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DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

SECTION 23 03 00.00 20

BASIC MECHANICAL MATERIALS AND METHODS
08/10, CHG 3: 08/18

PART 1 GENERAL

1

.1 REFERENCES

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

ASTM INTERNATIONAL (ASTM)

ASTM B117 (2019) Standard Practice for Operating
Salt Spray (Fog) Apparatus

INTERNATIONAL CODE COUNCIL (ICC)

ICC IFGC (2018) International Fuel Gas Code
ICC IMC (2018) International Mechanical Code
ICC IPC (2018) International Plumbing Code

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA MG 1 (2018) Motors and Generators

NEMA MG 10 (2017) Energy Management Guide for
Selection and Use of Fixed Frequency
Medium AC Squirrel-Cage Polyphase
Induction Motors

.2 RELATED REQUIREMENTS

This section applies to all sections of Divisions: 21, FIRE SUPPRESSION;
22, PLUMBING,; and 23, HEATING, VENTILATING, AND AIR CONDITIONING of this
project specification, unless specified otherwise in the individual
section.

.3 QUALITY ASSURANCE

.3.1 Material and Equipment Qualifications

Provide materials and equipment that are standard products of
manufacturers regularly engaged in the manufacture of such products, which
are of a similar material, design and workmanship. Standard products must
have been in satisfactory commercial or industrial use for 2 years prior
to bid opening. The 2-year use must include applications of equipment and
materials under similar circumstances and of similar size. The product
must have been for sale on the commercial market through advertisements,
manufacturers' catalogs, or brochures during the 2 year period.

.3.2 Alternative Qualifications

Products having less than a two-year field service record will be
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acceptable if a certified record of satisfactory field operation for not
less than 6000 hours, exclusive of the manufacturer's factory or
laboratory tests, can be shown.

1.3.3 Service Support

The equipment items must be supported by service organizations. Submit a
certified list of qualified permanent service organizations for support of
the equipment which includes their addresses and qualifications. These

service organizations must be reasonably convenient to the equipment
installation and able to render satisfactory service to the equipment on a
regular and emergency basis during the warranty period of the contract.

1.3.4 Manufacturer's Nameplate

For each item of equipment, provide a nameplate bearing the manufacturer's
name, address, model number, and serial number securely affixed in a
conspicuous place; the nameplate of the distributing agent will not be
acceptable.

1.3.5 Modification of References

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "must" had been
substituted for "should" wherever it appears. Interpret references in
these publications to the "authority having Jjurisdiction", or words of
similar meaning, to mean the Contracting Officer.

1.3.5.1 Definitions

For the International Code Council (ICC) Codes referenced in the contract
documents, advisory provisions must be considered mandatory, the word
"should" is interpreted as "must." Reference to the "code official" must
be interpreted to mean the "Contracting Officer." For Navy owned
property, references to the "owner" must be interpreted to mean the
"Contracting Officer." For leased facilities, references to the "owner"
must be interpreted to mean the "lessor." References to the "permit
holder" must be interpreted to mean the "Contractor."

1.3.5.2 Administrative Interpretations

For ICC Codes referenced in the contract documents, the provisions of
Chapter 1, "Administrator," do not apply. These administrative
requirements are covered by the applicable Federal Acquisition Regulations
(FAR) included in this contract and by the authority granted to the
Officer in Charge of Construction to administer the construction of this
project. References in the ICC Codes to sections of Chapter 1, must be
applied appropriately by the Contracting Officer as authorized by his
administrative cognizance and the FAR.

1.4 DELIVERY, STORAGE, AND HANDLING
Handle, store, and protect equipment and materials to prevent damage
before and during installation in accordance with the manufacturer's

recommendations, and as approved by the Contracting Officer. Replace
damaged or defective items.
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1.

