works Association (AWWA)

International Association of Plumbing and Mechanical Officials (IAPMO)
International Building Code (IBC)

International Fuel Gas Code (IFGC)

International Mechanical Code (IMC)

International Plumbing Code (IPC)

National Electrical Code (NEC)

National Electrical Manufacturers Association (NEMA)

Plumbing and Drainage Institute (PDI)

© 0O 0O 0O o o o o o o o

Underwriters Laboratories (UL)
0 Local water and sewer districts

¢ Install plumbing control devices in "Readily Accessible" locations as defined by Chapter
1, Article 100, of the applicable National Electrical Code.

0 PROHIBITTED: Operating plumbing equipment, such as pumps, in ceiling
spaces without written approval of Littleton Public Schools (LPS) Operations,
Maintenance and Construction Department (OMC) and LPS Project
Manager (PM).

¢ When reusing or connecting to existing piping, confirm and coordinate with LPS OMC
and LPS PM requirements to clean and test the existing system.

e Connections to existing potable water supply piping shall be made with new isolation
valves.

o REOQUIRED: Isolation valves at every branch line and other strategic areas throughout
facility to isolate

0 Bathrooms and toilet groups
o Kitchens

o Classrooms
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0 Other areas with large water demands.
¢ Isolation valves at every branch line feeding bathrooms and class rooms
¢ Piping located in crawl spaces or horizontal pipe and utility chases

0 Bottom of piping shall be at least 4-feet from grade or slab below to allow for
adequate maintenance access.

e Provide adequate facilities for cleaning of sewer and waste lines.
e Provide stub-out of utilities for temporary facilities required by LPS design programs.
e Consider future addition(s) when sizing utilities.
e Refer to Section 11 40 00 Food Service Equipment for Kitchen requirements.
o Potable domestic water systems shall be lead-free.
o Provide documentation/certification that components are lead-free.

o All material listed to be delivered to LPS at Final Acceptance shall be documented in a
single list to be signed as being accepted by the LPS OMC and forwarded to LPS PM.

e Piping
0 Service and supply
= RESTRICTED: Copper only
e Substitution requires pre-approval by the LPS OMC and LPS PM
= Copper service and supply Type L
= Underground copper lines to be Type K
o Drain, waste, vent
= PVC waste and vent is preferred over cast where allowed by code.
o Fittings
= PROHIBITED: Dielectric unions
» RESTRICTED: Fittings for copper pipe only
= Approved fittings/methods
e ProPress
0 Maximum size 2 2" or less
e Soldered Copper
e Victaulic (groove-lock)

= Any other than these approved methods must be reviewed and approved
for each specific case by LPS OMC and LPS PM prior to Construction
Documents.

e Submittals

o Closeout
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= MANDITORY: PDF copy of water treatment chlorination report
26 05 29 Hangers and Supports for Plumbing Piping and Equipment

¢ Roof top gas pipe support

Shall be steel and be properly supported by Unistrut-type roof stands
Hot dipped galvanized

Size as required for gas pipe on roof

Spaced a minimum of 10" o.c. and at all corners.

Install over an extra layer of specified walkway pad.

© O 0O O o o

Approved manufacturer(s)
= Miro Industries

¢ Model Numbers 4-RAH or 6-RAH HG

= Approved equivalent

22 10 00 Plumbing Piping

22 11 00 Facility Water Distribution

e This Section specifies the water distribution piping system, including potable cold, hot,
and recirculated hot water piping, fittings, and specialties within the building to a point 5
feet outside the building.

e Products installed but not furnished under this Section include water meters which will
be provided by the utility company, to the site, ready for installation.

o0 Utility companies:
= Denver Water, 1600 West 12th Avenue, Denver CO 80204
= Willow Water District, 6930 South Holly Circle, Englewood CO 80112
e Provider for Lenski ES (only)
e Submittals
o Data
= For each piping specialty and valve specified.
= Certification of Compliance with ASME and UL fabrication requirements.
= Manufacturer and product data for lead free solder with material breakdown.
0 O & M manual.
= Maintenance data for each piping specialty and valve specified
o Closeout
= Submittals listed above updated to record status

= Test reports
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e Copies of certification reports for backflow prevention devices that were
forwarded to appropriate jurisdiction

o PDF copy of water treatment chlorination report
= Maintenance Stock

e One valve key for each key operated wall hydrant, hose bibb, or faucet
installed.

e Hose Bibbs and Faucets
o Unfinished Areas and Equipment Room
* Rough bronze body
= Renewable composition disc
= Wheel handle
= Vacuum breaker
= 3/4-inch NPT inlet
= 3/4-inch hose outlet with vacuum breaker
o Finish Areas
= Polished chrome plated bronze body
= Renewable composition disc
= Tee handle
= 3/4-inch NPT inlet
= 3/4-inch hose outlet.

0 Approved Manufacturers:

= Josam
= \Woodford
= Zurn

= Chicago Faucet Co
=  Nibco Inc

» Watts Requlator Co.
¢ Wall and Yard Hydrants
o Wall Hydrants
= Exposed type non-freeze wall hydrant
e All brass with polished bronze or nickel bronze face plate
e "T" handle loose key
e Integral vacuum breaker

e Self- draining body and shank
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o Exposed ¥ inch male hose thread outlet
e 34 inch male or female thread inlet
¢ Renewable seat

¢ Shank length to extend thru primary exterior wall sufficient distance
to prevent freezing.

» Flush with wall, non-freeze, box type, wall hydrant
e All brass with polished bronze or nickel bronze box cover and frame
e "T" handle loose key
e Key lock cover
e Integral vacuum breaker
e Self-draining body and shank
e 34-inch male hose thread outlet
e 34-inch male or female I.P.S. thread inlet
e Renewable seat

e Shank length to extend thru primary exterior wall surface sufficient
distance to prevent freezing

= Residential type
e Exposed handle and hose thread
e Frost proof sill faucet
e All brass
e Wheel handle
e Self-draining body vacuum breaker and shank

¢ Shank length to extend thru primary wall sufficient distance to
prevent freezing.

0 Yard Hydrants
= Flush with grade
= Non-freeze
= Vertical box type yard hydrant
= All brass with polished bronze box cover and frame
= "T" handle loose key
= Key lock cover
» Vandal proof vacuum breaker
* % inch male hose thread outlet

= 3, inch male or female I.P.S. thread inlet
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» Self-draining body and shank
o0 Approved Wall and Yard Hydrant Manufacturers:
» Josam Mfa. Co
= Jay R. Smith. Mfg. Co.
=  Woodford Mfa. Co.

N

urn

=

ade

e Hose Stations
0 Hot and cold-water mixing hose stations exposed

o Complete with hose, nozzle, hose rack, valves, vacuum breaker, and
anchoring.

0 Mixing unit and hose rack to be polished chrome.

0 Approved Manufacturers:

= | eonard
= T&S Brass
=  Duco

e Backflow Preventers

o Install backflow preventers on plumbing lines where contamination of
domestic water may occur and on boiler make-up lines, hose bibbs and flush
valves.

0 Locate in same room as equipment being connected
o0 Pipe relief outlet thru air gap, without valves, to nearest floor drain
o Vacuum Breaker, Atmospheric Type

= All brass

= Angle pattern with disc float that closes the atmospheric vent for temperatures up
to 210 degrees F

= Full size orifice for maximum flow
= Female thread inlet and outlet
= Rough brass exterior finish
= Approved by National Sanitary Foundation
0 Vacuum Breaker Pressure Type
= Spill resistant design
= Suitable for indoor or outdoor installation
= Vent seal diaphragm designed to seal air vent prior to opening the check valve

= Suitable for use with downstream valves
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= Provided with ball valve shutoffs and test cocks
o0 Double Check Assembly

=  Sizes ¥ inch through 2 inches
e Two spring- loaded, Y-pattern bronze check valves
e Two bronze ball valves and four test cocks for field testing
o All valves are threaded type
e Unit is shipped completely assembled

= Sizes 2-1/2 inches through 10 inches

e Two spring loaded Y-pattern check valves with epoxy coated ductile iron
bodies and bronze trim

e Two cast iron non-rising stem/OS&Y gate valves and four test cocks for field
testing

e Compact style
¢ Inlet flow vertical up
e Outlet flow vertical down or up as shown on drawings
¢ All valves are flanged type
e Unit is shipped completely assembled
¢ Unit to be approved by
0 National Sanitary Foundation
0 U.S.C. Foundation for Cross Connection Control
0 American Society of Sanitary Engineering (A.S.S.E.)
o State and or Local authorities.
0 Reduced pressure type
= Sizes ¥sinch to 2 inch
¢ All bronze body
= Sizes 2-1/2 inch to 10 inches
¢ Ductile iron body

= Two independently operating, spring loaded check valves and one differential
relief valve with automatic intermediate atmospheric vent.

» Pressure in intermediate zone to activate relief valve when there is a 2 psig.
Differential between the zone and the upstream side of the first check valve.

» Relief valve shall remain open until a positive pressure differential is re-
established.

= Assembly to be furnished with full-port, positive shut off non-rising stem, OS&Y
isolation valves, in-line strainer, union connections, funnel, and all test cocks
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= Compact style
» Inlet flow vertical up
= Qutlet flow vertical down or up.
= Assembly to have approval of
¢ National Sanitary Foundation
e U.S.C. Foundation for Cross Connection Control
e AS.S.E.
o State and or Local Authorities
o Carbonated Water for Beverage Dispensing Equipment
= Stainless steel body and parts
= Positive double check valve rated for 150 psi at 140 degrees F
= Heavy duty rubber seats shall comply with FDA food additive regulations.
0 Approved Manufacturers:
= Febco Sales. Inc.: Subs. of Charles M. Bailey Co.. Inc.
= Watts Requlator Co.
= Ames Company. Inc.
= Conbraco
e Water Meters

o0 Approved Manufacturers:

= Badger Meter, Inc.
= Hersey Products Inc.

= Neptune Water Meter Co.; Subs. Neptune Intl.
=  Rockwell Intl.: Measurement and Flow Control Div.

=  Hays Division; Romac Ind.

e Relief Valves
0 Approved Manufacturers:
= A.W. Cash Valve Mfg. Corp.

= Watts Requlator Co.
=  Conbraco Industries. Inc.

= Wilkins
e Shock arresters

o Install water hammer arresters in domestic water piping system on each set
of flush valves and where hydrostatic shock pressures could occur.
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Provide isolation valve

Install in accessible location.

o O O O

not limited to:
= Dishwashers
= Disposals
= Clothes washers
= |ce makers
= Auto claves
= Pre-rinse spray hose
= Other
0 Shock Arresters - Bellows Type
= Stainless steel casing and bellows
= Rated for 250 psi, 200 degrees F
= Tested and certified in accordance with PDI Standard WH-201

= Approved Manufacturers:

e Josam

e J.R. Smith Mfa. Co.
e Woodford

e Zum

e Wade

0 Shock Arresters - Piston Type
= 60 psi pre-charge
= Sealed from system water with free sliding piston and EPDM O-rings
= Suitable for up to 150 psi and 180 degrees F
* Thread connections

=  Approved Manufacturers:

Provide access doors in accordance with architectural recommendations.

Watts Reqgulator
Precision Plumbing Products

Sioux Chief
¢ Water Tempering Valves
0 Pressure Equalizing with Thermometer

0 Concealed type
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3-port

All bronze

Pressure balancing mixing valve with integral check stops
Maximum temperature limit stop

Stainless steel balancing piston

Chrome plated finished wall plate with hot and cold-water marking
% inch or ¥ inch inlet and outlet pipe sizes and volume control

Unit to hold temperature steady and constant with pressure fluctuations up
to 85 percent.

Unit shall have integral or separate flush with wall
3-color dial thermometer with scale from 70 degrees F to 130 degrees F
Chrome plated trim ring for separate thermometer

Approved Manufacturers:

= Leonard
= Powers
=  Waltts

= Lawler

¢ Thermostatic Mixing Valves

o O O O O

Exposed type

All bronze thermostatically controlled mixing valve with stainless steel piston
Fail safe automatic shut-down if either hot or cold-water pressure fails
Union connection

Rough chrome finish.

e Pressure/Temperature Relief Valves (PTRV)

(0}

O O O o o

Fully automatic

All bronze pressure/temperature relief valve with test lever and extension
thermostatic element

Temperature relief setting at 210 degrees F

Pressure setting at 150 psig

Meet ASME Standards and comply with the latest AGA ratings

Relief opening to be piped to an indirect connection at nearest floor drain

Approved Manufacturers:

= Watts Requlator Co.

e Pressure Reducing Valves
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0 Approved Manufacturers:
» Watts Requlator Co.
= Bell & Gossett
= Mueller

=  Conbraco Industries. Inc.

o Domestic Water Filter - In-Line

Duplex Water Filter with type 304 stainless steel housing
F-13 activated carbon

Replaceable filter sheet

linch inlet and outlet

Provide connections with non-dielectric unions

Inlet and outlet valves

O O O 0O o0 o o

Full size by-pass with valve
e Vacuum Breakers for Hose Connections
0 Approved Manufacturers:

= Watts Requlator Co.
=  Cash (A.W.) Valve Mfag. Corp.

=  Conbraco Industries. Inc.

o Domestic Hot Water Expansion Tanks
o0 Approved Manufacturers:
= Bell & Gossett
= Eaton Metal Products
= Taco
= Amtrol
e General Duty Valves
o0 Applications
= Shut-off duty: Ball, and butterfly valves
= Throttling duty: Globe, ball, and butterfly valves.
o Sectional Valves

= On each branch and riser, close to main, where branch or riser serves 2 or more
plumbing fixtures or equipment connections

= 2 inch and smaller, use ball valves

= 2-%inch and larger, use butterfly valves
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0 Shutoff Valves
» |nlet of each plumbing equipment item
= Inlet of each plumbing fixture
= 2inch and smaller, use ball valves
= 2-%inch and larger, use butterfly valves
o Drain Valves
= Each plumbing equipment item
= Locate to completely drain equipment for service or repair.
= Install drain valves
e At the base of each riser
¢ At low points of horizontal runs
e Elsewhere as required to completely drain distribution piping system.
= 2 inch and smaller, use ball valves
= 2-1/2 inch and larger, use butterfly valves
o Check Valves
= Non-slam spring loaded check valves on discharge side of each pump
= Elsewhere as required
o Balance Cocks
= |n each hot water recirculating loop
= Discharge side of each pump
= Elsewhere as required
e Domestic Hot-Water Expansion tanks:
0 Locate in the same room as the water heaters on storage tanks

o On the cold-water supply line as close to the water heater or storage tank as
possible.

o0 Installation is to be between the water heater or storage tank and backflow
preventer, check valve, pressure reducing valve and/or meter.

o0 Provide independent support for in-line mounted tanks.
o0 Pre-charge tank to minimum static water pressure at the tank location.
o Approved Manufacturers:
= Expansion tanks
o Bell & Gossett
e Eaton Metal Products

e Taco
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» Pressurized expansion tanks:
o Bell & Gossett
e Amtrol

e Wessel

e General Installation

(0]

Pressure reducing valves to limit maximum static pressure at plumbing
fixtures

Sleeve and mechanical sleeve seal at penetrations through foundation wall
for watertight installation

Shutoff valve at service entrance inside building; complete with strainer,
pressure gauge, and test tee with valve.

Provide thrust blocks on underground water piping at each change in
direction

Purge and disinfect all new water distribution piping systems and parts of
existing systems which have been altered, extended, or repaired; following
procedures prescribed by either

= Authority Having Jurisdiction
= AWWA C651
= AWWA C652

e Commissioning

(o}

Check compression tanks to determine that they are not air bound and that
the system is completely full of water.

Before operating the system

= Open valves to fully open position. Close drain, valves, hydrants, and sill cocks.
= Remove and clean strainers.

= Check pump for proper direction of rotation. Correct improper wiring.

= Lubricate pump motors and bearings.

22 11 23 Domestic Water Pumps

Factory-tested, thoroughly cleaned, and painted with one coat of machinery enamel
prior to shipment.

Provide pumps of same type by same manufacturer.
Provide access space around plumbing pumps for maintenance service
Submittals
0 Product Data
= Pump specifications

= |Installation, and start-up instructions
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= Current accurate pump characteristic performance curves with selection points
clearly indicated.

0 Shop Drawings
*= Dimensions
= Weight loadings
» Required clearances
= Methods of assembly
0 Wiring Diagrams
= Electrical requirements for power supply wiring to plumbing pumps.
= Manufacturer's ladder-type wiring diagrams for interlock and control wiring.

= Clearly differentiate between portions of wiring that are factory-installed and
portions to be field-installed.

0 Maintenance Data

= Maintenance data and parts lists for each type of pump, control, and
accessory

= Include "trouble-shooting" maintenance guide.
o Closeout

= Submittals listed above updated to record status

22 11 23.13 Packaged Booster Systems

o Factory-fabricated and tested water pressure booster system consisting of
diaphragm type water tank, centrifugal pumps, power and control panels,
instrumentation, and operating controls.

e 2 pumps, constant speed, single stage, end-suction design, cast-iron, bronze
fitted centrifugal pumps with mechanical shaft seals.

0 Mount pumps on vibration isolators

0 Temperature probe and electric purge valve immediately upstream of
each PRV

0 Drip proof motors

e Factory-pre-charged diaphragm type water tank with replaceable flexible
membrane.

o Construct in accordance with ASME Code and provide ASME stamp
for 125 psi minimum

e Maintain system pressure with pilot- operated diaphragm type combination
pressure regulating and non-slam check valve on each pump discharge line.

o0 Provide low system pressure switch located on discharge header to
sense drop in system pressure, and to activate alarm and
automatically start standby pump
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o0 Provide adjustable vane type flow switch to sequence lag pump

o Provide UL-listed, NEMA 1, hinged door, lockable control panel containing the
following:

o For Each Pump
= Fused disconnect switch
= Motor starter with 3-leg overload protection
* Running light
= Multiple position motor control switch
= Discharge pressure gauge
0 For System
= 115-v control transformer
= Control power switch
= Indicating lights
= Relays
= Visual alarm system
= Suction pressure gauge

e Factory-prefabricate booster system, mount all components on common
structural stand

o Provide interconnecting piping, isolation valves on suction and
discharge of each pump, suction and discharge piping manifolds,
shutoff cocks for gauges and pressure switches, and factory-wiring

e Provide electrical and hydraulic test on assembled unit prior to shipment

0 System operating flow test from 0 to 100 percent design flow rate at
scheduled suction and discharge pressure conditions.

e Approved Manufacturers
o Armstrong Pumps. Inc,.
PSE: Div. Messco Inc.

o
o Peerless Pumps
o Amtrol

22 11 23.23 In-Line Pumps

e Horizontal, oil-lubricated, designed for 125 psi working pressure, 225 degrees F
(107 degrees C) continuous water temperature, and specifically designed for
quiet operation.

e Bronze or stainless-steel construction.

e Steel shaft, ground ,and polished, integral thrust collar
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¢ Two horizontal sleeve bearings designed to circulate olil
¢ Mechanical seal with carbon brass seal face rotating against ceramic seat.

¢ Motor: Non-overloading at any point on pump curve, open, drip-proof, sleeve
bearings, quiet operating, rubber mounted construction, built-in thermal overload
protection.

e Self-aligning, flexible coupling
o Approved Manufacturers

Bell & Gossett ITT: Fluid Handling Div.
Taco. Inc.

Armstrong Pumps. Inc.

Dunham-Bush. Inc.

Grundfos Pumps Corp.
Peerless Pumps

© O O O o o

22 11 23.43 Base-Mounted Pumps

¢ Install base-mounted pumps on minimum of 4inch high concrete base equal or
greater than 3 times total weight of pump and motor, with anchor bolts poured in
place.

o Set and level pump, grout under pump base with non-shrink grout.
e Base-mounted, double suction pumps
o0 Approved Manufacturers
» Grundfoss
= Bell & Gossett
= Taco
= Armstrong
e Base-mounted, ball-bearing pumps, flexible-coupled:
o0 Approved Manufacturers
= Bell & Gossett
e Vertical turbine pumps:
o0 Allis-Chalmers
o Goulds
e Condensate return units:
o ITT Domestic

o Skidmore

22 12 00 Facility Potable-Water Storage Tanks
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e PROHIBITED

22 13 00 Facility Sanitary Sewerage

o Provide flashing for all floor drains, floor cleanouts in wet areas and shower drains above
grade

o Extend flashing at least 24 inches from drain rim into floor membrane or on structural
floor

o Fasten flashing to drain clamp device and make watertight, durable joint.

o0 Provide flashing collar extension with all drains and cleanouts installed above grade
e Coordination

0 330561 Concrete Manholes

0 33 30 00 Sanitary Sewerage

o Installation of drains in poured-in-place concrete slabs to include proper drain
elevations, installation of flashing, and slope of slab to drains

o0 Installation of sanitary sewer systems as necessary to interface building drains with
drainage piping systems

0 All penetrations with structural engineer
o Allinstallations with other trades
e Submittals
0 Product Data
= Model clearly indicated
= Operating weights
= Furnished specialties and accessories
= Installation instruction
0 Shop Drawings
= Dimensions, required clearances, and methods of assembly of all components.
0 Maintenance Data:
0 Maintenance data and parts lists for each type of drain, and accessory
0 Include "trouble-shooting" maintenance guide.
o Closeout
= Submittals listed above updated to record status
22 13 19 Waste Piping Specialties

e Expansion joints
o Cast-iron body with adjustable bronze sleeve

0 Bronze bolts with wing nuts
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e Trap primers
0 Required for equipment room floor drains and other areas as required
= Bronze body valve with automatic vacuum breaker
= % inch connections matching piping system
e Inlet % inch male NPT
e Outlet %2 inch female NPT
=  Comply with ASSE 1018.

o0 Easily adjusted to high or low pressure and shall be automatically activated
whenever any faucet is opened in the building, causing a pressure drop

0 When more than one (1) trap is to be primed, provide one or more distribution
units as required by the manufacturer.

o Install trap primers with piping pitched towards drain trap, minimum of 1/8 inch
per foot (1 percent)

0 Adjust trap primer for proper flow
e Flashing Flange
o REOQUIRED for all stacks and cleanouts passing through waterproof membranes
o Cast-iron watertight stack or wall sleeve with membrane flashing ring
o Provide underdeck clamp and sleeve length as required
¢ Vent flashing sleeve
0 REQUIRED on all stacks passing through roof
0 Cast-iron caulking type roof coupling for cast-iron stacks
0 Cast-iron threaded type roof coupling for steel stacks
o Cast-bronze stack flashing sleeve for copper tubing
e Cleanouts
0 Above Ground Cleanouts:
= |nstall in above ground piping and building drain piping as required
= Extend cleanouts to floor or wall above.
= Line cleanouts are PROHIBITED.
o0 Plugs
= Cast brass
= Threads comply with ANSI B2.1
= Lubricate cleanout plugs with mixture of graphite and linseed oil

= Remove cleanout plugs, re-lubricate, and reinstall using only enough force to
ensure permanent leakproof joint prior to building turnover

o Floor Cleanout
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*» Round, cast iron body with recessed bronze closure plug
» Scoriated polished bronze frame and cover plate
o Wall Cleanout
= Cleanout tee with raised head brass plug tapped for 1/4-20 thread
» Flat style chrome plated wall cover plate with holes for 1/4inch bolt
0 1/4-20 threaded bolt with chrome plated flat head
o Surface Cleanout
= Castiron body ferrule with raised head brass plug
= Medium duty cast iron manhole cover and ring
= 12inch diameter to be set in concrete pad
0 Line Cleanout
= Castiron tapped cleanout ferrule with raised head brass plug
e Approved Manufacturers
Josam Mfq. Co.
J. R. Smith Mfq. Co.
Woodford
Zurn Industries Inc: Hydromechanics Div.
Tvler Pipe: Subs. of Tyler Corp.
Wade

Precision Plumbing Products

© 0O 0o 0o O o o

22 13 19.13 Sanitary Drains

o Position drains so that they are accessible and easy to maintain

e Protect drains during construction to avoid clogging with dirt and debris and to
prevent damage from traffic and construction work

e Piping left open-ended during construction is PROHIBITED

0 Place plugs in ends of uncompleted piping at end of day or whenever work
stops.

e Protect ABS or PVC pipe plumbing vents exposed to sunlight with 2 coats of
water-based latex paint

e Floor Drains
o Install floor drains at low points of surface areas to be drained
0 Set tops of drains flush with finished floor

o All floor drains are to be provided with P-trap the same size as the floor drain
unless required to be different
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o0 Provide flashing membrane for all floor drains in structure above slab on
grade level

o0 Toilet Rooms and Finished Areas
* Round cast iron body with flashing collar and cast-iron ring

= 6-inch round nickel bronze adjustable strainer head with secured square
hole grate

=  Bottom waste outlet
o Boiler and Mechanical Rooms

= Round cast iron, light duty, shallow body drain with flashing collar and
cast-iron ring

= 8-inch round tractor type non-tilt slotted grate and sediment bucket
= Bottom waste outlet

o0 Sterilizer Drain with Waste Funnel
= Round cast iron body with flashing collar and cast-iron ring

= 6-inch round nickel bronze adjustable strainer head with secured square
hole grate

= 6inch x 2 1/2-inch oval nickel bronze waste funnel attached to top grate
bottom waste outlet

0 Ice Maker or Drip Pan Drain
= Round cast iron body with flashing collar and cast-iron ring

= 7-inch round nickel bronze adjustable strainer head with loose set
recessed square hole grate

= Bottom waste outlet
= Top outside edge of drain to be set flush with finished floor
e Floor Sinks
o0 Indirect Waste — Kitchen Equipment
= Square, cast iron, porcelain enameled interior

=  Sump body drain 6-inch-deep x 8inch square with flashing collar and
cast-iron ring

= 8inch square nickel bronze removable half top grate
= Dome button strainer
= Bottom waste outlet
o Dish Machine - Kitchen
= Square cast iron, porcelain enameled interior
=  Sump body drain, 16-inch square x 12 inch deep

» 16-inch square nickel bronze removable half top grate
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= Bottom waste outlet
o Approved Manufacturers
Josam Mfg. Co.
J. R. Smith Mfq. Co.
Woodford

Zurn Industries Inc: Hydromechanics Div.
Tvler Pipe: Subs. of Tvler Corp.

Wade
Precision Plumbing Products

©O O 0O 0O o o o

22 13 19.33 Backwater Valves

o Where required for interior installations
o Minimum 13in. dia. cleanout cover flush to floor

o Centered over backwater valve cover and of adequate size to
remove valve cover for service.

e Bronze fitted cast-iron, with bolted cover
o Maximum 1/4inch clearance between flapper and seat for air circulation
e Approved Manufacturers

Josam Mfq. Co.

J. R. Smith Mfa. Co.

Woodford

Zurn Industries Inc: Hydromechanics Div.
Tvler Pipe: Subs. of Tvler Corp.

Wade

0 Precision Plumbing Products

o O O O o o©°

22 13 23 Interceptors

Precast concrete, two compartment, designed for H20O traffic loading
Water-proofed by manufacturer for continuous interior submergence
Cast iron manhole rings
Gas tight manhole cover and frame
Submittals
0 Product Data

= Rated capacities of selected models

=  Weights
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» Furnished specialties and accessories
» |nstallation and start-up instructions
0 Shop Drawings
= Dimensions
=  Weights
= Clearances
= Methods of assembly
0 Maintenance Data
= Maintenance data and parts lists for each type of interceptor
= "Trouble-shooting" maintenance guides.
o Closeout
= Submittals listed above updated to record status
e Oil and Sand Interceptors
o Cast-iron
o Coated with acid resisting rubber on outside and inside
o0 Provide flow control fitting
e Solids Interceptors
o0 Cast-iron body
0 Aluminum cover
0 Aluminum sediment basket
0 Removable bronze screws

e Locate so adequate clearance is provided to remove covers and sediment
baskets.

e Set recessed units so top of cover is flush with finished floor

e Protect interceptors during construction to avoid clogging with materials,
debris, and to prevent damage from construction traffic.

e Approved Manufacturers

Josam Mfg Co.

J.R. Smith Mfg Co.

Zurn Industries: Hydromechanics Div.

Rockford Sanitary Systems Corp.
o Wade Div.: Tvler Pipe

© O O O

22 13 29 Sanitary Sewerage Pumps

o Pedestal Type Sewage Pumps
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o0 Centrifugal, non-clog open grinder type impeller type sewage pump,
complete with cast iron inlet strainer, cast-iron base plate, suction plate,
and casing, and cast-iron or bronze impeller.

0 Shaft: Stainless steel shaft of length to suit depth of basin, connected
with flexible coupling to motor upper ball bearings, and intermediate
sleeve bearing for lengths over 4 feet and gas-tight packing seal

0 Open drip-proof motor

0 Fiberglass basin
» Maintain minimum of 3 feet depth below lowest inlet invert

0 Cast-iron or steel circular cover with manhole or hand-hole opening
= Provide openings for pump, control rod, and discharge piping

0 Pump control shall be ball & rod mechanical float switch.
= Unit consists of copper ball, brass rod & stops

= Float switch mounted on cast iron pedestal and bolted to sump cover
plate.

= Duplex unit with mechanical alternating float switch complete with
high level emergency start position turning on both pumps in case of
high liquid level

0 System shall include compression type high water alarm complete with
alarm buzzer and additional contact for remote signaling.

= Alarm shall be housed in a NEMA 1 enclosure and mounted on sump
cover plate.

0 NEMA 1 Control Panel with:
= UL 508 or CSA approved, main disconnect
= Thermal & short circuit protection using internal circuit breakers

= Failure protection with automatic transfer to non-operating pump
(duplex system)

= Control transformer with fused primary (UL 508)
= Power on and pump run indicating light
= Hand-off automatic selector switch.

o0 Approved Manufacturers

= Liberty
* Gorman Rupp pumps
= Zoeller

e Submersible Sewage Pumps
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Cast-iron shell, bronze grinder type impeller multi-van-semi open
capable of passing 3inch solids, stainless steel shaft, factory-sealed
grease lubricated ball bearings, ceramic mechanical seal.

Motor hermetically sealed NEMA 6, capacitor-start, with built-in overload
protection

= Provide 10' of 3-conductor PVC cord and molded grounding plug.

Provide NEMA 1 remote panel with alternator, disconnect for each
meter, starters, hand-off-auto selector switch, pilot lights, control
transformer and high-water alarm with contacts for remote signaling.

Approved Manufacturers

= Liberty
=  Gorman Rupp pumps
= Zoeller

e Sewerage Pump Basins and PitsPrecast Concrete Basins and Manholes

0 Approved Manufacturers

Copeland
[co

>

>

mcor

Sanitary Sewer Manholes

22 14 00 Facility Storm Drainage

e Coordination
33 05 00 Common Work Results for Utilities
33 40 00 Stormwater Utilities

(0]

© O o o©o

(0]

(0]

Installation of roof drains, flashing, and roof penetrations

Flashing materials installation of roofing, waterproofing, and adjoining substrate work

Installation of drains in poured-in-place concrete slabs to include proper drain
elevations, installation of flashing, and slope of slab to drains

Installation of storm sewer systems as necessary to interface building drains with

drainage piping systems
All penetrations with structural engineer

All installations with other trades

e Submittals

o Product Data

Model clearly indicated

Operating weights
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Furnished specialties and accessories

Installation instruction

0 Shop Drawings

Dimensions, required clearances, and methods of assembly of all components.

o Maintenance Data:

0 Maintenance data and parts lists for each type of drain, and accessory

(0]

Include "trouble-shooting” maintenance guide.

o Closeout

Submittals listed above updated to record status

22 14 26 Facility Storm Drains

22 14 26.13 Roof Drains

Position drains so that they are accessible and easy to maintain

Protect drains during construction to avoid clogging with dirt and debris and to
prevent damage from traffic and construction work

Piping left open-ended during construction is PROHIBITED

0 Place plugs in ends of uncompleted piping at end of day or whenever work
stops.

Roof Drain

Cast iron body with sump

Removable cast iron vandal-proof dome strainer

Cast iron flashing flange and cast-iron ring with integral gravel stop

Underdeck clamp

o O O o o

Match existing for partial replacement projects

Control Flow Roof Drain

o Cast iron body with sump

Removable cast iron/vandal-proof/polyethylene dome strainer
Flashing flange and clamp with integral gravel stop

Cast iron underdeck clamp and cast-iron ring

© O o o©

Flow control assembly with

= Number of weir openings as required

= Each weir to have a gpm flow as required
Parapet Drain

o Castiron body

o0 Vandal-proof cast iron sloping grate
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0 Castiron flashing clamp and cast-iron ring
0 Horizontal/45-degree outlet connection
e Overflow Drain

o Install overflow roof drains with the inlet flow line located a maximum
2 inches above the lowest point of roof

Cast iron body with sump
Removable cast iron vandal-proof dome strainer
Cast iron flashing flange and cast-iron clamp with integral gravel stop

Cast iron underdeck clamp

© O O o o

Standpipe with inlet flow line two (2) inches above low point of roof
under dome strainer

e Approved Manufacturers
o J.R. Smith Mfg. Co.

o Josam
o Woodford
o Zur

=}

22 14 26.16 Area Drains
e Coordinate with 33 40 00 Stormwater Utilities

e Stairwells, Walkways and Areaways

Round cast iron shallow body drain with square cast iron apron
7-1/2inches diameter

Hinged cast iron grate

Sediment bucket

o O O o O

Bottom drain outlet
e Heavy Duty Drives and Parking Lots

0 Rectangular, heavy-duty cast-iron drain designed for truck or automobile
traffic

0 20-1/2"x 12-1/2" x 12" deep with heavy duty cast iron loose set grate
o Dome bottom strainer
¢ Medium Capacity Drives and Parking Lots
0 Square, precast reinforced concrete basin with solid bottom
0 Heavy duty cast iron
0 Removable grate
0 32"x32"x 28" deep outside
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0 24" x 24" x 20" deep inside dimensions

o Coordinate mechanical plans for outlet pipe size and elevation of outlet and
top of grate

e Large Capacity Drives and Parking Lots

Rectangular, precast reinforced concrete basin with solid bottom
Extra heavy duty cast iron removable grate

Top of grate to be flush with top of basin

56" x 36" x 43" high outside

40" x 20" x 35" deep inside dimensions

© O 0O O o o

Coordinate mechanical plans for outlet pipe size and elevation of outlet and
top of grate

e Catch Basins
0 Heavy Duty Basin with Grate
= Round, precast, one piece, reinforced concrete basin with solid bottom
= Inside diameter as required
= 24" heavy-duty cast-iron grate: top of grate to be flush with top of basin
= Bottom of basin to be 12 inches below invert of outlet pipe
= Provide hole in basin wall for outlet pipe

= Coordinate mechanical plans for outlet pipe size and elevation of outlet
and top of grate

o Light or Medium Duty Basin with Grate

= Round, reinforced, one-piece, precast concrete with solid bottom and top
opening for grate

= Inside diameter as required

= Medium duty cast iron grate sized to match

= Top of grate to be flush with top of basin

= Bottom of basin to be 12 inches below invert of outlet pipe
= Provide hole in basin wall for outlet pipe

= Coordinate mechanical plans for outlet pipe size and elevation of outlet
and top of grate

e Approved Manufacturers
o Josam Mfg. Co.
J. R. Smith Mfg. Co.

o
o Woodford
o

Zurn Industries Inc: Hydromechanics Div.
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o Tvler Pipe; Subs. of Tvler Corp.

o Wade

0 Precision Plumbing Products

22 14 26.19 Trench Drains

e Cast Iron Trench Drains

o Shallow hub body and grate with end plates and gaskets

0 Assembled in standard lengths for total length and width as required

o Features

Sediment bucket
Flashing device
Heel-proof grate
Vandal-proof grate
Backwater valve
Convex grate

Dome bottom strainer
Bottom outlet

Inside calk

e Approved Manufacturers

Josam Mfg. Co.
J. R. Smith Mfa. Co.

Woodford

Zurn Industries Inc: Hydromechanics Div.
Tvler Pipe: Subs. of Tvler Corp.

© O 0O 0o o o o

Wade
Precision Plumbing Products

¢ Non-Metallic Trench Drains

O O O O O o o

Precast polyester resin and quartz aggregate

Interlocking design with bottom radius and 0.6 percent slope
Load pressure of 14,500 psi

Bending pressure of 2,900 psi

Frost-proof

Salt-proof

Inert under dilute acid and alkali conditions and less than 1.0 percent

water absorption rate
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o0 Grates either cast iron or steel

» Heavy-duty truck traffic

= Openings designed to prevent entry of bicycle or wheelchair tires
o0 Approved Manufacturers

= PolyCast

=  Quazite Corp.
=  ACO Drain Inc.

22 14 29 Sump Pumps

o Pedestal Type Sump Pumps

(0}

Centrifugal, enclosed impeller type sump pump, complete with cast iron
inlet strainer, cast-iron base plate, suction plate, and casing, and cast-
iron or bronze impeller.

Stainless steel shaft of length to suit depth of basin, connected with
flexible coupling to motor, and intermediate sleeve bearing for lengths
over 4 feet.

Open drip-proof motor

Fiberglass basin

= Maintain minimum of 3 feet depth below lowest inlet invert
Cast-iron or steel circular cover with manhole or hand-hole opening
= Provide openings for pump, control rod, and discharge piping
Pump control shall be ball & rod mechanical float switch.

= Unit consists of copper ball, brass rod & stops

= Float switch mounted on cast iron pedestal and bolted to sump cover
plate.

= Duplex unit with mechanical alternating float switch complete with
high level emergency start position turning on both pumps in case of
high liquid level

System shall include compression type high water alarm complete with
alarm buzzer and additional contact for remote signaling.

= Alarm shall be housed in a NEMA 1 enclosure and mounted on sump
cover plate.

NEMA 1 Control Panel with:
= UL 508 or CSA approved main disconnect
= Thermal & short circuit protection using internal circuit breakers

= Failure protection with automatic transfer to non-operating pump
(duplex system)

= Control transformer with fused primary (UL 508)
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= Power on and pump run indicating light
* Hand-off automatic selector switch.
o0 Approved Manufacturers
= Swaby
= Armstrong Pumps. Inc.
» Ingersoll-Rand Co.

= Peerless Pump
=  Weil Pump Co.

»  Weinman Pump LFE Corp.: Fluids Control Div.
e Submersible Sump Pumps

0 Cast-iron shell, bronze impeller, stainless steel shaft, factory-sealed
grease lubricated ball bearings, ceramic mechanical seal, and perforated
steel strainer.

0 Hermetically sealed motor, capacitor-start, with built-in overload
protection

» Provide 10 feet of 3-conductor PVC cord and molded grounding plug.

o0 Provide NEMA 1 remote panel with alternator, disconnect for each
meter, starters, hand-off- auto selector switch, pilot lights, control
transformer and high-water alarm with contacts for remote signaling.

o0 Approved Manufacturers

= Liberty
=  Gorman Rupp pumps
= Zoeller

= Hydromatic Pumps
=  Goulds Pumps. Inc.
= Kenco Pump Div.., American Crucible Products Co.

= Peabody Barnes.
=  Weil Pump Co.

= Weinman Pump LEE Corp.: Fluids Control Div.

= Peerless Pumps

22 30 00 Plumbing Equipment

22 32 00 Domestic Water Filtration Equipment
e Rocky Mountain Agua Tech

22 33 00 Electric Domestic Water Heaters
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o RESTRICTED: requires approval of LPS OMC and LPS PM

¢ In the absence of other information, standards of the following organizations apply

(0}

(o}

(0}

(0]

Underwriters Laboratory (UL) standards:
= UL 174, "Electric Storage-Tank Water Heaters"
= UL 1261, "Electric Water Heaters for Pools and Tubs"

= UL 1453, "Electric Booster and Commercial Storage Tank Water
Heaters"

National Sanitation Foundation (NSF)

= NSF 5, "Standard for Hot Water Generating Equipment for Food Service
Establishments using Spray Type Dish Washing Machines"

NFPA 70, "National Electrical Code".
ASME Boiler and Pressure Vessel Code

ASHRAE 90A, "Energy Conservation in New Building Design"

e Provide water heater components which are UL-listed and labeled

e Provide water heaters which are

(0]

(0]

Listed and labeled by National Sanitation Foundation.

Water heaters and safety relief valves stamped with appropriate code symbols

e Submittals

(o}

Product Data

= |Include rated capacities and efficiencies of selected model clearly indicated
= Operating weights

= Furnished specialties and accessories

= |[nstallation and start-up instructions

Shop Drawings

= Dimensions

= Required clearances

= Methods of assembly

Wiring Diagrams

= Manufacturer's ladder-type wiring diagrams for interlock and control wiring
required for final installation of water heaters and controls

= Differentiate between portions of wiring that are factory-installed and portions that
are to be field-installed.

Maintenance Data

= Maintenance data and parts lists for each type and size of water heater, control,
and accessory
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* Including "trouble-shooting" maintenance guide
Certificates

=  Submit appropriate Certificates of Shop Inspection and Data Report as required
by provisions of ASME Boiler and Pressure Vessel Code

Closeout
= Submittals listed above updated to record status
= Training

¢ Manufacturer's technical representative for 1-half day instruction in operation
and maintenance of water heaters

e Provide at least 7-day notice of training date to LPS, contractor, and engineer

e General Installation

0 Units on concrete pads

o0 Orient for adequate access and space for maintenance of controls and devices

o0 Connect hot and cold-water piping to units with shutoff valves and unions

o0 Connect recirculating water line to unit with shutoff valve, check valve, and union

0 Extend relief valve discharge to closest floor drain or other as required

0 Thermometers on inlet and outlet piping of water heaters

o0 Install electrical devices furnished by manufacturer but not specified to be factory-
mounted
Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer
Verify that electrical wiring installation is in accordance with manufacturer's submittal
and installation requirements of other Divisions

o Do not proceed with water heater start-up until wiring installation is acceptable to
water heater Installer

e Warranty
o Caoil, Heat Exchanger, and Burner
o0 5 years from Date of Completion

22 33 13 Hot Water Dispensers

Coordinate with requirements under 22 33 00
Insulated tank with drain plug

Chrome-plated faucet

Instant self-closing valve

Adjustable thermostat

1/2-gallon capacity

100 cups of water per hour at 190 degrees F
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e Snap action thermostat

0 Adjustable from 140 degrees F to 200 degrees F

0 Factory preset at 190 degrees F.
o 1,300 watts, 115-volts, UL listed; 3-wire cord with NEMA 3-prong grounding plug.
e Approved Manufacturers

o In-Sink-Erator Div.; Emerson Electric Co.

o0 International Technology Sales Corp.
22 33 30 Residential, Electric Domestic Water Heaters

e Coordinate with requirements under 22 33 00

o Working pressure of 150 PSI

¢ Magnesium anode rod

e Glass lining on internal surfaces exposed to water

¢ Low watt density with zinc plated copper sheath

¢ Double element non-simultaneous operation

¢ High temperature cutoff for each element, factory wired
e Full size control compartments with front panel opening
¢ Insulate tank with vermin-proof glass fiber insulation

e Quter steel jacket with baked enamel finish

e Brass drain valve

e ¥ inch relief valve

e Cold water dip tube

e Thermostat for each element, factory wired

e Approved Manufacturers

0 A.O. Smith Corp.: Consumer Products Div.
o Rheem Water Heater Div.: City Investing Co.

0 Ruud Water Heater Div.; City Investing Co.
o State Industries. Inc.

22 33 33 Light-Commercial Electric Domestic Water Heaters

e Coordinate with requirements under 22 33 00
o Working pressure of 150 PSI
¢ Magnesium anode rod

e Glass lining on internal surfaces exposed to water
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¢ Heavy-duty heating elements of medium watt density, with incoloy sheath, and
thermostat stepped through magnetic contactors

¢ Double pole, manual reset, high limit; probe type electric low water cutoff; both
factory wired.

o Full size control compartments with front panel opening
¢ Insulate tank with vermin-proof glass fiber insulation
o OQuter steel jacket with bonderized undercoat and baked enamel finish.
e Brass drain valve
e ¥ inch temperature and pressure relief valve
e 4inch x 6inch hand hole cleanout
e Adjustable immersion thermostat
e Power circuit fusing
e Pilot light and switch controlling control circuit
e 3-stage time delay sequencer
e 7-day time clock
e Approved Manufacturers

o A.O.Smith Corp.; Consumer Products Div.

Rheem Water Heater Div.: City Investing Co.

o
0 Ruud Water Heater Div.: City Investing Co.
o State Industries. Inc.

22 34 00 Fuel Fired Domestic Water Heaters

¢ In the absence of other information, standards of the following organizations apply
0 Underwriters Laboratory (UL) standards
0 American Gas Association (AGA)
0 National Sanitation Foundation (NSF)

= NSF 5, "Standard for Hot Water Generating Equipment for Food Service
Establishments using Spray Type Dish Washing Machines"

NFPA 70, "National Electrical Code".
NFPA 54, "National Fuel Gas Code"

ASME Boiler and Pressure Vessel Code

o O O O

ASHRAE 90A, "Energy Conservation in New Building Design"
e Provide water heater components which are UL-listed and labeled
e Provide water heaters which are

o0 Listed and labeled by American Gas Association and National Sanitation Foundation.
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0 Water heaters and safety relief valves stamped with appropriate code symbols
Submittals
o0 Product Data
* Include rated capacities and efficiencies of selected model clearly indicated
= Operating weights
» Furnished specialties and accessories
= |nstallation and start-up instructions
0 Shop Drawings
= Dimensions
= Required clearances
= Methods of assembly
o0 Wiring Diagrams

= Manufacturer's ladder-type wiring diagrams for interlock and control wiring
required for final installation of water heaters and controls

= Differentiate between portions of wiring that are factory-installed and portions that
are to be field-installed.

o Maintenance Data

= Maintenance data and parts lists for each type and size of water heater, control,
and accessory

= Including "trouble-shooting" maintenance guide
o0 Certificates

= Submit appropriate Certificates of Shop Inspection and Data Report as required
by provisions of ASME Boiler and Pressure Vessel Code

o Closeout
= Submittals listed above updated to record status
= Training

¢ Manufacturer's technical representative for 1-half day instruction in operation
and maintenance of water heaters

e Provide at least 7-day notice of training date to LPS, contractor, and engineer
General Installation
0 Units on concrete pads
Orient for adequate access and space for maintenance of controls and devices
Connect hot and cold-water piping to units with shutoff valves and unions

Connect recirculating water line to unit with shutoff valve, check valve, and union

O O O o©O

Extend relief valve discharge to closest floor drain or other as required
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Thermometers on inlet and outlet piping of water heaters

Connect gas supply to gas line with drip leg, tee, gas cock, and union full size of unit
inlet connection

Locate piping so as not to interfere with service of unit
Connect flue to draft hood with gas-tight connection

Provide flue of minimum size as flue outlet on heater

o O O O

Comply with gas utility requirements
e Warranty
o Caoil, Heat Exchanger, and Burner
o0 5 years from Date of Completion
22 34 30 Residential Gas Domestic Water Heaters
o RESTRICTED: requires approval of LPS OMC and LPS PM

o Coordinate with requirements under 22 34 00

e Working pressure of 150 psi

e 3/4inch tapping for relief valve

e Magnesium anode rod

e Glass lining on internal surfaces exposed to water

e Automatic gas shutoff device to shut off entire gas supply in event of excessive
temperature in tank

e Pilot safety shutoff

e AGA certified draft hood

e Insulate tank with vermin-proof glass fiber insulation

e OQuter steel jacket with baked enamel finish

e Brass drain valve

e ¥iinch relief valve

e Radiant floor shield

e Cold water dip tube

e Gas pressure regulator

¢ Pilot gas regulator

e Adjustable thermostat

e Approved Manufacturers
o A.O. Smith Corp.; Consumer Products Div.
o Rheem Water Heater Div.: City Investing Co.
o Ruud Water Heater Div.: City Investing Co.
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o State Industries. Inc.

22 34 36 Commercial Gas Domestic Water Heaters

e Coordinate with requirements under 22 34 00

e Certification of design by AGA under Volume Il tests for commercial water heaters
for delivery of 180 degrees F (82 degrees C) water

e Working pressure of 150 PSI

o Boiler type hand hole cleanout

e Magnesium anode rod

e Energy efficient as required to meet code

e Tapping for relief valve

e Glass lining on internal surfaces exposed to water

e Automatic gas shutoff device to shut off entire gas supply in event of excessive
temperature in tank

e Pilot safety shutoff

e AGA certified draft hood

¢ Vermin-proof glass fiber insulation

e OQuter steel jacket with baked enamel finish over bonderized undercoating
e Brass drain valve

e ¥inch pressure and temperature relief valve
e Radiant floor shield

e Gas pressure regulator

¢ Pilot gas regulator

e Thermostat; and temperature limit control

e Approved Manufacturers

A. O. Smith Corp.: Consumer Products Div.
Rheem Water Heater Div.: City Investing Co.

Ruud Water Heater Div.: City Investing Co.
State Industries. Inc.

Bock Water Heaters. Inc.

© O 0O O o o

PVI Industries. Inc.

22 34 36.16 Packaged Tank and Boiler Commercial Gas Domestic Water
Heaters

e Coordinate with requirements under 22 34 00 and 22 34 36
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o Copper tube domestic water boiler factory mounted on top of water storage tank
with inter-connection piping and tank circulating pump

¢ Finned copper tube heat exchanger, lined cast iron or bronze headers, stainless
steel burners, integral draft diverter, and spark pilot ignition

e Minimum 81percent thermal efficiency

e Glass lined steel tank constructed in accordance with ASME standards for 150
psig working pressure

e Hand hole

o T&P relief valve

e Foam insulation to exceed ASHRAE 90.1 requirements
e Galvanized steel jacket

e All bronze circulating pump

e Immersion aquastat to start pump and boiler when tank temperature drops below
setpoint (140 degrees F-adjustable)

e High limit control

e Approved Manufacturers
o Lochinvar
0 RayPack
o Teledyne Laars

22 40 00 Plumbing Fixtures

22 42 00 Commercial Plumbing Fixtures

¢ In the absence of other information, standards of the following organizations apply

0 ASHRAE Standard 18: "Method of Testing for Rating Drinking Water
Coolers with Self- Contained Mechanical Refrigeration Systems."

0 ARI Standard 1010: "Drinking-Fountains and Self- Contained Mechanically-
Refrigerated Drinking-Water Coolers"

0 ANSI Standard A117.1: "Specifications for Making Buildings and Facilities
Accessible to and Usable by Physically Handicapped People."

Public Law 90-480: "Architectural Barriers Act of 1968."

UL Standard 399: "Drinking-Water Coolers."

Public Law 101-336: "Americans With Disabilities Act

NSF Standard 61: "Drinking Water Components.”

Energy Conservation Act - 1992: "Energy Conservation Standards."
Safe Drinking Water Act (42 U.S.C. 300g-6) - Section 1417

o O O O o o

e Submittals
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o Product Data

=  Submit product data and installation instructions for each fixture, faucet,
specialties, accessories, and trim specified; clearly indicate rated capacities of
selected models of water coolers

=  Manufacturer's standard color charts for cabinet finishes and fixture colors
0 Shop Drawings:
* Rough-in drawings with brand names on each sheet and item

= Detail dimensions, rough-in requirements, required clearances, and methods of
assembly of components and anchorages

= Coordinate requirements with Architectural Woodwork shop drawings specified in
Division 6 for fixtures installed in countertops and cabinets

= Furnish templates for use in woodwork shop
o Wiring Diagrams:

0 Manufacturer's electrical requirements and wiring diagrams for power
supply to units.

o Clearly differentiate between portions of wiring that are factory installed
and field installed portions.

o Maintenance Data

= Maintenance data and spare parts lists for each type of manufactured plumbing
fixtures, valves, and trim

o Certificates

= Certification of compliance with specified ANSI, UL, and ASHRAE Standards
o Closeout

= Submittals listed above updated to record status

= Extra Stock

e Furnish special wrenches and other devices necessary for servicing plumbing
fixtures and trim to LPS OMC with transmittal signed acceptable receipt to
LPS PM

o0 Quantity of one device for each 10 fixtures
0 Minimum of one wrench and one device

e For each type of faucet, furnish faucet repair kits complete with all necessary
washers, springs, pins, retainers, packing, O-rings, sleeves, and seats

o0 Quantity of 1 kit for each 40 faucets
0 Minimum one repair kit per faucet type
Water Closets
0 Vitreous china

o Floor or wall mounted
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Elongated bowl with exception of Children's Toilets

Where required, support as specified under Fixture Carriers/ Supports
Siphon jet action

1-1/2 inches top inlet spud

2-1/4 inches minimum passageway

1.6 GPF

ADA compliant where/as required

© 0O 0O 0O o o o o

Floor mount with tank additional exceptions and clarifications
= ADA applications only
= Close coupled tank
= Tank cover locking device
= 2-inch passageway
= 2 bolt caps
= Backflow preventer water control with volume regulator
= Flush valve
e Trip-lever located on wide side of stall
0 Pressure Assist additional exceptions and clarifications
= Same as Floor mount with tank, except:
e Pressure assist
e Not restricted to ADA applications
e No requirements for trip lever location
o0 Children's Toilet exceptions and clarifications
= 10 inches high
= Floor mounted
= Round front
= 2 1/8-inch passageway
o Approved Manufacturers

=  American Standard

= Kohler
= Sloan
= Zum
= U.S. Plumbing Products
= Delaney
= Eljer
Section Revision: 09/2020 Plumbing Division 22
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Urinals
o Vitreous china
Wall mounted
1.0 GPF
Siphon jet action
¥, inch top inlet spud
Flushing rim
Extended stall sides
2-inch outlet connection
Back and sidewall wash with strainer
Provide support as specified as specified under Fixture Carriers/ Supports

ADA compliant where/as required

0O 0O 0O 0O 0o 0O o o o o o

Approved Manufacturers

=  American Standard

= Kohler
= Sloan
= Zurn

= U.S. Plumbing Products

= Delaney
= Eler
Lavatories

o Vitreous china

Round or oval

Self Rimming Countertop or Wall Mount
Front Overflow

Faucet holes on 4"/8" centers

With or without soap depressions

ADA compliant where/as required

© 0O 0O 0o o o o

Additional exceptions and clarifications
= Self Rimming Countertop

¢ Fitting ledge

e Template

e Sealant
=  Wall Mount
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Integral back
Made for concealed arm supports

Provide support as specified as specified under Fixture Carriers/
Supports.

ADA Accessible Wheelchair Lavatory

Wall mount only

Faucet holes on 4"/12" centers

o Approved Manufacturers

Showers

American Standard

Kohler

Sloan

Zurn

U.S. Plumbing Products
Delaney
Eljer

o0 Fiberglass Reinforced Plastic
36" x 36" x 76" high shower stall

Integral molded base

2" drain fitting with chrome plated strainer

Coordinate architectural drawings for grab bar reinforcement

Coordinate with all appropriate plan sheets for right or left shower head mounting
location

Approved Manufacturers

American Standard: U.S. Plumbing Products

Delaney
Kohler Co.

Sloan
Zurn

Fiat Products

Aquadlas Universal-Rundle Corp.
Eljer

Shower and Tub Trim (Thermostatic)

Approved Manufacturers
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Bradley
Powers

Leonard

Symmons
T & S Brass

Shower and Tub Trim

e Approved Manufacturers

0O O O O 0O o0 o o

(0}

American Standard
Kohler

Powers

Chicago Faucets
Delta

Bradley

sSymmons

I &S Faucets

Eljer

0 Terrazzo Base Only

Precast terrazzo
36" x 36" O.D. shower floor
Single threshold

2 inch integrally cast stainless-steel drain

e Removable stainless-steel strainer

Coordinate walls and ceiling/shower with architectural requirements to be
installed by contractor

Color selection by design team and approved by LPS OMC and LPS PM

Fiat Style Monterey/Sierra or equivalent by approved manufacturer

Approved Manufacturers

e Arco

e FHiat

e Stern-Williams
o ADA Accessible

Coordinate all drawings to provide auxiliary/second floor drain outside of shower
stall for all handicapped showers.

Terrazzo Base Only
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» Additional exceptions and clarifications
e 48" x 48" O.D. shower floor
o Shower Valves and Heads
= Approved Manufacturers

e American Standard

e Bradley
e Chicago
e Powers

o Column Showers

= Approved Manufacturers

o PBradley

e Acorn

e Symmons
o Metcraft

Sinks
o Stainless Steel Sinks
= 18 Gauge
= Type 302, 304, or 316 as required for type of program or use
= Thoroughly sound-deadened
= Self Rimming ledge back
= Single Compartment
e 1,2, or 3-hole punch as required for faucet
= Double Compartment
e 1,2, 3, or4-hole punch as required for faucets
= Drinking Bubbler
e With rear, right and left faucet ledges
e Right/left bubbler ledge
e Provide 3/4-inch hole punching for faucet and bubbler
= Approved Manufacturers

e Elkay

urn

N

e Just Mfg. Co.
e Moen: Div. of Stanadvne
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o Plaster Sinks

Vitreous china
Wall mounted sink with high splash-back, faucet holes on 8" centers
Exposed sink support brackets

o Wall support brackets to be secured as specified under Fixture
Carriers/ Supports

2" open grid, chrome plated, all brass drain fitting with 1-1/2inch tailpiece
Approved Manufacturers

e American Standard

e Kohler
e Sloan
e Zurn

e U.S. Plumbing Products

e Delaney
o Eljer
o Utility Sinks

Acid resistant

Enameled cast iron

8-inch center faucet holes
Wall mounted high back sink

e Wall hangers to be secured as specified under Fixture Carriers/
Supports

Counter top mounted with ledge back
e Flat rim

Approved Manufacturers

e American Standard:; U.S. Plumbing Products

e Kohler Co.
e Eljer

0 Mop Service Basins

Precast terrazzo

24" x 24" x 12" deep, O.D., service basin

3 inch integrally cast brass or stainless-steel drain

e Removable stainless steel or nickel bronze strainer

Provide and install stainless steel guards on all sides
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e 12inch high to protect walls above rim

= Approved Manufacturers

>

L] rco

e FEiat
o Stern-Williams
0 Laundry Tubs
= Enameled cast iron
= Double or Single Compartment
= 24" x 20" x 14" deep O.D., floor mounted
= Angle iron supporting frame
= 2-inch open grid, chrome plated brass drain fitting with 1-1/2inch tailpiece

= Approved Manufacturers

e Bradley

e Intersan/Sanispray
0 Service Sink with Trap Standard

= Acid resistant enameled cast iron
= 22"x18"x 11-1/4" deep O.D.
= Wall mounted sink with wall hangers
= Stainless steel rim guard
= Chrome plated brass sink strainer with open grid drain
= 3-inch cast iron P-trap
e Enameled interior
e Painted exterior
e Floor bracket

= Approved Manufacturers

e American Standard; U.S. Plumbing Products

e Kohler Co.
e Eljer

Drinking Fountains
o Wall mounted
o Vitreous china
o0 Push button or lever handle
o]

Self-closing valve
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Chrome plated anti-squirt bubbler with automatic stream regulation
% inch screwdriver stop

Chrome plated brass or stainless-steel waste strainer

o O O O

Mounting brackets
* Provide support as specified as specified under Fixture Carriers/ Supports
o0 Approved Manufacturers
= Kohler
= Sunroc Corp.
Wash Fountains
o0 Precast terrazzo, Terreon, Stainless steel, or molded fiberglass
o Circular or Semi-circular
o Foot or hand operated
0 Supply and vent as required
= Supplies from below and vent off drain
= Supplies from above and vent thru column
= Supplies from below and vent thru column
= Supplies from above and vent off drain
o0 Provide soap dispenser, liquid, or powder
o Individual spray head for each washing station
0 Spray heads operated by either
= Individual push buttons, one for each station
= One pushbutton controlling all spray heads simultaneously

o0 Control valves shall be slow- closing and shall have automatic timed shut-
off.

0 Brass or copper supply pipes
0 Optional or As Needed
= Stainless steel telescope type shroud to ceiling
= Spray head with stainless steel supporting tube and bowl gasket
» Spud with locknut and beehive strainer
= Mixing valve
* Volume control valve
= Two combination soap-strainer and check valves
= Slow closing foot valve with complete foot operating mechanism

» Water-saver spray head
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» 2-inch cast brass P-trap with integral vent and cleanout
= 2-inch cast iron P-trap below floor.
o0 Approved Manufacturers
= Bradley
= Equivalent requiring LPS OMC and LPS PM prior to CD submittal
Emergency Equipment
o Eyewash

= Wall mounted

13 inches wide x 6-1/2 inches deep
= Vitreous china receptor with integral mounting bracket

= Twin chrome plated brass aerated heads angled to direct water flow into
eyes and ocular face area

» Flag push-type ball valve to stay open until manually closed
= % inch O.D. supply with loose key stop valve
= Chrome plated
= 1 1/2-inch O.D. tailpiece
= 1 1/2-inch chrome plated cast brass union joint P-trap
0 2. Wall Mounted Twin Head Stainless Steel Bowl Eye Wash
= 10inches dia. x 3inches deep
= Corrosion resistant stainless-steel receptor with wall mounting bracket

= Twin chrome plated anti-squirt heads angled to direct water flow into
eyes and ocular face area

= Flag push-type ball valve to stay open until manually closed
= I inch O.D. supply with loose key stop valve chrome plated
= 1 %inch O.D. tailpiece
= 1% inch rough chrome plated cast brass union joint P-trap
= Stainless steel wall bracket

0 Single Head Countertop Eyewash
= Vertical countertop mounted
= Chrome plated double head eye/face wash to bathe entire face
= Flag push-type ball to stay open until manually closed
= Yinch O.D. supply with loose key stop valve

o In Wall Mounted Eyewash

= 18-gauge, Type 304 stainless steel cabinet
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= Fully recessed with lower locking access door to provide access to stop
valve

= Twin chrome plated brass anti-squirt heads angled to direct water flow
into eyes and ocular face area

= Water flow to be activated by pulling heads down 90 degrees

= Valve to stay open until manually closed

= Yinch O.D. supply with loose key stop valve

» Bradley Model S19-520 or equivalent by approved manufacturer.
0 Spout Mounted Eyewash

= Faucet mounted eyewash

= Two (2) outlets at 3inch apart and angled forward

= Once activated, water pressure shall hold valve open allowing users
hands to be free

o Emergency Shower Mounted Flush with Ceiling
= Ceiling mounted
= Flanged aluminum head with polished face
= 10-inch diameter deluge shower head for mounting flush with ceiling
= Rigid triangular pull rod to actuate instant- action stay-open ball valve
= linch O.D. supply
= Support from structure
o Free Standing Floor Mounted Emergency Shower and Eyewash
= All chrome plated brass construction

= 10-inch diameter deluge shower head mounted at 7 feet O inches above
finished floor

= Eye-wash bowl at 3 feet 6 inches above finished floor
=  Shower

¢ Rigid pull rod to actuate instant action stay open ball valve
= Eyewash

¢ Twin chrome plated anti- squirt heads angled to direct water flow into
eyes and ocular face area

e Flag push- type ball valve actuator

e Valve to stay open until manually closed
= Unit provided with 1 %2 inch stand pipe with floor flange
= 1 1/4inch O.D. supply

= 1 1/4inch O.D. waste for eye wash bowl

Section Revision: 09/2020 Plumbing Division 22 Page 49 of 65



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

o0 Approved Manufacturers

Guardian Equipment
Haws
Speakman

Bradley
Sloan (Roval

Zurn

Water Coolers

o Wall Mounted Water Coolers /Barrier Free

Mounting Options

e Hanger bracket for wall mounting

e Frame manufactured of heavy gauge galvanized steel with pre-drilled

mounting holes

Provide support as specified as specified under Fixture Carriers/

Supports

0 Single or High/Low

o0 Factory assembled and tested, listed, and labeled in compliance with UL

Standard 399

0 Capacities rated in accordance with ASHRAE Standard 18, and ARI

Standard 1010

o Refrigeration System

Section Revision: 09/2020

Refrigerant R-134A

Hermetically sealed capillary tube

All joints lead free silver soldered
Compressor

e Hermetically sealed

e Automatic reset overload protection
Air-cooled Condenser

Cooling Unit

e Tube type

e Self-cleaning

e Continuous coil of seamless copper

Temperature Control

¢ Thermostat with adjustable range of 45 degrees F to 55 degrees F

e Factory set at 50 degrees F

Plumbing Division 22
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= Electrical Characteristics
e 120 volts
e 60Hz
e 3.00r4.5amps
e 1/60r1/5HP
e 3-prong power lead-in cord
= Capacity
e 8.0to 8.5 GPH of 50 degrees F. water
e Ambient temperature of 90 degrees F.
e Entering water temperature of 80 degrees F.
= Bubblers and Valves
e Chrome plated brass
e Automatic stream control

e Push-button valve with bubbler designed to provide uniform stream
without spurting

e Push Bars
o Plastic is PROHIBITED
0 Cabinet Style

» Surface mounted, heavy gauge, welded steel cabinet, with removable
front panel and hanger bracket for wall mounting

= Cabinet finish and vinyl color as selected by the architect/engineer and
approved by LPS OMC and LPS PM

e Standard color is a brushed sterling
» Top

e Deep basin, anti-splash, smoothly contoured stainless steel with
raised bubbler mount

= Trap, supply, and stop as specified in Fittings, Trim, and Accessories
= 4-inch air space on both sides of unit for cooling air flow
0 Receptor Type
= Receptor
e Heavy gauge, stainless steel
e No. 4 finish on the outside
e Raised bubbler mount

= Stainless steel, one-piece louvered grille matching receptor
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= Waste
o Concealed 1-1/4inch O.D. tailpiece
¢ Chrome plated waste strainer
e 1%Y%inchI.P.S. trap
= Supply
e Yinch I.P.S. screwdriver stop with water strainer assembly
Bottle Filling Station
= Single ADA Cooler
= High Efficiency
= Non-Filtered
» 8GPH
Approved Manufacturers
= Cordley
= Elkay Mfg. Co.
» Halsey-Tavlor Div. Household International Co.
= Haws Drinking Faucet Co.
= Qasis

= Sunroc Corp.

Washer Supply and Drain Box

(0}

(0]

(0]

© O o o©o

9 inches high x 10 % inches wide x 3 5/8 inches deep
Flush with wall

Single lever actuated ball valve complete shut-off of hot and cold-water
supplies

2-inch drain pipe outlet
Y% inch hot and cold-water inlets
Water-hammer arrestor
Approved Manufacturers
=  Guy Gray
=  Symmons
= Restricted Option
e Qatey
o With water hammer arrestor
0 As approved by the LPS OMC and LPS PM

Sink Trim
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0 Single Compartment Sink Fitting

All brass concealed type supply faucet with renewable seats
Cover escutcheon
e One piece or three piece
Low Profile Swing Spout
e 8-inch low profile swing spout

0 Optional aerator outlet

= 3/4gpmor2.5gpm

e Acceptable Handles

o Vandal proof handles

o0 Lever handles

o Cross handles

0 4inch wrist blade handles
Gooseneck Swing Spout
e 53/8-inch x 9 % inch high
e Acceptable Outlet Options

o Aerator

o 3/4 gpm aerator

o0 Vacuum breaker and aspirator

o Flow control or Laminar flow
e 4-inch wrist blade handles

o Vandal proof handles as required to meet program or use
1/2inch male thread inlets
8inch on center with coupling nuts
Chrome plated exterior finish
Strainers

e Low Profile Swing Spout

0 3% inch diameter 316 stainless steel basket type strainers

0 Rubber seat stopper

0 1 1/2inch tailpiece

0 Double Compartment Sink Fitting

Same requirements as Single Compartment Sink Fitting except as noted

e Gooseneck Swing Spout
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0 8inch x 11-1/4inch high swing spout

Additional Options

Diverter valve in faucet with hose, spray head and deck escutcheon

Food Waste Disposer
Dishwasher

o Provide deck mounted vacuum breaker for dishwasher
connection or note code requirements for indirect waste
connection

Drains

1 1/2inch 17-gauge tubular brass end or center outlet
Continuous waste with cast brass tee flow directing
1-1/2inch tailpiece

Chrome plated

Dishwasher Option

0 1-1/2inch tailpiece with 3/4inch Y-connection for dishwasher
waste

o Clinical Service Sink
Hot & Cold Mixing Faucet

Wall mounted

Exposed type with hot and cold-water supply
Renewable seats

Integral stop arms

Faucet supply extenders to clear flush pipe

6-inch wrist blade handles

14 % inch stationary spout with plain outlet and pail hook

Wall brace below spout with attaching ring for flush pipe and wall
bracket

14 inch female thread inlets 8inch on center

Faucet and all bracing to be chrome plated

o Classroom Sink

All brass, single post, pantry type supply faucet

Renewable seats for hot and cold water

Gooseneck spout with 3/4 gpm aerator outlet

Vandal proof
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= Lever handles
» % inch male thread inlets with coupling nuts
= Chrome plated exterior finish
0 Plaster Sink
= Back mounted, all brass supply faucet
* Brass lever handles
= 5 5/8-inch swing spout with aerator outlet
= Soap dish
= Flanges
= Y5 inch female thread inlets
= Chrome plated
= Open Grid Strainer Drain Fitting with 1-1/2inch tailpiece

= Floor mounted solids interceptor with removable cover and strainer
basket

e 13-1/8inch x 13-1/8inch x 16-1/2inch high cast iron
e Acid resistant coating interior and exterior

e 2inch chrome plated brass waste piping from sink to interceptor and
to waste to wall from interceptor

o Utility Sink Wall Mounted
= Back mounted, all brass supply faucet with lever handles
= 8-inch swing spout with aerator outlet
= Soap dish
= Integral stop arms with flanges
= Integral check valves
= Y% inch female thread inlets
= Chrome plated
» 3-1/2inch diameter drain fitting
e Flat grid stainless steel
0 316 stainless steel as required for program application or use
o Basket type stainless steel
= 1 1/2inch stainless steel tailpiece
e 316 stainless steel as required for program application or use.
0 Mop Service Basin

= Wall mounted, all brass supply faucet
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10-inch spout with wall brace

Integral check valve

¥ inch male hose thread outlet and vacuum breaker

Lever handles

Loose key stops in shanks, wall flanges and 1/2inch female thread inlets

Chrome plated finish

0 Laundry Tub

Wall mounted, all brass supply faucet
12-inch swing spout with aerator outlet
Wall, or dock flanges and 1/2inch female thread inlets

Chrome plated finish

o0 Service Sink

Back-mount all brass supply faucet with short spout
Lever handles

Vacuum breaker

¥ inch male hose thread outlet

Y turn lever handle stops in shanks, wall flanges and 1/2inch female
thread inlets

Chrome plated

o Utility Wash Sink

Lever handles

5 % or 8 ¥4 inch swing spout

Vacuum breaker or Aerator as required
3/4inch hose thread as required
Flanged female adjustable supply arms

8 inches on center

o Hand Wash Sink

Double pantry sink fitting with swing gooseneck spout
Aerator

Lever handles for hot and cold-water service

Lavatory Trim

o Center Set Faucet

All brass, one-piece supply faucet with ceramic disk valving

% inch male thread inlets 4 inch on center with coupling nuts,
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=  Spouts
e 3 %inch spout
e 5-inch x 10 5/8-inch gooseneck spout
e 1/2 gpm aerator outlet
»= Vandal proof lever 4inch wrist blade handles
= Chrome plated exterior finish
= Open grid drain assembly
e Chrome plated brass
e 1 1/4inch tailpiece
0 ADA applications provided with “offset type tailpiece."
0 Wide Spread Faucet
= Same requirements as Center Set Faucet except
e 3-piece supply faucet with ceramic disk valving
e 8inch on centers with coupling nuts and rigid connectors
¢ 4inch spout
0 Wheelchair Lav.

= Same requirements for Wide Spread Faucet, Gooseneck Spout, Wrist
Blades, Open Grid Drain except

e 12 inches on center with coupling nuts and flexible connectors
e Gooseneck spout 6inches above counter slab
e 1-1/4inch off-set type tailpiece for wheel chair, chrome plated brass
= Provide mixing valve or tempered water
0 Sensor Faucet for Tempered Water
= Open Grid Drain per previous requirements
= Hard-wired PREFERRED

» Provide tempered water, master mixing valve or below counter type for
individual fixture.

= dinch center set electronic proximity faucet, vandal resistant, all brass
body, below deck mixing valve, built in checks, in-line strainer,/low
voltage powered with low voltage transformer, electronically operated
solenoid valve with microprocessor, chrome plated finish.

» (Low Voltage) American Standard No. 6518VP.2AC (1/2 GPM) or
equivalent by approved manufacturer

0 Approved Manufacturers
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American Standard U.S. Plumbing Products.

Chicago Faucet Co.
Delta Workforce

Kohler Co
Moen Sani-Stream

Zurn Industries

Flush Valves

0 Approved Manufacturers

Sloan (Roval) Valve Co.

Zurn Industries. Inc.

Food Waste/Garbage Disposers
3/4 hp

Stainless steel grinding chamber

(0]

o O O 0O o0 o o

Stainless steel shredder

Stainless steel stopper with anti-splash baffle

Sound absorbing outer shell

Overload protection

5-year warranty

Approved Manufacturers

In-Sink-Erator
National

Waste King
Hobart

Fixture Carriers/ Supports
Water Closets ONLY

(0]

Commercial grade adjustable, factory painted, cast iron face plate,
support base, and appropriate type waste fitting having face plate gasket

Zinc plated steel fixture studs and fasteners

Coated and threaded adjustable wall coupling with neoprene closet
outlet gasket

Chrome plated fixture cap nuts and fiber fixture washers
As required for
e Deep or shallow rough-in

e Siphon jet or blow-out action
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e Sanitary piping system
¢ Elevated mounting heights of wheelchair fixtures

0 PROHIBITTED installations for all other applications

» Provide wood blocking/backing
e Coordinate requirements with 06 10 00 Rough Carpentry

= Coordinate fastening requirements with LPS OMC and LPS PM for
specified mechanical fasters

= LPS OMC acknowledges this is not an industry accepted standard or
practice

e LPS OMC will sign off on the nonstandard design if requested by
engineer

0 Approved Manufacturers

=  Josam Mfa. Co.

= J.R. Smith

= Wade

= Zum

= Kohler Co.

= Tyler Pipe
Toilet Seats

o0 Elongated open front, less cover

Solid plastic

High impact

Commercial weight stainless steel hinge posts self-sustaining check hinge
Color shall match fixture.

© O o o o

Approved Manufacturers

= Bemis Mfa. Co.
= Church Seats
= Qlsonite Corp.: Olsonite Seats
= Beneke Corp.
Fittings, Trim, and Accessories

0 Supplies and Stops
= Lavatories, Sinks, and Water Closets
= Polished chrome-plated
* 14 turn lever handle stop

=  Llsinch inlet
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= 3/8-inch O.D. x 12inch long flexible tubing outlet
» Wall flange and escutcheon
» Quantity to match trim specified
o Traps
= Drinking Fountains, Lavatories and Bidets
e 17-gauge tubular brass with clean out
e 1 Y% inch adjustable "P" trap and waste to wall
=  Sinks
e Cast brass
¢ 1% inch adjustable "P" trap and waste to wall with clean out
0 Tub Waste and Overflow Fittings
= 17-gauge brass bath waste and overflow

= Chrome plated waste spud with universal type outlet connection suitable
for

e 1%inchI.P.S.
e 1%inch O.D. tubing
e 1 % inch solder-joint outlet connection on waste tee
o Escutcheons
= Chrome-plated cast brass with set screw
o0 Approved Manufacturers

=  American Standard

= Brassco
= Chicago
= Kohler

ADA Sink/Lavatory Pipe Insulation

0 All ADA Accessible lavatories supplies, and waste shall be insulated with
molded vinyl covers.

0 Approved Manufacturers
= True Bro
» McGuire
= Lav-Guard
= Approved equivalent insulation kit
Shower Stalls

0 Stainless steel, only
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o0 Approved Manufacturers

= Aquarius
= Eler

= Gerber

= Kohler

Water Tempering Valves
0 Bradley
o Powers

o Waitts

0 Leonard
Metering Faucets
0 PROHIBITTED

22 60 00 Gas and Vacuum Systems for Laboratory and Healthcare Facilities

22 62 00 Vacuum Systems for Laboratory and Healthcare Facilities

e Vacuum pumps:

o |ITT Pneumotive

o Lammert
0 Quincy

22 66 00 Chemical-Waste Systems for Laboratory and Healthcare Facilities

¢ Inthe absence of other information, standards of the following organizations also apply:
o PDI "Code Guide 302"
o |APMO "Uniform Plumbing Code"

¢ Only personnel who have received training in installation of special piping materials and
meet manufacturer's qualifications shall assemble such material.

e Submittals
o Product data and installation instructions
0 Shop Drawings

= Scaled layout drawings of laboratory drainage systems piping and fittings
including, but not necessarily limited to, pipe and tube sizes, locations,
elevations, and slopes of horizontal runs, wall and floor penetrations, cleanouts,
expansion joints, adapters, floor drains, and connections.

= Show interface and spatial relationship between piping and proximate equipment
0 Maintenance data and parts lists

o Closeout
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Submittals listed above updated to record status
Extra Stock:

Furnish sufficient calcium carbonate (marble) chips to replenish charge in acid
waste neutralizing sumps one time

Store where requested by LPS OMC and forward signed transmittal to LPS PM

e Acid Waste Neutralizing Sumps

(0]

© O o o

Submerged type inlet

Complete with down pipe or baffle

2" minimum cleanout at top of vertical drop

Permanently mark fill line on inside of sump, 1" below outlet invert

Approved Manufacturers

GSR Fuseal
Enfield Industrial Corporation

e Acid Waste Piping and Fittings

(0]

Design Note: Plastics have low temperature limitations, glass and duriron are subject
to fracture due to temperature shock since they are brittle materials, carefully select
materials

Polypropylene Systems

Flame retardant polypropylene DWV piping and fittings meet
e ASTM D635 flame test

e ASTM D-1785 dimensional requirements

Electric fusion/resistance joints

Schedule 40 or 80

Provide all fittings, adapters, flanges, plugs, cleanouts, p-traps, drum traps, and
tailpieces necessary to make the system complete and operational

Manufacturer vertical expansion joints with Viton O-Rings for vertical risers where
required to compensate for expansion and riser movement.

P-traps shall have mechanical joints for easy dis-assembly for maintenance
Approved Manufacturers

¢ GSR Fuseal
e Enfield Industrial Corporation

High Silicon Cast Iron Pipe Systems

Service weight
14 % percent high silicon content cast-iron

Pipe sizes 4 inches and smaller
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¢ Hub-less fittings

e Stainless steel 2-bolt couplings with one-piece sintered non- porous Teflon
inner sleeve liner

Pipe sizes 6 inches and larger

o Ball and spigot fittings

e Lead and special acid-resistant rope packing
e Caulked joints

Provide all fittings, adapters, flanges, plugs, cleanouts, p-traps, drum traps and
tailpieces necessary to make the system complete and operational

Approved Manufacturers

e The Duriron Company
o Approved Equal

0 Glass Pipe Systems

U.L. classified borosilicate glass conforming to ASTM specification C1053-85

Piping system shall include all straight pipe lengths, fittings, p-traps, drum- traps,
compression type tetra-fluoro-ethylene lined couplings and padded hanger
supports

Glass to glass connections shall be made with compression type bead to bead
and bead to plain end couplings

Coupling outer shell, bolt and nut shall be 300 series stainless steel.

Bead to plain end coupling onto shell must encapsulate compression liner to
prevent cold flow and ensure leak-free joint

Seal ring gasket shall be TFE
Joints shall be capable of being leak free with deflection angle up to 4 degrees

Provide engineered and manufactured adapter connectors where joints between
glass and other piping material/systems are made

For 8" glass pipe and fittings, provide flanged ends assemblies with TFE gaskets

e Sealing surface of the glass shall be spherically ground in the form of a ball
and socket configuration

¢ Ball and socket flanges shall be capable of a 3-degree misalignment leak-
free and stress-free

Glass pipe installed, buried below grade shall be covered with factory applied
expanded polystyrene protective covering.

Approved Manufacturers
e KIMAX/SCHOTT Process System. Inc.

e Corning Process Systems
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¢ All acid waste and vent piping system installations, regardless of material type, shall
have on site factory trained and authorized supervision made available to the contractor
on a regular basis throughout the installation process

e Each pipe and fitting system manufacturer shall conduct field inspections of product
installation not less than once a week and provide a typed report to the
architect/engineer confirming the product is being properly installed in accordance with

manufacturer's requirements

o Failure to provide reports to the architect/engineer is subject to withholding payment per

the General Conditions

e Provide and install UL listed firestop and sealant systems for all piping penetrating fire

rated walls, floors, or roof systems

e All below grade buried acid waste and vent piping shall have trenching, backfill and
compaction in accordance with Section 15010 and as specifically required by each
manufacturer's written installation instructions

e Provide all necessary pipe fittings and/or offsets necessary for proper expansion control
as recommended by the pipe material manufacturer

e Install acid waste and vent piping systems as indicated in the table below:

ACID WASTE & VENT PIPE SYSTEM APPLICATIONS TABLE

APPLICATION

PIPE SYSTEM

All sizes, below grade (Buried), INSIDE the
building

Duriron or Polypropylene

All sizes, below grade (Buried), OUTSIDE the
building

Duriron

Sizes 4" and smaller, above grade, INSIDE
the building

Duriron or Polypropylene or Glass

Sizes 6” and larger, above grade, INSIDE the
building

Duriron or Glass

All sizes serving equipment (including indirect
drains) discharging waste at temperatures
above 120° F (Including but not limited to
Glasswashers, Dishwashers, Cage Washers,
Cart Washers, Autoclaves, etc.)

Duriron or Glass

e Cleanouts

0 As required by plumbing code

0 At each change in direction of piping greater than 45 degrees below slab
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o Atsinks

0 At each upper terminal

0 At egress of building (surface cleanout)

0 Select cleanout locations and access for minimum disturbance of occupant functions
and building systems operation during cleanout servicing

o Confirm architect, LPS PM, and LPS OMC agree with location and appearance

o Avoid conflicts with shelves, mirrors, and any other architectural obstructions

o0 Install cleanouts above all sinks (42inches AFF or at least above flood level of lav.)

o0 Install cleanouts 6inches above highest trap on that floor on the main vent of each

group of fixtures and in vent stacks for isolated fixtures on each floor

o Install cleanouts of full size at top and base of each stack and at end of each
horizontal run

o Do not exceed 40 feet on horizontal runs

o0 Provide cleanout plugs line-size up to 3inches, 4inches for line sizes 4inches and
larger

o0 Specify wall cleanouts where piping is concealed in walls or non-accessible chases,
42inches AFF

e Cleanout Covers
o Install floor and wall brass or chrome plate cleanout covers for concealed piping
0 Types as indicated in Section 22 13 00 and in accessible locations

e Flashing Flanges

o Install flashing flange and clamping device with each cleanout passing through
waterproof membrane

e Acid Waste Neutralizing Sumps
o0 Fill sumps up to fill line with linch calcium carbonate (marble) chips
e Connection to Building Sewer

0 At point of connection of laboratory drainage piping system to building sewer, provide
T-Wye of same material as laboratory drainage piping

¢ Drain Connections to Fixtures & Mechanical Equipment

o Provide drain piping and traps for each fixture indicated to be connected to
laboratory drainage system

e Clean, flush, and inspect laboratory drainage systems to ensure systems are functioning
properly

END OF DIVISION 22
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DIVISION 23 HEATING, VENTILATING and AIR CONDITIONING (HVAC)

23 00 00 General HVAC Requirements

¢ In the absence of any other information, work shall be provided in accordance with the
following codes, rules, regulations, and ordinances

SMACNA

ASHRAE

Colorado Energy Conservation Code
IBC

NFPA

EPA

OSHA

Underwriters Laboratories (UL)

Local Public Utilities

Cities of Littleton and Centennial
Arapahoe and Jefferson Counties

Other State of Colorado codes, ordinances, and regulations

0O 0O 0O O O o o o o o o o o

Littleton Public Schools (LPS) special requirements

e Licensed craftsmen shall always be on-site while work of their trade is being
performed, with licenses in their possession to be presented upon request as required
by regulations

e Systems shall have night-time free-cooling capabilities

e Systems shall be sound isolated to a maximum 45dB background noise level within
occupied space(s), in accordance with CDE standards and ANSI S12.60.2010.

e Temperatures in occupied spaces shall adhere to LPS Board of Education policy
0 Occupied Space Temperatures
» Cooling Season shall be maintained between 76° and 79° Fahrenheit (F)
» Heating Season shall be maintained between 67° and 71° F
0 Un-occupied Space Temperatures
= No lower than 55° F
e Mechanical Cooling
o All equipment to meet Colorado Regulation 15

o0 Shall be selected as most appropriate and cost-effective for specific building
conditions
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0 Where central plant chillers do not exist, or connection is not practical, especially

where no mixed-air ducted distribution exists or is feasible
= REOQUIRED review and approval of alternate solutions with LPS OMC and

LPS PM
= Preferred options

e DX cooling
e Roof-top packade units (RTUs

= Heat pumps or active chilled beam systems may be considered, with written

approval from LPS OMC and LPS PM

Heating and Cooling Systems

o Shall furnish positive ventilation and comply with current ASHRAE standards

0 Projects with or without mechanical cooling shall have provision for introducing up

to 100 percent outside air when heating is not required.
High Velocity Air System(s)
o Shall not be provided without mechanical cooling
Heat Source
0 Hot water
0 Gas-fired unit(s)
Direct Fired Heat Exchangers
o PROHIBITED
Basic Heating and Ventilating Equipment
o Central station
o Rooftop
o0 Ground-set NOT PREFERRED

0 Unit ventilators PROHIBITED in new construction
Supplemental Heating
0 Unit Heaters
o Cabinet heaters
0 Radiation
o0 Other sources as approved by LPS OMC and LPS PM.
Electric Heat
o RESTRICTED

» Requires written approval of LPS OMC and LPS PM
Exhaust

o Provide through relief opening(s) or fan(s).
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0 Wherever space(s) require exhaust air only, provide make-up air from areas of the
building, as permitted by code

o Supply, Return, Exhaust Air Systems
o0 Variable volume, variable temperature supply air distribution is preferred.

o Design and balance systems so that the building shall always have slight positive
pressure.