5 ELECTRICAL REQUIREMENTS

Furnish motors, controllers, disconnects and contactors with their
respective pieces of equipment. Motors, controllers, disconnects and
contactors must conform to and have electrical connections provided under
Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM. Furnish internal wiring
for components of packaged equipment as an integral part of the equipment.
Extended voltage range motors will not be permitted. Controllers and
contactors shall have a maximum of 120 volt control circuits, and must
have auxiliary contacts for use with the controls furnished. When motors
and equipment furnished are larger than sizes indicated, the cost of
additional electrical service and related work must be included under the
section that specified that motor or equipment. Power wiring and conduit
for field installed equipment must be provided under and conform to the
requirements of Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM.

.5.1 Motor Voltage

Provide motors rated for the voltage supplied. Motors shall be suitable
for use at 90% to 110% of the nominal voltage and shall have a service
factor of at least 1.1 at that nominal voltage.

.5.2 Single Phase Motor Efficiency

Unless otherwise specified, single-phase fractional-horsepower
alternating-current motors must be high efficiency types corresponding to
the applications listed in NEMA MG 11.

.5.3 Poly Phase Motor Efficiency

Unless other specified polyphase squirrel-cage induction motors must be
premium efficiency with continuous ratings that meet or exceed energy
efficient ratings in accordance with Table 12-12 of NEMA MG 1 and
corresponding to the applications listed in NEMA MG 10

.5.4 Three-Phase Motor Protection

Provide controllers for motors rated three horsepower and larger with
electronic phase-voltage monitors designed to protect motors from
phase-loss, undervoltage, and overvoltage. Provide protection for motors
from immediate restart by a time adjustable restart relay.

.6 INSTRUCTION TO GOVERNMENT PERSONNEL

When specified in other sections, furnish the services of competent
instructors to give full instruction to the designated Government
personnel in the adjustment, operation, and maintenance, including
pertinent safety requirements, of the specified equipment or system.
Instructors must be thoroughly familiar with all parts of the installation
and must be trained in operating theory as well as practical operation and
maintenance work.

Instruction must be given during the first regular work week after the
equipment or system has been accepted and turned over to the Government
for regular operation. The number of man-days (8 hours per day) of
instruction furnished must be as specified in the individual section.
When more than 4 man-days of instruction are specified, use approximately
half of the time for classroom instruction. Use other time for
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instruction with the equipment or system.

When significant changes or modifications in the equipment or system are
made under the terms of the contract, provide additional instruction to
acquaint the operating personnel with the changes or modifications.

1.7 ACCESSIBILITY

Install all work so that parts requiring periodic inspection, operation,
maintenance, and repair are readily accessible. Install concealed valves,
expansion joints, controls, dampers, and equipment requiring access, in
locations freely accessible through access doors.

PART 2 PRODUCTS
Not Used
PART 3 EXECUTION
3.1 Manufacturer's Recommendations

All material and equipment shall be installed in accordance with the
manufacturer's recommendations for the intended purpose. Use the more
stringent methods when manufacturer's recommendations, and plan &
specification requirements differ. The contractor shall notify the
government of any conflicts between manufacturer's recommendations and
plans & specification requirements.

3.2 International Construction Codes

All material, equipment and installation shall be in accordance with the
ICC IFGC, ICC IPC, and ICC IMC unless noted otherwise on the drawings
and/or specifications. The contractor shall notify the government of any
conflicts between ICC code requirements and contract requirements.

3.3 PAINTING OF NEW EQUIPMENT

New equipment painting must be factory applied or shop applied, and must
be as specified herein, and provided under each individual section.

3.3.1 Factory Painting Systems

Manufacturer's standard factory painting systems may be provided subject
to certification that the factory painting system applied will withstand
125 hours in a salt-spray fog test, except that equipment located outdoors
must withstand 500 hours in a salt-spray fog test. Salt-spray fog test
must be in accordance with ASTM B117, and for that test the acceptance
criteria must be as follows: immediately after completion of the test,
the paint must show no signs of blistering, wrinkling, or cracking, and no
loss of adhesion; and the specimen must show no signs of rust creepage
beyond 0.125 inch on either side of the scratch mark.