= SPECIAL ATTENTION: Economizer mode

0 Air Ventilation Rates must meet current ASHRAE standards and applicable
building codes.

¢ Ventilation Requirements

o0 Conform to latest edition(s) of the IBC, locally applicable Building Codes, and
Colorado Energy Conservation Code.

0 Requirements contained therein will be considered as minimum.
e Independent HVAC

0 Systems provided for Administration areas (and other areas as designated by
LPS) shall be separate from primary building HVAC systems, with central controls
override afforded via on-site timer switch(es).

¢ Maintenance and Operation Manuals

0 One printed copy and one PDF copy of Operation and Maintenance manuals shall
be furnished to LPS on completion of and prior to LPS acceptance and payment
for installation -

0 LPS OMC representatives shall be instructed on proper operation and
maintenance of all systems using the manuals as a guide

0 Furnish detailed written instructions for Custodial and Maintenance personnel
spelling out daily, weekly, monthly, and yearly requirements

o Deficiencies in mechanical installations and equipment will be corrected during the
first year of operation (or as designated by extended warranty or legal obligation)
at no additional cost to LPS

¢ Alternating/Stand-by Pumps to be provided in main Heating Circulating systems

o0 Pumps should: be sized slightly above performance curve; be properly supported;
not be close-coupled; have bronze impellers for domestic side, iron impellers for
heating side; include valved by-pass as feasible; include isolation valves at
gauges; include back-up or stand-by for main or boiler pumps; have
temperature/pressure gauge(s) at main circulation pumps; be easily accessible for
operation, maintenance and replacement and not be installed overhead

e Evaporative Cooling
o RESTRICTED
» Requires written approval of LPS OMC and LPS PM

e Environmental
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o0 Air conditioning requirements shall accommodate computer installations as
specified under Divisions 27 and 28

¢ Equipment, Motors, and Controls

0 Associated with addition and remodel areas will be the same manufacturer(s) as
existing and/or shall comply with the LPS list of acceptable products

0 Motors should: be energy-efficient; have sealed bearings; not be split-phase; be
variable-speed if 10 hp or larger, except as approved by LPS OMC and LPS PM

0 Thermostats/controls should be accessible and have copper lines in exposed
areas and where temperature is a factor

e Automation Sensors

o0 Shall be provided on designated equipment by the Mechanical Contractor,

coordinated with LPS OMC and LPS PM
e AJE responsibilities

o Include defining contractor responsibilities relative to existing LPS automation
connection points

o The A/E is responsible for coordinating instructions with LPS OMC before
specifications are completed and ready for bid and construction

e Temperature Control Systems and Equipment

0 Match existing LPS Direct Digital Control (DDC) systems and equipment by
Johnson Controls

o0 New equipment shall include factory-installed DDC modules, field-connected to
Metasys NCU provided by Johnson Controls

o Control of existing equipment shall be maintained via existing Johnson Control
devices and field modified as required

0 Field level controls are to be BACnet MSTP compatible and interface with the
existing JCI ACX Platform

e Electrical Temperature Control Systems

o Shall be installed in accordance with Section 23 09 23 and applicable sections of
Division 26

e Boiler and Gas Line Work

0 Work on gas lines on or near building(s) while building is occupied is
PROHIBITED

0 Work on boilers, furnaces, or gas lines REQUIRE 72-hour prior notification and
approval of, and coordination with LPS OMC

o PROHIBITED: Start up and/or shutdown of LPS equipment
= LPS boilers or furnaces are to be turned on or off by LPS OMC

= Department will be notified, and appropriate personnel will be dispatched to
carry out necessary procedures
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o Boilers shall: be energy-efficient; be dual-burner types (natural gas) at high
schools; be forced-draft wherever possible; include an automatic make-up water
system with in-line flowmeter, odometer/dial readout and pulse output option for
both local and remote indication

e Valves and Valved Systems

o Shall have the ability to isolate zones (supply and return); be accessible; contain a
midway isolation valve where feasible; have isolation valves installed on each side
of individual equipment, especially circulation pumps; have main valves color-
coded; have manual air-bleeds piped to ground/floor level and automatic bleeds
valved; have no iron plug valves; have no dielectric unions (brass only); have
dielectric nipples

o Energy Conservation

o Standards of Colorado, latest edition, will be followed in the design of Heating and
Cooling Systems with cross-reference to Electrical Energy utilized

o0 Life Cycle Costing (LCC) for base systems (air, water, electrical, gas) and any
proposed alternates shall be researched and reported in Design Development
documents submitted for review and approval
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23 05 00 Common Work Results for HVAC

Contractor to coordinate with LPS OMC and LPS PM for all new to existing
connections, system shutdowns and restart-up, flushing and filling both new and
existing systems.

Temporary services to be shown on the drawings

0 Include temporary ductwork and piping services where required to maintain
existing areas operable

All services shutdown to comply with 01 18 00 Project Utility Sources

Contractor shall be responsible for the maintenance operation and servicing of all
new mechanical systems which are to be used by LPS during the time of any
occupancy and use of any areas within the construction limitations before final
completion or acceptance of the systems.

0 A written record of maintenance, operation and servicing shall be turned over
to LPS PM prior to final acceptance.

Install equipment and materials to provide required access for servicing and
maintenance

o Coordinate the final location of concealed equipment and devices requiring
access with final location of required access panels and doors

o0 Allow ample space for removal of all parts that require replacement or
servicing

0 Extend all grease fittings to an accessible location

o Furnish hinged steel access doors with concealed latch in all walls and ceilings
for access to all concealed valves, shock absorbers, air vents, motors, fans,
balancing cocks, and other operating devices requiring adjustment or servicing

= Coordinate Section 08 31 00 for access door specification and Divisions 23
for duct access door requirements.

= The minimum size of any access door shall not be less than the size of the
equipment to be removed or 12 inches x 12 inches if used for service only.

= All doors are REQUIRED to be labeled indicating what is behind the
access door.

= Furnish doors to trades performing work in which they are to be built, in
ample time for building-in as the work progresses.

= Whenever possible, group valves, cocks, etc., to permit use of minimum
number of access doors within a given room or space.

» Factory manufactured doors shall be of a type compatible with the finish in
which they are to be installed. In lieu of these doors, approved shop
fabricated access doors with DuroDyne hinges may be used.

= Access doors in fire-rated walls and ceilings shall have equivalent U.L.
label and fire rating.

Section Revision: 09/2020 Common Work Results 23 05 00 Page 1 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

Utility construction/installation costs to include all valves, valve boxes, meter
boxes, meters, and such accessory equipment for

o0 Natural gas hookup and installation fees
o Water meter

o Water and sewer tap fees (excluding development fees) and associated piping
and fittings

o Contractor shall arrange for and pay for all inspections, licenses and
certificates required in connection with the work.

Coordinate the installation of mechanical materials and equipment above and
below ceilings with suspension system, light fixtures, and other building
components.

o Inthe event of conflict, install mechanical and electric systems within the cavity
space allocation in the following order of priority

* Plumbing waste, vent piping and roof drain mains and leaders
= Supply, return and exhaust ductwork

= Fire sprinkler mains and leaders

= Electrical conduit

= Domestic hot and cold water

= BAS Control Piping or Wiring

= Fire sprinkler branch piping and sprinkler runouts

Arrange for chases, slots, and openings in other building components to allow for
mechanical installations.

Install mechanical equipment to facilitate maintenance and repair or replacement
of equipment components

o0 Connect equipment for ease of disconnecting, with minimum of interference
with other installations.

Pipe Trenching

o Install 6-inch bed of pea gravel or squeegee

0 Mechanically tamp to provide a firm bed for piping
Trench Backfill

o Shall not be started until all work has been inspected, tested, and accepted by
A/E, LPS OMC and LPS PM

o All backfill material shall be reviewed by the soils engineer
= Lumber, metal, or other debris is PROHIBITED from backfill

o0 Provide warning tape for marking and locating underground utilities
= For exterior underground system only

»= Provide continuous inscription naming the specific utility
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» Tape shall have magnetic strip

0 Backfill to 12 inches above top of piping with pea gravel or squeegee, the
same as used for piping bed, compact properly

o Complete the backfilling near manholes using pea gravel or squeegee,
installing it in 6-inch lifts and mechanically tamping to achieve 95 percent
compaction.

e Coordinate cutting and patching of mechanical equipment, components, and
materials to include removal and legal disposal of selected materials, components,
and equipment with

0 LPS General Conditions

0 LPS section 01 23 79 Cutting and Patching

0 Other sections of LPS Construction Standards as required
e Coordinate temporary facilities with

0 LPS General Conditions

0 LPS section 01 51 00 Temporary Utilities

0 Other sections of LPS Construction Standards as required

=  Where equipment is used for temporary heating or cooling, it shall be
adequately maintained per manufacturer's instructions and protected with
filters, strainers, controls, reliefs, etc.

= Hydronic systems shall be flushed and chemically treated.

= Allfilters required for the construction period shall be equivalent to the
filters required for the final installation

= Allfilters shall be replaced at the time of substantial completion

= Guarantee period of all equipment used shall not start until the equipment
is turned over to LPS for use

e Submittals

o Provide submittals for each item of equipment specified or scheduled in the
contract documents per table at the end of this section.

o Product Data:

= Mark submitted copy with black pen to indicate which of the variations is to
be provided.

e Delete or mark-out portions of pre-printed data which are not
applicable.

e Where operating ranges are shown, mark data to show portion of range
required for project application.

» For each product, include the following

e Sjzes
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o Weights
e Speeds
o Capacities
e Piping and electrical connection sizes and locations
e Statements of compliance with the required standards and regulations
e Performance data
¢ Manufacturer's specifications
0 Shop Drawings to include
= Clearance dimensions at critical locations.
= Dimensions of spaces required for operation and maintenance
= Show interfaces with other work, including structural support.
o0 Test Reports
= Signed and dated by the firm performing the test.

= Prepare test reports in the manner specified in the standard or regulation
governing the test procedure (if any) as indicated

0 Testing and Balancing (TAB) report

= Upon completion of project work, all necessary adjustments shall be made
to test and balance Heating and Cooling air and hydronic systems

= Submit TAB report to the engineer at least fifteen calendar days prior to the
contractor's request for final observation time frame requirements

e Include in the O & M Manual after review with "No Exceptions Taken"

= A complete written report of systems operations shall be furnished to the
LPS Operations, Maintenance and Construction Department (OMC) and
LPS Project Manager (PM) with data sheets indicating amount of air
handled, room temperatures, exterior weather data, equipment data, and
other pertinent data

= The same procedure will be repeated during the first winter and first
summer after occupancy at no additional cost to LPS

= LPS reserves the right to confirm HVAC testing and balancing by a
separate contractor working directly for LPS

0 Operation and Maintenance Data

= Description of mechanical equipment, function, normal operating
characteristics and limitations, performance curves, engineering data and
tests, and complete nomenclature and commercial numbers of all
replaceable parts.

Section Revision: 09/2020 Common Work Results 23 05 00 Page 4 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

» Manufacturer's printed operating procedures to include start-up, break-in,
routine, and normal operating instructions; regulation, control, stopping,
shutdown, and emergency instructions; and summer and winter operating
instructions.

= Maintenance procedures for routine preventative maintenance and
troubleshooting; disassembly, repair, and reassembly; aligning and
adjusting instructions.

= Servicing instructions, lubrication charts and schedules, including
Contractor lubrication reports.

» Manufacturer's service manuals for all mechanical equipment provide
under this contract.

= Include the valve tag list.

= Name, Address and Telephone number of party to be contacted for 24-
hour service for each item of equipment.

= Starting, stopping, lubrication, equipment identification numbers and
adjustment clearly indicated for each piece of equipment

=  Complete parts list
= Mechanical warranties
o Closeout
= Submittals listed above updated to record status
= REQUIRED Electronic copy of redline drawings for BAS Control Wiring
=  Warranties
e Coordinate with
0 LPS General Conditions
o 01 77 00 Closeout Procedures
o 01 78 00 Closeout Submittals
o 01 78 36 Warranties
e Refer to individual equipment specifications for warranty requirements

e Prepare listing of major mechanical equipment and materials for the project within
(2) two weeks of signing the Contract Documents per table at the end of this
section

e When multiple items of the same type equipment are required (e.g., plumbing
fixtures, pumps, valves, gauges, fans) they shall be of the same manufacturer

e Provide permanent operational data nameplate on each item of mechanical
equipment, in accessible locations, indicating

o Manufacturer
o Product name

o Model number
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Serial number

Capacity

Operating and power characteristics
Labels of tested compliances

Similar essential data

© O 0O O o o

LPS OMC and LPS PM review and approval of all naming conventions is
REQUIRED prior to procurement

Delivery, Storage, and Handling

o0 Provide factory-applied plastic endcaps on each length of pipe and tube,
except for concrete, corrugated metal, hub-and-spigot, clay pipe

» Maintain endcaps through shipping, storage, and handling to prevent pipe-
end damage and prevent entrance of dirt, debris, and moisture

0 Protect stored pipes and tubes
= Elevate above grade and enclose with durable, waterproof wrapping
=  When stored inside, do not exceed structural capacity of the floor

o0 Protect flanges, fittings, and specialties from moisture and dirt by inside
storage and enclosure, or by packaging with durable, waterproof wrapping

Properly lubricate all mechanical pieces of equipment before turning the building
over to LPS

0 Attach a linen tag or heavy-duty shipping tag on each piece of equipment
showing the date of lubrication and the type and brand of lubricant used.

o Furnish a typewritten list of each item lubricated and type of lubricant

Coordinate 02 42 21 Salvage of Construction Materials to include returning the
following materials and equipment to LPS

o Existing thermostats and humidistats

0 BAS controls and controllers

o0 Existing control valves and devices

0 Existing humidifiers and control valves

0 Existing plumbing fixtures

0 Return existing unused/not relocated ceiling diffusers
Mechanical Checklist

Review and edit the following matrix carefully and include X's in boxes where
needed and include in Project Manual

CONTINUED ON NEXT PAGE
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SPEC ITEM REQUIREMENTS
SECTION ,
SUBMITTALS SUPPLEMENTAL % '<7: At completion of project
o a —1 | obtain Owner’s sign off
7 & &’: that the following has
o |-|I_J w w been received:
wE 4 E
xwn o <
c - |z =y Z <§,; k) =
3 5 < x [S=z] =2 x| oy 2 g
= 2|32 & S |59 Eu %|23 |=3| 2
23 ST |T% o W |2 FE W|se |88 8
" o an| £0 = 14 w > N ¥ o w= [a)
23 05 00 SCHEDULE OF VALUES X X
23 0500 EQUIPMENT WARRANTIES X
23 0500 O&M MANUALS
COORDINATION
23 0500 DRAWINGS X
23 0500 RECORD DRAWINGS X X X
MOTORS, STARTERS AND
230513 DRIVES X X X x4 X X5
230513 VARIABLE SPEED DRIVES X X X X X X X X
MECHANICAL SYSTEMS
200518 FIRE STOPPING X X X
23 20 00 BASIC PIPING MATERIALS X X X X
23 2500 PIPE FLUSH/CLEAN X X X
PIPE DISINFECTION
232500 [ poTABLE H,0) X X X X
22 60 00 SPECIAL PIPING SYSTEMS X X X X X X
22 66 00 LAB DRAINAGE SYSTEMS X X X X X X
23 05 23 VALVES X X
232116 PIPING SPECIALTIES X X
230516 PIPE EXPANSION JOINTS X X
230519 METERS AND GAUGES X X Xe X
230529 SUPPORTS AND ANCHORS X X X
MECHANICAL
23 0553 IDENTIFICATION X X X
230548 VIBRATION CONTROL X X X X X
230548 [ \ECHANICAL INSULATION X X
211000 FIRE PROTECTION X X X X X X X
21 30 00 FIRE PUMPS X X X X X X
WATER DISTRIBUTION
22 11 00 PIPING X X X X X
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SPEC ITEM REQUIREMENTS
SECTION .
SUBMITTALS SUPPLEMENTAL % Z At completion of project
o o — | obtain Owner's sign off
2 & é that the following has
o W w w been received:
= 4 =
470 <
c = |z 2 Z <§( S €
23 - ‘© x oz z Y 25 T‘@ 2
c S T = — O =0 < E | €5 = £
5% | BE|29| 8| & |ve| EY §|cB |f8| 8
5 ga|Eo = g &S| Yo F|Ea |&2 a
DRAINAGE & VENT
221300 | gSverems X X X X
224200 | PLUMBING FIXTURES X X X
221123 | PLUMBING PUMPS X X
221200 | STORAGE TANKS X X X
223100 | WATER TREATMENT(Dom.) | X X X X X x| x
223100 | TREATMENT CHEMICALS X X
223100 | \WATER SOFTENER X X X X
223100 |SYSTEM CLEANING! X X X
232500 | WATER TREATMENT(Hyd) | X X X X X X X
232500 | BOILER CLEANING X X
223400 | WATER HEATERS X X X
221323 | INTERCEPTORS X X X
226600 | LAB DRAINAGE SYSTEMS X X X X X X X
231123 | NATURAL GAS SYSTEMS X X X X X
232300 |GLYCOL SYSTEMS X X X X X X
232100 | 4yDRONIC SPECIALTIES X X X X X
CONDENSATE PUMP &
232223 | REC. SETS X X
REFRIGERANT PIPING
232316 | SPECIALTIES X X
232123 | HVAC PUMPS X X
235200 | BOILERS X X X X X
235300 | BOILER ACCESSORIES X X
BREECHINGS, CHIMNEYS &
235100 |gnrEel X X X
235300 | FEEDWATER EQUIPMENT X X X X
35300 | DEAERATORS X X X X
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SPEC ITEM REQUIREMENTS
SECTION .
SUBMITTALS SUPPLEMENTAL % '<7: At completion of project
o a — | obtain Owner’s sign off
7 & &’: that the following has
o |-|I_J w w been received:
W = o =
xw o <
c - |z =y Z <§,; k) g
S 5 © X |0z Z |25 = 2
s | 25|23 & O 58] fu %8 |e5| 5
°3 BE|3s| 9 5 |Qae| EH S|s8 |=2| 3
" o anol| £0 (= o w > I wn ¥ o w = [a}
235400 | FORCED AIR FURNACES X X
236200 | CONDENSING UNITS X X Xt X X
238143 | AIR SOURCE HEAT PUMPS X X X X X
CENTRIFUGAL CHILLER- X X X X
236416.13 | {12 COOLED X X
CENTRIFUGAL CHILLERS - X X X X
23 64 16.16 | H.O COOLED X X
236419 | RECIPROCATING CHILLERS X X X X X X
236500 | COOLING TOWERS X X X X X
236313 | AIR COOLED CONDENSERS X X 1 X X
235700 |HEAT EXCHANGERS X X X
PACKAGED INDOOR HVAC
237300 | NS X X X
PACKAGED ROOFTOP X X
237400 |HVAC UNITS X X X
COMPUTER ROOM A/C )
238123 | GuiTs X X X x| x
238413 | HUMIDIFIERS X X Xt
238200 | TERMINAL UNITS X X
ELECTRIC HEATING
238313 | cagits X X
233400 | AR HANDLING FANS X X X X
237513 | AIR HANDLING UNITS X X X x| x
234100 | AIR CLEANING FILTERS X X X X
233100 | DUCTWORK x | x X X X X
233113 | METAL DUCTWORK X X X X X
233116 | NON-METAL DUCTWORK X X X X X X
233119 | HVAC CASINGS X X X
233300 | DUCT ACCESSORIES X X X X
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SPEC ITEM REQUIREMENTS
SECTION .
SUBMITTALS SUPPLEMENTAL % '<7: At completion of project
o a —1 | obtain Owner’s sign off
7 & &’: that the following has
o ll-l_J w w been received:
w = o =
xw o <
c - |z '<7: Z <§,; k) g
23 = ‘© x |[cz| 2 | oz = g
s | £5|32| & O 159 £y E|c£38 |e5| 3
S3 BE|3%| 9 5 |Qe| EH I|s8 [28]| 3B
" oS anol|l £0 == 14 w > I wn ¥ o w= (=
DUCTWORK SOUND X
233319 | ATTENUATION X X
533713 | AIROUTLETS & INLETS X X X
233600 | AIR TERMINALS X X
CONTROLS AND X X X
230900 | |NSTRUMENTATION X X
DIRECT DIGITAL CONTROL | «
230923 | SYSTEMS X X X X
230993 | SEQUENCE of OPERATION X
REBUILDING OF EXISTING
230505 | A\|R HANDLING UNITS X
TESTING, ADJUSTING AND
230593 [ BALANCING X X
MECHANICAL
230800 | -oMMISSIONING X X

Lwarranty - 5 year

2Warranty Report/Warranty

3 Kitchen Exhaust Hood

4See Specific Specification Section for Test & Certification Requirements
®For Soft Starters

5Requires Review & Approval from T & B Contractor

*Requires Owner Sign Off
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2020 Construction Standards

23 05 13 Common Motor Requirements for HYAC Equipment

e Provide all motors and starters for the project by a single manufacturer except
when part of factory packaged equipment

e All variable frequency drives and soft start starters for the project shall be by a
single manufacturer, including packaged equipment except chillers

¢ In the absence of other information, standards of the following organizations

apply

0 NEC as applicable to wiring methods, construction and installation of
motors, motor starters, capacitors, and drives.

0 Applicable requirements of NFPA 70E, "Standard for Electrical Safety
Requirements for Employee Workplaces".

0 UL 486A, "Wire Connectors and Soldering Lugs for Use with Copper
Conductors" where applicable

o UL 508, "Electrical Industrial Control Equipment” pertaining to installation
of motor starters.

o Provide equipment and components which are UL-listed and labeled.

o0 Provide equipment and components which are ETL-listed and labeled.

o0 |EEE Compliance: Comply with applicable requirements of IEEE Std 241,
"Recommended Practice for Electric Power Systems in Commercial
Buildings" pertaining to motor starters and Std 519.

o Comply with applicable requirements of NEMA Standard ICS 2, "Industrial
Control Devices, Controllers and Assemblies"

0 NEMA Pub No. 250, "Enclosures for Electrical Equipment (1000 Volts
Maximum)", pertaining to motor controllers/starters and enclosures.

o Standards

NEMA Standards MG 1: Motors and Generators

NEMA Standard ICS 2: Industrial Control Devices, Controllers, and
Assemblies

NEMA Standard 250: Enclosures for Electrical Equipment
NEMA Standard KS 1: Enclosed Switches
Comply with National Electrical Code (NFPA 70)

e Submittals
o Coordinate with 23 05 00 Common Work Results for HVYAC

o Product Data

0 Shop Drawings

VFD’s and soft start starters

e Physical dimensions of each unit
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e General arrangements with incoming and outgoing conduit
locations schematic

¢ Connection diagram sufficient to install system
e Enclosure details
0 Wiring Diagrams

= Power and control wiring diagrams, prepared for the project, of
complete VFD and soft start starter assemblies

= General wiring diagrams with various non-applicable options shown are
not acceptable

= Clearly differentiate between factory and field wiring
o Listing, Motors of Mechanical Work

=  Submit separate listing showing rating, power characteristics,
efficiencies, power factors, application, and general location of every
motor to be provided with mechanical work

¢ Include in listing of motors, notations of whether motor starter is
furnished or installed integrally with motor or equipment containing
motor.

= Provide information for each field wired electrical power connection

¢ Information shall use nameplate data and nhomenclature of actual
installed nameplates

¢ Information should list as a minimum

o Field connection details such as maximum/minimum wire size
lugs can accommodate. Include number of lugs per phase

Number and location of field connections
Field interconnection wiring

Operating voltage and phase

o O O O

Maximum fuse size or maximum overcurrent protection size (as
applies)

Minimum circuit ampacity

Full load amperes

Locked rotor current and duration for high inertia equipment

O O O O

Manufacturers recommended overload setting (if applicable)
Motors
0 Approved Manufacturers
= Siemens/ITS

=  Sprecher+Schuh
= Baldor
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= Westinghouse
= General Electric

= Lincoln
= U.S. Motors
= Square D

0 Torque characteristics be sufficient to satisfactorily accelerate the driven
loads with a time limit acceptable to the motor manufacturer

o0 Capable of starting the driven equipment while operating at 90 percent
rated terminal voltage

0 Sizes large enough so that the driven load will not require the motor to
operate in the service factor range

0 2-speed motors shall have (1) single winding on poly-phase motors.

0 Explosion proof motors shall meet
= Underwriters Laboratories Standards for use in hazardous locations
= National Electrical Code (NEC), Article 500, Class and Group

0 Rated for 40 degrees C environment with maximum 80 degrees C
temperature rise for continuous duty at full load (Class B Insulation)

= Provide Class F insulation for variable frequency drive motors.

0 Frequency of starts as indicated by automatic control system and not less
than 5 evenly time-spaced starts per hour for manually controlled motors

o Service Factor
= 1.15 for poly-phase motors
= 1.35 for single phase motors
= 1.0 for inverter duty motors
0 Motor construction

= NEMA Standard MG 1, general purpose, continuous duty, Design "B",
except

e "C"where required for high starting torque
o Design "E" is PROHIBITED

= Frames
e NEMA Standard No. 48 or 54

e Use driven equipment manufacturer's standards to suit specific
application

= Bearings

e Ball bearings with inner and outer shaft seals.
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o Re-greaseable, except permanently sealed where motor is normally
inaccessible for regular maintenance.
e Bearings shall be rated for minimum L-10 life of 40,000 hours.

¢ Designed to resist thrust loading where belt drives or other drives
produce lateral or axial thrust in motor.

e For fractional horsepower, light duty motors, sleeve type bearings
are permitted.

= Enclosure Type

e Open drip-proof motors for indoor use where satisfactorily housed
or remotely located during operation.

e Guarded drip-proof motors where exposed to contact by employees
or building occupants.

e \Weather protected
o Type | for housed outdoor use
o TEPC Il where not housed
= Overload protection
e Built-in thermal overload protection for all single-phase motors

¢ Internal sensing device suitable for signaling and stopping motor at
starter as required

= Noise rating
. llQuietll

=  Minimum motor efficiencies shall conform to most recent ASHRAE
Standard: “Minimum Nominal Efficiency for General Purpose Design A
and Design B Motors”

= Nameplate: indicate the full identification of manufacturer, ratings,
characteristics, construction, special features and similar information.

0 Phases and Current Characteristics
= Squirrel-cage induction polyphase motors for 3/4 hp and larger
= Capacitor-start single-phase motors for 1/2 hp and smaller, except

¢ 1/6 hp and smaller may, at equipment manufacturer's option, be
split-phase type

e Tri-voltage motors are PROHIBITTED

0 Motors shall be of the same manufacturer, except those that are an integral
part of a factory assembled packaged unit

» These motors shall likewise meet the conditions of the specification in
this section except motors which are part of a motor/compressor
assembly are exempted from this requirement.
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o0 A factory load test shall be performed on each motor of 1000 watt input or
greater to assure compliance energy-efficiency.

o All motors 75 HP and larger shall be factory test certified for power factor
and efficiency and shall have a three-year warranty

= Factory certification of motor tests shall be provided to LPS

o All equipment specified to operate with variable frequency drives shall be
provided with inverter-duty motors specifically designed for variable speed
operation with high efficiency at part load conditions and constructed with
Class F inverter grade insulation

o All motors which will be operated by a variable frequency drive shall be
warranted against any damage or defects as a result of being used with a
variable frequency drive

Starters
0 Approved Manufacturers
= Siemens/ITE

=  Sprecher+Schuh
= Cutler Hammer

= Allen-Bradley

= Square D
=  Faton

o0 Provide 1 starter control for each pump
= One (1) starter controlling multiple pumps is PROHIBITED
o Motor Starter Characteristics
= NEMA 1, general purpose enclosures with padlock ears, except
e Wet locations shall be NEMA 3R with conduit hubs

¢ Units in hazardous locations which shall have NEC proper class
and division

= Type and size of starter shall be as recommended by motor
manufacturer and the driven equipment manufacturer for applicable
protection and start-up condition

= Two-speed starters with a High-Low selector switch wired to allow
manual speed selection with the H-O-A in HAND or remote speed
selection in AUTO

= Automatic accelerating relay/timer to assure that the motor will always
start at low speed and operate at an adjustable time before switching to
high speed

= Automatic decelerating timing relay to prevent damage to the motor
and load when switching from high to low speed
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» High and low speed contactors shall be mechanically and electrically
interlocked

= Complete instructions for adjusting the timer in the field to match the
deceleration characteristics of the driven equipment

= Cooling towers or other two-speed motors are required, as applicable,
to have reversible operation, starters for those applications shall
include the features described above for two-speed motors and include

e Reverse Selector Switch wired to allow manual direction In the
Hand position of the H-O-A

e Starters with reverse direction shall have an integral built-in time
delay to allow the motor to come to a full stop, prior to reversing for
both the in the Hand and Automatic positions of the H-O-A switch

= Contacts shall open each ungrounded connection to the motor
e Contacts shall be NEMA style, sized and rated, 75 degrees C.
o0 Manual switches
= Pilot lights and extra positions for multi-speed motors
= Overload protection: melting alloy type thermal overload relays
0 Magnetic Starters

= NEMA style, sized and rated magnetic starters including contacts and
coils for motors 3/4 hp and larger and for smaller motors where
interlock or automatic operation is indicated or required

e Maintained contact H-O-A push buttons and pilot lights, properly
arranged for single speed or multi-speed operation

e Solid state adjustable motor overload

0 Select range so that upper limit is no more than 150 percent of
the connected motor full load amps

e Interlocks, switches, and similar devices as required for
coordination with control requirements of Division 23 Controls
sections

e Each starter shall be provided with (4) four additional spare sets of
auxiliary contacts

0 Two (2) normally open
o Two (2) normally closed

e Built-in 120 volts control circuit transformer, fused from line side,
where service exceeds 240 volts.

e Under-voltage release or protection, re-start of equipment shall be
automatic unless required to be otherwise

o Coordinate requirements with LPS OMC and LPS PM

Section Revision: 09/2020 Common Motor Requirements 23 05 13 Page 6 of 17



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

¢ All 3-phase motors 2 hp and larger shall be protected against loss
of phase (single phasing protection) wired into the starter

0 Reset shall be manual.
e Starters used for life safety systems

o0 Additional control relay to by- pass all external safeties and
internal safeties except for overload protection

o Coordinate with Section 23 09 93

o Motor connections

Flexible conduit, except where plug-in electrical cords are specifically
indicated

Soft-Start Starters
o Approved Manufacturers

Siemens/ITE

Sprecher+Schuh

Allen-Bradley

Square D

0 Required for large equipment and/or for pumps in open loop piping system
which may experience water hammer

Capable of controlling the starting inrush of a NEMA design B motor,
and to reduce water hammer effects of the pumps when the motor is
stopped.

o Engineer to review the following standards and coordinate with LPS OMC
and LPS PM regarding updated technology or code requirements provided
by the engineer

Main disconnect switch, a mechanical contactor, a six-SCR full wave
bridge solid state reduced voltage starter, a thermal overload relay
factory assembled in a single enclosure

NEMA 1 ventilated enclosure

Main AC line fused disconnect or circuit breaker mounted and wired,
with a door interlock mechanism and padlocking means

Full NEMA style, HP sized and rated series contactor, including
contacts and coils, ahead of the solid-state electronics

e Contactor shall open on normal stop command, and if a shorted
SCR is detected

Rated for a minimum of 350 percent current for 30 seconds.
Include adjustable thermal overload protection

Maintained contact H-O-A selector switch and red running pilot light
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» Starter shall include an integral 120V control circuit transformer with
primary and secondary fusing

= Starter shall be rated for full current operation at 40° C ambient
temperature

= Interlocks, switches, and similar devices as required for coordination
with control requirements

= Each soft start starter shall be provided with four (4) additional spare
sets of auxiliary contacts

e Two (2) normally open
e Two (2) normally closed
*» SCR's shall be rated 1600 PIV minimum

» |nstantaneous overcurrent trip shall be included if current exceeds 900
percent FLA

= Metal Oxide Varistor (MOV) suppressors
= Heat sink over-temperature switch
= Shorted SCR detection and lockout
= Not start during a phase loss condition
= Diagnostics shall include LED indicators for
e 3 phase power present
e Shorted SCR detected
e Motor overload
e Instantaneous overcurrent
e Starter ready
e Starter on
e Power supply failure
= Fault relay trip the series contactor in the event of
e Motor thermal overload
e Instantaneous overcurrent
e Shorted SCR
= Adjustments include
e Ramptime
e Current limit
¢ Jog voltage
e Jogtime

e Deceleration time
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On starting, the starter shall be capable of applying an adjustable "jog"
voltage to the motor for an adjustable time to magnetize the motor,
then automatically switch to a controlled current ramp mode to
accelerate the load.

On stopping, the starter shall include an "anti-water hammer" circuit
which is capable of accepting a 0-10V DC signal proportional to flow
from the building automation system and controlling the voltage to the
motor to obtain a smooth reduction in flow without excessive pipe
movement or water hammer

o As a backup, a linear voltage ramp deceleration mode shall be
available

Authorized factory trained service personnel to do on-site start-up and
adjustment for each soft start starter

Disconnect Switches

0 Per Division 26 requirements

Drives

0 Approved Manufacturers

Siemens/ITE

Sprecher+Schuh

Allen-Bradley
U.S. Electric

Square D

o V-Belt Drives:

Capacity of V-Belt Drives at rated RPM shall be not less than 150
percent of motor nameplate horsepower rating

V-Belt Drive combinations shall be limited to A, B, C, and fractional
horsepower belts

e 3V, 5V and 8V belts and sheaves are PROHIBITED
Motors and Fan Wheel Pulleys

e :Adjustable pitch for use with motors through 15 HP
o Fixed pitch for use with motors larger than 15 HP

e Select pulley so that pitch adjustment is at the middle of the
adjustment range at fan design conditions

All fixed pitch sheaves, including single groove fan sheaves, shall be of
the bushed type

o Fixed bore sheaves are PROHIBITED for adjustable pitch sheaves.

Belts: Oil-resistant, nonsparking, and nonstatic
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» Unit manufacturer shall provide OSHA approved belt guard with
tachometer holes

» Equipment serving hazardous or critical systems (i.e., fume hoods,
biohazards, life safety, etc.)

e All fans shall be provided with 1.5 times the number of belts
normally required to meet above requirements

e  Minimum of 2 belts required

Variable Frequency Drives

o0 Approved Manufacturers

= ABB

= Square D
= Eaton

= Aquavar
= Yaskawa

o Verify relief air by pass requirements for AHU’s with VFDs and By-pass
Starter

0 Locate VFD as close as possible to motor to reduce possible motor
damage or increased wiring size.

o0 Provide 1 VFD control for each pump
=  One (1) VFD controlling multiple pumps is PROHIBITED

o Comply with NEMA and IEEE Standards as applicable to wiring methods,
construction and installation and operation of VFDs

o Provide units which have been UL-listed and labeled by Underwriters
Laboratory or ETL Testing

* The entire unit to carry the label, not just components

0 Factory tests on VFD assembly as a complete package (not just individual
components)

= High pot test per UL

= Test assembled panel with a motor load

= Test operation of all components and pilot lights
o Enclosure

= Mount VFD and all components within a NEMA 1 metal enclosure for
normal indoor conditions

¢ Meet manufacturer requirements for
0 Wet, dusty, outdoor, etc., locations

o0 Filters for moderately dirty
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» By-pass components shall be in a separate compartment or enclosure
as noted below

Provide floor stand where building walls are not suitable for mounting
drive

Provide filtered, fan powered ventilation for drive cooling
e Fan sized for “dirty filter” condition at project altitude

= Drive and by-pass enclosure doors shall have provisions for locking
with a padlock or integral lock, keyed to the building standards.

= Switches and pilot lights shall be labeled with engraved plastic laminate
tags riveted or similarly permanently fastened.

0 By-pass and Disconnects

= Manual by-pass circuitry in a separate compartment

Door fused disconnect with Type “J” fuses, with a through-the-door
handle, pad lockable in the OFF position

e The door interlock shall be defeatable with a tool to allow service
access without de-energizing the system

e The disconnect shall remove power from all components within
both compartments

Three position “VFD/OFF/BY-PASS” switch to control VFD line side,
VFD load side, and by-pass contactors

e Contactors shall be interlocked to completely isolate the VFD in the
by-pass mode for service

Control relays to operate by-pass contactor due to remote start/stop,
safety interlock, or via the HAND-OFF-AUTO switch

e See “Controls and Operation” below

Three pole motor overload relay connected to shut down the motor in
both the VFD and by-pass modes

120V control power transformer with fused secondary and primary

e Primary power shall be derived ahead of the VFD input contactor

Panel shall be arranged to allow power-off maintenance of the VFD
while motor is operating on by-pass

e By-pass or control circuitry in the same compartment as the VFD is
PROHIBITED

o Input Power
= The drive shall be capable of accepting facility power as required

e Variations of up to plus or minus 10 percent of line voltage and plus
or minus 2HZ of line frequency shall be permitted without the drive
shutting down on a fault
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= Power line interruptions of up to 0.5 seconds shall be permitted without
the drive shutting down on a fault

» The drive input circuitry shall not generate line notches or large voltage
transients on the incoming line

» The drive efficiency at rated load and frequency shall be 95 percent or
better

= The drive shall present a displacement power factor of 0.95 or better to
the AC line at any speed or load

» Manufacturer guarantee that harmonic voltage and current distortion,
on the line side (input terminals) of the VFD does not exceed 5 percent
total voltage Harmonic distortion, and 15 percent total current Harmonic
distortion

o Output Power

= The variable frequency AC drive shall convert 3 phase, 60 HZ input
power to an adjustable AC frequency and voltage for controlling the
speed of any standard NEMA B Design, AC squirrel cage motors
driving variable torque loads

e The drive rated for continuous duty at the NEC standard full load
current of its associated motor

= Transistors (IGBT) to produce a sine weighted PWM three phase
output for the load

= The drive shall have sufficient capacity to provide stepless speed
control of the motor throughout the operating range as specified herein

= The drive output will be adjustable from 0 to 60 HZ

= The drive shall have the capability to adjust the frequency above 4 kHz.
The drive shall not operate with a frequency above 12 kHz

= The IGBTSs shall have a minimum rating of 1200 VDC on 480 V units
and 600 VDC on 230 V units

= The drive shall be suitable for operating at the altitude of the project
location with no degradation or loss of performance

o Control and Operation

= Adjustable acceleration and deceleration, with automatic acceleration
rate limiting to avoid overload and automatic deceleration rate limiting
to avoid excessive regeneration voltage

= Speed/frequency settings to limit the maximum and minimum motor
speed, to avoid up to three (3) system critical resonance points and to
provide a preset speed for operation in the event of loss of the remote
speed signal

= Capability to set drive to a pre-determined speed upon contact closure
input from the BAS

Section Revision: 09/2020 Common Motor Requirements 23 05 13 Page 12 of 17



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

= Capability of restarting into a rotating motor

» The following operator control and monitoring functions shall be
accessible without opening the door of the enclosure

e HAND/OFF/AUTO (or Local/Off/Remote) selector switch

0 With the “H-O-A”" switch in the “HAND” or “LOCAL” position, the
motor shall start in either VFD or by-pass mode as determined
by VFD/OFF/BYPASS switch, and if in the “VFD” mode, the
speed shall be controlled by the manual speed adjustment on
the drive door

o With the “H-O-A” switch in “AUTOMATIC” or “REMOTE”, the
motor shall start from the remote start/stop input in either VFD
or by-pass mode as determined by the VFD/OFF/BYPASS
switch and, if in the “VFD” mode, its speed shall be controlled
by the BAS input speed signal

0 With the “H-O-A” switch in the “OFF” position, the run circuit will
be open, and the VSC will not operate

o This must be a physical switch, not a keypad input function
¢ Manual (local) speed adjustment
e Frequency (speed) indication
e Qutput amperage indication
e Pilot lights
Power On (green)
VFD Fault (red)
External Fault (red)

Motor on VFD (green)

O O O O O

Motor on By-pass (red)
0 Motor Overload (red)
= Control Interfaces

¢ Coordinate with points list and Section 23 09 93 Sequence of
Operations

¢ Remote start/stop (run enable input)

o Provide a control relay and a terminal block in the by-pass
compartment to allow remote start/stop in either the VFD or by-
pass mode.

e Remote speed input signal
0 4-20 mA, 0-5VDC, 0-10 VDC, or as required by control system
o Coordinate with Section 23 09 23
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o Safeties interlock input

o0 Provide a control relay and terminal block in the by-pass
compartment to allow hardwired safety shutdown in either the
VED or by-pass mode

e Fault indication output contacts. Indicate fault for the following:
Drive protection features

Safety interlock

Drive hardware fault

Input power fault

© O O o o©o

Others as provided by manufacturer
e Speed indication output (isolated)

e Amperage indication output

¢ Run forward input

¢ Run backward input

e Drive running (status) output

e Drive on by-pass output

e Drive on manual output

e Pre-set speed input

e RS 485 communications to DDC system
e Complete open protocol communications with DDC system

= Provide a key pad and scrolling LCD display for operator interface with
programming capabilities, fault diagnostics, fault reset, and security
lockout code

¢ Information shall be presented in plain English, not requiring codes

¢ Key pad shall not be accessible without opening enclosure panel
door

= Each variable frequency drive to be provided with four (4) additional
spare sets of auxiliary contacts

e Two (2) two normally open
e Two (2) normally closed
o Drive Protection and Safety Features
= Ground fault protection
= Electronic motor overload protection

= Over-voltage/under-voltage protection
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e Automatic restart after a trip condition resulting from over-voltage or
under-voltage

¢ Manual reset and restart if the automatic reset/restart function is not
successful within a maximum of five attempts

= |nverse characteristic time-overcurrent overload protection for the
motor sized in accordance with NEC requirements

= Drive shall be capable of withstanding random application of an output
short circuit without damage to drive components or fuses

* |nput phase loss and undervoltage protection

= Torque/current limit control which will slow the motor without tripping
when the motor is subjected to an overload or slow the acceleration
ramp when accelerating a high inertia load

= High/over temperature protection

» “Bus Charged” warning indicator, and automatic circuitry to discharge
the bus within 120 seconds after main power is disconnected

0 VFDs serving multiple motors

= Provide automatic transfer for each motor where primary/standby
equipment operation sequence is specified in Temperature Controls
Section, Sequence of Operation

= Provide motor contactors for each motor for drives serving more than
one motor, each contactor shall have auxiliary contacts to prevent drive
damage if remote motor disconnect switch is open or closed

e Temperature control contractor to provide all field wiring to each
motor contactor to initiate the drive to automatically transfer load
from one motor to another motor as selected by the temperature
control system

¢ All automatic transfer equipment and time delays to be a part of the
variable frequency drive equipment and enclosed within the drive
cabinet

= Each drive shall have contactors for each motor(s) it serves with
individual thermal overload protection for each motor.

= All multiple motor variable frequency drives shall be capable of
operating even if one of the motors is off.

= Speed pots to be located inside of cabinet
o Drive manufacturers using portable test meter for diagnostics

= Provide not less than one test meter for every five (5) variable
frequency drives for each model or type used

= Meters supplied to LPS at project completion
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0 Each drive shall include an RS 232 port with 25 pin "D" connector to allow
downloading of parameter settings and fault history logs to a standard IBM
compatible portable computer or printer

= |nclude software to allow downloads

0 The audible dBA sound level of the complete system (motor & VFD) when
operated over the full speed range shall be not more than 10 percent
above the sound level of the motor operated in the by-pass mode (60 hZ
building power)

» Testis REQUIRED to be performed during initial startup
0 36-month warranty after the building has been accepted by the Owner

=  Warranty shall include all parts, labor, materials, shipping cost, travel,
lodging, and meals with no cost to LPS

o0 General Installation

= Provide 4-inch-high concrete housekeeping pad for floor mounted
variable frequency drive

=  Where a separate disconnect switch is provided in the motor feeders
between a VFD and the motor, provide an end switch at the disconnect
to open the remote interlock shutdown circuit power circuit

o Start-Up and Testing
= VFD Start-Up

e Provide field start-up service by an authorized factory trained
service representative. The factory representative shall be trained
in the maintenance and troubleshooting of the equipment as
specified herein. Start-up services shall include system check-out,
start-up and system run.

e Start-up adjustments shall include optimizing frequency, optimizing
volts/Hz ratio, identifying, and avoiding resonant speeds, setting
accel/decel ramps, and setting overload and circuit breaker trip
points.

= VFD Harmonic Distortion Testing
e Test and report REQUIRED upon completion
e Conducted by an approved independent testing agency.

0 Measure the harmonic voltage and current distortion of each
VFD with the drive assembly in by-pass mode, with the VFD
running at 50 percent operating speed and with the VFD
running at highest operating speed.

0 Take measurements on each phase (L-L) on the line side (input
terminals) of the VFD

e |nstall corrective reactors or filters at no additional cost to the owner
and retake measurements after corrective equipment is installed.
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¢ Include all measurements (before and after) in the harmonic
distortion report

¢ Provide engineer with a copy of the harmonic distortion report
= VFD Noise Test

e Measure the dBA sound level of the motor with the drive-in by-pass
mode, and with the drive operating at 25 percent, 75 percent, and
100 percent speed output

e Correct as required at no cost to LPS and retake measurements
e Report all tests to the engineer, LPS OMC and LPS PM
* VFD Induced Shaft Voltage Test

o After installation is complete, and system is operating under normal
conditions

0 Between substantial completion and the end of the overall
project warranty period

¢ Measure and report any voltage potential between the motor shaft
and the motor frame

e Correct as required at no cost to LPS and retake measurements
e Report findings to engineer, LPS OMC and LPS PM
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23 05 16 Expansion Fittings and Loops for HVAC Piping

¢ In the absence of any other information, work shall be provided in accordance
with standards of

o Expansion Joint Manufacturer's Association (EJMA)
e Submittals
o Product Data

= |nstallation instructions for each type of expansion compensation
product

= Expansion compensation schedule showing Manufacturer's figure
number, size, location, and features for each required expansion
compensation product.

o Shop Drawings

= Assembly-type shop drawings for each type of expansion
compensation product, indicating dimensions, weights, required
clearances, and methods of assembly of components.

= Shop drawings for fabricated expansion loops indicating location,
dimensions, pipe sizes, and location and method of attachment of
anchors.

o Maintenance Data

= Maintenance data and spare parts lists for each type of expansion
compensation product

o Closeout
= Submittals listed above updated to record status

e Pipe expansion joints shall provide 200 percent absorption capacity of
calculated piping expansion between anchors

Packless Expansion Joints
o0 Approved Manufacturers

= Flexonics Div.: UOP. Inc.

=  Garlock
= Hyspan Precision Products. Inc.
= Thermo-Tech

= Mason Industries. Inc.

» Metraflex Co.
0 Packless Rubber Expansion Joints
= Fabric-reinforced butyl rubber with full- faced integral flanges

= External control rods
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» Internally reinforced with steel retaining rings over entire surface of
flanges

» Drilled to match flange bolt holes
0 Bellows-Type Expansion Joints
= Asrequired

= Materials and pressure/temperature ratings selected by manufacturer
to suit intended service

= Provide 200 percent absorption capacity with 30 percent safety factor
= ASTM A240 T304 Stainless Steel laminated bellows
= Flanged Connections, conforming to ANSI B16.5
= 150 psig design pressure
= Minimal warranted cycle life of 10,000 full-stroke cycles
= Externally pressurized, bellows-type
e Lifting lug
e Drain port
e Internally guided
= Bellows-type expansion joint
e Internal stainless-steel liner

e Shouldered support of bellows to minimize stress at pipe-bellows
weld.

e External shroud
Packless Expansion Joints Compensators
o0 Approved Manufacturers

= Flexonics Div.: UOP. Inc.

=  Garlock
= Hyspan Precision Products. Inc.
= Thermo-Tech

= Keflex. Inc.

= Metraflex Co.

=  American BOA_ Inc.

0 Pressure rated
= 125 psi for low-pressure systems
= 175 psi for high-pressure systems

o Cycle life of 10,000 full-stroke cycles
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o Copper piping systems
= 2-ply phosphor bronze bellows, brass shrouds, and end fittings
0 Steel piping systems
= 2-ply stainless steel bellows, carbon steel shrouds, and end fittings

o Internal guides and anti-torque device and removable end clip for proper
positioning

Pipe Alignment Guides
o0 Approved Manufacturers
= Hyspan Precision Products. Inc.
= Metraflex Co.

= Keflex. Inc.

o Pipe alignment guides at locations and spacing as required
* Piping that adjoins expansion joints and elsewhere
= Anchor to building substrate

0 4-finger spider traveling inside guiding sleeve

o0 Provision for anchoring to concrete substrate

0 Factory insulation insert

= Thickness to match adjoining insulation
= Hydrous Calcium Silicate insulation

= 1200° F maximum temperature

= (.31 K-factor

= Vapor barrier

Slip Joints
0 Approved Manufacturers
= Hyspan Precision Products, Inc.
» Advanced Thermal Systems, Inc
0 Carbon steel slip type
o Designed for repacking under pressure
0 Asbestos-free packing compound
Flexible Ball Pipe Joints
o0 Approved Manufacturers

» Advanced Thermal Systems, Inc.

= Barco Div.. Marison Industries

= Gustin-Bacon Div.; Aeroguip Corp.
0 360-degree rotation
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0 Angular Deflection

=  Minimum of 30 degree for sizes 6 inches and smaller
= Minimum of 15 degree for sizes 8 inches and larger

0 Carbon steel and shall comply with Section Il of ASME Boiler and Pressure
Vessel Code and ASME B31.9 "Building Service Piping" for materials and
design of pressure containing parts and bolting

0 Asbestos-free packing

» Factory tested with steam at working pressure of piping system for zero
leaks

Grooved Piping Couplings and Nipples Expansion Joints
0 Approved Manufacturers

= Victaulic Co. of America
= |TT Grinnell

= Gustin-Bacon Div.; Aeroquip Corp.
o Suitable gasket material for piping system as required

o Combination Couplings and Nipples

= Cut grooved short ASTM A 53 steel pipe nipples and ductile iron or
malleable iron couplings

= Removable ties to hold joint compressed or expanded during piping
fabrication

o Slip-Type Expansion Joints

= Ductile iron or malleable iron housing, ASTM A 53 steel pipe body

= Polytetrafluoroethylene (PTFE) modified polyphenylene coated steel
pipe slide

e Expansion Joints
0 As required for adequate expansion of installed piping system
o0 Align units properly to avoid end loading and torsional stress
e Expansion Loops:

o0 Fabricate to dimensions and in locations as required for adequate
expansion compensation of installed piping system

o0 Pipe anchors and pipe alignment guides to properly anchor and align
piping in relationship to expansion loops

e Expansion Compensation for Risers and Terminals
0 Provide details on drawings
o Install connection between piping mains and risers with at least
= 5 pipe fittings including tee in main
= 4 pipe fittings including tee in riser
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23 05 19 Meters and Gauges for HVAC Piping

¢ In the absence of any other information, work shall be provided in accordance
with

0 UL standards pertaining to meters and gauges
0 Applicable portions of ANSI

o0 Instrument Society of America (ISA) standards pertaining to construction
and installation of meters and gauges

e Submittals
0 Product Data
= |nstallation instructions for each type of meter and gauge

= Include scale range, ratings, and calibrated performance curves,
certified where indicated

= Meter and gauge schedule showing manufacturer's figure number,
scale range, location and accessories for each meter and gauge

= All flow measuring devices to be provided shall be reviewed and
approved by the test & balance contractor and the temperature control
contractor for proper scale, rangeability and function prior to submitting
shop drawings

= The test & balance contractor and temperature control contractor shall
provide a typed letter stating this review has been completed and is
included with shop drawing submittals

o Maintenance Data

= Maintenance data and spare parts lists for each type of meter and
gauge

o Closeout
= Submittals listed above updated to record status
Temperature Gauges and Fittings
0 Glass Thermometers
= Approved Manufacturers
o Ashcroft
e Duro

¢ Marshalltown Instruments. Inc.

e Tel-Tru

e Trerice (H.O.) Co.

e Weiss Instruments. Inc.

e Weksler
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e Ernst Gauge Co.

= Case: Die-cast aluminum-finished in baked epoxy enamel, glass front,
spring secured, 9 in. long

= Adjustable Joint: Die cast aluminum, finished to match case, 180
degrees adjustment in vertical plane, 360 degrees adjustment in
horizontal plane, with locking device

= Tube and Capillary: Mercury filled, magnifying lens, 1 percent scale
range accuracy, shock mounted

= Scale: Satin faced, non-reflective aluminum, permanently etched
markings

= Stem: Copper-plated steel, or brass, for separable socket, length to suit
installation. Sampling tube type with duct flange for air duct installations

* Range
e Hot Water
0 30 degrees - 240 degrees F
= 2 degrees F scale divisions
0 0 degrees - 160 degrees C
= 2 degrees C scale divisions
e Chilled Water
0 0-100 degrees F
= 2 degrees F scale divisions
0 0 degrees - 100 degrees C
= 1 degrees C scale divisions
e Duct work
o 0-160degrees F
= 2 degrees scale divisions
o0 Remote Reading Dial Thermometers
= Approved Manufacturers
e Ashcroft
e Duro

e Marshalltown Instruments. Inc.

e Tel-Tru

e Trerice (H.O.) Co.

e Weiss Instruments. Inc.

e Weksler
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o Ametek/U.S. Gauge.
¢ Marsh Instrument Co.: Unit of General Signal.

e Versa Gauge
= Vapor tension
= Drawn steel or brass, glass lens, 4-1/2-inch diameter
= Movement: Brass, precision geared

»= Tubing: Bronze double braided armor over copper capillary, length to
suit installation

= Bulb: Copper with separable socket for liquids, averaging element for
air

= Accuracy: + or - one scale division
= Range
e Hot Water
0 30 degree - 240-degree F (0 degree - 115 degree C)
e Chilled Water
0 30 degree - 180-degree F (0 degree - 85 degree C)
o Air
0 30 degree - 180-degree F (0 degree - 85 degree C)
o Photo Voltaic Digital Thermometers
= Approved Manufacturers
e Weiss Instruments
e Versa Gauge
= Case: High image ABS, with photovoltaic power cell and digital readout

= Range: Selectable between -40-300 degrees F/ -40-150 degrees F,
displayed to 0.1 degrees

= Accuracy: 1 percent of reading or 1 degrees F, whichever is greater
e Re-calibratable via internal potentiometer
¢ Not affected by ambient temperature

= Ambient light required: 10 lux

= Display update: 10 seconds

= Stem: Compatibly with standard thermowell for piping applications, or
sampling tube with flange for air duct applications

o Dial Type Insertion Thermometers and Wells
= Approved Manufacturers

e Trerice (H.O.) Co.
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e Weiss Instruments. Inc.

¢ Marsh Instrument Co.: Unit of General Signal.

e Taylor Instrument Co.

= Type: Bi-metal, stainless steel case and stem, 1-inch diameter dial,
dust and leak proof, 1/8 inch diameter stem with nominal length of 5
inch

= Accuracy: 0.5 percent of dial range
* Range
e Hot Water
0 0 degrees - 220 degrees F (-10 degrees - 110 degrees C)
e Chilled Water
0 25 degrees - 125 degrees (-10 degrees - 110 degrees C)
0 Temperature Gauge Connector Plugs

= Approved Manufacturers

e Fairfax Company

e Peterson Equipment Co.
e Universal Lancaster

e Sisco

e MG Piping Products Co.

* Pressure rated for 500 psi and 200 degrees F (93 degrees C)

= Construct of brass and finish in nickel-plate, equip with 1/2inch NPS
fitting, with self-sealing valve core type neoprene gasketed orifice
suitable for inserting 1/8 inch

= O.D. probe assembly from dial type insertion thermometer
e Equip orifice with gasketed screw cap and chain

e Forinsulated piping provide extension, length equal to insulation
thickness

0 Thermometer Wells
= Constructed of brass or stainless steel
= Pressure rated to match piping system design pressure
= 2-inch extension for insulated piping
= Cap nut with chain fastened permanently to thermometer well
Pressure Gauges and Fittings
0 Pressure Gauges

= Approved Manufacturers

Section Revision: 09/2020 Meters & Gauges 23 05 19 Page 4 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

o Ashcroft

e Duro

e Ametek/U.S. Gauge.

¢ Marshalltown Instruments. Inc.

e Trerice (H.O.) Co.

e Weiss Instruments. Inc.

¢ Marsh Instrument Co.: Unit of General Signal.
¢ MG Piping Products Co.

o Versa Gauge

= General use, 1 percent accuracy, ANSI B40.1 grade A, phosphor
bronze bourdon type, bottom connection

= Drawn steel or brass, glass lens, 4-1/2inch diameter.
* Brass connector with 1/4inch male NPT
= Scale: White coated aluminum, with permanently etched markings.
= Range
e Vacuum
0 30inches Hg - 15 psi
e Water
0 0-100 psi
0 Pressure Gauge Connector Plugs

= Approved Manufacturers

e Fairfax Company

e Peterson Equipment Co.
e Universal Lancaster

e Sisco

¢ MG Piping Products Co.
0 Pressure Gauge Cocks

» Provide pressure gauge cocks between pressure gauges and gauge
tees on piping systems

o Gauge cock shall be ¥4 inch female NPT on each end ball valve as
specified in Section 23 05 23 - Valves.

= Syphon: ¥ inch straight coil constructed of brass tubing with ¥ inch
male NPT on each end
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» Snubber: ¥ inch brass bushing with corrosion resistant porous metal
disc, through which pressure fluid is filtered. Select disc material for
fluid served and pressure rating

Flow Measuring Meters
o Venturi Tube Flow Measuring Elements

= Approved Manufacturers

e Flow-set
e Gerand
e Presco

e Dieterich Standard Corp.
e Barco/Aeroquip Corp.

¢ Flow Design Inc.
» Primary flow measuring elements shall consist of Venturi tubes

¢ In horizontal pipes, place connections slightly above horizontal
centerline of pipe

* Provide each primary element with integral tab, or metal tag on
stainless steel wire, extending outside pipe covering on which is
stamped or clearly printed in plainly visible position the following
information

e Manufacturer's name and address.

e Serial number of meter to which element is to be connected
¢ Name, number, or location of equipment served

e Specified rate of flow

e Multiplier (including unity, where applicable) to be applied to meter
reading

= Provide taps with Schraeder or Hanson type fittings
e Provide tap extensions to accommodate insulation
= Manufacturer shall certify Venturi tubes for actual piping configuration

e Any necessary piping changes required for certification shall be
provided without cost to Owner

e Insert type tubes may be furnished, provided they meet
specification requirements in other respects

= Provide Venturi with throat diameter such that specified rate of flow will
register scale reading of between 20 percent and 80 percent of full-
scale value

Section Revision: 09/2020 Meters & Gauges 23 05 19 Page 6 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

» Venturi sizes and beta ratios shall be selected so that design flow rates
shall read between 20 percent and the full scale range on a linear
meter (e.g. between 10inches and 50 inches on a 0- 50 inches meter),
with permanent pressure loss of not more than 25 percent of indicated
flow rate differential pressure

=  Provide Venturi tubes of solid brass or bronze

e Tubes larger than 2 inches shall have flanges or butt weld
connections and may be cast iron or steel

e Steel tubes may be fabricated or cast with cadmium or zinc-plating.
Line throats of cast iron tubes with bronze, and plate cast iron
portion with cadmium

» Tubes shall be calibrated and tested by independent testing laboratory
and performance data furnished with shop drawings.

= Connections for attachment to portable flow meter hoses shall be
readily accessible.

o Calibrated Balancing Valves
= Approved Manufacturers

e Armstrong+
e "Flowset" - Flow Desidan, Inc.

e Presco.

e Tour and Anderson. Inc.

e Gerand "Balvalve Indicator"”
o Bell and Gossett (To Match EXxisting Only)
= Match existing balance valves whenever possible

= Equipped with readout valves to facilitate connecting of differential
pressure meter to balance valves

e Equip each readout port with a quick connect valve designed to
minimize system fluid loss during monitoring process

e Provide balance valves with preformed insulation suitable for use
on heating and cooling systems, and to protect balance valves
during shipment

= Variable orifice type
e Globe-type valve
e Multiple turns of handwheel from full closed to full open
e Bubble-tight shut-off

e Schraeder type taps upstream and downstream
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¢ Memory stop device to allow valve to be returned to balanced
position after being closed

e Provide slide rule type flow calculator, include in Operation and
Maintenance Manual

= Valve and Venturi type
e Ball or butterfly type valve
o Bubble-tight shut-off
e Fixed Venturi, upstream of valve
e Schraeder type taps on Venturi, upstream and downstream

e Memory stop device to allow valve to be returned to balanced
position after being closed

e Provide metal tag with flow curve for each valve
o Flow Meter Read-out Kits

= With bellows type differential pressure element and minimum 5-inch
diameter indicating dial

= Design pressure elements for full scale pressure differential of 50
inches or 100 inches water gauge

e Design shall incorporate rupture-proof metal beryllium or stainless-
steel bellows and torque tube drive requiring no lubrication

e Design forged bodies for not less than 150 percent of maximum
surge pressure, fully protected against surges, with full provision for
venting and draining

e Provide integral, adjustable pulsation dampers

= Dials of portable meters shall have square root scales not less than 12
inches in developed length

¢ Dials shall read from 0 to 10 gpm to which multiplier is to be
applied, as required

e Uniform scale reading from Oinches to 10 inches w.g., to which
multiplier of 10 to be applied (100 inches at full scale), or from 0
inches to 5 inches w.g., to which multiplier of 10 is to be applied (50
inches at full scale)

= Engineer and manufacture in accordance with ASME
recommendations for flowmeters

= Provide portable meters with overall accuracy of + 5 percent.

= Provide flow meter with factory-fabricated carrying case with integral
carrying handle

e Case shall be fitted to hold meter and following accessories
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Two 10 feet lengths of connecting hose with suitable female
connectors for connecting to Venturi tube pressure tap nipples

= Design hose for operating pressure of minimum of 150
percent of maximum system operating pressure

Completely assembled 3-value manifold with 2 block valves and
vent and drain valves shall be piped and mounted on base,
which shall be designed for use lying flat on stationary base

Bound set of descriptive bulletins, installation and operating
instructions, parts list, and set of curves showing flow verses
pressure differential for each orifice or Venturi tube with which
meter is to be used

Metal instruction plate, secured inside cover, illustrating use of
meter

Deliver meter with case to LPS OMC and signed as accepted
transmittal to LPS PM

e General Installation

0 Located in accessible locations at most readable position

o Thermometers

Section Revision: 09/2020

Install thermometers in vertical upright position, and tilted to be easily
read by observer standing on floor

Coordinate glass thermometer locations with LPS OMC

Use photovoltaic thermometers in mechanical spaces with ADEQUATE
lighting levels

Coordinate locations with details in the following locations, and
elsewhere as required

e Atinlet and outlet of each

o O O O O

(0]

Hydronic zone

Hydronic boiler and chiller.

Hydronic coil in air handling units, and built-up central systems
Hydronic heat exchanger

Hydronic heat recovery unit

Thermal storage tank.

¢ Indischarge duct or plenum of air handling units and built-up
central systems

Remote Reading Dial Thermometers

¢ Show remote thermometers on plans or specify locations. Where
needed, this function is typically met by digital readouts from the
BAS on buildings with DDC.
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= Thermometer Wells

¢ Vertical upright position

o Fill well with oil or graphite, secure cap.
= Temperature Gauge Connector Plugs

e Secure cap
e Provide portable temperature gauge for each plug connection.

0 Pressure Gauges

= Coordinate locations with details in the following locations, and
elsewhere as required

e At suction and discharge of each pump
e Atdischarge of each pressure reducing valve
e At water service outlet

e Atinlet and outlet of water-cooled condensers and refrigerant
cooled chillers

= Pressure Gauge Cocks
e Install in piping tee with snubber
= Pressure Gauge Connector Plugs

e Secure cap
e Provide portable pressure gauge for each plug connection

o Flow Measuring Meters
= Install in the following locations, and elsewhere as required

e At discharge of each pump
¢ Atinlet of each hydronic coil

=  Wafer-Type Flow Meters

e Install between 2 Class 125 pipe flanges, ANSI B16.1 (cast-iron) or
ANSI B16.24 (cast- bronze)

= Calibrated Balance Valves
e Readout valves in vertical upright position

¢ Maintain minimum length of straight unrestricted piping equivalent
to 3 pipe diameters upstream of valve
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23 05 23 General-Duty Valves for HVYAC Piping

e Valves shall be accessible (within or immediately adjacent to equipment
housings) and be able to isolate zones (supply and return)

e Inthe absence of any other information, work shall be provided in accordance
with

o MSS Standard Practices
= Bypass and Drain Connection Standard
= Butterfly Valves
= Cast Iron Swing Check Valves, Flanged and Threaded Ends
= Ball Valves with Flanged or Butt-Welding Ends for General Service
= Cast Iron Plug Valves, Flanged and Threaded Ends
= Steel Valves - Socket Welding and Threaded Ends
= Cast Iron Globe and Angle Valves, Flanged and Threaded Ends
= Valve User Guide

o0 Solenoid valves shall be
= UL listed
= FM/AGA/ANSI and CSA approved

e Submittals

o Product Data
= Body material
= Valve design
= Pressure and temperature classification
= End connection details
= Seating materials
» Trim material and arrangement
= Dimensions and required clearances
= [nstallation instructions

o Closeout
» Submittals listed above updated to record status

e Valve Features

0 Valves shall have rising stem or rising stem outside screw and yoke
design; except non-rising stem valves may be used where headroom
prevents full operation of rising stem valves

o Operators

= Handwheels, fastened to valve stem for valves other than quarter turn
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= Lever Handle on quarter turn valves 6 inch and smaller, except plug
valves

e Provide a wrench for every plug valve

= Chainwheel operators for valves 2-1/2 inch and larger that are installed
96 inches or higher above finished floor elevation

e Provide chains to an elevation of 6'-0" above finished floor
elevation.

= Worm gear operators of an enclosed weather-proof design shall be
provided on all quarter turn valves 8 inches and larger

0 Where insulation is indicated or specified, provide extended stems to allow
full operation of the valve without interference by the insulation

o Ball Valves
0 Approved Manufacturers
= Conbraco (Apollo)
= Crane
= Nibco

= Milwaukee
* Waltts
= Jomar
0 2-piece is acceptable

= Use 3-piece for brazed lines and other areas required or requested by
LPS OMC

o Ball Valves linch and Smaller
= 150 WSP, 600 WOG, rated for 150 PSI at 350 degrees F

= Two piece end entry body style, bronze body conforming to ASTM
B584

= Full port chrome plated brass ball

= 15 percent glass reinforced PTFE seats, PTFE packing, adjustable
packing nut blow- out proof stem

= Vinyl covered steel handle
= Solder or threaded ends to match piping system

o Ball Valves 1-1/4 inch through 2 inches and for all silver soldered or brazed
lines

= ANSI B16.34, 150 WSP, 600 WOG, rated for 150 PSI at 350 degrees F
= Three piece body style, bronze body conforming to ASTM B584
= Full port, chrome plated brass ball and stem of ASTM A276 type 316

Section Revision: 09/2020 General Duty Valves 23 05 23 Page 2 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

» 15 percent glass reinforced RTFE seats, RTFE packing and blow out
proof stem

» Vinyl coated steel handle
= Solder or threaded ends to match piping system
o Ball valve options/accessories
= Tee handle for tight fit applications (within enclosures, etc.)
*= Locking handle
= Drain
= Stem extension
= Mounting pads
e Eccentric Plug Valves
= PROHIBITED for use in LPS hydronic systems
e Globe Valves
0 Approved Manufacturers
= Crane
= Jenkins
= Luckenheimer
=  Walworth
= Stockham
=  Grinnell Corp.
= Hammond
= Nibco
= Milwaukee
0 Plumbing Systems (2-1/2 inches and Smaller)
= Copper-silicon bronze stem
= Non-asbestos Teflon-impregnated stem packing
= Malleable iron handle

= MSS SP-80, Class 125 WSP body, bonnet, and disc cast bronze ASTM
B62

e Bronze disc ring
e Threaded bonnet

= MSS SP-80 Class 150, body, bonnet and bonnet ring, cast bronze
ASTM B-62

e Teflon disc

e Union bonnet
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o Butterfly Valves

0 Approved Manufacturers

=  Crane
= Keystone/Tyco
=  Nibco

=  Centerline

= K.F. Hale
= Bray

0 Extreme pressures and/or temperatures or sizes over 12 inches require
special engineering.

0 Hydronic Service Butterfly Valves - 2-1/2 inches to 12 inches
= MSS SP-67, cast iron body conforming to ASTM A126 class B
= Aluminum bronze ASTM B148 disc
= Single piece 416 stainless steel stem
= EPDM seat
= Upper and lower bronze bearing, hon-metallic bushing and stem seal
= ANSI class 125 flange, rated for 200 psi pressure differential

= 200 psi drop-tight shut off dead end service, with downstream flange
removed

= Extended neck for 2 inches thick insulation
= All valves shall be factory tested to 110 percent of pressure rating
= All butterfly valves shall be full lugged body, drilled and tapped
e Swing Check Valves
o Approved Manufacturers
= Crane
= Jenkins
= Luckenheimer
=  Walworth
= Conbraco
= Grinnell Corp.
= Nibco
=  Waltts (screwed)

= Stockham

= Grinnell (Grooved Only)
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0 Swing Check Valves — 2 1/2 Inch and Smaller

= MSS SP-80; Class 125/150 WSP 200/300, cast bronze body and cap
conforming to ASTM B 62, ASTM B61 for 200/300 bronze

= Horizontal swing design, Y-pattern, with a bronze/Teflon disc, stainless
steel pin and having threaded or solder ends

= Class 150 valves meeting the above specifications may be used where
pressure requires or if Class 125 valves are not available

0 Swing Check Valves — 2 1/2 to 3 Inch

= MSS SP-71; Class 125 /250 (Class 175 FM approved for fire protection
piping systems), cast iron body and bolted cap conforming to ASTM A
126 Class B

= Horizontal swing, with a bronze disc or cast iron disc with bronze disc
ring, and flanged ends

= Valve shall be capable of being refitted while the valve remains in the
line

= For sewage ejector and sump pump discharge swing check valves 2-
1/2 inches and larger

¢ Provide outside lever with weight or spring to assist disc to close
rapidly

e Non-Slam Check Valves
o Approved Manufacturers
= Crane
= Jenkins
= Luckenheimer
=  Walworth

=  Centerline

= Keystone

= Metraflex

= Techno Corporation
= Nibco

= Val-Matic

= Milwaukee
= Stockham
= Golden Anderson
o Non-Slam Check Valves - 2 Inch and smaller

= Bronze body
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200 psi @ 250 degrees F
Threaded ends
Resilient seats

Center guided spring loaded disk

0 Non-Slam Check Valves — 2 1/2 Inch and larger

Class 125/ 250 cast iron or stainless steel body

Replaceable lapped bronze seat and balanced twin bronze flappers or
bronze center guided disc and stainless steel trim

Designed to open and close at approximately one foot differential
pressure

Twin flappers or center guided disc shall be loaded with a stainless
steel spring to assure even non-slam checking action

EPDM seals

e Lift Check Valves

o0 Approved Manufacturers

Crane
Jenkins
Luckenheimer
Walworth
Conbraco
Metraflex
Milwaukee
Nibco

Stockham

o Lift Check Valves 2 Inch and Smaller

Class 125 (or as required), cast bronze body and cap conforming to
ASTM B 62

Horizontal or angle pattern, lift type valve, with stainless steel spring,
bronze disc holder with renewable "Teflon" disc and threaded ends

Capable of being refitted and ground while the valve remains in the line

e Solenoid Valves

o0 Approved Manufacturers
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= Magnatrol Valve Corp.

o0 Consist of a solenoid (electro-magnet) with its core and a valve body
containing one or more orifices

= Solenoid mounted directly on the valve body

0 Response time from fully open or closed to fully closed or open shall be
slow acting

o 2/3/4way type valves as required

o Normally open or normally closed operation as required for proper
operation of the system for protection against freeze, fire and safety.

o Enclosures shall meet the ICS-6 ANSI/NEMA standard and UL standard
429, 508 and/or 1002 as follows:

= Type 1: General Purpose

= Type 2: Drip proof

= Type 3 and 3S: Raintight, Dust tight and sleet (ice) resistant

= Type 3R: Rainproof, sleet (ice) resistan

=  Type 4: Watertight and dust tight

=  Type 4X: Watertight, Dust tight and Corrosion resistant.

= Type 6: Submersible

= Type 6P: Submersible, prolonged submersion at a limited depth

= Type 7: Explosion proof, Class I, Division 1, Group A (acetylene); B
(hydrogen); C (ethyl- ether vapors, ethylene or cyclopropane); D
(gasoline, hexane, naphtha, benzene, butane, propane, alcohol,
acetone, benzol, lacquer, solvent vapors or natural gas)

= Type 9: Dust-ignition proof, Class Il, Group E (metal dust); F (carbon
black coal or coke dust); G (flour starch or grain dust)

= Operating temperatures shall range from 185 degrees F to 842
degrees F for T1 through T6 code numbers

0 Minimum ambient temperature limitation

= 32 degrees F (0 degrees C) for any valve which contains water or water
vapor

= 0O degrees F (-18 degrees C) where freezing water is not a factor

e Special construction for ambient temperature down to -40 degrees
F (-40 degrees C)

o0 Maximum ambient temperature limitation of 180 degrees F (82 degrees C).

o Parts in contact with fluid shall be brass, bronze, or stainless steel; core
tube, 305 stainless steel; core and plug nut, 430 F stainless steel; Seal-
BUNA "N"; shading coil-copper; disc-BUNA "N" and Nylon; Spring, 302
stainless steel (General Service)
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o0 Manual reset safety shut-off valve shall open manually and close upon
interruption of current

0 Electric current shall be AC of voltage shown on Division 26 drawings
e Drain Valves

o For HVAC and Plumbing Hydronic Systems

o Ball Valve with Threaded Hose End and Cap with Chain
e General Execution

o Isolation valves for HVAC equipment shall be accessible and mounted
within equipment cabinet or housing as afforded by fabrication or, if not
possible, immediately adjacent to the equipment

0 Select valves with the following ends or types of pipe/tube connections

= Copper Tube Size 2 Inch and Smaller: Solder ends, except in heating
hot water which shall have threaded ends

= Steel Pipe Sizes 2 Inch and Smaller: Threaded or grooved-end
= Steel Pipe Sizes 2-1/2 Inch and Larger: Flanged or grooved end

= At all piping hot taps provide a gate valve with the hot tap and a
butterfly valve for shut-off service

e Hot taps shall be provided only where approved by the engineer

CONTINUED ON NEXT PAGE
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Valve Application Table
(Where sizes overlap, choice of either type)

SERVICE VALVE TYPE
Plumbing Water Services; 3" or smaller Ball Valve
Plumbing Water Services; 2-1/2" and larger Butterfly Valves
Plumbing Pressure Reducing Bypass; all sizes | Globe Valve

Plumbing Balancing Service; 2" and smaller

Calibrated Balancing Valve See Section

15135
Plumbing Balancing Service; 2-1/2" and larger
HVAC Hydronic Piping; 3" and smaller Ball Valve
HVAC Hydronic Piping; 2-1/2" and larger Butterfly Valve
HVAC Hydronic Pressure Reducing Valve Globe Valve

Bypass; all sizes

HVAC Hydronic Balancing valve; 2" and
smaller

Calibrated Balancing Valve

HVAC Hydronic Balancing Valve; 2-1/2" and
larger

HVAC & Plumbing Check Valves; 2" and
smaller

Swing Check

HVAC & Plumbing Pump Discharge Check
Valve;

Non-Slam Spring Loaded

Sewage Ejector and/or Sump Pump

Swing Check, (Provide outside weighted
lever or spring for 2-1/2" and larger)

0 Locate valves for easy access and provide separate support where

necessary

o Install valves and unions for each fixture and item of equipment in a

manner to allow equipment removal without system shut-down

= Unions are not required on flanged devices

o Install 3-valve bypass around each pressure reducing valve using throttling

type valves

0 Gate and globe valves shall be installed with the stem in the upright

position

o In overhead horizontal piping, ball valves shall be installed with the handle

in the side or bottom of the piping

o Butterfly valves shall be installed with the stem within 45 degrees of the

horizontal position

0 The handle of quarter turn valves shall open in the direction of flow

= Quarter turn valves with hand wheels or chain wheels located so that
the position indicator is visible from the floor without the use of a ladder
or climbing on equipment or piping
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o0 Installation of Check Valves installed for proper direction of flow
= Swing Check Valves: Install in horizontal position with hinge pin level

= Wafer Check Valves: Install between 2 flanges in horizontal or vertical
upward flow position

= Lift Check Valve: Install in piping line with stem upright and plumb
o Butterfly Valve Motorized Actuators

o Coordinate with the control system installer to set up all end switches, pilot
valves and control panels

o0 Provide electric valve actuator power in accordance with Division 26

o Provide min 80 psig main air piping to pneumatic actuators (existing or
individually replaced pneumatic actuators, only)

0 Set travel stops as recommended by the valve manufacturer or as required
= Stop just short of seating to allow a minimal amount of bleed
= Set to shut off but not fully seat.

0 Locate pilot positioners and valve position indicators so that they will be
visible from the floor or roof surface, without the need of a ladder or
climbing over equipment and piping.
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23 05 29 Hangers and Supports for HYAC Piping and Equipment

¢ In the absence of any other information, work shall be provided in accordance
with

0 Applicable plumbing codes pertaining to product materials and installation
of supports and anchors.

0 Hangers and supports shall comply with NFPA

0 NFPA standard No. 13 when used as a component of a fire protection
system

0 NFPA Standard No. 14 when used as a component of a standpipe system

o0 NFPA 99 medical gas systems

0 Hangers, supports, and components shall be listed and labeled by either
= UL and FM where used for fire protection piping systems.

= Nationally Recognized Testing Laboratory and NEMA Compliance
(NRTL)

e Hangers, supports, and components shall be listed and labeled by
a NRTL where used for fire protection piping systems

e The term "NRTL" shall be as defined in OSHA Regulation 1910.7
0 SMACNA Duct Manuals
= MSS Standard Compliance for pipe hangers and supports
e Submittals
0 Product Data
= |nstallation instructions for each type of support and anchor

* Pipe hanger and support schedule showing Manufacturer's figure
number, size, location, and features for each required pipe hanger and
support

0 Shop Drawings

= Manufacturer's assembly-type shop drawings for each type of support
and anchor

= Dimensions, weights, required clearances
= Methods of assembly of components.

o Product certificates signed by the manufacturer of hangers and supports
certifying that their products meet the specified requirements

0 Maintenance Data
= Maintenance data and parts list for each type of support and anchor
o Closeout

= Submittals listed above updated to record status
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e Pipe Hangers and Supports
0 Approved Manufacturers
= B-Line Systems Inc.
= ANVIL International
= PHD Manufacturing. Inc.

= Unistrut Metal Framing Systems
= Hubbard Enterprises (Supports for domestic water pipin

= Specialty Products Co. (Supports for domestic water pipin

o Factory fabricated of materials, design, and manufacturer complying with
MSS SP-69

» Galvanized coating where piping and equipment that will not have field-
applied finish

= Nonmetallic coating for electrolytic protection where attachments are in
direct contact with copper tubing

0 Adjustable Clevis Hanger: MSS Type
= Steel Pipe, size 3/8" thru 30", Type 1
= Non-insulated Copper Pipe, size 1/2" thru 4", Type . (PVC Coated)
= Cast Iron Pipe, size 4" thru 24", Type 1
0 Adjustable Swivel Ring for Non-insulated Pipe: MSS Type
= Steel Pipe, size 1/2" thru 8", Type 7
= Copper Pipe, size 1/2" thru 4", Type 7 (PVC Coated)
0 Pipe Clamps: MSS Type
= Steel Pipe, size 3/4" thru 24", Type 8
= Copper Pipe, size 1/2" thru 4", Type 8 (PVC Coated)
0 U Bolts: MSS Type
= Steel Pipe, size 1/2" thru 30" Type 24
= Copper Pipe, size 1/2" thru 8", Type 24 (PVC Coated)
Straps: MSS Type 26
Pipe Stanchion Saddle: MSS Type 37
Yoke & Roller Hanger: MSS Type 43

Hanger Rods: Continuous threaded steel, sizes as required

O O O O O

Hangers
= Hot Pipes
e 1/2" through 1-1/2": Adjustable wrought steel ring

o 2" through 5": Adjustable wrought steel clevis
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e 6" and Over: Adjustable steel yoke and cast iron roll
= Cold Pipes

o 1/2" through 1-1/2": Adjustable wrought steel ring

¢ 2" and Over: Adjustable wrought steel clevis
= Multiple or Trapeze

e Structural steel channel (with web vertical and engineered for the
specific applications), with welded spacers and hanger rods

o Provide cast iron roll and base plate for hot pipe sizes six inches
and over

e Provide hanger rods one size larger than for largest pipe in trapeze

¢ If the deflection at center of trapeze exceeds 1/360 of the distance
between end hangers, install additional hanger at mid-span or use
larger channel

0 Wall Supports for Horizontal Steel Pipe
= %% inch through 4inches: Offset or straight j-hook

= 4 inches and Over: Welded steel bracket Type 31, 32 or 33 and
wrought steel clamp

= Provide adjustable steel yoke and cast iron roll Type 44 for hot pipe
200° F and over and for sizes six inches and over

0 Supports for Vertical Pipe
= Steel riser clamp, Type 8
0 Upper Attachments
= For attaching hanger rods to structural steel I-beams
e Provide adjustable beam clamp, MSS-Type 21
e Attach to bottom flange of beam
= For attaching hanger rods to bar joists

e When bottom chord is constructed of structural steel angles,
provide square washer

e Place hanger rod between backs of the two angles and support with
the washer and dual locking nuts on top of the angles

e Spot weld washer to angles

¢ When bottom chord is constructed of round bars, provide Elcen No.
137 bar joint washer or equal

e Saddles, Shield and Thermal Shield Inserts
0 Approved Manufacturers

=  ANVIL International
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Pipe Shields. Inc.
B-Line

Insulated Saddle Shield Insert Product Inc.

o Protection Saddles

MSS Type 39

Fill interior voids with segments of insulation matching adjoining
insulation

o Protection Shields

MSS Type 40
180 degrees arc
Galvanized steel

Minimum 12 inches long, to prevent crushing of insulation

o Thermal Shield Inserts

Provide 100-psi minimum compressive strength, waterproof, asbestos-
free calcium silicate, encased with a sheet metal enclosure

Insert and shield shall cover the entire circumference or the bottom half
circumference of the pipe

Length recommended by the manufacturer for pipe size and thickness
of insulation

For cold piping, calcium silicate shall extend beyond the sheet metal
shield to allow overlap of the vapor barrier

Where piping 4 inches and larger is supported on trapeze or pipe
rollers, provide double thickness shields

For piping 12 inches and over, provide 600 psi calcium silicate
structural insert

¢ Roof Equipment Supports

o Approved Manufacturers

Custom Curb. Inc.
Pate Co.
Thycurb Div.: Thybar Corp.