The film thickness of the factory painting system applied on the equipment
must not be less than the film thickness used on the test specimen. If
manufacturer's standard factory painting system is being proposed for use
on surfaces subject to temperatures above 120 degrees F, the factory
painting system must be designed for the temperature service.
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3.

3.2 Shop Painting Systems for Metal Surfaces

Clean, pretreat, prime and paint metal surfaces; except aluminum surfaces
need not be painted. Apply coatings to clean dry surfaces. Clean the
surfaces to remove dust, dirt, rust, oil and grease by wire brushing and
solvent degreasing prior to application of paint, except metal surfaces
subject to temperatures in excess of 120 degrees F must be cleaned to bare
metal.

Where more than one coat of paint is specified, apply the second coat
after the preceding coat is thoroughly dry. Lightly sand damaged painting
and retouch before applying the succeeding coat. Color of finish coat must
be aluminum or light gray.

a. Temperatures Less Than 120 Degrees F: Immediately after cleaning, the
metal surfaces subject to temperatures less than 120 degrees F must
receive one coat of pretreatment primer applied to a minimum dry film
thickness of 0.3 mil, one coat of primer applied to a minimum dry film
thickness of 1 mil; and two coats of enamel applied to a minimum dry
film thickness of 1 mil per coat.

b. Temperatures Between 120 and 400 Degrees F: Metal surfaces subject to
temperatures between 120 and 400 degrees F must receive two coats of
400 degrees F heat-resisting enamel applied to a total minimum
thickness of 2 mils.

c. Temperatures Greater Than 400 Degrees F: Metal surfaces subject to
temperatures greater than 400 degrees F must receive two coats of 600
degrees F heat-resisting paint applied to a total minimum dry film
thickness of 2 mils.
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-- End of Section --
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SECTION 23 05 48.00 40

VIBRATION CONTROLS FOR HVAC PIPING AND EQUIPMENT
08/15

PART 1 GENERAL

1.

Section 23 30 00 HVAC AIR DISTRIBUTIONapplies to work specified in this
section to the extent applicable.

1 REFERENCES

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

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S2.71 (1983; R 2006) Guide to the Evaluation of
Human Exposure to Vibration in Buildings

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

ASHRAE HVAC APP IP HDBK (2016) HVAC Applications Handbook, I-P
Edition

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)
NEBB PROCEDURAL STANDARDS (2015) Procedural Standards for TAB

(Testing, Adjusting and Balancing)
Environmental Systems

.2 ADMINISTRATIVE REQUIREMENTS

Within ten working days of Contract Award, submit equipment and
performance data for vibration isolator systems including equipment base
design; inertia-block mass relative to support equipment weight; spring
loads and free, operating, and solid heights of spring; spring diameters;
nonmetallic isolator loading and deflection; disturbing frequency,; natural
frequency of mounts; deflection of working member; and anticipated amount
of physical movement at the reference points.

Ensure the data includes information on the following:

a. Mountings

b. Bases

c. Isolators

d. Floor-Mounted Piping

e. Vertical Piping

Five working days prior to commencement of installation, submit
installation drawings for vibration isolator systems including equipment
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and performance requirements.

Indicate within outline drawings for vibration isolator systems, overall
physical features, dimensions, ratings, service requirements, and weights

of equipment.

.3 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submittals with an "S" are for inclusion in the Sustainability
eNotebook, in conformance to Section 01 33 29.05 20 SUSTAINABILITY
REPORTING FOR DESIGN-BUILD. Submit the following in accordance with
Section 01 33 00.05 20 CONSTRUCTION SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
Installation Drawings
Outline Drawings
SD-03 Product Data
Equipment and Performance Data
Isolators
SD-06 Test Reports
Type of Isolator
Type of Base
Allowable Deflection
Measured Deflection
.4 QUALITY CONTROL
Ensure all vibration-control apparatus is the product of a single

manufacturing source, where possible. Human exposure levels should be
considered using ASA S2.71 and NEBB PROCEDURAL STANDARDS.