Vent Products. Inc.

0 Provide details on drawings

e Roof Conduit and Piping Supports

0 Approved Manufacturers per

22 05 29 Hangers and Supports for Plumbing Piping and Equipment
26 05 29 Hangers and Supports for Electrical Systems
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e Concrete Inserts and Anchors
0 Approved Manufacturers
= Unistrut Metal Framing Systems
= |TW Ramset/Red Head

=  Power-Strut
= B-Line
o Inserts

= Galvanized carbon steel case with square threaded concrete insert nut
for hanger rod connection; top lugs for reinforcing rods, nail holes for
attaching to forms

= Required all areas having poured in place concrete construction
0 Size inserts to suit threaded hanger rods
0 Fasteners attached to concrete ceilings to be vibration and shock resistant
= Concrete insert per MSS SP 69, Type 18
= Powder driven fasteners
e Require approval of architect and structural engineer

e Fastener shall be capable of holding a test load of 1000 pounds
where the actual load does not exceed 50 pounds

= Self-drilling expansion shields
e Load applied not to exceed one-fourth the proof test load required

¢ Machine bolt expansion anchor. The load applied shall not exceed
one-fourth the proof test load required.

o Anchors
= Carbon steel, zinc plated and coated with a clear chromate finish
= Drilled holes or self-drilling anchors
e Installation
0 Hangers and Supports

= Arrange for grouping of parallel runs of horizontal piping to be
supported together on field fabricated, heavy-duty trapeze hangers
where possible

= Where piping of various sizes is supported together by trapeze
hangers, space hangers for smallest pipe size, or install intermediate
supports for smaller diameter pipe

= PROHIBITED

e Use of wire or perforated metal to support piping
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e Support piping from other piping
= Support fire-water piping independently from other piping systems

» Prevent electrolysis and abrasion in support of copper tubing by use of
hangers and supports which are either

e Plastic coated

o EPDM isolation strips

e Duct tape or copper coated hangers are PROHIBITED
= Place a hanger within one foot of each horizontal elbow.

= Use hangers which are vertically adjustable 1 1/2 inch minimum after
piping is erected.

= Support vertical steel and copper piping at every story height but at not
more than 15 foot intervals for steel and 10 feet for copper

= Where several pipes can be installed in parallel and at same elevation,
provide trapeze hangers

= Where practical, support riser piping independently of connected
horizontal piping

= Securely anchor and support plumbing domestic water piping in chases
or walls

e Use factory manufactured clamps and brackets connected to
fixtures, waste/vent piping or brackets connected to studs

0 Wires or straps are PROHIBITED

o Where copper supplies are connected to flush valves, support the
tubing by the studs or by a fixture, not by clamping to waste/vent
piping

e Prevent copper tubes from making contact with steel brackets using
fire retardant polyethylene inserts or other dielectric insulating

material
0 Duct tape is PROHIBITED
o Anchors

» |nstall anchors at proper locations to prevent stresses exceeding ANSI
requirements, and to prevent transfer of loading and stresses to
connected equipment

= Install anchors at ends of principal pipe-runs, at intermediate points in
pipe-runs between expansion loops and bends

= Make provisions for preset of anchors as required to accommodate
both expansion and contraction of piping. Provide shop drawing for
review by Engineer.

0 Sheet Metal Duct Hangers and Supports
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= Provide in accordance with SMACNA HVAC duct construction
standards.

o Equipment Supports

» Fabricate structural steel stands to suspend equipment from structure
above or support equipment above floor

= Place grout under supports for piping and equipment
= Housekeeping bases
e Minimum 4 inches thick minimum
e Extended 4inches beyond machinery bedplates
= All machinery shall be grouted under the entire bearing surface
0 Prefabricated Rooftop Equipment Supports
= Equipment Bases

e Solid top combination equipment base with integral duct curb and
stepped cant to match roof insulation

e Base shall pitch to match roof pitch and provide level unit
installation

e Base shall be constructed of reinforced 18 gauge galvanized steel
with all welded components, full mitered corners, factory installed 1-
1/2 inches thick rigid fiberglass insulation, wood nailer, and
galvanized steel counter- flashing

e Base shipped as one piece
= Equipment Rails:

e 18 gauge galvanized steel shell, base plate, and counterflashing
with factory installed wood nailer, fully mitered end sections,
stepped cant to match roof insulation

o Rails shall pitch to match roof pitch and provide level installation
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23 05 48 Vibration and Seismic Controls for HVYAC

¢ In the absence of any other information, work shall be provided in accordance
with

o ASHRAE "Sound and Vibration Control"

= Minimum static deflections recommended by ASHRAE, for selection
and application of vibration isolation materials and units as indicated

e Obtain vibration control products from single manufacturer whenever possible

¢ Engage manufacturer to provide technical supervision of installation of support
isolation units produced, and of associated inertia bases (if any)

e Submittals
o Product Data

= Manufacturer's technical product data and installation instructions for
each type of vibration control product

= Schedule showing size, type, deflection, and location for each product
furnished

* Include data for each type and size of unit, showing isolation efficiency,
stiffness, natural frequency and transmissibility at lowest operating
speed of equipment

= For spring units, show wire size, spring diameter, free height, solid-
compression height, operating height, fatigue characteristics, ratio of
horizontal to vertical stiffness and bases of spring-rated selection for
range of loading weights

= Include performance certifications from manufacturers
o Shop Drawings

= Manufacturer's assembly-type shop drawings indicating dimensions,
weights, required clearances, and method of assembly of components

= Detail bases, and show location of equipment anchoring points,
coordinated with equipment manufacturer's shop drawings

= Show structural design and details of inertia bases, steel beam bases
and other custom-fabricated work not covered by manufacturer's
submitted data

¢ Furnish templates, anchor bolts and sleeve for equipment bases,
foundations and other support systems for coordination of vibration
isolation units with other work

= |ndicate scope of vibration isolation work and locations of units and
flexible connections

¢ Include support isolation points for piping and ductwork including
risers, air housings and inertia bases
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¢ Include schedule of units, showing size or manufacturer's part
number, and weight supported and resulting deflection of each unit

0 Maintenance Data
= Maintenance data for each type of vibration control product
o Closeout
= Submittals listed above updated to record status
e Vibration Control Products
0 Approved Manufacturers
= Korfund
= Mason Industries. Inc.

= Peabody Noise Control, Inc.
= Vibration Eliminator Co.

= Vibration Mountings & Controls
o Fiberglass Pads and Shapes

= Glass fiber of not more than 0.18 mil diameter
» Produced by multiple-flame attenuation process

= Molded with manufacturer's standard fillers and binders through 10
compression cycles at 3 times rated load bearing capacity, to achieve
natural frequency of not more than 12 Hertz

= In thicknesses and shapes required for use in vibration isolation units
0 Neoprene Pads

= Oil-resistant neoprene sheets of manufacturer's standard hardness

= Cross- ribbed or waffled pattern
o Vibration Isolation Springs

=  Wound-steel compression springs, of high-strength, heat-treated,
spring alloy steel with outside diameter not less than 0.8 times
operating height

Lateral stiffness not less than vertical stiffness

Designed to reach solid height before exceeding rated fatigue point of
steel

= Color coated springs for ease of identification.
= Spring shall have a minimum of 50 percent additional travel to solid
o0 All-Directional Anchors

= Acoustical pipe anchor consisting of telescopic arrangement of sizes of
steel tubing separated by minimum %z inch thickness of heavy-duty
neoprene and duck, or neoprene isolation material
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» Provide vertical restraints by similar material arranged to prevent
vertical travel in either direction

= Design for maximum 500 psi load on isolation materials, and provide
for equal resistance in any direction

= Equip anchor with threaded hole on top and 2 holes in base plate for
bolting down or provide welding provisions top and bottom, where
required

0 Neoprene Mountings

= Consisting of neoprene element bonded between 2 steel plates that are
neoprene-covered to prevent corrosion

=  Minimum rated deflection of 0.35 inches

* Provide threaded hole in upper plate and 2 holes in base plate for
securing to equipment and to substrate

0 Spring Isolators, Free-Standing

= Vibration isolation spring Type C between top and bottom loading
plates, and with pad-type Type B isolator bonded to bottom of bottom
loading plate

» Include studs or cups to ensure centering of spring on plates

» Include leveling bolt with lock nuts and washers, centered in top plate,
arranged for leveling and anchoring supported equipment

¢ Include holes in bottom plate for bolting unit to substrate
0 Spring Isolators, Vertically-Restrained
= Type C in housing that includes vertical limit stops

= Design housing to act as blocking during erection, and with installed
height and operating height being equal

= Maintain %2 inch minimum clearance around restraining bolts, and
between housing and springs

= Design so limit stops are out of contact during normal operation.
= Mounting used out of doors
e Hot dipped galvanized with cadmium plated spring

o Certified calculation by a registered professional engineer showing
ability to withstand 109 MPH wind load in 3 principal axes

0 Seismic Snubbers

= Type H seismic snubber where Earthquake Restraint is indicated
0 Thrust Restraints

= Consisting of spring elements in series with neoprene pad

= Spring deflection same as for equipment loading
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» Design so thrust restraints can be pre-set and adjusted in field

= Attach horizontal restraints at centerline of thrust and symmetrically on
either side of unit

= Provide same deflection as isolated equipment

= Select load to provide %2 inch maximum displacement under full system
operating pressure

0 Equipment Rails

=  Where rails or beams are required for use with isolator units to support
equipment, provide steel beams complying with ASTM A36, with
minimum depth of 6 inches or 0.10 x span of beam between isolators
(whichever is greater)

= Welded bracket at each end of beams, and anchor each end to spring
isolator unit

= Bolt holes in beams matching anchor bolt holes in equipment

= Provide beams of section modules indicated or, if not indicated,
selected for normal-weight equipment loading to limit static load stress
to 16,000 psi

= Beam depth need not exceed 14 inches provided that deflection and
misalignment is kept within manufacturer's acceptable limits.

0 Fabricated Equipment Bases

= Where supplementary bases are required for use with isolator units to
support equipment (base not integral with equipment), provide welded
rectangular unit, fabricated of structural steel shapes, plates and bars
complying with ASTM A36

= Welded support brackets and anchor base to spring isolator units

= Arrange brackets to result in lowest possible mounting height for
equipment, but provide minimum of 1 inch where ever possible

= Bolt holes in base matching anchor bolt holes in equipment

= Auxiliary motor slide base under motor or motor slide rails for adjusting
belt tension

e Design primary base for bolting of rails or slide base in position

= Where sizes of base framing members are not indicated, fabricate base
with depth of structure not less than 0.10 x longest span of base, rigidly
braced to support equipment without deflections or distortions which
would be detrimental to equipment or equipment performance

= Beam depth need not exceed 14 inches provided that deflection and
misalignment is kept within manufacturer's limits

o Inertia Base Frames
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» Where inertia bases are required for use with isolation units to support
equipment, provide rectangular structural beam channel, or complete
sheet metal box concrete forms for floating foundations, with materials
complying with ASTM A36

= Frame unit as shown or, if not shown, with minimum depth of 0.08 x
longest dimension of base, but not less than 6 inches deep

= Size frame as shown or, if not shown, so that weight of frame plus
concrete fill will be greater than operating weight of equipment
supported

= Steel reinforcing both ways with both ends of reinforcing butt-welded to
base framing.

= Welded support brackets and anchor base frame to spring isolator units

= Anchor bolts, located as required for equipment anchorage and
supported for casting of concrete

e Locate bolts as indicated or, if not indicated, locate bolts so that
operating weight of equipment will be centered both ways on inertia
base

= Adjustable bolts in pipe sleeves
= Mounting bracket to provide 1 inch floor clearance.

= Sufficient mass to allow % inch maximum displacement under starting
and normal conditions

o Roof-Curb Isolators

= Fabricated frame units sized to match roof curbs, formed with isolation
springs Type C between extruded aluminum upper and lower sections,
which are shaped and positioned to prevent metal-to-metal contact

= Continuous airtight and waterproof seal between upper and lower
extrusions

= Include provisions for anchorage of frame unit to roof curb, and for
anchorage of equipment to unit

0 Isolation Hangers

= Units formed with brackets and including manufacturer's standard
compression isolators of type indicated

= Design brackets for 5 times rated loading of units

= [Fabricate units to accept misalignment of 15 degrees off center in any
direction before contacting hanger box, and for use with either rod or
strap type members and including acoustical washers to prevent metal-
to-metal contacts

= Vibration isolation spring Type C with cap in lower pad-type isolator
rubber hanger element in bottom, securely retained in unit
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* Neoprene element, with minimum deflection of 0.35inch, securely
retained in hanger box

o Riser Isolators

= Suspend risers from, or support risers by, spring hangers Type ND or
spring isolators Type F

= Wherever possible, anchor risers at central point with resilient anchors
Type D

» Provide hanger or mounting deflection of 0.75 inches except in those
expansion locations where additional deflection is required to limit
deflection or load changes to +25 percent of initial deflection

= Sliding guides held in position by resilient anchors, located between
anchor points and end of piping, spaced as indicated

o0 Flexible Pipe Connectors
= Non-ferrous piping

e Bronze hose covered with bronze wire braid with copper tube ends
or bronze flanged ends, braze-welded to hose

= Ferrous piping provide

e Stainless steel hose covered with stainless steel wire braid with
NPT steel nipples or 150 psi ANSI flanges, welded to hose.

o Neoprene or EDPM is PROHIBITED.
e General Installation

o0 Ensure units do not exceed rated operating deflections or bottom out under
loading, and are not short- circuited by other contacts or bearing points

0 Remove space blocks and similar devices (if any) intended for temporary
protection against overloading during installation

o Install units between substrate and equipment as required for secure
operation and to prevent displacement by normal forces

0 Adjust leveling devices as required to distribute loading uniformly onto
isolators

= Shim units as required where substrate is not level

o Install inertia base frames on isolator units so that minimum of 1 inch
clearance below base will result when frame is filled with concrete and
supported equipment has been installed and loaded for operation

o For air handling equipment, install thrust restraints as indicated, and also
wherever thrust exceeds 10 percent of equipment weight

0 Locate isolation hangers as near overhead support structure as possible

0 Weld riser isolator units in place as required to prevent displacement from
loading and operations
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0 Flexible Pipe Connectors
» |nstall on equipment side of shutoff valves
= Horizontally and parallel to equipment shafts wherever possible
o Examination of Related Work

o Installer of vibration isolation work shall observe installation of other work
related to vibration isolation work, including work connected to vibration
isolation work; and, after completion of other related work (but before
equipment startup), shall furnish written report to engineer listing observed
inadequacies for proper operation and performance of vibration isolation
work

0 Report shall cover, but not necessarily be limited to

= Equipment installations (performed as work of other sections) on
vibration isolators

* Piping connections including flexible connections
= Ductwork connections including provisions for flexible connections

= Passage of piping and ductwork which is to be isolated through walls
and floors

o Do not start-up equipment until inadequacies have been corrected in
manner acceptable to vibration isolation installer

e Upon completion of vibration isolation work, prepare report showing measured
equipment deflections theoretical floor deflection and isolation efficiency for
each major item of equipment
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23 05 53 Identification for HYAC Piping and Equipment

¢ In the absence of any other information, work shall be provided in accordance
with ANSI A13.1 Identification of Piping Systems

e Submittals
o0 Product Data

= Manufacturer's technical product data and installation instructions for
each identification material and device required

o0 Schedules

=  Submit valve schedule for each piping system, typewritten and
reproduced on 8-1/2" x 11" bond paper

= Tabulate valve number, piping system, system abbreviation (as shown
on tag), location of valve (room or space), size of valve, and variations
for identification (if any)

= Only tag valves which are intended for emergency shut-off and similar
special uses, such as valve to isolate individual system risers,
individual floor branches or building system shut off valves

o Closeout
= Submittals listed above updated to record status

= |n addition to mounted copies, furnish extra copies for Maintenance
Manuals

e Approved Manufacturers

Life Guard

T & B Westline

W. H. Brady Co.. Signmark Div.
Allen Systems. Inc.

Brimar Industries. Inc.

Industrial Safety Supply Co.. Inc.
Seton Name Plate Corp.

PVC Specialties

e Coordinate project requirements or special items and methods with LPS OMC
and LPS PM

© 0O 0o 0o o o o o

0 LPS OMC and LPS PM review and approval of all naming conventions is
REQUIRED prior to procurement

« Mechanical ldentification Materials

0 Manufacturer's standard products of categories and types required for
each application as referenced in other Division 23 sections
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o0 Where more than single type is specified for application, selection is
installer's option, but provide single selection for each product category

« Painted ldentification Materials
o Stencils

= Standard fiberboard stencils, prepared for required applications with
letter sizes generally complying with ANSI recommendations for piping
or to match existing size in existing building but

¢ Not less than 1-1/4" high letters for ductwork

¢ Not less than 3/4" high letters for access door signs and similar
operational instructions

o Stencil Paint

= Standard exterior type stenciling enamel; black, except as otherwise
indicated; either brushing grade or pressurized spray-can form and
grade

o ldentification Paint

= Standard identification enamel of colors indicated or, if not otherwise
indicated comply with ANSI for colors or to match existing building
standard identification

¢ Plastic Pipe Markers
0 Snap-On Type

= Manufacturer's standard pre-printed, semi-rigid snhap-on, color-coded
pipe markers

o Insulation

= 1 inch thick molded fiberglass insulation with jacket for each plastic
pipe marker to be installed on uninsulated pipes subjected to fluid
temperatures of 125 degrees F. (52 degrees C.) or greater

e Cut length to extend 2inches beyond each end of plastic pipe
marker

o0 Small Pipes
= External diameters less than 6 inches (including insulation if any)

¢ Full-band pipe markers, extending 360 degrees around pipe at
each location, fastened by one of the following methods

0 Snap-on application of pre-tensioned semi-rigid plastic pipe
marker.

0 Taped to pipe (or insulation) with color-coded plastic adhesive
tape, not less than 3/4inch wide; full circle at both ends of pipe
marker, tape lapped 1-1/2inch

o Large Pipes
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» External diameters of 6inches and larger (including insulation if any)

¢ Full-band or strip-type pipe markers, but not narrower than 3 times
letter height (and of required length), fastened by one of the
following methods

o Steel spring or non-metallic fasteners

0 Taped to pipe (or insulation) with color-coded plastic adhesive
tape, not less than 1-1/2inches wide; full circle at both ends of
pipe marker, tape lapped 3inches

0 Strapped-to-pipe (or insulation) application of semi- rigid type,
with manufacturer's standard stainless steel bands

0 Lettering

o Comply with piping system nomenclature as specified, scheduled,
shown, or to match existing building lettering nomenclature system
and abbreviate only as necessary for each application length

o Arrows

e Print each pipe marker with arrows indicating direction of flow,
either integrally with piping system service lettering (to
accommodate both directions), or as separate unit of plastic

e Plastic Duct Markers
0 Manufacturer's standard laminated plastic, duct markers

o0 For hazardous exhausts, use colors and designs recommended by ANSI
A13.1.

0 Include the following:
= Direction of air flow
= Duct service (supply, return, exhaust, etc.)
e Plastic Tape

0 Manufacturer's standard color-coded pressure-sensitive (self-adhesive)
vinyl tape, not less than 3 mils thick

o0 1% inches wide tape markers on pipes with outside diameters (including
insulation, if any) of less than 6 inches

0 2% inches wide tape for larger pipes

0 Color: Comply with ANSI A13.1, except where another color selection is
indicated

e Underground-Type Plastic Line Markers

0 Manufacturer's standard permanent, bright- colored, continuous-printed
plastic tape, intended for direct-burial service; not less than 6inches wide x
4 mils thick

0 Tape with printing which most accurately indicates type of service of buried
pipe.
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0 Multi-ply tape consisting of solid aluminum foil core between 2-layers of
plastic tape

¢ Valve Tags
o Brass Valve Tags

= 19-gage polished brass valve tags with stamp-engraved piping system
abbreviation in 1/4inch high letters and sequenced valve numbers
1/2inch high, and with 5/32inch hole for fastener

= 1 1/2inch diameter tags, except as otherwise indicated.
= Fill tag engraving with black enamel
0 Plastic Laminate Valve Tags

= Manufacturer's standard 3/32 inch thick engraved plastic laminate valve
tags, with piping system abbreviation in % inch high letters and
sequenced valve numbers %2 inch high, and with 5/32inch hole for
fastener

= 1 1/2inches sg. black tags with white lettering, except as otherwise
indicated

= Size, shape and color combination as specified or scheduled for each
piping system

o0 Plastic Valve Tags

= Manufacturer's standard solid plastic valve tags with printed enamel
lettering, with piping system abbreviation in approximately 3/16inch
high letters and sequenced valve numbers approximately 3/8inch high,
and with 5/32 inch hole for fastener

= 1 1/8 inches sqg. white tags with black lettering

= Size, shape and color combination as specified or scheduled for each
piping system.

0 Valve Tag Fasteners

= Manufacturer's standard solid brass chain (wire link or beaded type),
and solid brass S- hooks of the sizes required for proper attachment of
tags to valves, and manufactured specifically for that purpose

o Access Panel Markers

= Manufacturer's standard 1/16 inch thick engraved plastic laminate
access panel markers, with abbreviations and numbers corresponding
to concealed valve

= 1/8 inch center hole to allow attachment
e Valve Schedule Frames

o For each page of valve schedule, provide glazed display frame, with
screws for removable mounting on masonry walls

o Frames of finished hardwood or extruded aluminum
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o0 Non-glare type sheet glass
o Engraved Plastic-Laminate Signs

o0 Engraving stock melamine plastic laminate, complying with FS L-P-387, in
the sizes and thicknesses indicated, engraved with engraver's standard
letter style of the sizes and wording indicated, black with white core (letter
color) except as otherwise indicated, punched for mechanical fastening
except where adhesive mounting is necessary because of substrate

0 1/8 inch thick, except as otherwise indicated

0 Self-tapping stainless steel screw fasteners, except contact-type
permanent adhesive where screws cannot or should not penetrate the
substrate

o Plasticized Tags

0 Manufacturer's standard pre-printed or partially pre-printed accident-
prevention tags, of plasticized card stock with matt finish suitable for
writing, approximately 3-1/4inch x 5-5/8 inch, with brass grommets and
wire fasteners, and with appropriate pre-printed wording including large-
size primary wording (as examples; DANGER, CAUTION, DO NOT
OPERATE).

e Lettering and Graphics

o Coordinate names, abbreviations and other designations used in
mechanical identification work with LPS OMC and LPS PM

= Numbers, lettering, and wording as coordinated with and approved by
LPS OMC and LPS PM for proper identification and operation/
maintenance of mechanical systems and equipment

=  Where multiple systems of same generic nhame are shown and
specified, provide identification which indicates individual system
number as desighated on the drawings or schedule as well as service

o Ductwork Identification

o0 Identify air supply, return, exhaust, intake and relief ductwork and duct
access doors with duct markers; or provide stenciled signs and arrows,
showing ductwork service and direction of flow, in black or white
(whichever provides most contrast with ductwork color)

0 Existing buildings
= Match the method in the building

0 Spaces where ductwork is exposed, or concealed only by removable
ceiling system, locate signs near points where ductwork originates or

continues into concealed enclosures (shaft, underground or similar), and at
50 foot spacing along exposed runs

o0 Duct markers or stenciled signs on each access door in ductwork and
housings, indicating

= Purpose of access (to what equipment)
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*» Maintenance and operating instructions
= Appropriate safety and procedural information

0 Access doors are concealed above acoustical ceilings or similar
concealment, plasticized tags may be installed for identification in lieu of
specified signs is acceptable

e Piping System Identification

o Install pipe markers of the following type on each system indicated to
receive identification, and include arrows to show normal direction of flow

0 Existing buildings
= Match the method in the building
0 Plastic pipe markers

= Install on pipe insulation segment where required for hot non-insulated
pipes.
o Stenciled markers

* Including color-coded background band or rectangle, and contrasting
lettering of black or white

= Extend color band or rectangle 2 inches beyond ends of lettering

= Stenciled markers, black or white for best contrast, wherever
continuous color-coded painting of piping is provided

0 Locate pipe markers and color bands as follows wherever piping is
exposed to view in occupied spaces, machine rooms, accessible
maintenance spaces (shafts, tunnels, plenums) and exterior non-concealed
locations

= Near each valve and control device

= Near each branch, excluding short take-offs for fixtures and terminal
units; mark each pipe at branch, where there could be question of flow
pattern

= Near locations where pipes pass through walls or floors/ceilings, or
enter non-accessible enclosures

= At access doors, manholes and similar access points which permit view
of concealed piping

= Near major equipment items and other points of origination and
termination

= Spaced intermediately at maximum spacing of 25 feet along each
piping run, except reduce spacing to 15' in congested areas of piping
and equipment

= On piping above removable acoustical ceilings

e Underground Piping Identification
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o During back-filling/top-soiling of each exterior underground piping systems,
install continuous underground- type plastic line marker, located directly
over buried line at 6 inches to 8 inches below finished grade

0 Where multiple small lines are buried in common trench and do not exceed
overall width of 16 inches, install single line marker

o For tile fields and similar installations, mark only edge pipe lines of field
e Valve Identification
o0 List each tagged valve in valve schedule for each piping system
= Building services main shut-off valves
= Each individual system main shut-off valves
= Each individual system riser shut-off valves
= Each individual system floor shut-off valves
= Each individual system major branch shut-off valves

0 Mount valve schedule frames and schedules in mechanical equipment
rooms

= Where more than one major mechanical equipment room is shown for
project, install mounted valve schedule in each major mechanical
equipment room, and repeat only main valves which are to be operated
in conjunction with operations of more than single mechanical
equipment room

e Mechanical Equipment Identification

0 Minimum 2 inch x 4 inch engraved plastic laminate equipment marker on
each individual item of mechanical equipment

o Provide marker for the following general categories of equipment

= Main building systems control and operating valves, including safety
devices and hazardous units such as gas outlets

= Room thermostats, except gun tag labels are acceptable for room
thermostats

= Fuel-burning units including boilers, furnaces, heaters, stills and
absorption chillers

=  Pumps, compressors, chillers, condensers, and similar motor-driven
units

= Heat exchangers, cooling towers, heat recovery units and similar
equipment

= Fans and blowers
= Air terminal units
= Tanks and pressure vessels

= Water treatment systems and similar equipment
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0 Minimum 1/4 inch high lettering for name of unit

o In addition to the identified unit, inform operator of
= Operational requirements
= Safety and emergency precautions

= Warn of hazards and improper operations
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23 05 93 Testing, Adjusting, and Balancing for HYAC

¢ In the absence of any other information, work shall be provided in accordance
with

0 ASHRAE: ASHRAE Handbook, Systems Volume, Testing, Adjusting, and
Balancing

o NEBB: “Procedural Standards for Testing, Adjusting and Balancing of
Environmental Systems”

0 SMACNA: “HVAC Systems-Testing, Adjusting & Balancing”

e Testing and balancing of all systems by one Testing, Balancing and Adjusting
firm

0 Mechanical contractor to provide services of an independent testing and
balancing agency specializing in the testing, adjusting and balancing of
environmental system.

o Fieldwork performed by qualified technicians certified by either
= Testing, Adjusting and Balancing Bureau (TABB)
= National Environmental Balancing Bureau (NEBB)
= Associated Air Balance Council (AABC)

0 The Testing & Balancing Contractor shall have a minimum of three years’
experience in testing and balancing mechanical systems

= Where required, previous experience in testing and balancing variable
air volume laboratory fume hood systems in the last two years

e Qualification submission must include a detailed resume describing past
project experience in laboratory variable air volume systems, a list of
projects, including peoples’ names, phone numbers and addresses of
references

e Test, adjust and balance the following mechanical systems and the
mechanical equipment associated with these systems:

e Approved Contractors
JEDI Balancin

Air Right Inc.
Lawrence H. Finn & Assoc.

Griffith Engineering Service
JPG Engineering

Rocky Mountain Balancing Co.
TAB Services._Inc.

Complete Mechanical Balancing
Double T Balancing Company

©O 0O 0O 0o o o o o o
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Controlled Air_Inc.

Midwest Engineering

Checkpoint Balance
Approval of others

© O o o©O

= Any Testing and Balancing firm desiring to offer their services for this
work shall submit their qualifications to architect/engineer not less than
seven (7) working days before the bid date

= Approval or disapproval will be given on each request, and this action
will be given inwriting prior to bidding the work

e Preliminary Submittals

o0 Within ten (10) days of award of the contract submit the name of the Test
and Balance Contractor who will be performing the work including

= Complete list of technicians performing the field work

* Include photocopy of current certification by either NEBB, AABC, or
TABB certification agencies.

= Only those technicians included in the submittal shall perform the work

= Personnel or staff used to perform the work without prior approval of
the engineer, who are not included in the submittal, shall be grounds
for rejecting the test and balance report and the project in whole

0 Meet all requirements of Section 23 05 00 as applicable.

o List of all instrumentation to be used on an individual project and include
calibration dates

= Submit calibration curves

= |f more than one instrument of a similar type is used, a comparison of
individual readings should be made

= The variation between instrument readings should not exceed plus or
minus 5%

o0 Preliminary Systematic Procedure where required on a per project basis as
determined by the engineer and approved by LPS OMC and LPS PM as
noted below

= PDF and two (2) hard copies of a Preliminary Systematic Procedure
per engineer’s requirements

¢ Final Reports

o Per LPS General Conditions of the Contract and other sections of
applicable Divisions for supplemental requirements.

o PDF and two (2) bound copies of the final testing and balancing report at
least fifteen (15) calendar days prior to substantial completion

0 Meet all requirements of Section 23 05 00 as applicable.
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o If more than two reports are made by the contractor, the Owner reserves
the right to charge the contractor for subsequent reviews by their
consultants

e Sequencing and Scheduling

o Notify contractor, engineer, and architect in writing of conditions
detrimental to the proper completion of the test and balance work

0 Prepare a project schedule

» |ndicate critical path of the balancing process and shall incorporate
both requirements of other contractors necessary to meet test and
balance commitments and process flow of test and balance work

= Coordinate with general and mechanical contractors and insert critical
steps into project master schedule

e Belts, Sheaves, Impellers

0 Refer to specific equipment sections and Section 23 05 00 for additional
requirements.

0 The Testing & Balancing Contractor shall coordinate with the Mechanical
Contractor to supply correctly sized drive belts and sheaves

= Impellers shall be trimmed or replaced by the Mechanical Contractor
and shall be correctly re-sized and coordinated by the Test and
Balancing Contractor

o0 Test & Balance Contractor determines the fan belt and sheave
replacement necessary for final balance condition for specified air quantity
when the VFD is operating in the by-pass mode for final field conditions,
without placing the motor over its nameplate amp rating

e Preliminary Procedures

0 Testing and balancing shall not begin until the system has been completed
and is in full working order and the following project conditions have been
determined suitable for start of work

= Preliminary Testing & Balancing Contractor requirements shall be
ascertained prior to the commencement of work through a review of the
project plans and specifications

¢ Visual observations at the site during construction shall be made to
determine the location of required balancing devices, that they are being
installed properly, and in an accessible location

o Verify systems do not exhibit excessive sound and/or vibration levels

o Immediately report in writing any deficiencies to the contractor, engineer,
and architect

0 RESTRICTED procedures requiring per project review and approval due to
added cost and engineering time to a project

= Prior to air balance work inspect, verify, correct the system for
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Duct leakage (obtain pressure test results)
Filters are installed

Filters are changed if they are dirty
Correct fan rotation

Equipment vibration

Automatic dampers for proper operation

All volume control dampers and outlets are wide open

Prior to any hydronic, domestic water or applicable system balancing
work, inspect, verify, correct the system for

Plugged strainers

Proper pump rotation

Proper control valve installation and operation

Air locks

Proper system static pressure to assure a full system
Proper flow meter and check valve installation

All throttling devices and control valves are open

In remodel areas

A complete preliminary test and balance report shall be accomplished
prior to any work

Obvious deficiencies shall be identified at that time

A complete report of all readings, recommendations, etc. shall be
submitted to the engineer

General System and Equipment Procedures

0 Pressure relationships indicated on drawings take priority over air
guantities

0 Mark equipment settings with paint, to show final settings at completion of
test-adjust-balance work including

Damper control positions

Balancing cocks

Circuit setters

Valve indicators

Fan speed control settings and similar controls and devices

o Patch holes in insulation, ductwork and housings, which have been cut or
drilled for test purposes, in a manner recommend by the original installer

0 Measure, adjust and report
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= Equipment running motor amps and power factor

= KW

* Rated motor amperage

= Listed motor power factor

= Voltage

= All nameplate data

= Perform these measurements for all equipment operational modes
0 Check and adjust equipment belt tensioning
0 Check keyway and setscrew tightness

= Report any loose screws and notify Mechanical Contractor prior to
equipment balancing

0 Record and include in report all equipment nameplate data

o Verify that all equipment safety and operating controls are in place, tested,
adjusted, and set prior to balancing

o Verify that manufacturer start-up has occurred per specification prior to
balancing

Air Side Systems and Equipment Procedures

o0 Filters shall be restricted to increase pressure drop to 50% of span
between initial pressure drop and final recommended pressure drop for
setting final airflows for fans

= Check fan motor amps with clean filters and simulated loaded filters,
and report for each piece of equipment

= Equipment shall be supplied with clean filters upon completion of
balance

= Balance and report air quantities
0 Supply/Return Air Systems
= Balance and report supply and return diffuser/grille quantities

= Provide full pitot traverses in duct mains downstream of supply fans,
upstream of return fans, and in each zone duct downstream of a multi-
zone unit

o For VAV systems perform these at the system diversity condition (if any)
e Balance and report air quantities

= Provide full pitot traverses at each air terminal or duct coll
o For VAV systems, perform these at zone maximum air condition

e Balance and report air quantities
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= Report design air device inlet or outlet size, actual inlet or outlet size,
design and actual velocity through the orifice, for each terminal in the
system

= Balance and report the above measurements in all system
operational/modes

e Minimum outside air and 100% outside air economizer mode
e VAV maximum zone air condition and system diversity condition
e Unoccupied mode
e Two-speed fan, both speeds
¢ VFD bypass mode and full system demand
e General Exhaust/Supply Fans
0 Adjust CFM to system requirements

= For belt drive include sheave and belt exchange to deliver airflow within
limits of installed motor horsepower and mechanical stress limits of the
fan

e Determine the limiting fan tip speed before increasing RPM

e Final fan speed setting shall allow for filter loading (as applicable) and
shall establish proper duct pressures for operation of zone CFM
regulators

For direct drive with speed taps

e Set fan speed on tap which most closely approaches design CFM by
adjusting the speed control

e After adjustment, check fans ability to re-start after powering down
¢ Increase setting if required for proper starting

= Measure and report static pressures upstream and downstream of all
fans

= Measure and report fan RPM

Report design fan inlet or outlet size, actual inlet or outlet size, design
and actual velocity through the orifice

o Air Handling Units

¢ On outdoor units, verify that positively or negatively pressurized
curbs are free of leaks. Report

= For units with integral outside air intake and relief dampers, measure,
adjust, set and report outside air, return air and relief air quantities

e Perform this as specified under supply air systems

= Balance and report supply and return fan CFM, upstream static
pressure and downstream static pressure
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= Measure and report static pressure upstream and downstream of all
AHU components such as coils, filters (clean and simulated dirty),
dampers, etc.

= After system and fan balance is complete, perform pitot traverses on all
coils in 100% heating and cooling modes

= Units with economizers shall have all measurements performed and
reported at minimum outside air, 100% outside air, and a 50/50%
mixed air condition

= Units with operation modes for smoke evacuation and/or pressurization
shall have all measurements performed and reported for all modes

= Balance variable air volume AHU fans for system design diversity

e Supply and return fan static pressures shall be optimized for VAV system
terminal device pressure requirements

e Report fan, motor and VFD information as previously indicated

e Verify that an overload condition does not exist when all system VAV
boxes are 100% open

= Balance all air handling unit coils and report per hydronic, gas fired, or
refrigeration equipment portions of this section

= Report design fan inlet or outlet size, actual inlet or outlet size, design
and actual velocity through the orifice.

= Balance and report all temperatures of airside and hydronics during
normal operating modes.

= Measure, adjust, set, balance and report outside air, return air and
exhaust/relief air quantities for all air handling systems

e Air quantities shall be determined by pitot traverse/direct airflow
measuring procedures where ever possible, where duct/inlet conditions
do not allow for accurate direct measurement of outside air the following
method shall be used:

Outside Air CEM = Supply Fan Total CEM - Return Fan Total CEM

¢ In addition to the direct measuring of airflow quantities, measure and
record outside air, return air and mixed air temperatures, determine
thermal/mass energy balance and provide calculations to verify measured
airflow quantities

¢ Adjusting and setting the outside air quantity as a percentage of damper
position is PROHIBITED

o General Exhaust Systems
= Balance and report exhaust grille quantities
e Report objectionable noise
= Provide full pitot traverses at each individual exhaust riser and at each

exhaust fan
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¢ Balance and report

= Report design air device inlet or outlet size, actual inlet or outlet size,
design and actual velocity through the orifice, for each terminal in the
system

o Cabinet/Unit Heaters
= Balance and report entering and leaving air temperature
o Report airflow

= Balance all coils per hydronic, or gas fired equipment portions of this
section

0 Unit Ventilators/Furnaces/Packaged Air Conditioning Units:
= Report static pressure across all unit components
= Balance and report supply air, return air and outside air quantities

= Report mixed air temperature and balance coils per hydronic, electric
resistance, gas fired or refrigeration portions of this section

o Laboratory and Research Facility System Requirements:
= General requirements

¢ Balance all rooms to required pressure relationships as noted on the
drawings

o Document in the test and balance report that all pressure relationships
have been set as specified

¢ Performance testing of the Room Pressurization Control System and the
fume Hood Exhaust System shall be performed after the entire
mechanical system for the building is complete

o All systems shall have been calibrated, tested and balanced before
performance testing begins

e Performance testing shall be done by the balancing contractor in the
presence of the Owner, user groups, and a representative from the
Department of Environmental Health and Safety

e The performance testing must be successfully completed before LPS will
accept control of the building’s mechanical system

= Fume Hood Exhaust Systems

e Measure and set flows for all fume hoods, flammable storage cabinets,
etc.

e Perform full Pitot traverses upstream of exhaust fans and balance and
report air quantities

o Perform this in fully open and closed hood sash positions

= Fume Hood Exhaust System Performance Evaluation
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o Demonstrate the exhaust system and pressure relationships are
performing properly under the conditions listed below

o Verify that the exhaust fans on the roof are operating properly

(0}

Discharge dampers should be performing as specified and the fans
should be operating smoothly without surging or vibrating excessively

o During each step in the testing procedure, note any rooms, which exhibit
excessive noise

e Testing Conditions

(0]

With all fume hood sashes closed, check the relative pressure
relationships with smoke in several rooms on each floor

With all fume hood sashes open, check the face velocity of the hood
closest to and farthest from each exhaust riser

= Do this on every floor

Close all the fume hood sashes served by one exhaust riser and open
all the ones served by the other riser

= Check the hoods with open sashes as above

= Repeat condition for the second riser

Move all the fume hood sashes to a half open position

» Check the hoods as above

Final balance shall be based upon diversity provided by the engineer
* Note diversity on balance reports

» The hood face velocities, relative pressure relationships and
stable fan operation must be recorded for all five-test conditions

= This applies to all hoods and all rooms in the wing being tested,
even if the test procedure does not specifically state that particular
hood or room be tested

= Design conditions with the appropriate diversity shall be
maintained.

The face velocity of a hood shall be considered acceptable if it is
within (+) 10 feet per minute of its designed face velocity

= Standard procedures for testing face velocity as published by
SEFA (Scientific Equipment & Furniture Association) 1-1992
Laboratory Fume Hoods Recommended Practices, shall be
followed

= Room Pressurization Control System Performance Evaluation:

¢ Demonstrate with smoke that the correct relative pressure relationship is
being maintained in each area
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o Every room for which a relative pressure value was assigned on the
mechanical plans shall be tested

e The testing shall be performed in each room under the following
conditions

o Door closed

o Door open

0 In labs with fume hoods or bio-safety cabinets
» Hood sash complete open
= Hood sash closed
= Hood sash partially open

0 Thermostat set to its minimum set point

0 Thermostat set to its maximum set point

o |If the correct pressure relationships cannot be demonstrated for a
particular room, the room shall be retested after the problem has been
corrected

= Kitchen/Service Hood Exhaust Systems
e General Requirements

0 Balance all rooms to required pressure relationships as noted on the
drawings

= Document in the test and balance report that all pressure
relationships have been set as specified

o Performance testing of the Room Pressurization Control System and
the Hood Exhaust System shall be performed after the entire
mechanical system for the building is complete

= All systems shall have been calibrated, tested and balanced
before performance testing begins

0 Set, measure and report flows for all hoods

o Perform full pitot tube traverses upstream of exhaust fans and
balance and report air quantities.

= In welded high temperature systems provide air quantities
upstream of exhaust fans by summing the flows at all hoods

0 Measure and report hood capture velocity profiles
e Exhaust system performance evaluation
o Verify room pressure relationships with smoke tests and report

0 Testing shall be performed in each room under the following
conditions

=  Door closed
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= Door open
* Thermostat set to its minimum set point
» Thermostat set to its maximum set point

= If the correct pressure relationships cannot be demonstrated, the
room shall be retested after the problem has been corrected

o Verify hood capture velocities are adequate with smoke tests and
report

o Verify that the exhaust fans on the roof are operating properly. The
fans shall be operating smoothly without surging or vibrating
excessively

Hydronic Systems and Equipment
0 Heating/Chilled Water Systems
= Hydronic Systems with Meters
e The system shall be balanced proportionally using the flow meters

e On completion of the balance, the following information shall be recorded
in the report

o0 Flow meter size and brand, required flow rate and pressure drop,
valve settings on meters with a readable scale, flow rate in both full
coil flow and full bypass modes

o Verify the meters are installed per the manufacturer's
recommendations

o0 Notify the mechanical contractor of any deficiencies before utilizing
meter

= Hydronic Systems Without Meters (thermal or terminal rated pressure
drop balance)

e System shall be balanced proportionally to the terminal ratings

¢ On completion of the balance the following information shall be recorded
in the report

o Design entering and leaving water temperature/pressure, final
balanced entering and leaving water temperature/pressure drop

= For 3-way valve terminals/heat exchangers, set bypass flow to equal coil flow

= For primary/secondary systems, set crossover/bridle to have constant flow at
all conditions

= Sample chilled and heating water and report on freeze and burst
temperatures of the glycol water solution

¢ Report glycol percentage
= Perform similar operations for Hydronic heat reclaim systems

o Condenser Water Systems and Equipment
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= Measure and record system static pressure with pumps off

=  Where 3-way bypass is used to control condenser water temperature set the
control valve pressure valve to equal tower pressure drop in full bypass mode

= Measure, set and record system gpm at all flow measurement stations
0 Hydronic Coils

= Balance, measure and report inlet and outlet air temperatures for cooling
and/or heating design air quantities

= Balance, measure and report coil water flow, inlet and outlet water
pressure and temperature

= Evaporative cooling coils
e Measure and report inlet and outlet wet bulb and dry bulb temperature
e Measure and report inlet and outlet pressure

= Calculate and report face velocities across chilled water and evaporative
cooling coils

o Radiators and Convectors

= Balance, measure and report GPM, inlet temperature and outlet
temperature/pressure at full heating

0 Heat Exchangers

= Balance, measure and report water flow for full heating

= Report inlet and outlet water pressures and temperatures for full heating
0 Hydronic Pumps

= Adjust and balance pumps to provide design system flow rate, and design
flow to most remote system location

e Trim or replace impellers as necessary to achieve this

e Do not induce false head to achieve balance results, without the prior
approval of the engineer

e Prior to trimming of impellers, notify the architect, contractor, and
engineer in writing of performance of pumps with and without false head
induced

= Report impeller size, flow rate, inlet and outlet water pressure and pump shut-
off head

e Provide pump curve and operating point in final report
¢ Include compensations for temperature and percentage glycol
0 Heating Water Boilers

= Verify that the boiler has been properly cleaned, flushed and the burner is
operating properly prior to balancing

= Check and report on proper operation of boiler feed pumps
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= Confirm automatic and manual air vents are working properly
e Vent system as necessary

= Balance, measure and report boiler water flow rate, inlet and outlet
temperature and pressure

= Confirm that temperature and pressure safety relief valves are located
properly and in working order

= Verify proper operation of emergency power OFF switches
Plumbing Systems and Equipment
o General

= Check, adjust and set temperature control devices to domestic hot water
temperature and as indicated on drawings

= Adjust pressure-reducing stations, report downstream system static pressure

= Verify proper location and operation of ASME pressure and temperature relief
valves

= Measure and report residual pressure at full flow at most remote plumbing
fixture; requiring highest operating pressure (usually flush valve water
closets)

= Verify that most remote fixture has hot water available semi-instantaneously
with recirculation system operating. Report.

0 Sewage Ejector/Sump Pumps
= Verify proper discharge of sewage ejector and sump pump systems
= Verify that units are meeting system demands. Report.
0 Booster Pumps
= Measure and report inlet and outlet pressure and flow rate
= Balance pumps per Hydronic portion of this Section
o Water Heaters
= Measure, set and report inlet and outlet temperatures
= Balance and report per electric or gas portions of this Section
o0 Pure Water Distribution Systems
= Verify and report flow at all stations
= Verify and report operation of irradiation devices
= Measure and report recirculation system flow rate
= Remove, inspect and clean all system particulate filters and strainers
o Fuel Oil Systems and Equipment
= Remove, inspect and clean all system filters/strainers

= Verify correct operation of fuel oil tank level gauges. Report
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» Verify and report operation of all pumps, feed pumps and transfer pumping
systems. Verify that they are meeting system requirements

0 House Compressed Air Systems and Equipment

= Verify and Report air pressure at all system equipment quick connects and
terminations

= Remove, inspect and clean all system filters/strainers

= Verify system can maintain overrating pressure for 8 hours with air
compressor disconnected

¢ Report any noticeable losses in system pressure
= Measure, set and report storage tank air pressure
= Verify that pressure relief valves are in place and operating correctly
Refrigeration Systems and Equipment
o Condensing Units (Air Cooled):

= Measure and report ambient temperature, refrigerant suction and discharge
pressure, oil pressure, compressor and fan KW and compressor and fan
amps

= Condensing units integral to the air moving equipment shall be measured at
minimum outside air

= Perform all measurements at all stages of cooling
o Chillers

= Measure, balance and report inlet and outlet chilled water temperature and
pressure, ambient temperature, water flow rate, oil pressure, refrigerant
suction and discharge pressure, compressor/fan KW and compressor/fan
amps

= Verify proper operation of emergency power OFF switches and refrigerant
sSensors

= Perform all measurements at all stages of cooling

= Coordinate balance process with equipment manufacturer start-up
representative

o Cooling Towers
= Measure and report tower entering and leaving air wet bulb temperature

¢ Compare entering wet bulb against ambient wet bulb to verify
recirculation is not taking place. Report

= Measure and report entering and leaving water temperatures
¢ Report ambient wet bulb that corresponds with these measurements
= Measure, balance and report water flow rate

o Evaporator Coils
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Measure and report temperature upstream and downstream of evaporator
coils at all stages of cooling at all design air quantities

e Calculate and report coil face velocities

Gas Fired Systems and Equipment

o General

Record gas pressures downstream of each pressure-reducing valve. Verify
that pressures match those on construction documents and report

Measure and report flue temperature at all stages of heating

Measure and report temperatures upstream and downstream of gas-fired
coils at all stages of heating at all design air quantities

Observe and report operation of all radiant gas fired heaters, at all stages of
heating

Record fan data

Electrical Components Associated with Mechanical Systems

0 Electric Resistance Heating Systems and Equipment:

Measure full load amperage at full heating and design CFM and report

Electric heaters in an airstreams shall have entering and leaving air
temperature measured and reported for all stages of heating

0 Manual and Magnetic Starters

Check all new and existing thermal overloads

e |dentify improperly protected equipment in report

¢ Furnish and exchange thermals as required for proper motor protection
Motor Control Center Magnetic Starters

e Check for correct sizing

¢ Notify Electrical Contractor of discrepancies

Two-speed Starters

¢ In addition to the above, set time delay between changes of speeds for
proper operation

¢ Verify windings of motor and starter are compatible prior to starting any
equipment.

0 Variable frequency drives

Coordinate balance process with equipment manufacturer start-up
representative

Record nameplate data
Record motor overload setting

Record full load amps
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Control Systems and Equipment

o General

Operate all temperature control systems with the temperature control
contractor’s representative for proper sequence of operation

e Be responsible for calibration of flow measurement devices used as input
to the temperature control system

e All air system flow measurement stations including VAV terminals
shall be calibrated against a Pitot tube traverse or air diffuser
capture hood

e Assure accuracy of all flow measurement devices or report failure to be
accurate

Work with the controls contractor to
e Set minimum outside air damper positions

e Optimize VAV duct static pressure, VFD pump hydronic system pressure
differential and building pressure

o0 Temperature Control Compressed Air Systems and Equipment

Verify and report air pressure at all system equipment quick-connects and
terminations

Remove, inspect and clean all system filters/strainers

Verify system can maintain overrating pressure for 8 hours with air
compressor disconnected

e Report any noticeable losses in system pressure
Measure, set and report storage tank air pressure

Verify that pressure relief valves are in place and operating correctly

Life Safety Systems and Equipment

o Smoke Pressurization/Exhaust/Evacuation Mode

Balance and report measurements per General System and Equipment
Procedures Section in this operational mode

Perform smoke pressurization/evacuation tests in all zones
e Doors shall be positioned to simulate normal conditions

Coordinate with the Fire Department/Authority Having Jurisdiction, LPS OMC,
LPS PM, and engineer for smoke test witnessing

Coordinate with the Fire Department/Authority Having Jurisdiction for
additional testing requirements

e Complete and submit any documentation for Fire
Department/Authority Having Jurisdiction final acceptance

o Fire/Smoke Dampers and Detection Systems
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Verify that each fire/smoke damper closes when the associated duct or space
detector is tripped

¢ Verify that air handlers shut down and outside air dampers close as
dictated by the control sequence

Verify that air supply units shut down when smoke is detected by the
associated duct detector

e Verify that outside air dampers and system fire/smoke dampers close as
dictated by the control sequence

Report
e Any detectors or dampers that are malfunctioning

e Any discrepancies from the control sequence

o0 Engine Generator Systems and Equipment

For remote radiators, measure and report steady state radiator system flow
rate, supply water temperature and return water temperature

Measure and report generator room steady state temperature with generator
and room ventilation system running

e Report outside air temperature at time of test

Record pressure relationship of generator room to adjacent spaces and
outside

Verify correct sequence of operation of all intake and discharge dampers,
supply/exhaust fans, etc

Sound and Vibration

0 Sound Inspection and Testing:

Prior to sound testing, all equipment that can potentially impact sound testing
shall be put into operation

e Examples include fan coil units, humidifiers, air handling units, and
equipment in adjacent mechanical spaces

o VFD systems shall be placed at 80% of full speed

Prior to sound testing the mechanical test and balance of all systems shall be
completed

Report audible tonal characteristics such as whine, whistle, hum or rumble

e Also report time varying sound levels or beats induced from aerodynamic
instability, perform this for all rooms

Consult ASHRAE and Owner Standards for recommended RC level for
different types of rooms

¢ Identify where to perform sound testing within the project area

OPTIONAL - RESTRICTED: Consult with LPS OMC and LPS PM regarding
additional project specific requirements
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e Measure cooling tower sound output (DBA)
0 Perform this at full speed for VFD units
e Measure and report room sound pressures

o Atthe 16, 31.5, 63, 125, 250, 500 1000, 2000, 4000, and 8000 Hz
octave bands

0 Measure and report corresponding RC level
0 Testing shall be performed after full furnishing of the space

0 Perform measurements in accordance with procedures outlined in
Chapter 34 and 43, ASHRAE HVAC Applications, 1995 Edition

e Noise levels at property line

0 Consult with LPS OMC, LPS PM, and Authority Having Jurisdiction for
maximum noise levels at property line

o Verify means of measurement (DBA, NC, etc.)
0 Measure and report noise levels (DBA) at the following locations
= At the property line closest to intake and discharge louvers

= At the property line closest to rooftop and at grade equipment
such as cooling towers and chillers

= On roof of adjacent buildings overlooking rooftop equipment within
project area

0 Vibration Inspection and Testing
= Prior to vibration testing
e All equipment shall be put into operation

e On variable speed equipment, testing shall occur at low, medium, and
high speeds

¢ Mechanical test and balance of all systems shall be completed
= Report excessive vibrations from any equipment

e Inspect upstream and downstream duct and piping systems and report
excessive vibrations

= OPTIONAL - RESTRICTED: Consult with LPS OMC and LPS PM regarding
additional project specific requirements

¢ Verify that all spring and elastomeric isolation systems are installed “free-
floating” and are not short circuited to structure by obstructions

e Perform a stethoscope check on all accessible bearings and report
excessive vibration or noise

e Spring isolator efficiencies

0 Consult ASHRAE for recommended minimum spring isolator
efficiencies
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0 Obtain undeflected isolator spring lengths from shop drawings for
each piece of equipment

0 Measure and report
= Distance of spring isolator deflection for each of equipment
= Disturbing frequency (Hz) for each piece of equipment

e Measure and report motor running speed and driven equipment running
speed for each component

0 Consult ASHRAE Applications, Chapter 43, for recommended
maximum RMS velocity levels and vibration criteria

e Measure and report horizontal, vertical and axial RMS velocity (in./sec.) at
equipment structure or bearings

e Measure and report horizontal, vertical and axial frequency (Hz.) at
equipment structure or bearings.

e Report of Work

(0]

References to Preliminary Systematic Procedure requirements apply only
as previously approved

Submit PDF and two (2) bound copies of the final testing and balancing
report at least fifteen (15) calendar days prior to the mechanical
contractor’s request for final inspection.

Complete reduced set of mechanical contract drawings (showing each
system) shall be included in the report with all equipment, flow measuring
devices, terminals (outlets, inlets, coils, fan coil units, schedules, etc.)
clearly marked and all equipment designated

Data shall be reported on standard NEBB forms

= Generate custom forms that contain the information in this Section when a
standard NEBB form does not exist for a piece of equipment

= All NEBB forms shall be fully filled out for this report

= Report forms with design columns filled out shall be used from the
Preliminary Systematic Procedure report submitted previously

The report shall include a list of all equipment used in the testing and
balancing work

= This list shall closely resemble the list submitted with the Preliminary
Systematic Procedures report with any discrepancies accounted for.

Report systems for excessive sound and vibration per the sound and
vibration inspection and testing portions of this specification

Substantial completion of this project will not take place until a satisfactory
report is received
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0 The Testing & Balancing Contractor shall respond and correct all
deficiencies within seven (7) days of receiving the Engineer’s written
review of the balancing report

o0 Failure to comply will result in holding payment, per the General
Conditions, until all items have been corrected to the satisfaction of the
engineer

0 The report shall be signed by the supervising registered professional
engineer and affixed with their registration stamp, signed and dated in
accordance with state law

e Guarantee of Work

0 The Testing & Balancing Contractor shall guarantee the accuracy of the
tests and balance for a period of 90 days from date of final acceptance of
the test and balance report

o During this period, the Testing & Balancing Contractor shall make
personnel available at no cost to correct deficiencies that may become
apparent in the system balance
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23 07 00 HVAC Insulation

e Flame/Smoke Ratings

o Provide composite mechanical insulation (insulation, jackets, coverings, sealers,
mastics and adhesives)

Tested by ASTM E 84 (NFPA 255) method
Flame-spread index of 25 or less

Smoke-developed index of 50 or less

When tested, shall not drip flame patrticles, and flame shall not be progressive

o Provide Underwriters Laboratories Inc., label or listing, or satisfactory certified test
report from an approved testing laboratory

e Submittals

o Product Data

Manufacturer's technical product data and installation instructions for each type

of mechanical insulation

Schedule showing manufacturer's product number, k-value, thickness, density,
and furnished accessories for each mechanical system requiring insulation

Detail product information and installation information for all jacketing systems.

o Closeout

Submittals listed above updated to record status

Mechanical Insulation

o0 Approved Manufacturers

CertainTeed

Owens-Corning Fiberglas Corp.

Johns Manville Corp.
Knauf Fiber Glass

Manson

Armstrong World Industries. Inc.
Pittsburgh Corning Corp.
PABCO. Inc.

Rubatex Corp.
Thermal Ceramics

Thermal Structures

Jacketing & Covering Products

o0 Approved Manufacturers

Childers
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= Ceel-Co

= Zeston

= Alpha Associates, Inc.
Piping Insulation

o Coordinate extent and type of underground piping and insulation with drawings and
LPS OMC and LPS PM

» Preferred method is pre-insulated piping systems
0 Materials

» Fiberglass Piping Insulation
e ASTM C 547, Class 1 unless otherwise indicated
o "K" factor shall be maximum 0.24 at 75 degrees F. mean temperature
e Jacket with tensile strength of 35 Ibs/in
e Mullen burst 70 ps
e Beach puncture 50 oz. in/in

e Permeability .02 perm factory applied vapor barrier jacket and adhesive self-
sealing lap joint

= Cellular Glass Piping Insulation
e ASTM C 552, Type Il, Class 2
e "K"factor shall be maximum
e 0.29 at 75 degrees F mean temperature
= Calcium Silicate Piping Insulation
e ASTM C 533, Type |
o "K" factor shall be maximum 0.45 at 500 degrees F. mean temperature
¢ Compression strength 200 psi for 5 percent compression
e Transverse strength 200 psi for 5 percent compression
e Flexural strength 60 psi
= Flexible Closed Cell Piping Insulation
e ASTM C 534, Type |
e "K" factor shall be maximum 0.27 at 75 degrees F. mean temperature
e Water vapor permeability of 0.10 perm inches or less
e Pre-installed on piping, or un-slit to be slipped over piping as a single piece
* Flexible Thermal Ceramic Insulation

e Fiber Retractory or Ceramic Fiber

Section Revision: 02/2019 Mechanical Commissioning 23 08 00 Page 2 of 17



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards
"K" factor shall be a maximum of 1.5 at 1500 degrees F mean temperature
2000 degrees F temperature limit
Presized glass cloth jacketing material

0 Not less than 7.8 ounces per square yard, or metal jacket

= Rigid Thermal Ceramic Insulating System

Rigid thermal insulating systems are designed to specific job applications by
Thermal Structures

o0 Provide desired thickness, ambient air temperature desired, cold side
temperature, and hot side temperature to Thermal Structures for proper
design of insulating system

"K" factor shall be a maximum of 1.5 at 1500 degrees F mean temperature

2000 degrees F temperature limit.

= Jackets for Piping Insulation

Coordinate exterior ductwork insulation spec with details on drawings
ASTM C 921, Type | for piping with temperatures below ambient
ASTM C 921, Type Il for piping with temperatures above ambient

o Type | may be used for all piping

Fitting Covers

o UV resistant PVC, pre-molded fitting covers

o0 PVC tape for cold systems

0 Serrated tacks or PVC tape for hot systems

Aluminum Jacketing

0 T3003 (or T/5005) H14 to H19 aluminum alloy with 3/16" corrugations and
shall have a factory attached 1 mil thick polyethylene moisture barrier
continuously laminated across the full width of the jacketing

o 0.016" thick minimum

o Provide matching factory fabricated covers for 90 degrees and 45
degrees elbows, tee fittings, flange fittings, valve bodies, blind ends,
reducers and other fittings necessary to make the covering system
complete, waterproof and weatherproof

0 Optional jacketing color coated baked on polyester finish
= Color selected by architect and approved by LPS OMC and LPS PM
PVC Jacketing
0 UV resistant PVC
o 30 mil thick

o Factory cut and curled to fit O.D. of insulated pipe
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0 Solvent weld adhesive for sealing joints and seams
e Rubber/Tedlar Jacketing
o ASTM-D-1424-63, ASTM-D-774, and ASTM-E-84

o Manufactured from a combination of heavy fiberglass fabric coated with
Hypalon Rubber, fully cured and laminated to a Tedlar facing

o Jacketing required to be vapor barrier and laminated to a corrosion
resistant aluminized mylar

o 0.010" thick minimum

o UL Class I rated, acid and alkali resistant, and be both washable and
paintable

o Cloth Jacketing Material

0 Not less than 8 oz. per square yard with adhesives, cement and sealer as
recommended by insulation manufacturer for the intended application

= PVC premolded fitting covers shall not be provided
0 Plumbing Piping System Insulation

= |nsulation not required on

e Chrome-plated exposed piping (except for handicapped fixtures), air
chambers, unions, balance cocks, flow regulators, drain lines from water
coolers, drainage piping located in crawl spaces or tunnels, fire protection
piping, and pre-insulated equipment

= Cold Piping
e Applications
o Potable and non-potable cold water piping
o Potable chilled water piping

0 Interior above-ground horizontal storm water piping including elbow up &
down

0 Roof drain bowls and roof drain leader to horizontal piping
o0 Overflow roof drain bowls and first 10 feet of overflow piping
e Requirements
0 Above Ground Inside Building Fiberglass
0 Yzinch thickness
= Hot Piping
e Applications
o Potable hot water and tempered piping
o Potable hot water and tempered recirculating piping

¢ Requirements
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o Fiberglass
= 1/2 inch for runouts to individual fixtures 12'-0" or less in length
= 1 inch thick for pipe sizes up to and including 2 inch
= 1 1/2 inch thick for pipe sizes over 2 inches
0 Below Ground Runouts to Individual Fixtures - Flexible Elastomeric
= 1/2 inch thickness for pipe sizes up to 2 inches
o0 Sound Insulation
= Show on drawings
= 2 inch flexible fiberglass/vinyl sound insulation
= Install with foil tape at all seams

= Provide plastic wire ties every 18 inches around piping to fully fasten
insulation to piping

= Obtain a copy of manufacturer’s installation requirements, keep copy
on site, and follow all instructions

0 HVAC Piping System Insulation

= Review general industry standard fiberglass verses cellular glass with LPS OMC
and LPS PM cost benefit for

e Moisture resistance

e Consider for exterior, underground, or high humidity applications

e Verify local installers are familiar with the product, and any cost implications
= [nsulation not required on

e Insulation may be omitted inside of cabinet unit heaters, convectors and fan
coils for hot piping

e Cold piping insulation inside fan coil unit cabinet may be omitted provided
piping is located over drain pan

¢ Hot and cold piping routed inside air handler units REQUIRED to be insulated

¢ Insulation on strainers in heating water strainers operating below 200
degrees F.

» Heat Traced Piping
e Applications
0 Piping exposed to freezing which is specified with heat cable
e Requirements
o0 Fiberglass
= 1 1/2 inch thick for pipe sizes up to and including 2 inch

= 2 inch thick for pipe sizes over 2 inches
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o0 Above Ground, Exterior - Cellular Glass
= 1 1/2 inches thick for pipe sizes up to and including 2 inch
= 2 inches thick for pipe sizes over 2 inches
= Sub-Freezing Piping (0 to 39 deg. F (-18 to 4 degrees C)
e Applications
o0 Refrigerant suction lines between evaporators and compressors
e Requirements
o Fiberglass
= 2 inches thick for pipe sizes up to and including 1 inch
= 2-1/2 inch thick for pipe sizes over 1 inch
0 Above Ground Exterior - Cellular Glass
= 1 1/2 inch thick for pipe sizes up to and including 1 inch
= 2 inch thick for pipe sizes over 1 inch
0 Pre-Insulated Soft Copper Refrigerant Line Sets - Flexible Elastomeric
= 1 inch thickness for pipe sizes up to and including 2 inches
= Cold Piping (40 degrees F (4.4 degrees C) to ambient)
e Applications
o Chilled water supply and return piping
o0 Cold condensate drain piping

o Condenser water supply and return piping when used with plate and
frame or cooling coil applications

e Requirements
o Fiberglass

= 1/2 inch thick for runouts to individual units up to 2 inches in size and
less than 12 feet-0 inches in length

= 1 inch thick for pipe sizes up to and including 8 inch
= 1-1/2 inch thick for pipe sizes over 8 inches
o Exterior, Above Ground - Cellular Glass

* 1/2 inch thick for run-outs to individual units up to 2 inches in size and
less than 12 foot-0 inches in length

= 1inch thick for pipe sizes up to and including 2 inch
= 2 inch thick for pipe sizes over 2 inches.
0 Below Ground - Flexible Elastomeric

= 1/2 inch thickness for pipe sizes up to 2 inches
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» Dual Temperature Piping (40 degrees to 200 degrees F (5 to 90 degrees C))
e Applications
0 Hot and chilled water changeover supply and return piping
e Requirements

o0 Insulate each piping system specified above with the heating system
types and thicknesses of insulation specified for heating system piping,
and with the methods required for cold piping

» Heating System Piping (to 200 degrees F (90 degrees C))
e Applications
0 Hot water supply and return piping

0 Hot gas refrigerant piping (interior, exposed, less than 7feet-6inches
above floor)

0 Hot gas bypass refrigerant piping (interior, exposed, less than 7feet-
6inches above floor)

Heat recovery water
Heat reclaim coil header

Boiler feedwater piping

© O o O

Blowdown piping
e Requirements
o0 Fiberglass

= Y% inch thick for runouts to individual units up to 2 inches in size and
less than 12 feet-0 inches in length

= 1 1/2 inches thick for pipe sizes up to and including 8 inch
= 2 inch thick for pipe over 8 inches
0 Above Ground Exterior - Cellular Glass
= 2 inches thick for pipe sizes up to and including 8 inches
= 2-1/2 inch thick for pipe sizes 8"
0 Underground Piping to Individual Terminal Units — Flexible Elastomeric
» Y inch thick up to 2 inch pipe size

= High Temperature, Low Pressure Piping (200 to 250 degrees F (90 to 120
degrees C))

e Applications
o0 HVAC high temperature (200 to 250 degrees) hot water supply and return
piping
e Requirements
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o Fiberglass

= 1 inch thick for runouts to individual units up to 2 inches in size and
less than 12 feet in length

= 1 1/2 inch thick for pipe sizes up to and including 2 inch
= 2 inch thick for pipe sizes 2-1/2 inches through 4 inches
= 3 1/2 inches thick for pipe sizes over 4 inches
0 Above Ground, Exterior - Cellular Glass
= 2 1/2 inches thick for pipe sizes up to and including 2 inch
= 3 inch thick for pipe size 2-1/2 inches through 6 inches
= 5inches thick for pipe sizes over 8 inches

= High Temperature, Medium and High Pressure Piping (250 to 350 degrees F
(120 to 175 degrees C)

e Applications

0 High temperature (250 degrees to 350 degrees) hot water supply and
return piping

0 Medium and High pressure (16 to 125 psig) steam piping
e Requirements
o0 Fiberglass
= 2 inches thick for pipe sizes up to and including 1 inch
= 2 1/2 inches thick for pipe sizes 1-1/4 inch through 4 inches
= 3 1/2 inches thick for pipe sizes over 4 inches
o Exterior, Above Ground - Cellular Glass
= 3inches thick for pipe sizes up to and including 1 inch
= 4 inches thick for pipe size 1-1/4 inch through 4 inches
= 5 inches thick for pipe sizes over 4 inches
= High Temperature Piping (to 1200 degrees F (649 degrees C)
e Applications
o Exhaust Piping fittings and silencers for emergency generators
o Exhaust Piping fittings and silencers for engine driven fire pumps
e Requirements
0 Calcium Silicate 4 inches thick.
0 Fiberglass is PROHIBITED
» High Temperature Piping (to 2000 degrees F (1093 degrees C))

e Applications
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o Exhaust Piping fittings and silencers for emergency generators
o Exhaust Piping fittings and silencers for engine driven fire pumps
e Requirements

0 Thickness dependent on temperature and design of insulating system
o0 Concealed Piping

= Flexible thermal Ceramic

= 6 pcf
0 Exposed Piping

* Rigid Thermal Ceramic System
o0 Calcium Silicate is PROHIBITTED

o0 Installation of Piping Insulation

= Install insulation on pipe systems subsequent to installation of heat tracing,
testing, and acceptance of tests

= Maintain integrity of vapor-barrier jackets on cold pipe insulation, and protect to
prevent puncture or other damage.

= Extend piping insulation without interruption through walls, floors and similar
piping penetrations, except where otherwise indicated

= On flexible elastomeric pipe insulation apply two (2) coats of manufacturer's
approved U.V. resistant finish.

Ductwork Insulation

0 Materials
= Coordinate exterior ductwork insulation spec with details on drawings

= Consider cost, durability, moisture resistance, and appearance with LPS OMC
and LPS PM

¢ Metal jacket is best, and most expensive

¢ Armaflex finish needs repainting every 3-5 years and cannot be applied
below 50 degrees F

* Rigid Fiberglass Ductwork Insulation

e ASTM C 612, Class 1, 450 degrees F temperature limit

e Density of 3 pcf

e "K"value shall be maximum 0.23 at 75 degrees F. mean temperature

e Facing of 7 mil, foil-reinforced with glass mesh and laminated to 40 Ib kraft
= Round Surface Semi-Rigid Fiberglass Blanket Insulation

e ATSM C 612, Class 1, 450 degrees F temperature limit

e 2.5 PCF density
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“K” value of .25 max at 75 degrees F mean temp
Foil-scrim- k raft facing

o Orientation of fibers shall be perpendicular to facing to facilitate
application on round surfaces

= Flexible Fiberglass Ductwork Insulation

ASTM C 553, Type |

3/4 Ibs per cu. ft. density

"K" value shall be maximum 0.25 at 75 degrees F. mean temperature
250 degrees F temperature limit

Vapor transmission rating shall not exceed 0.02 perms

Facing of .7 mil foil reinforced with glass mesh and laminated to 40 Ib kraft

= Flexible closed cell elastomeric insulation

ASTM C534, Type |
"K" value shall be a maximum 0.27 at 75 degrees F mean temp
220 degrees F Temperature limit

Water vapor permeability rating of 0.10 perm inches or less

= Jackets for Ductwork Insulation

ASTM C 921

0 Type I for ductwork with temperatures below ambient

0 Type Il for ductwork with temperatures above ambient.

Aluminum Jacketing

0 T3003 (or T/5005) H14 to H19 aluminum alloy with 3/16 inch corrugations

0 Factory attached 1 mil thick polyethylene moisture barrier continuously
laminated across the full width of the jacketing

o 0.016 inches thick minimum

0 Matching factory fabricated covers for 90 degrees and 45 degrees
elbows, tee fittings, branch fittings, reducers and other fittings necessary
to make the covering system complete, waterproof and weatherproof

0 Optional jacketing color coated baked on polyester finish

= Color selected by architect and approved by LPS OMC and LPS PM
Rubber/Tedlar Jacketing
0 ASTM-D-1424-63, ASTM-D-774, and ASTM-E-84

o0 Manufactured from a combination of heavy fiberglass fabric coated with
Hypalon Rubber, fully cured and laminated to a Tedlar facing
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0 Required to be vapor barrier and shall be laminated to a corrosion
resistant aluminized mylar
o 0.010" thick minimum

o UL Class | rated, acid and alkali resistant, and be both washable and
paintable

0 Factory fabricated aluminum fitting covers with mil-polyethylene vapor
barrier for all elbows, tees, and other fittings.

Flexible closed cell elastomeric insulation shall be coated with two coats
Armstrong WB Armaflex Finish or equal

0 Ductwork System Insulation

= |nsulation not required on

Fibrous glass ductwork, or lined ductwork

= Application

Outdoor air intake ductwork and plenums between air entrance and fan inlet
or HVAC unit inlet

Mixed air ductwork and plenums between air entrance and fan inlet or HVAC
unit inlet

HVAC supply ductwork between fan discharge, or HVAC unit discharge, and
room terminal outlet unless ductwork is specified to be lined

HVAC return ductwork in unconditioned spaces or exterior; except omit
insulation when ductwork is specified to be lined

HVAC plenums and unit housings not pre-insulated at factory or lined

Rigid oval or round supply air ductwork

CONTINUED ON NEXT PAGE
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temperature duct

& reinforcements

TYPE,
APPLICATION THICKNESS
FIBEII?%E,/ASS FLEXIBLE FLEXIBLE
*%
(see notes 1&2) FIBERGLASS ELASTOMERIC
ior: . 1" min. up to 2" as
Interior; concealed; cold, hot or dual required to cover joints | 1-1/2" v

In humid/humidified environments, the flanges must be covered to prevent condensation

Interior; exposed within conditioned
finished spaces; cold, hot, or dual
temperature duct

None
1" min. up to 2" as
required to cover joints

& reinforcements

None Not
Allowed except
for budget
considerations

None

1" min. up to 2" as
required to cover
joints &
reinforcements.
Provide white finish
coat.

[Duct Mate Fittings require 2". Coordinate with ductwork specification

Interior; exposed within mechanical,
electrical, storage, or other service
areas; cold, hot, or dual temperature
duct

1" min. up to 2" as
required to cover joints
and reinforcements

Not Allowed
except for
budget
considerations

1" min. up to 2" as
required to cover
joints and
reinforcements with
white finish. Provide
white finish coat.

Duct Mate Fittings require 2". Coordinate with ductwork specification

Exterior; hot or dual temperature

2" with metal jacket
OR with weather

dual temperature or return duct

Not Allowed Not Allowed protective finish OR

duct, all return duct .
with rubber/Tedlar
jacket

Unconditioned Attic; hot, cold, dual 1-1/2" on 1-1/2"

temperature, or return duct

Unconditioned Crawl Space; cold

duct, returns serving exclusively 1" 1-1/2" 1"

cooling systems

Unconditioned Crawl Space; hot, 1-1/2" o 1-1/2"

Use semi-rigid fiberglass insulation for round or flat oval duct
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o Installation of Ductwork Insulation

Maintain integrity of vapor-barrier on ductwork insulation, and protect it to prevent
puncture and other damage

Avoid the use of staples on vapor barrier jackets

Seal vapor barrier penetrations with vapor barrier tape recommended by
manufacturer

Extend ductwork insulation without interruption through walls, floors and similar
ductwork penetrations, except where otherwise indicated

Except as otherwise indicated, omit insulation on ductwork where internal
insulation or sound absorbing linings have been installed

Except for oven and hood exhaust duct insulation, install corner angles on all
external corners of insulation on ductwork in exposed finished spaces before
covering with jacketing

Repair damaged sections of existing mechanical insulation, both previously
damaged or damaged during this construction period

Replace damaged insulation which cannot be repaired satisfactorily, including
units with vapor barrier damage and moisture saturated units

Equipment Insulation

o Materials

Rigid Fiberglass Equipment Insulation

e ASTMC 612, Class 2

o "K" factor shall be maximum 0.28 at 200 degrees F. mean temperature
e 3.0 Ib. density

e 850 degrees F temperature limit

Flexible Fiberglass Equipment Insulation

e ASTM C 553, Type |

o "K" factor shall be maximum 0.45 at 250 degrees F. mean temperature
e 850 degrees F temperature limit

Calcium Silicate Equipment Insulation

e ASTM C 533, Type I, Block

o "K" factor shall be maximum 0.87 at 1000 degrees F. mean temperature
e Compression strength 200 psi for 5 percent compression

e Transverse strength 60 psi

Flexible closed cell elastomeric insulation

e ASTM C534, Type |

o "K" valve shall be a maximum of 0.27 at 75 degrees F mean temp
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e 220 degrees F temperature limit
e Water vapor permeability of 0.10 perm inches or less

= Jacketing Material for Equipment Insulation

o Pre- sized glass cloth jacketing material, not less than 7.8 ounces per square
yard, or metal jacket

o0 Equipment Insulation
= Cold Equipment (Below Ambient Temperature)
o Applications
0 Refrigeration equipment, including chillers, tanks and pumps
* Include any cold surfaces not factory insulated
Condensate pans under chilled equipment
Cold water storage tanks
Cold and chilled water pumps

Pneumatic water tanks (existing, only)

O O O o o©

Air separators
e Requirements
0 Rigid Fiberglass
= 1 inch thick for surfaces above 35 degrees F (2 degrees C)
= 1 1/2inch thick for surfaces 35 degrees F (2 degrees C) and lower
0 Flexible Elastomeric Sheet

» ¥ inch thickness for surface temperatures above 35 degrees F (2
degrees C)

= 1 inch thickness for surface temperatures below 35 degrees F (2
degrees C)

= Hot Equipment (Above Ambient Temperature)
e Applications
Boilers (not pre-insulated at factory)
Hot water storage tanks
Water heaters (not pre-insulated at factory)
Heat exchangers
Condensate receivers
Hot water pumps operating over 200 degrees

Condensate pumps

0O O O 0O 0o o o o

Flash tanks
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Air separators
Blow down separators

Induced draft fan scrolls

Feedwater storage tanks

©O O O O O

Absorption chiller hot surfaces (not pre-insulated at factory)
Requirements
o Fiberglass

= 2 inch thick

= 3 inch thick for low- pressure boilers

= PROHIBITED for equipment above 450 degrees F (232 degrees C)
o Calcium Silicate

= 3inch thick

* 4 inch thick for diesel exhaust mufflers

= 4-1/2 inches thick for low-pressure boilers
Insulation of breechings and stacks

0 Breechings between heating equipment outlet and stack or chimney
connection, except for double wall or factory insulated breechings

0 Stacks from bottom to top except for factory insulated stacks

o0 Insulate with Calcium Silicate, 4 inches thick (2 layers of 2 inch thickness)

o Installation of Equipment Insulation

Maintain integrity of vapor-barrier on equipment insulation and protect it to
prevent puncture and other damage

Do not apply insulation to equipment, mufflers, breechings, or stacks while hot

Do not insulate hot equipment ASME stamp and manufacturer's nameplate

Provide neatly beveled edge at interruptions of insulation.

Cold equipment requiring access

Provide removable section of insulation, fabricated from flexible elastomeric
insulation, adhered to an aluminum jacket, and joined with velcro strips
around entire perimeter

Reinforce removable section and adjoining insulation at attachment points

Provided for all equipment requiring periodic inspection, access or
maintenance

0 Chilled water pump bodies
o Strainer basket access

0 Heat exchanger (including chillers) tube access
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o Handhold/cleanout covers
= Hot equipment requiring access
e Provide removable section of insulation, either

o Fabricated from rigid fiberglass insulation board, adhered to an aluminum
jacket, and fastened to the equipment with stainless steel bands

o Pre-fabricated, canvas jacketed, lace-up insulation blankets

¢ Provide removable insulation for hot equipment requiring access with
accessible components over 100 square inches or any component operating
over 200 degrees including

0 Heat exchanger tube access.
o Handhole/manhole/cleanout access.
= Protect outdoor insulation from weather by
e |Installation of aluminum jacketing, as recommended by manufacturer

e On flexible elastomeric insulation, apply two (2) coats of manufacturer's
approved U.V. resistant finish

Sound Lagging Insulation
0 Approved Manufacturers
» Certainteed
= Qwens-Corning
= Soundseal
= Vibro-Acoustics
= Schuller
0 Flexible Fiberglass & Vinyl Sound Insulation

= 1.0 PSF, .090 inch thick mylar feed vinyl loaded barrier, tested to 400psi tensile
strength

= Absorber material, foil covered fiberglass laminated on vinyl barrier, .40 PSF, 2
inch nominal thickness insulating value of R-8.0

= Assembly flame/smoke index of 12.5/19.5 tested per Class A ASTME-84
= Assembly sound tested per ASTME-90 for a 5Tlof 30 or greater

= Rated for temperature between -20 degrees F & 350 degrees F

SOUND TRANSMISSION LOSS (dB) FREQUENCY (Hz)

PRODUCT| 125 | 250 500 1000 2000 4000
B-10 LAG 1
QFA-9 19 | 20 23 33 44 53
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0 4" matching sound lagging foil tape

o Insulation for application over duct, piping & equipment.
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SECTION 23 08 00 - MECHANICAL COMMISSIONING
PART 1 - GENERAL

NOTE: This section applies to projects that include commissioning as part of the scope of work, to be
determined by the LPS Operations, Maintenance and Construction (OMC) Department.

1.1 DESCRIPTION:
A. Purpose:

1. Verify operation and functional performance of central mechanical HVAC systems,
controls and electrical systems for compliance with "Design Intent", as defined by the
Contract Documents.

2. Document Mechanical and Electrical system test and inspections.

3. Verify application of operation and maintenance manuals, as-build (record)
documents, spare parts lighting, special tools, controls and other items as may be
specified herein for support of Mechanical and Electrical systems and equipment.

4, Provide indirect support of the training of personnel for operation and maintenance
of Mechanical and Electrical equipment and systems.

B. General:

1. Furnish labor and material to accomplish complete mechanical and electrical system
commissioning as specified herein. Complete interim commissioning of HVAC
systems during initial season operation.

C. Job Conditions: The commissioning contractor shall become familiar with the contract
documents, all addenda, and change orders issued for this project prior to commencing
commissioning work.

1.2 QUALITY ASSURANCE:
A. Reference: ASHRAE Guideline 1P, "Guideline for Commissioning of HVAC System.

B. Qualifications: The "Commissioning Authority” shall be defined as a company or agency of
experienced personnel, qualified to plan & carry out the overall commissioning progress. The
Commissioning Authority shall submit for owner review, an outline of the organization's
personnel qualification resources, commissioning, documentation process & commissioning
plan specifically prepared for this project.

1.3 DOCUMENTATION:

A. The Commissioning Authority shall obtain the following:

1. Project plans and specification (contract documents), authorized revisions, shop
drawings and submittals (approved, Test and Balance report, equipment start-up and
certification reports, operation and maintenance manuals, etc.

2. Records of required code authority inspections, contractor test inspections,
documentation sign-offs, etc.

14 SUBMITTALS:

A. Commissioning Authority will submit the name of the commissioning project manager
approval prior to starting the commissioning process.
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1. Commissioning Plan (describe extent and delivery schedule.)

2. Commissioning Outline Plan (describe extent of plan, expected duration of
observations, personnel involved, schedule, etc.)

3. Tool List: provide a detailed list of the tools required for the commissioning process.

15 RESPONSIBILITIES OF OTHERS: Applicable specification sections outline
trade responsibilities during the commissioning process.

A. General Contractor:
The General Contractor shall verify completeness of the building envelope, perimeter and

interior items, which effect proper operation, and control of HVAC equipment and systems.

The General Contractor will assure participation and cooperation of specialty contractors
(Mechanical, TAB, building automation system, etc.) under his jurisdiction as required for
the commissioning process.

B. Specialty Contractors:
Individual mechanical and electrical sub - will be responsible for providing labor, material,
equipment, etc., required within the scope of this specialty to facilitate the commissioning
process. The listed Sub-Contractor will perform tests and verification procedures required

by the commissioning process when requested by the Commissioning Authority and
directed by the General Contractor.

C. Owner/Operator:
1. Owner/Operator may schedule personnel to participate in commissioning process.

2. Owner/Operator will advise the Commissioning Authority regarding changes in
building occupancy, usage, or functional requirements.

PART 2 - PRODUCTS
2.1 INSTRUMENTATION:

A. Instrumentation will be provided by agency performing prior tests. Instruments will be
operated by individual agency requested by the Commissioning Authority, as specified
elsewhere herein.

PART 3 - EXECUTION
3.1 GENERAL:

A. Commissioning Authority will participate in the final construction phase of the project to
assure compliance with specific Commissioning requirements.

3.2 PROCEDURE:

A. Attend construction meeting and establish requirements for the Commissioning
process throughout construction phase.

B. Prepare and submit to the Owners representative  (name) within weeks
after contract award a Commissioning plan which shall outline:

1. Responsibility of each trade affected by Commissioning as required by
appropriate section of this specification.
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2. Requirement for documentation as listed elsewhere herein.
3. Requirements for documentation of tests and inspections required by code authorities.
4, Requirements for the Commissioning program during specified operational seasons

part and full loads as further delineated in Subsection 3.3.
C. Periodically attend construction and coordination meetings.
3.3 MECHANICAL SYSTEMS COMMISSIONING:

A. Mechanical System Commissioning shall begin after HYAC equipment and systems, along
with related equipment; systems, structures and areas are complete.