PART 2 PRODUCTS

2.

1 SYSTEM DESCRIPTION

Scheduled isolation mounting is in inches and is a minimum static
deflection.

Spans referred to in paragraph EQUIPMENT, means longest bay dimension.

Determine exact mounting sizes and number of isolators by the isolator
manufacturer based on equipment that will be installed. Check equipment
revolutions per minute (rpm) and spring deflections to verify that
resonance cannot occur.
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2.1.1 Design Requirements

Design for vibration isolation using NEBB PROCEDURAL STANDARDS or
ASHRAE HVAC APP IP HDBK, Chapter 48, as applicable to the following
sections.

2.1.1.1 Mountings
Provide the following mountings as required for each application:

Type A: Composite pad, with 0.25-inch thick elastomer top and bottom
layers, molded to contain a pattern with nonslip characteristics in
all horizontal directions. Elastomer loading is not to exceed 40
pounds per square inch (psi). Ensure minimum overall thickness is 1
inch. Maximum deflections up to 0.25-inch are allowed.

Type B: Double rubber-in-shear or elastomer-in-shear with molded-in
steel reinforcement in top and bottom. Maximum deflections up to
0.50-inch are allowed.

Type C: Free-standing laterally stable open-spring type for
deflections over 0.50-inch, with built-in bearing and leveling
provisions, 0.25-inch thick Type A base elastomer pads, and

accessories. Ensure outside diameter of each spring is equal to or
greater than 0.9 times the operating height of the spring under rated
load.

Type D: Partially housed type, containing one or more vertically
restrained springs with at least 0.50-inch clearance maintained around
springs, with adjustable limit stops, 0.25-inch thick Type A base
elastomer pads, and accessories.

Type E: Pendulum-suspension configuration with free-standing stable
spring with resilient horizontal and vertical restraints to allow
maximum movements of 0.25-inch in each direction, 0.25-inch thick Type
A base elastomer pads.

Type F: Combination spring and rubber-in-shear or elastomer-in-shear
steel framed for hanger-rod mounting, with minimum total static
deflection of 1l-inch.

2.1.1.2 Bases
Provide the following bases as required for each application:

Type U: Unit isolators without rails, structural-steel bases, or
inertia blocks.

Type R: Rails, mill-rolled structural steel, of sufficient dimension
to preclude deflection at midpoint of unsupported span in excess of
1/1,440th of the span between isolators, power transmission, component
misalignment, and any overhung weight. Where Type R bases are
specified and the equipment proposed requires additional base support,
use a Type S base.

Type S: Structural-steel bases common to a supported assembly, made

from welded-joint mill-rolled structural steel with closed-perimeter
configuration, isolators attached to outrigger supports.
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Ensure height of steel members is sufficient to provide stiffness
required to maintain equipment manufacturer's recommended alignment
and duty efficiency of power-transmission components. Ensure height
of steel member does not result in member deflection at midpoint of
unsupported span of more than 1/1,440th of the span between
isolators. Minimum height is 5-inches.

Type CIB: Provide concrete inertia blocks common to the entire
assembly, with welded-joint construction, mill-rolled structural-steel
perimeters, welded-in No. 4 reinforcing bars 8-inches on center each
way near the bottom of the block, outrigger-isolator mounting
provisions, anchor bolts. Fill with 3,000 psi cured-strength concrete.

Configure rectangular inertia bases to accommodate equipment supported.

Ensure minimum thickness of inertia base, in addition to providing
suitable mass, 1s sufficient to provide stiffness to maintain
equipment manufacturer's recommended alignment and duty efficiency of
power-transmission components, and is sufficient to result in base
deflection at midpoint of unsupported span of not more than 1/1,440th
of the span between isolators. Verify minimum thickness, the
preceding requirements not withstanding, is 8 percent of the longest
base dimension.

Ensure pumps with flexible couplings do not have inertia base less than
8-inches thick, and the minimum mass of concrete inertia block is equal in
weight to supported equipment.