B. Verify TAB readings, such as:

Supply and return air CFM quantities.
Fan performance

Hydronic performances

Branch duct readings

Refrigeration side performance
Chiller performance

Cooling tower performance

Boiler performance

©ONoOGAWNE

C. Verify calibration of thermostats and related controls, such as:

VAV boxes

Multi-zone damper settings and operators
Valve positions

Damper position

N =

D. Verify readings of remote data and control systems, such as:

1. Temperature
2. Air flow
3. Damper positions
4. Water pressure
5. Water temperatures
E. Verify operation of system modes, such as economy cycle, smoke removal and in specific:
1. Damper and fan operation
2. Smoke detector response
3. Zone response

F. Verify that total HYAC system is performing to provide conditions as outlined in the
contract documents, including seasonal, part and full load conditions.
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The following commissioning checklists are provided to illustrate the minimum information, which should
be included in the commissioning checklist final report.

aoow

1. PRIOR TO FUNCTIONAL PERFORMANCE TEST:
Chiller has been set in place and piped - hydrostatically leak tested.
Factory start-up and check out complete with report submitted.
Chiller safety and protection devices tested, report submitted.
The following check lists completed and submitted:
1) Chilled water/condenser water pumps.
2) Cooling tower.
3) Controls and instrumentation checklist.
4) Test and Balance Report submitted.
5) Chemical treatment report.
Personnel present during demonstration:
1) General Contractor, Mechanical, Electrical, and Controls Contractor.
2) Commissioning authority.
3) Owner's representative.
Functional Performance Test: Contractor shall demonstrate operation of chilled water system as
per specifications including the following: Start building air handler to provide load for chiller.
Activate controls system chiller start sequence as follows:
1) Time of day start-up program initiates chiller start.
2) Start condenser water pump, establish flow, and activate chiller proof of flow switch.
3) Start chilled water pump, establish flow, and activate chiller proof of flow switch.
4) Control system energizes chiller start sequence.
5) Chiller senses chilled water temperature above set point, chiller control system activates
start.
6) Verify functioning of "soft start" sequence, record motor amperage as a time function.
7) Verify cooling tower controls function, refer to checklist.
8) Chiller load to be calculated by controls system, provide trend log of load imposed.
9) Shut-off air handler to remove load on chilled water system.
10) Verify chiller shut down sequence after load is removed.
11) Re-start air handler within 2 minutes of chiller shut down. Verify condenser and chilled water
pump, cooling tower controls sequence.

2. Results:
The Commissioning Authority shall report results obtained in 3 above.

1) If specified equipment performance is not verified, Commissioning Authority shall report
remedial action required and re-schedule Functional Performance Test.

Reports:

1) Submit reports of Functional Performance Test above to Owner’s representative.

COMMISSIONING CHECKLIST - PUMPS

1. Prior to Functional Performance Test

a.

b.

Pumps in place, grouted, vibration isolation devices functional, pump alignment, and rotation
verified.

Power available with motor protection, safeties, control system contractors, and interlocks
functional.

Piping system pressure tested, cleaned, chemical water treatment complete and report
submitted. Piping systems filled and chemically treated (where applicable).

Pressure and temperature gauges installed and functional.

Water balance complete with design maximum flow, pressures obtained, and report submitted

Section Revision: 02/2019 Mechanical Commissioning 23 08 00 Page 4 of 10



Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

2. Personnel present during functional performance test:
a. General Contractor, Mechanical Contractor, Controls Contractor, Electrical Contractor.
b. Commissioning authority.
c. Owner's representative.

3. Functional performance test: Contractor shall demonstrate operation of pumps as per specification
including the following:

a. Activate pump start using control system command.

b. Verify pressure drop across strainer, verify strainer is clean. Verify pump inlet/outlet pressure
reading, compare to Test and Balance Report, pump design conditions, and pump
manufacturer's performance data. Operate pump at shut-off, 50% and 100% flow. Plot test
readings on pump curve. Verify specified flow is obtained.

c. Verify motor amperage each phase and voltage phase to phase and phase to ground.

d. Check and report unusual vibration, noise, etc.

4. Results:
a. The Commissioning Authority shall report results obtained in item 3 above.
b. If specified equipment performance is not verified, Commissioning Authority shall report remedial
action required and re-schedule Functional Performance Test.

5. Reports:
a. Submit reports of functional performance test item 3 above to owner’s representative.

COMMISSIONING CHECKLIST — COOLING TOWER/CHEMICAL TREATMENT

1. Prior to Functional Performance Test:

a. Cooling tower is in place, piped; motor and fan drive adjusted, make-up valve and water supply
piped.

b. Power is available with motor protection safeties and disconnect at tower operational. Controls
systems, contractor’s interlocks functional. Motor and fan rotation checked.

c. Tower basin is filled, cleaned, and water treatment system functional with report from treatment
contractor submitted.

d. Water balance is complete with design flow verified and water distribution headers balanced.

e. Fan lubricated and blade pitch adjusted.

2. Personnel present during demonstrations:
a. General Contractor, Mechanical, Electrical, and Controls Contractor.
b. Commissioning authority.
c. Owner's representative.

3. Functional Performance Test: The Mechanical Contractor shall Functionally Performance Test the
operation of the cooling tower as per specification and the following:

a. Activate cooling tower fan start using control system command. This should first start condenser
water pump, establish flow, and delay fan start for 30 seconds to equalize flow in distribution
basin and sump. Start fan after times delay.

b. After chiller start-up, control system should modulate bypass valve and two-speed fan motor to
maintain 75°F return water temperature to chiller. Observe and record functioning of bypass
valve under varying loads.

c. Verify interlock with chiller; cooling tower fan should operate concurrently when chiller is
energized.

d. Verify make-up water float valve is functioning. Activate chemical treatment feed valve; verify
make-up of chemical treatment system, pump, and controls.

e. Sample cooling tower water and test for suspended solids, record solids meter reading for each
sample to verify accuracy.

f. Record reading on tower make-up water supply meter, compare to chiller load summation of ton-
hours. Make-up water use would be 2 gallons per ton hour. Report variance. Record amount of
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chemical used, forward to water treatment contractor for review and approval based upon amount
of make-up water used.

4. Results:
a. The Commissioning Authority shall report results obtained in item 3 above.
b. If specified equipment performance is not verified, Commission Authority shall report remedial
action required and re-schedule Functional Performance Test.

5. Reports:
a. Submit reports of Functional Performance Test item 3 above to engineer.

COMMISSIONING CHECKLIST — HOT WATER BOILERS

1. Prior to functional performance test:
a. Boiler has been set in place and piped - hydrostatically leak tested.
b. Factory start-up and check out complete with report submitted.
c. Boiler safety and protection devices tested, report submitted.

2. The following checklists completed and submitted:
Boiler water.

Primary and secondary water pumps.
Controls and instrumentation checklist

Test and Balance Report submitted.
Chemical treatment report.

Natural gas and oil delivery systems.

Boiler flues.

@~ ooo0oTp

3. Personnel present during demonstration:
a. General Contractor, Mechanical, Electrical, and Controls Contractor.
b. Commissioning authority.
c. Owner's representative.

4. Functional Performance Test: Contractor shall demonstrate operation of hot water boiler system as
per specifications including the following: Start building air handlers to provide load for boiler. Activate
controls system boiler start sequence as follows:

Time of day start-up program initiates boiler start.

Start boiler water pump, establish flow, and activate boiler proof of flow switch.

Start boiler internal circulation pump.

Verify low water cutoff safety and water makeup supply.

Verify operation of temperature and pressure gauges. Operate high-pressure limit control.

Verify operation of water relief valves.

Verify operation of temperature controls to operate burner.

Verify burner operation on natural gas including a 4:1 turn down modulation and gas trans safety.

Verify burner operation on #2 fuel oil including operation of integral fuel oil pump.

Verify operation of forced draft blower and combustion air modulating damper.

. Inspect boiler control panel for operation of controls and indicating lights.

I.  Verify ignition timing for pre-combustion pure, and post combustion purges and flame failure shut
down.

m. Verify chemical treatment report.

n. Provide boiler stack analysis to verify full load and part load thermal efficiency.

S

=~ —

5. Results:
a. The (Commissioning Authority) shall report results obtained in 3 above.
b. If specified equipment performance is not verified, Commissioning Authority shall report remedial
action required and re-schedule Functional Performance Test.

6. Reports:
a. Submit reports of Functional Performance Test above to Owner's representative.
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COMMISSIONING CHECKLIST — VAV DEVICES AND DUCTWORK

1. Prior to Functional Performance Test:

a. All VAV boxes are in place, ducted, connected to controls system, heating boxes connected to
electrical circuits with local disconnects mounted.

b. Ductwork complete, as-built shop drawings submitted, duct pressure and leakage test complete.

c. Duct static pressure sensor installed, calibrated and transmitting 4-20 MA signal to fan speed
controller. DDC controls system operational with input/output from each VAV box and thermostat
verified, local controller functional and monitoring CRT functional.

d. Smoke/fire dampers installed as required with access, verify status as to open/closed position.

e. Test and balance operation is complete including each VAV box calibrated for
maximum/minimum flow settings, low pressure duct and devices balanced at maximum flow
conditions, heating VAV boxes fan speed setting/air flow adjusted.

2. Personnel present during demonstration:
a. General Contractor and Mechanical, Controls and Electrical Contractor.
b. Commissioning authority.
c. Owner's representative.

3. Functional Performance Test: Contractor shall demonstrate operation of VAV boxes as per
specifications including the following:

a. Cooling/heating VAV boxes: With system as described above, perform all cooling only tests at
noted. In addition, for space heating requirement demonstrate the following:

1) VAV box response to room temperature set point adjustment at local controller and CRT.

Changes to be 78°F to 68°F, 72°F and 82°F.

a) Check damper maximum/minimum flow settings.

b) Verify damper actuator response to control input changes and rate of response. Record
room temperature change, rate of change and overshoot/undershoot of desired
temperature.

b. VAV box response to sensor call for heating via set point adjustment, local controller and CRT
changes. Changes to be warm up from 55°F to 68°F, from 68°F to 74°F. Verify cooling damper
closes to minimum position, fan energized to circulate air, and upon further drop in space
temperature (T-stat adjustment acceptable), verify hot water reheat activation, deactivation, and
shut off on loss of air flow. Loss of airflow to be demonstrated by interrupting interlock or manual
air vane flow sensor adjustment. Record room temperature change, rate of change and
overshoot/undershoot of set point temperature.

4. Results:
a. The Commissioning Authority shall report results obtained in 3 above.

b. If specified equipment performance is not verified, the Commissioning Authority shall report
remedial action required and re-schedule Functional Performance Test.

5. Reports:
6. Submit reports of Functional Performance Test item 3 above to the owner's representative.

COMMISSIONING CHECKLIST — AIR HANDLING UNITS

1. Prior to Functional Performance Test:

a. Verify unit is properly installed, securely fastened to floor with vibration isolators, access doors
are operable and sealed, dampers and casing undamaged, insulation, and drain pan and interior
are not damaged. Check and verify condensate drainage is unobstructed.

b. Verify power available to unit disconnect and control panel.

c. Verify chilled water piping or DX piping (where applicable) is connected to cooling coils, pressure
tested, cleaned, and chemical treatment performed with report submitted.
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Verify control valves and damper actuators are installed, control power is energized and
valves/dampers operable.

Verify variable speed supply fan controller is energized with control power source available (if
applicable).

Verify shipping blocks on supply fan isolation rails are removed, fan drive and motor adjusted,
check rotation.

Verify return fan drive and motor adjusted, check rotation.

Verify construction start-up T & B filters removed and replaced with new filters. During testing,
completely blanket filters with filter media to simulate 0.5 in W.C. pressure drop (1/2 dirty filters).
Test and Balance Report submitted.

2. Personnel present during demonstration;

a.
b.
c.

General Contractor and Mechanical, Electrical, and Controls Contractor.
Commissioning authority.
Owner's representative.

3. Functional Performance Test: Contractor shall verify operation of air handling unit (AHUS) as per
specification including the following:

a.
b.

Activate AHUS using control system command.

The following sequence of control shall be verified: Start-up

1) Minimum and economizer outside air damper closed.

2) Return air damper open.

3) Relief air damper closed.

4) Low temperature cutout allows start of fan if temperature inside unit is above 45°F.
5) Multizone AHUS zone dampers motors are installed and operational.

Normal Day-time operation - ambient temperature above specified economizer changeover.
1) Minimum outside air damper open.

2) Economizer outside air damper closed.

3) Return air damper open.

4) Relief air damper closed.

5) Fan multizone controller receiving signal from temperature sensor.

6) Chilled water control valves modulate to maintain 55°F leaving air temperature.
Economizer cycle outside air temperature less than specified economizer changeover.

1) Minimum outside air damper open

2) Economizer outside air damper modulated to maintain 60°F supply air.

3) Relief air damper modulates to relief economizer supply air.

4) Chiller and chiller pumps/cooling tower and pumps off.

5) Fan multizone controller receiving signal from temperature sensor.

Nighttime shut down (where applicable).

1) Outside air dampers closed.

2) Return air damper open.

3) Relief air damper closed.

4) Ambient conditions below 45°F, activate unit-heating coil to maintain 50°F inside building.
Verify VAV fan inlet vain controller calibration and maintenance of duct static pressure 1.5 in w.c.
0.2 in during 20% to 100% of design air flow.

Verify chilled water coil control valves sequence to operate 1/3 coil valve to full open, then 2/3
coil valve to full open and the reverse sequence under varying load conditions.

Verify unit shut down during fire event initiated by smoke/heat sensors, or day room smoke purge
activation.

Verify airflow balance, outside air/return air; during variable unit air flow conditions.

4. Results:

a.
b.

The Commissioning Authority shall report results obtained in 3 above.
If specified equipment performance is not verified, Commissioning Authority shall report remedial
action required and re-schedule Functional Performance Test.

5. Reports:
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a. Submit reports of Functional Performance Test item 3 above to owner's representative.

COMMISSIONING CHECKLIST — BAS CONTROL SYSTEMS

1. Prior to Functional Performance Test:
a. All control devices are in place, operable, calibrated, and communicating with local control panels and
operator interface terminal communicating with local control panels and operator interface terminal
(CRT).
b. Test and verify power supplies, wiring, low voltage transformers, allowable voltage drops, and
related interlocks are available and meet specifications. Continuity has been checked.
Verify that control software programs have been loaded, edited and operational.
Controlled devices, mechanical equipment, actuators, and sensors are complete and operable.
e. Interrupt building power supply for 30 minutes, re-energize, verify software packages and
programming remained intact and operable after interruption.

oo

2. Personnel present during demonstration:
a. General, Mechanical, Electrical, and Controls Contractors.
b. Commissioning authority.
c. Owner's representative.

3. Functional Performance Test: Contractor shall verify operation of the controls system as per
specification and the following:

a. Sensing Element: Verify wall mounted sensing elements are located per plans, securely mounted
on wall with protective cover. Furnish plans, securely mounted on wall with protective cover. Furnish
calibrated digital thermometer 40-105°F +0.5°F accuracy to verify reporting temperature of each
sensing element. At each sensing element compare temperature sensed vs. actual temperature.
Query each sensing element from local control panel and CRT; allowable variance is 0.5°F from
digital thermometer.

b. Follow procedure described in item a) above for all temperature-sensing device.

VAV box controllers, refer to demonstration procedure in VAV section.

d. Ineach VAV control zone, reset set point from 72°F to 60°F, and then record time to achieve set
point (as climatic conditions and internal loads permit).

e. Night setback (as climatic conditions allow): Verify heating VAV boxes operate to maintain 55°F
space temperature.

f.  Morning warm-up cycle: Verify warm-up time, trend logging function, and reset of warm-up time
at different ambient conditions, i.e. 50°F ambient and 30°F.

g. Air Handling Unit: Refer to demonstration procedure in applicable section. At CRT, reset leaving
air temperature set point, log response of multizone AHU's zone control valves, space
temperatures, VAV box reactions, and system flow in system.

h. Chiller/cooling tower/pumps: Log chiller load and leaving water temperature as a result of
resetting chilled water set point from 45°F to 50°F.

i. For all controls Functional Performance Test, prepare report in format as follows:

1) Binary points (per specified points list)

Verify: YES NO

Command issued

Command accepted
Command executed
Controlled device responded
Feedback verified response

2) Analog points (per specified points list): INITIAL* FINAL*
Verify: YES NO STATUS STATUS
Command issued
Command accepted

o
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Command executed
Controlled device responded
Feedback verified response

*Status/readings to be reported as follows:
Control Signal, Actual system effect: Air flow, temperature, pressure, etc.

For interlocked devices, positioners, multiple points of control for each commence, list
effect and response on all devices.
4. Results:
a. The Commissioning Authority shall report results obtained in 3 above.
b. If specified equipment performance is not verified, Commissioning Authority shall report remedial
action required and re-scheduled Functional Performance Test.

5. Reports: Submit reports of Functional Performance Test item 3 above to the Owner’s
Representative.

END OF SECTION 23 08 00
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SECTION 23 09 23 - DIRECT DIGITAL CONTROL SYSTEMS
PART 1 - GENERAL

11 DESCRIPTION OF WORK:

***Edit paragraphs A & B for each project as applicable.***

A. The Contractor shall become aware of the Method of Procedure requirements outlined in
the LPS General Conditions of the Contract and Divisions 20 through 25. Change orders
will not be considered for time associated with Method of Procedure requirements.

B. General: The Control System Contractor shall provide a complete new modified control
system using new control devices to replace existing devices to operate as specified. The
contractor shall inspect the existing conditions prior to submitting a proposal. The existing
temperature control system control devices, dampers, operators, wiring, conduit, air piping,
valves, etc. not being modified and which are no longer utilized, shall be removed, and not
abandoned in place.

1. All temperature control devices to be removed shall be returned to the Owner in
good condition.

C. The Control Contractor will be responsible for all installation, programming,
commissioning, testing and performance verification.

D. The Controls Contractor will be responsible for providing all devices required for a complete
operating control system.

E. It shall be a digital, distributed microprocessor-based system, with a pneumatic and
electronic interface where required at existing pneumatic devices, only. The Control
System for this project will be referred to as a Building Automation System (BAS).

F. Total quantity and type of control points shall consist of specifications, drawings and as
required to complete the sequence of operation as specified. Additional points shall be
provided as required to meet all sequence of operation functions, safeties and data base.
The drawings and Specifications are not intended to show all details necessary to make the
system complete and operable.

G. The Control Contractor shall be responsible for all phases of software design, all
equipment, installation and warranty for the BAS. The Control Contractor shall be
responsible for supplying and installing all necessary control devices for completing the
BAS.

H. The system shall include all control device, valves, interlocks, field devices, hardware,
software, automatic dampers, piping, fittings, wire, conduit, etc., as specified and required
and connected so as to perform all functions and operate according to the specified
seguences.

*** Edit paragraph below for applicable projects.***

l. The Contractor shall leave operable existing controls in operation until the BAS is tested
and proven operative. At that point, and with concurrence from the Owner and the
Engineer, the Contractor shall be responsible for removing existing controls that are no
longer necessary. Start-up of the BAS system, and any installation work that requires the
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interruption of the normal operation of any piece of equipment, shall be scheduled with the
Owner. If the interruption of the normal operation of any piece of equipment during
normal working hours is unacceptable to the Owner, then it shall be scheduled during
after-hours (night or weekend).

J. This installation shall not be used as a test site for any new products unless explicitly
approved by the Owner or Architect/Engineer in writing. Unless approved otherwise, all
products (including firmware revisions) used in this installation shall have been used in at
least twelve (12) projects prior to this installation. The previous sites may be located
anywhere in the U.S.A. This requirement is not intended to restrict the Contractor to the
use of any outdated equipment. Therefore, all products used in this installation shall also
be currently under manufacture and have available, for at least ten years after completion
of the contract, a complete line of spare parts. If the above requirements are mutually
exclusive, the Contractor shall include a specific statement to this effect in the Bid.

K. Refer to other Divisions 20 through 25 sections for installation of instrument wells, valve
bodies and dampers in mechanical systems.

L. Provide electrical work as required, complying with requirements of Division 26 sections
including, but not limited to raceways, wires, cables, electrical identification, supporting
devices and electrical connections for equipment. Work includes, but is not limited to, the
following:

1. Interlock and control wiring between field-installed controls, indicating devices and
unit control panels.

2. The Contractor shall be responsible for all additional electrical and other costs
involved to accommodate the temperature control system panel, motors and
electrical devices requiring power which differs from the power requirements shown
on the electrical drawings.

*** Verify with Electrical Consultant & Architect location of Coordination Table.***

3. Refer to other sections of Divisions 20 through 26 for mechanical/electrical
coordination.

M. Control Contractor shall furnish & identify location requirements for all necessary control
devices which may be installed by others including the following, but not limited to:

Automatic control valves.

Flow switches.

Outside, return and exhaust air dampers for the supply fan/return fan systems.
Modulating dampers.

Required wells for insertion thermostats and/or temperature sensing wells.
Pressure Sensors.

ourwdE

***Use the following paragraph for applicable projects.***

N. Each Temperature Control Contractor shall include Section 23 38 16 laboratory room
pressure and fume hood controls as a part of Section 23 09 23. Each Temperature
Control Contractor shall submit separate bid cost for each of the manufacturers listed in
Section 23 82 00. Each T.C.C. is responsible for coordinating all labor and materials with
suppliers and contractors prior to submitting bids.
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12 QUALITY ASSURANCE:

A. Contractors Qualifications: Firms regularly engaged in installation and commissioning and
servicing of digital control equipment, of types and sizes required, whose firm has been in
business in similar service for not less than 5 years.

B. All work of this Section shall be fully “Year 2012 Compliant”. (See Section 23 05 00). All
date- related data shall use four-digit dates. “Windowing” of dates is specifically prohibited.

C. Only those manufacturers specified are allowed to bid temperature controls. All bidders
shall make available, upon the Owner's request, open-book unit-pricing of all materials and
labor.

D. The system shall be installed by competent mechanics, regularly employed by the

Temperature Control Contractor.

E. All bidders must have installed and completed at least two (2) direct digital temperature
control jobs of similar design, size and scope using the same equipment as specified.

F. All bidders must have a local office in the area of the project site.

G. All bidders must have capabilities of doing component level repairs on all systems,
including electronic systems.

H. No Field Devices shall be multiplexed to a single 1/O point unless specified. Each control or
sensing point shall be terminated at a unique location on the BAS panel, Slave or Dedicated
Controller and be associated with a unique software point on the BAS.

l. Codes and Standards:

1. All equipment and the installation shall comply with the requirements of all
applicable local and national codes including but not limited to the currently
enforced edition of the Uniform Building Code, Uniform Fire Code, Uniform
Electrical Code, and all applicable codes of the National Fire Protection Association
including the National Electrical Code.

2. Electrical Standards: Provide electrical products, which have been tested, listed
and labeled by UL and comply with NEMA standards.

3. NEMA Compliance: Comply with NEMA standards pertaining to components and
devices for electric control systems.

4, NFPA Compliance: Comply with NFPA 90A "Standard for the Installation of Air
Conditioning and Ventilating Systems" where applicable to controls and control
sequences.

J. All bidders must have a minimum of one person dedicated to software generation. This
person shall be located in an office local to the project site.

K. The equipment and software proposed by the supplier shall be currently in manufacture. No
custom products shall be allowed unless required by the Specification. All products shall be
supported by the manufacturer for a minimum of 5 years including spare parts, board repairs
and software revisions.

L. The Temperature Control Contractor shall cooperate with other contractors performing
work on this project necessary to achieve a complete and neat installation. To that end,
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each contractor shall consult the drawings and specifications for all trades to determine the
nature and extent of others work.

M. It will be the responsibility of the Contractor to work in cooperation with the Owner and with
all other contractors and employees rendering such assistance and so arrange his work
such that the entire project will be delivered complete in the best possible condition and in
the shortest time.

13 PROPRIETARY INFORMATION:

A. Project Documentation: All custom software, programs, code, databases, graphic files and
drawings (whether hard copy or CADD based files) prepared for this system shall be the
exclusive property of the Owner and shall not be reproduced or distributed without prior
written permission from the Owner.

B. Reference to the Owner, any of its facilities or any of the facility automation projects shall
not be used by the Manufacturer or Contractor in any promotional media, including
advertisements, sale brochures, annual reports and client references or endorsements,
without prior written permission from the Owner. The Owner reserves the right to restrict or
refuse access to any or all of its facilities.

14 SUBMITTALS:
A. Submit in accordance with submittal requirements per the LPS General Conditions of the
Contract and Divisions 20 through 25.
B. In addition to the requirements set forth in paragraph A above, the following shall be

included in the shop drawing submittals including, but not limited to:

1. Product Data: Submit manufacturer's technical product data sheets for each control
device furnished, each data sheet shall be labeled indicating its control drawing
descriptor and include the following:

indicating dimensions;

capacities;

performance characteristics;

electrical characteristics;

finishes of materials;

commissioning, installation instructions and start-up instructions.

~Pooow

2. Valve, damper and well and tap schedule showing size, configuration, capacity and
location of all equipment.

3. Control system drawings containing pertinent data to provide a functional operating
system and a sequence of operation.

4. Detailed wiring diagrams.

5. A floor plan of each area with a detailed new conduit/wiring layout shall be included.

The plan shall indicate all conduit locations within +2' of actual installed location. All
walls, doors and temperature control devices shall be accurately shown.

6. Schematic flow diagram of system showing fans, pumps, coils, dampers, valves, and
all control devices. ldentify all control points with labeling.

7. Label each control device with setpoint or adjustable range of control. Provide a bill
of materials with manufacturer's part number.
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Indicate all required point to point electrical wiring. Clearly differentiate between
portions of wiring that are existing and portions to be field-installed.

Provide details of faces of control panels, including controls, instruments, and
labeling.

Include verbal description of sequence of operation and reference each device
described by schematic symbol used.

Provide a detailed listing of all software program code written for each system.

Provide a point list with database input information to include a point name, address,
base and span, action and other required information.

Provide a detailed test plan and procedure for each HVAC system and for each type
of terminal unit control including valves. The test plans shall fully define reporting
methods, procedure, equipment utilized, milestones for the tests, identifying the
simulation programs, and personnel. The test procedures shall be developed from
the test plans and shall consist of instructions for test execution and evaluation. A
test report form shall be developed for each point and sequence of operation.
Commissioning procedures shall be provided for each HVAC system and for each
type of terminal unit control system. The procedure shall include setpoint, prop.
band, integral, derivative, mode constraints input, output settings, tuning procedures.,
etc.

C. Submit manufacturer's installation instructions.

D. Submittal data and shop drawings shall be prepared and submitted in the following formats:

1.

4.

All drawings prepared for the project shall be developed using the AutoCADD program,
most current version (or a CADD package capable of producing AutoCADD "DXF"-
compatible format files).

All submittals data shall be the same size for any group of information and shall be in a
three screw and post binder. (NO EXCEPTIONS). All the information shall be indexed
and tabbed with reference to the specific section of these specifications.

The format for different groups of submittal information are as follows:

a.

Control drawings, building plans (including complete floor plans), schematics and
system configurations shall be CADD prepared drawing, bound and indexed.
Drawings that cannot represent the total information on an individual ANSI size B
(11" x 17") drawing, i.e. a building plan, shall be noted with appropriate match
lines, cross references and key plans.

Technical data, sequence of operations, material list, point lists, program listings,
I/0 schedules, operator's and programmer's manuals, etc. shall be type written,
original product data sheets or CADD prepared drawings, ANSI size A or ANSI
size B.

Upon completion of the project and acceptance of systems the contractor shall provide
to the Owner one set of hard copy as-built shop drawings and diskettes.

E. Shop drawings shall include riser diagram depicting locations of all controllers and
workstations, with associated network wiring. Also included shall be individual schematics
of each mechanical system showing all connected points with reference to their associated
controller. Typicals will be allowed where appropriate.
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F. When the Architect/Engineer requires, the Contractor will resubmit with the corrected or
additional submittal data. This procedure shall be repeated until all corrections are made to
the satisfaction of the Engineer and the submittals are fully reviewed.

G. Contractor agrees that shop drawing submittals processed by the Architect/Engineer are
not change orders, that the purpose of shop drawing submittals by the Contractor is to
demonstrate to the Architect/Engineer that the Contractor understands the design concept,
that he demonstrates his understanding by indicating which equipment and material he
intends to furnish and install, and by detailing the fabrication and installation methods he
intends to use. The Contractor shall be responsible for space requirements, configuration,
performance, changes in bases, supports, structural members and openings in structure,
and other apparatus that may be affected by their use.

H. Contractor further agrees that if deviations, discrepancies, or conflicts between shop
drawing submittals and the contract documents in the form of design drawings and
specifications are discovered either prior to or after shop drawing submittals are processed
by the Architect/Engineer, the design drawings and specifications shall control and shall be
followed. If alternates do not meet these requirements, it shall be this Contractor's
responsibility to remove them and install material originally specified, at no cost to the
Owner.

15 DELIVERY, STORAGE AND HANDLING:

A. Provide factory shipping cartons for each piece of equipment, and control device.
Maintain cartons through shipping, storage and handling as required to prevent any
equipment damage, and to eliminate all dirt and moisture from equipment. Store all
equipment and materials inside and protected from weather.

PART 2 - PRODUCTS
2.1 ACCEPTABLE MANUFACTURERS AND CONTRACTORS:

A. Subject to compliance with requirements, the system to be installed shall be Johnson
Controls — Metasys Open Architecture.

B. Installers for field level controls and programming shall be JCl-authorized contractors pre-
approved by the LPS Operations, Maintenance and Construction (OMC) Department.

C. Temperature Control proposals for work on the existing Johnson Controls ADX Platform
server located at 5776 South Crocker Street, Littleton, CO 80120, are to be submitted
directly to the Owner by Johnson Controls Inc., Milwaukee, WI. Once approved, the pricing
and proposal will be delivered to bidding contractors through the Architect/Engineer for
inclusion in the contractors bid proposal. Contractor must identify the JCI assigned
subcontractor on the bid form.

2.2 GENERAL PRODUCTS DESCRIPTION:

A. The Building Automation System (BAS) shall be capable of integrating multiple building
function including equipment supervision and control, alarm management, energy
management, and historical data collection and archiving. All products and materials
installed shall be suitable for the intended application requirements including but not

limited to:

1. Accuracy

2. Rangeability

3. Temperature and pressure ranges
4, Shut-off pressures

5. Differential pressures
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6. Repeatability

7. Materials of construction suitable with the environment and/or media in which they
are in contact

8. Code compliance

9. Velocities

B. The BAS shall consist of the following:

Standalone DDC panels

Standalone application specific controllers (ASCs)
Portable Operator's Terminals

Personal Computer Operator Workstations

High Speed Communication Network (LAN)

arwNE

The system shall be modular in nature, and shall permit expansion of both capacity and
functionality through the addition of sensors, actuators, standalone DDC panels, and
operator devices.

C. System architectural design shall eliminate dependence upon any single device for alarm
reporting and control execution. Each DDC panel shall operate independently by
performing its own specified control, alarm management, operator I/O, and historical data
collection. The failure of any single component or network connection shall not interrupt
the execution of control strategies at other operational devices.

D. Standalone DDC panels shall be able to access any data from, or send control commands
and alarm reports directly to, any other DDC panel or combination of panels on the network
without dependence upon a central processing device. Standalone DDC panels shall also
be able to send alarm reports to multiple operator workstations without dependence upon a
central processing device.

E. Field level controls (those controls affecting new equipment and devices for the Project)
are to be BACnet MSTP compatible and interface via the existing JCI ADX Platform.

F. Shared points will not be allowed.

G. BAS shall allow third party software to operate on personal computer workstation without
any degradation to the controls operating normally.

2.3 NETWORKING/COMMUNICATIONS:

The design of the BAS shall network operator workstations and Standalone DDC panels as
shown on the attached system configuration drawing. Inherent in the system's design shall be
the ability to expand or modify the network either via the local area network, or auto-dial
telephone line modem connections, or via a combination on the two networking schemes.

A. Local Area Network

1. Workstation/DDC Panel Support: Operator workstations and DDC panels shall directly
reside on a local area network such that communications may be executed between
controllers, directly between workstations, and between controllers and workstations on
a peer-to-peer basis.

2. Dynamic Data Access: All operator devices, either network resident or otherwise, shall
have the ability to access all point status and application report data, or execute control
functions for any and all other devices via the local area network. Access to data shall
be based upon logical identification of building equipment.
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a. Access to system data shall not be restricted by the hardware configuration of
the BAS. The hardware configuration of the BAS network shall be totally
transparent to the user when accessing data or developing control programs.

3. General Network Design: Network design shall include the following provisions:

a. High speed data transfer rates for alarm reporting, quick report generation from
multiple controllers and upload/download efficiency between network devices.
The minimum baud rate shall be 1 Mega-baud.

b. Support of any combination of controllers and operator workstations directly
connected to the local area network. A minimum of 50 devices shall be
supported on a single local area network.

C. Detection and accommodation of single or multiple failures of either workstations,
DDC panels, or the network media. The network shall include provisions for
automatically reconfiguring itself to allow all operational equipment to perform
their designated functions as effectively as possible in the event of single or
multiple failures.

d. Message and alarm buffering to prevent information from being lost.

Error detection, correction, and retransmission to guarantee data integrity.

Default device definition to prevent loss of alarms or data, and ensure alarms are

reported as quickly as possible in the event an operator device does not

respond.

g. Commonly available, multiple sourced, networking components and protocols
shall be used to allow the BAS to coexist with other networking applications such
as office automation. MAP, ETHERNET, IBM Token Ring and ARCNET are
acceptable technologies.

h. Use of industry standard IEEE 802.x protocol. Communications must be of a
deterministic nature to assure calculable performance under worst-case network
loading.

i. Synchronization of the real-time clocks in all DDC panels shall be provided.

~ o

2.4 STANDALONE DDC PANELS:

A. General: Standalone DDC panels shall be microprocessor based, multi-tasking, multi-user,
real-time digital control processors. Each standalone DDC panel shall consist of modular
hardware with plug-in enclosed processors, communication controllers, power supplies, and
input/output modules. A sufficient number of controllers shall be supplied to fully meet the
requirements of this specification and the attached point list.

B. Memory: Each DDC panel shall have sufficient memory to support its own operating
system and databases including:

Control Processes

Energy Management Applications
Alarm Management
Historical/Trend Data for all points
Maintenance Support Applications
Custom Processes

Operator 1/0

Manual Override Monitoring

©ONoO A~ WN R

C. Point Types: Each DDC panel shall support the following types of point inputs and outputs:

Digital Inputs for status/alarm contacts

Digital Outputs for on/off equipment control

Analog Inputs for temperature, pressure, humidity, flow and position measurements
Analog Outputs for valve and damper position control, and capacity control of
primary equipment

PN PE
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5. Pulse inputs for pulsed contact monitoring

D. Expandability: The system shall be modular in nature, and shall permit easy expansion
through the addition of software applications, workstation hardware, field controllers,
sensors and actuators.

The system architecture shall support a minimum capacity of [ %] for all types of DDC
panels, and all point types included in the initial installation.

E. Serial Communication Ports: Standalone DDC panels shall provide at least two RS-232C
serial data communication ports for simultaneous operation of multiple operator I/O devices
such as industry standard printers, laptop workstations, PC workstations, and panel
mounted or portable DDC panel Operator's Terminals. Standalone DC panels shall allow
temporary use of portable devices without interrupting the normal operation of permanently
connected modems, printers, or network terminals.

F. Hardware Override Switches: The operator shall have the ability to manually override
automatic or centrally executed commands at the DDC panel via local, point discrete,
onboard hand/off/auto operator override switches for analog control type points. These
override switches shall be operable whether the panel is powered or not.

G. Hardware Override Monitoring: DDC panels shall monitor the status or position of all
overrides, and include this information in logs and summaries to inform the operator that
automatic control has been inhibited. DDC panels shall also collect override activity
information for daily and monthly reports.

H. Local Status Indicator Lamps: The DDC panel shall provide local status indication for each
binary input and output for constant, up-to-date verification of all point conditions without
the need for an operator I/O device.

l. Integrated On-Line Diagnostics: Each DDC panel shall continuously perform self-
diagnostics, communication diagnosis, and diagnosis of all subsidiary equipment. The
DDC panel shall provide both local and remote annunciation of any detected component
failures, or repeated failure to establish communication. Indication of the diagnostic
results shall be provided at each DDC panel, and shall not require the connection of an
operator I/O device.

J. Surge and Transient Protection: Isolation shall be provided at all network terminations, as
well as all field point terminations to suppress induced voltage transients consistent with
the latest IEEE Standard 587.

1. Provide ISLATROL active tracking filters or equal, which provides both high and low
voltage transients, non-linear characteristics, capable of instantaneously responding
to spikes or transients without degradation to the filter or its performance. Power
protection device shall be UL listed and have a reliability in excess of 100,000 hours
of mean time between failures.

2. Signal wiring shall not be installed in same conduit as high voltage wiring.

K. Powerfail Restart: In the event of the loss of normal power, there shall be an orderly
shutdown of all standalone DDC panels to prevent the loss of database or operating
system software. Non-volatile memory shall be incorporated for all critical controller
configuration data, and battery back-up shall be provided to support the real-time clock
and all volatile memory for a minimum of 72 hours.

Upon restoration of normal power, the DDC panel shall automatically resume full operation
without manual intervention.
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Should DDC panel memory be lost for any reason, the user shall have the capability of
reloading the DDC panel via the local area network, via the local RS-232C port., or via
telephone line dial-in.

2.5 SYSTEM SOFTWARE FEATURES:
A. General
1. All necessary software to form a complete operating system as described in this
specification shall be provided.
2. The software programs specified in this section shall be provided as an integral part of
the DDC panel and shall not be dependent upon any higher level computer for

execution.
B. Control Software Description

1. Pre-Tested Control Algorithms: The DDC panels shall have the ability to perform the
following pre-tested control algorithms.

a. Two Position Control
b. Proportional Control
C. Proportional plus Integral Control
d. Proportional, Integral, plus Derivative Control
e. Automatic Control Loop Tuning
2. Equipment Cycling Protection; Control software shall include a provision for limiting the

number of times each piece of equipment may be cycled within any one-hour period.

3. Heavy Equipment Delays: The system shall provide protection against excessive
demand situations during start-up periods by automatically introducing time delays
between successive start commands to heavy electrical loads.

4, Powerfail Motor Restart: Upon the resumption of normal power, the DDC panel shall
analyze the status of all controlled equipment, compare it with normal occupancy
scheduling, and turn equipment on or off as necessary to resume normal operation.

C. Energy Management Applications: DDC panels shall have the ability to perform any or all of
the following energy management routines.

- Time of Day Scheduling

- Calendar Based Scheduling

- Holiday Scheduling

- Temporary Schedule Overrides

- Optimal Start

- Optimal Stop

- Night Setback Control

- Enthalpy Switchover (Economizer)
- Peak Demand Limiting

- Temperature Compensated Load Rolling
- Fan Speed/CFM Control

- Heating/Cooling Interlock

- Cold Deck Reset

- Hot Deck Reset

- Hot Water Reset

- Chilled Water Reset

- Condenser Water Reset

- Chiller Sequencing
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All programs shall be executed automatically without the need for operator intervention, and
shall be flexible enough to allow user customization. Programs shall be applied to building
equipment as described in the Execution portion of this specification.

D. Custom Process Programming Capability: DDC panels shall be able to execute custom, job-
specific processes defined by the user, to automatically perform calculations and special
control routines.

1. Process Inputs and Variables: It shall be possible to use any of the following in a
custom process:

a. Any system-measured point data or status
b. Any calculated data
C. Any results from other processes
d. User-Defined Constants
e. Arithmetic functions (+, -, *, /, square root, exp, etc.)
f. Boolean logic operators (and, or, exclusive or, etc.)
g. On-delay/Off-delay/One-shot timers.
2. Process Triggers: Custom processes may be triggered based on any combination of
the following:
a. Time interval
b Time of day
c. Date other processes
d. Time programming
e Events (e.g., point alarms)
3. Dynamic Data Access: A single process shall be able to incorporate measured or

calculated data from any and all other DDC panels on the local area network.

In addition, a single process shall be able to issue commands to points in any and all
other DDC panels on the local area network.

4. Advisory/Message Generation: Processes shall be able to generate operator
messages and advisories to operator I/O devices. A process shall be able to directly
send a message to a specified device, buffer the information in a follow-up file, or
cause the execution of a connection to a remote device such as a printer or pager.

5. Custom Process Documentation: The custom control programming feature shall be
self-documenting. All interrelationships defined by this feature shall be documented via
graphical flowcharts and English language descriptors.

E. Alarm Management: Alarm management shall be provided to monitor, buffer, and direct alarm
reports to operator devices and memory files. Each DDC panel shall perform distributed,
independent alarm analysis and filtering to minimize operator interruptions due to non-critical
alarms, minimize network traffic, and prevent alarms from being lost. At no time shall the
DDC panel's ability to report alarms be affected by either operator activity at a PC
Workstation or local I/O device, or communications with other panels on the network.

1. Point Change Report Description: All alarm or point change reports shall include the
point's English-language description, and the time and date of occurrence.

2. Prioritization: The user shall be able to define the specific system reaction for each
point. Alarms shall be prioritized to minimize nuisance reporting and to speed operator
response to critical alarms. A minimum of three priority levels shall be provided. Each
DDC panel shall automatically inhibit the reporting of selected alarms during system
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shutdown and start-up. Users shall have the ability to manually inhibit alarm reporting
for each point.

The user shall also be able to define under which conditions point changes need to be
acknowledged by an operator, and/or sent to follow-up files for retrieval and analysis at
a later date.

3. Report Routing: Alarm reports, messages, and files will be directed to a user-defined
list of operator devices, or PCs used for archiving alarm information. Alarms shall also
be automatically directed to a default device in the event a primary device is found to
be off-line.

4, Alarm Messages: In addition to the point's descriptor and the time and date, the user
shall be able to print, display or store a 65-character alarm message to more fully
describe the alarm condition or direct operator response.

Each standalone DDC panel shall be capable of storing a library of a least 250 Alarm
Messages. Each message may be assignable to any number of points in the panel.

5. Auto-Dial Alarm Management: In dial-up applications, only critical alarms shall initiate
a call to a remote operator device. In all other cases, call activity shall be minimized by
time-stamping and saving reports until an operator scheduled time, a manual request,
or until the buffer space is full. The alarm buffer must store a minimum of 50 alarms.

F. Historical Data and Trend Analysis: A variety of Historical Data collection utilities shall be
provided to automatically sample, store, and display system data in all of the following ways.

1. Continuous Point Histories: Standalone DDC panels shall store Point History Files for
all analog and binary inputs and outputs.

The Point History routine shall continuously and automatically sample the value of all
analog inputs at half hour intervals. Samples for all points shall be store for the past 24
hours to allow the user to immediately analyze equipment performance and all problem
related events for the past day. Point History files for binary input or output points and
analog output points shall include a continuous record of the last ten status changes or
commands for each point.

2. Control Loop Performance Trends: Standalone DDC panels shall also provide high
resolution sampling capability with an operator-adjustable resolution of 10-300 seconds
in one second increments for verification of control loop performance.

3. Extended Sample Period Trends: Measured and calculated analog and binary data
shall also be assignable to user-definable trends for the purpose of collecting operator-
specified performance data over extended periods of time. Sample intervals of one
minute to two hours, in one-minute intervals, shall be provided. Each standalone DDC
panel shall have a dedicated buffer for trend data, and shall be capable of storing a
minimum of 500 data samples.

4. Data Storage and Archiving: Trend data shall be stored at the Standalone DDC panels,
and uploaded to hard disk storage when archival is desired. Uploads shall occur based
upon either user-defined interval, manual command, or when the trend buffers become
full. All trend data shall be available in disk file form for use in 3rd Party person
computer applications.

G. Runtime Totalization: Standalone DDC panels shall automatically accumulate and store

runtime hours for binary input and output points as specified in the Execution portion of this
specification.
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1. The Totalization routine shall have a sampling resolution of one minute or less.

2. The user shall have the ability to define a warning limit for Runtime Totalization.
Unique, user-specified messages shall be generated when the limit is reached.

H. Analog/Pulse Totalization: Standalone DDC panels shall automatically sample, calculate, and
store consumption totals on a daily, weekly, or monthly basis for user-selected analog and
binary pulse input-type points.

1. Totalization shall provide calculation and storage of accumulations of up to 99,999.9
units (e.g. KWH, gallons, KBTU, tons, etc.).

2. The Totalization routine shall have a sampling resolution of one minute or less.

3. The user shall have the ability to define a warning limit. Unique, user-specified
messages shall be generated when the limit is reached.

l. Event Totalization: Standalone DDC panels shall have the ability to count events such as the
number of times a pump or fan system is cycled on and off. Event totalization shall be
performed on a daily, weekly, or monthly basis.

1. The Event Totalization feature shall be able to store the records associated with a
minimum of 9,999,999 events before reset.

2. The user shall have the ability to define a warning limit. Unique, user-specified
messages shall be generated when the limit is reached.

2.6 APPLICATION OF SPECIFIC CONTROLLERS - HVAC APPLICATIONS:

A. Each Standalone DDC Controller shall be able to extend its performance and capacity
through the use of remote Application Specific Controllers (ASCs).

B. Each ASC shall operate as a Standalone controller capable of performing its specified control
responsibilities independently of other controllers in the network. Each ASC shall be a
microprocessor-based, multi-tasking, real-time digital control processor. Points shall not be
shared between controllers.

C. Each ASC shall have sufficient memory to support its own operating system and data base

including:

1. Control Processes

2. Energy Management Applications

3. Operator 1/O (Portable Service Terminal)

D. The operator interface to any ASC point data or programs shall be through any network-
resident PC workstation, or any PC or portable operator's terminal connected to any DDC
panel in the network.

E. Application Specific Controllers shall directly support the temporary use of a portable service
terminal. The capabilities of the portable service terminal shall include, but not be limited to,
the following:

1. Display temperatures

2. Display status

3. Display setpoints

4, Display control parameters
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5. Override binary output control
6. Override analog setpoints
7. Modification of gain and offset constants
F. Powerfail Protection: All system setpoints, proportional bands, control algorithms, and any

other programmable parameters shall be stored such that a power failure of any duration
does not necessitate reprogramming the controller..

2.7 AHU CONTROLLERS:

A. AHU Controllers shall support, but not be limited to, the following configurations of systems to
address current requirements as described in the Execution portion of this specification, and
for future expansion.

1. Large Air Handling Units
a. Mixed Air-Single Path
b. Mixed Air-Dual Path
C. 100% Single Path
d. 100% Dual Path

B. AHU Controllers shall support all the necessary point inputs and outputs to perform the
specified control sequences in a totally standalone fashion.

C. AHU Controllers shall have a library of control routines and program logic to perform the
sequence operation as specified in the Execution portion of this specification.

D. Occupancy-Based Standby/Comfort Mode Control: Each AHU Controller shall have a
provision for occupancy sensing overrides. Based upon the contract status of either a manual
wall switch or an occupancy sensing device, the AHU Controller shall automatically select
either Standby or Comfort mode to minimize the heating and cooling requirements while
satisfying comfort conditions.

E. Continuous Zone Temperature Histories: Each AHU Controller shall automatically and
continuously maintain a history of the associated zone temperature to allow users to quickly
analyze space comfort and equipment performance for the past 24 hours. A minimum of two
samples per hour shall be stored.

F. Alarm Management: Each AHU Controller shall perform its own limit and status monitoring
and analysis to maximize network performance by reducing unnecessary communications.

2.8 OPERATOR INTERFACE:
A. Basic Interface Description:

1. Command Entry/Menu Selection Process: Operator Workstation interface software
shall minimize operator training through the use of English language prompting, English
language point identification, and industry standard PC application software.

The operator interface shall minimize the use of a typewriter style keyboard through
the use of a mouse or similar pointing device, and "point and click" approach to menu
selection. Users shall be able to start and stop equipment or change setpoints from
graphical displays through the use of a mouse or similar pointing device.

2. Graphical and Text-Based Displays: At the option of the user, Operator Workstations

shall provide consistent graphical or text-based displays of all system point and
applications data described in this specification. Point identification, engineering units,
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status indication, and application naming conventions shall be the same at all
workstations.

3. Multiple, Concurrent Displays: The Operator Interface shall provide the ability to
simultaneously view several different types of system displays in overlapping windows
to speed building analysis. For example, the interface shall provide the ability to
simultaneously display a graphic depicting an air handling unit, while displaying the
trend graph of several associated space temperatures to allow the user to analyze the
system performance. If the interface is unable to display several different types of
displays at the same time, the BAS Contractor shall provide at least two operator
stations.

4. Password Protection: Multiple-level password access protection shall be provided to
allow the user/manager to limit workstation control, display, and data base manipulation
capabilities as deemed appropriate for each user, based upon an assigned password.
a. Passwords shall be exactly the same for all operator devices, including portable

or panel-mounted network terminals. Any additions or changes made to
password definition shall automatically cause passwords at all DDC panels on a
network to be updated and downloaded to minimize the task of maintaining
system security. Users shall not be required to update passwords for DDC
panels individually.

b. A minimum of five levels of access shall be supported:

1) Level 1 = Data Access and Display

2) Level 2 = Level 1 + Operator Overrides

3) Level 3 = level 2 + Database Modification

4) Level 4 = Level 3 + Database Generation

5) Level 5 = Level 4 + Password Add/Modification

C. A minimum of 50 passwords shall be supported at each DDC panel.

d. Operators will be able to perform only those commands available for their
respective passwords. menu selections displayed at any operator device,
including portable or panel mounted devices, and shall be limited to only those
items defined for the access level of the password used to log-on.

e. User-definable, automatic log-off timers from 1 to 60 minutes shall be provided to
prevent operators from inadvertently leaving devices on-line.

5. Operator Commands: The operator interface shall allow the operator to perform
commands including, but not limited to, the following:

Start-up or shutdown selected equipment

Adjust setpoints

Add/Modify/Delete time programming

Enable/Disable process execution

Lock/Unlock alarm reporting for each point

Enable/Disable Totalization for each point

Enable/Disable Trending for each point

Override PID loop setpoints

Enter temporary override schedules

Define Holiday Schedules

Change time/date

Enter/Modify analog alarm limits

Enter/Modify analog warning limits

View limits

Enable/Disable demand limiting for each meter

Enable/Disable duty cycle for each load.

TOS3ITXTTSTQ@TOO00R

6. Logs and Summaries: Reports shall be generated automatically or manually, and
directed to CRT displays, printers, or disk files. As a minimum, the system shall allow
the user to easily obtain the following types of reports:
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A general listing of all points in the network
List of all points currently in alarm

List of all off-line points

List all points currently in override status
List of all disabled points

List all points currently locked out

List of all items defined in "Follow-Up" file
List all weekly Schedules

List all Holiday Programming

List of limits and deadbands
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Summaries shall be provided for specific points, for a logical point group, for a user-
selected group of groups, or for the entire facility without restriction due to the
hardware configuration of the facility management system. Under no conditions shall
the operator need to specify the address of hardware controller to obtain system
information.

B. Dynamic Color Graphic Displays: Color graphic floor plan displays, and system schematics
for each piece of mechanical equipment, including air handling units, chilled water systems,
and hot water boiler systems, shall be provided as specified in the Execution portion of this
specification to optimize system performance analysis and speed alarm recognition.

1. System Selection/Penetration: The operator interface shall allow users to access the
various system schematics and floor plans via a graphical penetration scheme, menu
selection, or text-based commands.

2. Dynamic Data Displays: Dynamic temperature values, humidity values, flow values,
and status indication shall be shown in their actual respective locations, and shall
automatically update to represent current conditions without operator intervention.

3. Windowing: The windowing environment of the PC Operator Workstation shall allow
the user to simultaneously view several graphics at the same time to analyze total
building operation, or to allow the display of a graphic associated with an alarm to be
viewed without interrupting work in progress.

4, Graphics Definition Package: Graphic generation software shall be provided to allow
the user to add, modify, or delete system graphic displays.

a. The BAS Contractor shall provide libraries of pre-engineered screens and
symbols depicting standard air handling unit components (i.e. fans, cooling coils,
filters, dampers, etc.), complete mechanical systems (i.e. constant volume-
terminal reheat, VAV, etc.) and electrical symbols.

b. The graphic development package shall use a mouse or similar pointing device
in conjunction with a drawings program to allow the user to perform the following:
1) Define symbols
2) Position and size symbols
3) Define background screens
4) Define connecting lines and curves
5) Locate, orient, and size descriptive text
6) Define and display colors for all elements
7 Establish correlation between symbols or text and associated system

points or other displays.

C. Graphical displays can be created to represent any logical grouping of system
points or calculated data based upon building function, mechanical system,
building layout, or any other logical grouping of points which aid the operator in
the analysis of the facility.
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To accomplish this, the user shall be able to build graphic displays that include
point data from multiple DDC panels, including application specific controllers
used for DDC unitary or VAV terminal unit control.

C. System Configuration and Definition: All temperature and equipment control strategies and
energy management routines shall be definable by the Operator. System definition and
modification procedures shall not interface with normal system operation and control.

1. The system shall be provided complete with all equipment and documentation
necessary to allow an operator to independently perform the following functions:

Add/Delete/Modify Standalone DDC Panels

Add/Delete/Modify Operator Workstations

Add/Delete/Modify Application Specific Controllers

Add/Delete/Modify points of any type, and all associated point parameters,

and tuning constants

Add/Delete/Modify alarm reporting definition for each point.

Add/Delete/Modify control loops

Add/Delete/Modify energy management applications

Add/Delete/Modify time and calendar-based programming

Add/Delete/Modify Totalization for every point

Add/Delete/Modify Historical Data Trending for every point

Add/Delete/Modify custom control processes

Add/Delete/Modify any and all graphic displays, symbols, and cross-

references to point data

m. Add/Delete/Modify all operator passwords

n. Add/Delete/Modify Alarm Messages

aoop
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2. Programming Description: Definition of operator device characteristics, DDC panels,
individual points, applications and control sequences shall be performed through fill-in-
the-blank templates and graphical programming approach.

Graphical programming shall allow the user to define the software configuration of DDC
control logic for HYAC system control sequences, fan interlocks, pump interlocks, PID
control loops, and other control relationships through the creation of graphical logic flow
diagrams.

a. Graphical Programming: Control sequences are created by using a mouse input
device to draw interconnecting (comparisons and mathematical calculations),
and outputs of a control sequence. As a minimum, graphic symbols shall be
used to represent:

1) Process Inputs, such as temperature, humidity, or pressure values, status,
time, date, or any other measured or calculated system data.

2) Mathematical Process Operators, such as addition, subtraction,
multiplication, or greater than, equal to, less than, etc.

3) Logical Process Operators such as AND, OR, Exclusive OR, NOT, etc.

4) Time Delays

5) Process Control Outputs such as start/stop control points, analog adjust
points, etc.

6) Process Calculation Outputs

7) Text file Outputs and Advisories

b. Network-Wide Strategy Development: Inputs and outputs for any process shall
not be restricted to a single DDC panel, but shall be able to allow the
development of all other DDC panels to allow the development of network-wide
control strategies. Processes shall also allow the operator to use the results of
one process as the input to any number of other processes (cascading).

C. Sequencing, Testing, and Simulation: A software tool shall be provided, which
allows a user to simulate control sequence execution to test strategies before
they are actually applied to mechanical systems. Users shall be able to enter
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hypothetical input data, and verify desired control response and calculation
results via graphical displays and hardcopy printouts.

System Definition/Control Sequence Documentation: All portions of system definition
shall be self-documenting to provide hardcopy printouts of all configuration and
application data. Control process and DDC control loop documentation shall be
provided in logical, graphical flow diagram format to allow control sequences to be
easily interpreted and modified at any time in the future.

Database Save/Restore/Back-Up: Back-up copies of all standalone DDC panel
databases shall be stored in at least one personal computer operator workstation.

Continuous supervision of the integrity of all DDC panel databases shall be provided.
In the event that any DDC panel on the network experiences a loss of its data base for
any reason, the system shall automatically download a new copy of the respective
database to restore proper operation. Database back-up/Download shall occur over
the local area network without operator intervention. Users shall also have the ability
to manually execute downloads of any or all portions of a DDC panel's database.

D. A portable laptop computer shall be provided to the Owner upon completion of the project.
The laptop computer shall include all necessary hardware and software to allow remote
access of the complete BAS on or off the site via a modem phone line communication
connection.

The laptop computer shall be configured to monitor, access, and make adjustments to the
system and operate the same as the computer workstation described above.

The laptop computer shall have the following minimum configuration:

oukrw pE

7.
8.
9

10.
11.
12.
13.
14.
15.
16.
17.
18.

NEC Versa
Intel P5-133 mHZ

16mB RAM

12.1" Active color display

Local Video Bus with accelerator
PCMCIA Slots (2) Type Il / (1) Type Il ports: Parallel, Serial, CRT, PS/2 Keyboard
mouse

Lithium lon battery

1 GB hard drive

3.5" 1.44 mB floppy disk drive
Battery charger

1 spare battery

MS-DOS 6.2 or higher

MS Windows '95

Integral Track Mouse

Targus Universal Case

Built-in 28.8 K bps Fax/Modem

MS Office '97 Professional

155 V plug-in adapter power supply

E. Standalone DDC panel Local or Portable Operator's Terminals: Each DDC panel shall be
capable of supporting an operator's terminal for local command entry, instantaneous and
historical data display, and program additions and modifications.

1.

There shall be a provision for both permanently mounting the stand-alone DDC panel
Operator Terminal, or using it as a portable handheld unit.
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2. The DDC panel Operator Terminal shall simultaneously display a minimum of 6 points
with full English identification to allow an operator to view single c\screen dynamic
displays depicting entire mechanical systems.

3. The operator functions provided by the DDC panel Operator Terminal shall include,
but not be limited to, the following:

Start and stop Points

Modify Setpoints

Modify PID Loop Setpoints

Override PID Control

Change Time/Date

Add/Modify Start/Stop Weekly Scheduling

Add/Modify Setpoint Weekly Scheduling

Enter Temporary Override Schedules

Define Holiday Schedules

View Analog Limits

Enter/ Modify Analog Warning Limits

Enter/ Modify Analog Alarm Limits

Enter/ Modify Analog Differentials

View Point History Files
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4. The DDC panel Operator Terminal shall provide access to all real or calculated points in
the controller to which it is connected, or any other controller in the network. This
capability shall not be restricted to a subset of predefined "global points", but shall
provide totally open exchange of data between the operator terminal and any DDC panel
in the network.

5. Operator access at all DDC panel operator Terminals shall be identical to each other,
as well as identical to the PC or Laptop Operator Workstations. Any password
changes shall automatically be downloaded to all controllers on the network.

6. The DDC panel operator terminal shall provide English language prompting to eliminate
the need for the user to remember command formats or point names. Prompting shall
be provided consistent with a user's password clearance and the types of points being
displayed, to eliminate the possibility of operator error.

7. A multi-function touchpad shall be provided for point and command selection, as well as
parameter entry. To minimize the possibility of operator error, the DDC panel Operator
Terminal shall change and limit touchpad functions based upon an operator's password
clearance, the function being performed, and types of points being displayed. Screen
displays shall clearly indicate only valid touchpad functions.

8. Context-Sensitive Help: On-line, interactive user's "Help" manuals and tutorials shall
be provided. Based upon operator request, the "help" function shall provide general
system operating instructions, and specific descriptions of commands available in the
currently displayed menus.

9. Identification for all real or calculated points shall be consistent for all network devices.
The same English language names used at PC workstations shall be used to access
points at the DDC panel Operator's Terminal to eliminate cross-reference or look-up
tables.

10. In addition to instantaneous summaries, the DDC panel Operator's Terminal shall allow
a user to view a Point History file for system points. Point History files shall provide a
record of value of analog points over the last 24 hours, at 30-minute intervals, or a
record of the last ten status changes for binary type points.
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2.9 MATERIALS AND EQUIPMENT:

A. General: The Contractor shall provide control products in the sizes and capacities indicated.
The existing control system shall remain and be reused as is. Additional controllers,

sensors, and devices which are required to make a complete control system shall be the
responsibility of the controls contractor.

Select type of damper for each project.

B. Dampers shall be constructed of a minimum of 13 gauge galvanized steel frame, double
piece, 22-gauge galvanized steel mechanically joined, zinc plated steel concealed linkage
and blade pin, oil impregnated bearings, self-compensating stainless steel side seals and
silicone blade seals. Leakage rates shall not exceed 10 cfm/ft> at 4" w.c. static pressure
differential for
a 24" x 24" damper. Provide extended shaft for proper and adequate actuator connection
and operation. Damper blades shall not exceed 6" in height.

OR

Dampers shall be constructed of a minimum of 13 gauge galvanized steel frame, 1/16"
extruded aluminum air foil blades, zinc plated steel concealed in frame linkage, zinc

plated

steel blade pin, oil impregnated bronze bearings, self-compensating stainless steel side
seals, neoprene blade seals. Leakage rates shall not exceed 7 cfm/ft® at 4" w.c. static
pressure differential for a 24" x 24" damper. Provide extended shaft for proper and
adequate actuator connection and operation. Damper blades shall not exceed 6" in height.

C. Damper blade operation shall be as follows:

APPLICATION

OPERATION

Modulating Air Volume Control Opposed Blade

Mixing Plenum

Parallel Blade/Opposed Blade

Isolation/Shut-off Service Parallel Blade

D. Pneumatic Dampers Operators (for replacement of existing pneumatic operators, only):

1.

All damper operators shall be of the synthetic elastomer diaphragm piston-type and
shall be fully proportioning unless otherwise specified. Dampers operators shall have
metal bodies. The operators shall have ample power to overcome friction of damper
linkage and air pressure acting on the damper blades. The damper operator

Section Revision: 02/2019 Direct Digital Controls 23 09 23 Page 20 of 42




Littleton Public Schools
Operations, Maintenance and Construction Department
2020 Construction Standards

mounting arrangement shall be outside the airstream wherever possible. The
operators shall have external adjustable stops to limit the stroke. The operator
linkage arrangement shall permit normally open or normally closed positions of the
damper as required by the sequence of operation.

2. Damper operators on modulating dampers that are sequenced with other control
devices shall have a pilot positioner of the full relay type with an interconnecting
linkage to provide mechanical feedback so as to accurately position and control the
damper.

3. Pneumatic Type Damper (for replacement of existing, only): Size each actuator to
operate dampers with sufficient reserve power to provide smooth modulating action
or 2-position action as specified.

E. Automatic Control Valves:
1. Control valves shall have equal percentage plugs.

2. Control Valve Construction:

a. Small Valves 1/2" through 1": Valves shall be constructed with a cast brass
body and screwed ends. Trim shall consist of a removable cage providing
valve plug guiding throughout the entire travel range. A stainless steel stem
shall be provided. Bonnet, cage, and the stem and plug assembly shall be
removable for servicing. Body rating shall be 400 psi at 150 deg. F.

b. Valves - 1/2" through 2": Valves shall be constructed with a cast brass body
and screwed ends. For special duty, valves may be selected by the control
manufacturer to have either bronze or cast iron bodies with screwed or flanged
ends.

C. Valves - 2-1/2" and above: Valves shall be constructed with a cast iron body
and have flanged connections.

Include the paragraph below where required.

d. For motorized plug, butterfly and ball valves, the operator shall be provided
with the valve by the valve manufacturer. See Section 23 05 23.

e. Steam control valves shall be suitable for superheat conditions where
superheat may occur in operating system conditions.

3. Control Valve Operators/Actuators:

a. All automatic control valves shall be fully proportioning with modulating plugs for
equal percentage of linear flow characteristics and shall be provided with
actuators of sufficient power for the duty intended. Valve body and actuator
selection shall be sufficient to handle system pressure which will be
encountered on the project.

b. Where required by the sequence of operation, valves shall be capable of being
sequenced with other valves or with existing pneumatically actuated devices.
Where such sequencing is required the actual spring range, when adjusted for
spring shift, shall be such that no overlapping occurs. In the event that spring
shift can cause an overlap, a pilot positioning operator shall be furnished.

C. Actuator housings shall be cast aluminum, with synthetic rubber diaphragm,
spring return type.

4. Temperature control contractor and manufacturer shall size control valves for
proper control characteristics for each application.

5. Water control valves shall be sized for a pressure drop between 4 to 6 psig at full
flow condition.
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6. Steam control valves shall be sized as follows:
a. For line pressures 15 psig and less: The pressure drop across the valve shall
be 80% of the inlet gauge pressure at full flow condition.
b. For line pressures greater than 15 psig: The pressure drop across the valve shall

be equal to the critical pressure drop which is 45% of the absolute inlet pressure.

7. Select valves to fail in normally open or closed position as follows:

Edit the following very carefully.

a. Steam Convertors:
1) Research Labs & Animal Labs:
a) 2/3 Capacity Valve: N.C
b) 1/3 Capacity Valve: N.C.
2) Hospitals, Patient Care, Schools: N.O.
b. Terminal Heating Devices:
1) Offices, Patient Care, Hospital, Public Areas and schools: N.O.
2) Research labs, computer equipment rooms, telephone equipment rooms,
animal holding rooms, etc: N.C.
C. Chilled Water Service:
1) Offices, Patient Care, Hospital, Schools: N.C.
2) Research labs, computer equipment rooms, telephone equipment
rooms, animal holding rooms, etc.: N.O.
d. All humidifier Valves: N.C.
All Pre-Heat (Outside Air) Coil: N.O.
or as dictated by life safety, freeze protection, humidity, fire or temperature
protection.

™~ 0

2.10 INPUTS:

A. All input accuracies required by this section shall be end-to-end (from sensing point to BAS
display). End-to-end accuracy includes all errors due to the sensor, transmitter, wiring and
BAS signal measurement and A/D conversion.

B. Thermistors or solid state sensors shall be provided for temperature sensing applications
except where accuracies or ranges required cannot be met by these devices, RTD's shall
be used. The sensors shall be powered by the BAS panel or Dedicated Controller. The
solid state sensors shall be accurate to within £0.5°F. over the following ranges and meet
the following requirements:

1. Room Type Instruments: 50°F to 100°F. For room space applications: Sensor
shall be surface recessed mounted in a plastic aluminum/stainless cover with an
insulated baseplate & vandal-proof screws.

Each thermostat have the following features:

a. Exposed/Concealed setpoint adjustment dial with temperature
graduation indication.
b. Exposed graduated temperature indicating thermometer.

All/Public area thermostats shall be provided with a plastic/stainless steel
vented, lockable security cover.

2. Duct & Plenum Applications: -30°F. to 240°F. Supply, return, exhaust or mixed air
averaging type, which shall have an extended element of sufficient length to cover
the entire duct cross-section with a minimum of three passes. If a single averaging
thermistor of sufficient length to meet the preceding is not available, then two or more
sensors and Als shall be used and averaged in software.
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3. Water Temperature Applications: 30°F to 230°F.

C. Where RTD's are required, they shall be 1000 ohm platinum type and be supplied with a 4-
20 mA DC transmitter. The sensor and transmitter shall be a single unit. They shall be
accurate to within £1.0°F. over the range of 32°F. to 600°F.

D. Where thermocouples are required, they shall be type J and be supplied with a 4-20 mA
DC transmitter. They shall be accurate to within £2.0°F over the range of 32°F to 1300°
F.

E. Provide matched temperature sensors for applications which require both inlet and outlet

temperatures of any device.

F. Thermo-wells shall be monel, brass or copper for use in copper water lines; and 300 series
stainless steel for all other applications.

G. Outdoor Air Temperature & Humidity Transmitter:

1. Provide Vaisala HMD60YO relative humidity and temperature probe with membrane
filters and UV stabilized solar radiation shield. Probe shall have a temperature
measuring range of -40°F. to +120°F. with an accuracy of +.54°F at 68°F. and
relative humidity measuring range of 0 to 100% RH with an accuracy of 2% 0 to 90%
RH with a repeatability better than 1% RH per year. RH and temperature probe shall
be capable of a continuous temperature operating range of -40°F. to +120°F.
Provide necessary transmitter for output signals.

2. Provide 1 spare set of protective filters for each transmitter Viasala No. 17039.
H. Humidity Transmitter:

1. Duct humidity transmitters shall be Vaisala Model HMD60U. Transmitters shall
measure relative humidity from 0-100% RH with repeatable accuracy of £2% RH.
Long range RH stability shall be better than 1% RH/year. Duct mounting enclosure
shall be cast aluminum, NEMA 4. Instruments shall be temperature compensated
over entire range of operation. Sensor shall utilize the registered HUMICAP H-
sensor. Sensor filter shall be membrane type, 18.5 mm. Provide 4-20 mA output
signal to building automation control system.

2. Wall Mounted Humidity Transmitter: Wall mounted humidity transmitter shall be
Vaisala Model HMWG60U. Transmitter shall measure relative humidity from 0 to
100% RH, £+2% accuracy, wall mounted ABS plastic box, with a long range RH
stability better than 1% RH/year and temperature compensated over the entire
range. Sensor shall utilize the registered HUMICAP H-sensor. Sensor filter shall be
membrane type 18.5 mm and a 4-20 mA output signal.

a. Provide 1 spare set of filters for each transmitter Viasala No. 17039.

l. Humidity and temperature calibrator kit:

1. Provide Viasala HMK41 Kit for single point calibration of air temperature and
humidity transmitters. Kit shall include:

HMI41 Sensor.

HMP46 Probe.

N.I.S.T. Certificate.

1911622 Calibration Cable.

Carrying Case.

PooTo
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EDIT NOTE: Verify with Owner the need for a calibration kit. Cost is approximately $1200.00

J. Pressure Sensors, Transmitters and Differential Switches:

1. Pump/Liquid (wet) differential pressure switches shall be as manufactured by
BARKSDALE with neoprene diaphragm, stainless steel internal parts, NEMA 4
housing.

2. Air Differential Pressure Transmitters shall be Modus model T30 or T40 (as required)

with an accuracy of +1% of range (including nonlinearity and hysteresis), solid state
circuitry, no moving parts, capacitance principle capable of sensing positive, negative
and differential pressures. Transmitter shall have 4-20 mA output signal and be
powered by the control system or dedicated controller and capable of withstanding
momentary overpressure of 8 times the pressure range.

3. Differential air pressure switches for filter or proof of airflow status shall be
Dwyer Series 1910, with automatic reset, SPDT.

4, Hi-static pressure safety switches shall be Dwyer series 1900 MR, with manual reset,
snap switch, SPDT, with repetitive accuracy within 3%.

5. Water/Liquid/Steam/Refrigerant Pressure Transmitter: Kele & Associates Model SA,
stainless pressure transmitter with 4-20 mA output signal, watertight enclosure with
stainless steel bulkhead fitting, accuracy of +1% full scale, temperature compensated,
300 series stainless steel wetted parts.

a. Provide Model 47S pressure snubber for applications where the
transmitter is subjected to fluid hammer, pressure surge or pulsation.

b. Provide Model PT steam syphon pigtail steam applications and where the fluid
temperature is higher than maximum operating temperature rating of the
transmitter.

6. Air and Vacuum Pressure Transmitter: Kele & Associates Model P100GTE, solid
state, 4-20 mA signal, with a full scale accuracy of 1%.

K. Output Devices:

1. Control Relays: Control relay contacts shall be rated for the application, with a
minimum of 2 sets of Form C contacts enclosed in a dustproof enclosure. Relays
shall be rated for a minimum life of one million operations. Operating time shall be 20
milliseconds or less, with release time of 10 milliseconds or less. Relays shall be
equipped with coil transient suppression devices to limit transients to 150% of rated
coil voltage. Provide with LED to indicate status.

2. Analog output transducers shall be of positioning type with position feedback and
control internal to the transducer. As an option, position feedback may also be input to
the BAS.

3. Analog output transducers shall meet the following requirements:

a. 4-20 mA DC output.

b. Two-pipe electromechanical design or microprocessor-based design.
C. 3-15 psi output range adjustable to a 0-20 psi range minimum.

d. Linearity, repeatability and hysteresis no greater than 2% of full scale.
e. Air capacity of 1000 SCIM minimum.

f. Air consumption of no more than 100 SCIM.
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g. Pressure gauges shall be installed on the branch and supply lines.
h. Acceptable transducers are the Bellofram T1000, Fairchild T5700,
Johnson N6810, Mamac EP-310 or an equivalent.

4, Electronic analog output transducers shall output a signal to match the controlled
device. The Contractor shall be responsible for verifying the required signals for all
controlled devices. Transducers shall be completely solid-state with no mechanical
parts.

5. Time Delay Relays: Time delay relay contacts shall be rated for the application with a
minimum of 2 sets of Form C contacts enclosed is a dustproof enclosure. Relays
shall be rated for a minimum life of one million operations. Relays shall be equipped
with coil transient suppression, devices to limit transients to 150% of rated coll
voltage. Delayed contact openings or closing shall be adjustable from 1 to 60
seconds with a minimum accuracy of £2% of setting.

6. Latching Relays: Latching Relay contacts shall be rated for the application with a
minimum of 2 sets of Form C contacts enclosed in a dustproof enclosure. Relays shall
be rated for a minimum life of one million operations. Operating time shall be 20
milliseconds or less, with release time of 10 milliseconds or less. Relays shall be
equipped with colil transient suppression devices to limit transients to 150% of rated coil
voltage.

2.11 GAUGES:
A. General: Provide air pressure gauges for indication of supply and control air pressure at
each branch for all control valve sizes 1" and larger, as well as all control dampers, all

controllers, relays and EP and PE switches.

B. Air pressure gauges shall be a minimum of 1-1/2" diameter, resistant to effects of shock,
pulsation and vibration, with a full scale accuracy of +2.5%.

C. Round receiver gauges for continuous indication of analog values shall be 4" dial face
instruments. Gauges shall be calibrated in appropriate units for the variable being measured
and shall operate through their full range on a change in air pressure from 3 to 15 psi.
Accuracy shall be plus or minus 1/2% of full scale.

2.12 POSITIONERS:

A. Positive positioning relays shall be provided on valve actuators and damper operators when
required to provide sufficient power, sequencing and repeatability.

B. Provide for smooth gradual operation over operating span adjustment of O to 15 psi and start
point adjustment of 3 to 10 psi.
2.13 CUMULATORS, SWITCHES AND MISCELLANEOUS ITEMS:
A. Provide all cumulators, switches and other miscellaneous items as may be required for
successful operation of the temperature regulation systems specified herein and/or shown on
Drawings.
B. Cumulators shall be of the positive and gradual acting type.

C.  Provide suitable indicating plates with all switches.

D.  Pressure/Electric switches shall be micro switch type.
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E. Range shall be 0 - 20 psi with electrical rating of 10 amperes minimum for 115V/1/60.
2.14 POWER MONITORING:

A. General: Provide current switches, current transducers, voltage transducers, current
transformers as required to meet the specified sequence of operation and indicated
below.

B. Current Operated Switches: AC current switch, Neilsen-Kuljian Model PD50AC, or PD75,
solid state, 5 year warranty, three selectable ranges for optimum adjustability and resolution.
Provide external current transformer where required.

C. Current Transducers: AC current to DC current output, £.5% accuracy, 4-20 mA output
signal, Kele and Associates Model 4CMA. Provide external current transformer where
required.

D. Voltage Transducers: Kele & Associates Model PVM or LVM as required for each application,
+1/2% accuracy, 4-20 mA DC output.

2.15 VIBRATION MONITORING:

A.  Vibration Switch: Kele & Associates Model 502 vibration switch, frequency range of 120 to
30,000 CPM, 3 second time delay to prevent triggering due to transients 4-20 mA output
signal, capable of being wired for automatic reset or latch and remote reset, +5% accuracy,
alarm setpoint and shutdown limit, NEMA 4 enclosure, capable of being mounted with the
sensitive axis in any plane including inverted position and a velocity range of .15 to 1.5 in/sec.

EDIT NOTE: If duct mount is used, may need to filter air upstream of sensor. Verify with application,
contact manufacturer’s representative

2.16 GAS DETECTION SENSORS:

A. Carbon Dioxide Sensor: SELECT WALL OR DUCT MOUNT. Viasala GMD20 (Duct) GMW20
(wWall); designed to monitor CO; levels, in accordance with ASHRAE Standard 62-1989, 4-20 mA
output, accuracy at 20< C <(20ppm +1.5% of reading), 0-2000 PPM range, adjustable to 20000
ppm.

B. Refrigerant Leak Detection: MSA Instruments. "CHILLGARD RT" leak detection system,
monitor and multipoint sequences, complies with ASHRAE Standard 15-1992, 0-100 PPM,

10% reading, 0-100 PPM linear reading, +2% of full scale for 100-1000 PPM, 1 PPM
sensitivity for R-123, resolution of 1 PPM, capable of 6 sampling points, suitable for either R-
123, R-134A, R-22, ammonia, complete with alarm relays, 4-20 mA analog output, NEMA 4
enclosure, calibration kit, audible horns, zero & span gas scrubber.

C. Carbon Monoxide Sensor: Kele & Associates Model WCO-1, solid state sensor with a life
expectancy of over 10 years, 0-200 PPM digital display, 4-20 mA analog output, test switch,
automatic calibration and kit, alarm relay contact. Provide multiple sensors for adequate
coverage. Each sensor shall be individually wired directly back to controller.

D.  Oxygen Monitor Sensor; Davis Instruments Teledyne Model 335, with a range of 0-25% O,
0.5% sensitivity of full scale, +2% accuracy at constant temperature, solid state electronics,
two adjustable alarm setpoints and form C relay contacts, built-in audible and visual indication,
AC-powered NiCad battery back-up and battery test switch. Provide calibration equipment
and span gas.

2.17 TEMPERATURE CONTROL CABINETS:
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A. General: All controllers and field interface devices shall be installed in control panel
cabinet/enclosure as described below.

B. Cabinets shall be UL listed, 14 gauge furniture grade steel, finished with baked enamel
painted finish inside and out, cabinet doors shall have piano hinge and standard key cylinder
locking latch.

Cabinets shall include Lexan windows to view controls without opening the door.

C. Control panels located outdoors shall be NEMA 4X.

D. Alldevices installed in or on the control cabinet shall be labeled with a fixed mounted, color
contrasted, engraved laminated plastic tags, including describing the function of the device,
similar to the following example:

AP TRANSMITTER
DEVICE

Labe
[

DSP-1, AHU-1 SUPPLY DUCT
STATIC
PRESSURF TRANSMITTER

E. New panels shall not include pneumatic devices except in special situations as pre-approved
by the OMC Department. In such cases, pneumatic devices within the panel shall be factory
pre-piped. A "pneumatic terminal" numbering system shall be applied to pneumatic lines
within a panel with aforementioned numbers matching pneumatic terminals shown on control
diagrams. This feature is required to assist system checkout and service.

F. All electrical devices within the panel shall be prewired to terminal strips with all inter-device
wiring within the panel completed prior to installation of the system.

G. Mount control panels adjacent to associated equipment on vibration free walls or free standing
steel angle supports or "Unistrut" support stand.

2.18 VARIABLE FREQUENCY DRIVES:

A. Variable frequency drives shall be arranged so that it can be operated in an open circuit
mode, disconnected from the motors, for start-up adjustments and trouble shooting.

B. Automatic operation shall be from a 4-20 milliamp signal follower, which shall follow a
transducer signal. The signal follower shall contain the following design features.

1. Shall accept a transducer output signal and condition it to produce a speed reference
signal for the invertor.

2. Minimum speed adjustment (Zero to Maximum RPM).

C. Wire all safeties to operate both in hand and auto positions as well as drive and by-pass
sections.

D. Provide communication cabling and interface necessary to forward VFD computer
communication information to and from the BAS/VFD. See Section 23 05 13.
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2.19 HIGH & LOW TEMPERATURE LIMIT CONTROL DEVICES:

A. Provide PENN A70 series or equal, DPST, manual reset, two isolated sets of contacts.
Control responds to temperature along any one foot of entire element.

B. Vapor charged sensing element shall be calibrated for altitude of project site.

C. Provide multiple limit control devices as required to provide complete and full coverage of
the entire coil face area and/or duct cross section area.

2.20 ELECTRICAL MATERIALS:
A. All wiring shall be installed in conduit. See Division 26 for conduit installation requirements.

Where wiring is exposed in plenum locations (i.e. open cable tray), wiring shall be plenum-
rated.

B. Conduit and Conductors: Types as indicated in Division 26 and sized per Division 26 except
for low-voltage twisted pair or single jacketed cable (1/2" minimum). All low voltage
conductors shall be stranded 22 gauge copper minimum; twisted pair.

C. Fittings per Division 26: Bushings or nylon insulated throats are not required for jacketed
cables.

D. All J-boxes shall be identified and labeled per Division 26.

E. All conductors and cables shall be labeled per Division 26.

F. Conduit and box supports shall be per Division 26.

G. Junction boxes shall be of types and sizes as indicated in Division 26.

H. Conduits shall not exceed 40% maximum fill for single conductor and jacketed cables.
I Fiber Optic Cable:

1. Acceptable fiber optic cable shall include the following sizes; 50/125, 62.5/125 or
100/140. Only glass fiber is acceptable, no plastic.

2. Fiber optic cable shall only be installed and terminated by an experienced contractor.

The BAS contractor shall submit to the Engineer the name of the intended contractor of
the fiber optic cable with his submittal documents.

J. Coaxial Cable:
1. Coaxial cable shall conform to RG62 or RG59 rating.

2. Provide plenum rated coaxial cable when running in return air plenums.

K. All temperature control panels & controllers shall be provided with fuse protection on both
incoming power load supply (primary side) and on low voltage side of control transformer
(secondary side).

L. Provide lightning arresters Kele & Associates Model 392-SVSR2 or equal, at all points
where communication cables exit or enter the building.

M.  All communication cabling shall be shielded type.
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221 CONTROL AIR PIPING MATERIALS:

A. General: Paragraphs below only describe the material types, see Part 3 - Installation for
application, use and additional requirements.

B. Copper air tubing shall be hard drawn/soft type K or L, ASTM B88; wrought copper/cast-
bronze fittings, joined with Evergleam 496 silver solder or equal 5% minimum silver content

brazing alloy; except brass compression-type fittings at connections to equipment.

C. All polyethylene tubing shall be classified as flame retardant and shall be self-extinguishing
and rated for plenum application (Type FR). The finished tubing shall be manufactured
from a compound complying with subject UL94 Vertical Burning Test for classifying
materials 94V-0, 94V-1 or 94V-2.

2.22 TEMPERATURE CONTROL AIR COMPRESSOR AND ACCESSORIES:

Use this Specification for up to 15 HP compressors to replace existing pneumatic systems, only, with
pre-approval of the LPS Operations, Maintenance and Construction (OMC) Department. For larger

cuctame 11ca Sactinn 22 NQ A2 ~and malea tha annranrinta canrdinatian dacerintian

A. Provide duplex type air compressor with sufficient capacity to supply compressed air to the
temperature control system and sized to operate not more than 33% of time during any
one-hour period.

Include compressor HP, SCFM & PSIG if you are selecting capacity, otherwise do not include.

B. Air compressor system shall consist of the following:
1. Duplex air compressor tank mounted factory pre-piped & wired with the following:

a. Compressor and tank package shall be Quincy QR-25 system or approved

equal, with a capacity of SCFM at 100 PSIG,
RPM, HP/ea.

b. Low resistance intake air combination filter/silencer, 99% filtration
efficiency at 1 micron, sized for compressors rated flow.

C. ASME stamped, galvanized steel tank receiver with a gallon capacity

d. ASME safety relief valve.

e. Discharge pressure gauge.

f. One automatic condensate drain valve and one manual condensate drain

mounted on receiver.

Discharge check valves.

Receiver shut-off valve.

V-belt drive with adjustable motor drive bases.

OSHA belt guards.

Duplex motor starters and lead-lag alternator panel with individual fused
disconnects, H-O-A switches, pilot lights, control transformer, with auto re-
start on loss power. Starters and motors shall comply with Section 15040.
Pump compressors shall run on high demand.

NEMA rated pressure switches.

Crankcase lubrication level indication.

Air-cooled aftercooler.

Low oil level shutdown safety switch.

Pressure lubrication with positive displacement oil pump and spin-on oil filter.
5 year warranty.

~— T oa
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C. Provide the following compressed air system accessories:
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Air cooled Non-CFC EPA approved refrigerant, refrigerated air dryer sized to reduce
dew point of control air supply to 35°F., at 100 PSIG and 100< F. ambient
temperature for the rated capacity of compressor system at SCFM. Air dryer shall
include non-cycling hermetically sealed compressor with non-fouling, self-cleaning,
smooth surface copper heat exchanger, self-regulating hot gas by-pass, self-
contained integral automatic condensate drain, electric motor overload protection,
refrigerant service valve, self-contained controls and the following instrumentation:
a. Power ON light

b ON/OFF switch

C. Low ambient control

d. Refrigerant suction pressure gauge

e High temperature light

Refrigerated air dryer shall be as manufactured by Wilkerson or Hankison, Model

Provide primary efficiency coalescer filter between the compressor and refrigeration
air dryer capable of particle removal down to .5 micron, with a maximum
downstream remaining oil content of .5 ppm by weight at 99.97% efficiency, DOP
test. Primary efficiency coalescer filter, Wilkerson filter type B or equal, sized for
m