2.2

EQUIPMENT

Vibration isolation design per NEBB PROCEDURAL STANDARDS or
ASHRAE HVAC APP IP HDBK, Chapter 37, .

2.2.1 Reciprocating Compressor/Condenser Locations
TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS* PROVISIONS* PROVISIONS*
500 to 750 rpm D-U-1.0 D-U-1.5 D-U-2.5 D-CIB-2.75
750 rpm and Over D-U-1.0 D-U-1.0 D-U-2.0 D-CIB-2.5

*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.2 Reciprocating Refrigeration Compressor Locations
TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS* PROVISIONS* PROVISIONS*
500 to 750 rpm C-U-1.0 C-U-1.5 C-S-2.5 C-CIB-2.75
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TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS¥* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS¥* PROVISIONS¥* PROVISIONS¥*
750 rpm and Over C-U-1.0 C-U-1.0 C-R-2.0 C-CIB-2.5
*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES
2.2.3 Centrifugal Pump Locations
TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS¥* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS¥* PROVISIONS¥* PROVISIONS¥*
Close-couple None -R-0.35 C-5-1.0 C-5-1.0
through 5 hp
Bedplate-mounted None C-CIB-1.0 C-CIB-1.5 C-CIB-1.75
through 5 hp
7-1/2 hp None C-CIB-1.0 C-CIB-1.75 C-CIB-2.5
*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.4 Air-Cooled Condensing Unit Locations
TYPE 20-FOOT ROOF-SPAN 30-FOOT ROOF-SPAN 40-FOOT ROOF-SPAN
EQUIPMENT PROVISTONS* PROVISTONS* PROVISTONS*
Through 5 hp over 900 B-U-0.5 D-U-1.0 D-U-1.75
rpm
Over 5 hp to 500 rpm B-U-0.5 D-U-1.75 D-U-2.5
500 rpm and over B-U-0.5 D-U-1.0 D-U-1.75
*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES
2.2.5 Low-Pressure Suspended Air-Handling Unit (AHU) Locations

Vibration-isolation provisions apply to ceiling-suspended Air Moving and
Conditioning Association Class A packaged central-station units.

TYPE 20-FOOT ROOF-SPAN 30-FOOT 40-FOOT
EQUIPMENT PROVISIONS¥* ROOF-SPAN ROOF-SPAN
PROVISIONS¥* PROVISIONS¥*

Through 5 hp F-U-1.0 F-U-1.0 F-U-1.0

7-1/2 hp and over 250 F-U-1.75 F-U-1.75 F-U-1.75

to 500 rpm
500 rpm and over F-U-1.0 F-U-1.25 F-U-1.55
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TYPE 20-FOOT ROOF-SPAN 30-FOOT 40-FOOT
EQUIPMENT PROVISIONS* ROOF-SPAN ROOF-SPAN
PROVISIONS* PROVISIONS*

*TYPE OF MOUNTING, BASE,

AND MINIMUM DEFLECTION IN INCHES

2.2.6

Low-Pressure AHU Locations

Vibration-isolation provisions apply to floor-mounted Air Moving and
Conditioning Association Class A packaged central-station units.

TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS¥* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS¥* PROVISIONS¥* PROVISIONS¥*
Through 5 hp B-U-0.35 C-U-1.0 C-U-1.0 C-U-1.0
7-1/2 hp and over B-U-0.35 C-U-1.75 C-U-1.75 C-U-1.75
250 to 500 rpm
500 rpm B-U-0.35 C-U-1.0 C-U-1.5

*TYPE OF MOUNTING, BASE,

AND MINIMUM DEFLECTION IN INCHES

2.2.7

Medium- and High-Pressure AHU Locations

Vibration-isolation provisions apply to floor-mounted Air Moving and
Conditioning Association Classes B and C packaged central-station units.

TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS* 20-FOO0T 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS* PROVISIONS* PROVISIONS*
Through 20 hp B-U-0.35 C-U-2.5 C-U-2.5 C-U-3.5
250 to 300 rpm
300 to 500 rpm B-U-0.35 C-U-1.75 C-U-1.75 C-U-2.5
500 rpm and over B-U-0.35 C-U-1.0 C-U-1.0 C-U-1.75
Over 20 hp B-U-0.35 C-U-2.5 C-CIB-3.5 C-CIB-3.5
250 to 300 rpm
300 to 500 rpm B-U-0.35 C-U-2.5 C-CIB-2.5 C-CIB-3.5
500 rpm and over B-U-0.35 C-U-1.0 C-CIB-1.75 C-CIB-2.5
*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.8

Air-Moving Device Locations

Vibration-isolation provisions apply to housed and/or unhoused

free-standing fans of any pressure rating,
fabricated central-station units

factory-
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TYPE BASEMENT ON/ABOVE ON/ABOVE ON/ABOVE
EQUIPMENT BELOW-GRADE GRADE GRADE GRADE
PROVISIONS¥* 20-FOOT 30-FOOT 40-FOOT
FLOOR-SPAN FLOOR-SPAN FLOOR-SPAN
PROVISIONS¥* PROVISIONS¥* PROVISIONS¥*
Through 20 hp B-U-0.35 C-5-2.5 C-5-2.5 C-S-3.5
250 to 300 rpm
300 to 500 rpm B-U-0.35 C-5-1.75 C-5-1.75 C-5-2.5
500 rpm and over B-U-0.35 C-5-1.0 C-5-1.5 C-5-1.75
Over 20 hp B-U-0.35 C-5-2.75 C-CIB-3.5 C-CIB-5.0
250 to 300 rpm
300 to 500 rpm B-U-0.35 C-5-1.75 C-CIB-2.5 C-CIB-3.5
500 rpm and over B-U-0.35 C-5-1.0 C-CIB-1.75 C-CIB-2.5

*TYPE OF MOUNTING, BASE, AND MINIMUM DEFLECTION IN INCHES

2.2.

2.3

9

Pipe And Duct Vibration Isolation

Type G: Provide isolators with in-series contained steel springs and
preformed fibrous-glass or chloroprene-elastomer elements for
connecting to building-structure attachments. Load devices by
supported system during operating conditions to produce a minimum
spring and elastomer static deflection of 1-inch and 3/8-inch,
respectively.

.1 Floor-Mounted Piping

Type K: Provide isolators with springs mounted on floor-supported
columns or directly on the floor. Load devices by supported system
during operating conditions to produce a minimum spring static
deflection of 1-inch.

.2 Vertical Piping

Type L: Provide isolators which are pipe base-support devices with
one or more contained steel springs. Load devices by supported system
during operating conditions to produce a minimum static deflection of
l-inch. Equip devices with precompression and vertical-limit
features, as well as a minimum 1/4-inch thick elastomer sound pad and
isolation washers, for mounting to floor.

Type M: Provide isolators which are elastomer mounted baseplate and
riser pipe-guide devices, with contained double acting elastomer
elements which under rated load have a minimum static deflection of
3/8-inch. Size isolator to accommodate thermal insulation within the
stationary guide ring.

MATERIALS

Ensure rubber is natural rubber and elastomer is chloroprene. Shore A
durometer measurement of both materials and range between 40 and 60.

Inorganic materials such as precompressed, high-density, fibrous glass
encased in a resilient moisture-impervious membrane may be used in lieu of
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specified natural rubber and elastomers. Where this substitution is made,
ensure specified deflections are modified by the manufacturing source to
accommodate physical characteristics of inorganic materials and to provide
equal or better vibration isolation.

Ensure weather-exposed metal vibration-isolator parts are corrosion
protected. Chloroprene coat springs.

2.4 TESTS, INSPECTIONS, AND VERIFICATIONS
Submit test reports for testing vibration isolation for each type of
isolator and each type of base. Meet referenced standards contained
within this section. 1Include in test reports allowable deflection and
measured deflection also meeting referenced standards within this section.

PART 3 EXECUTION

3.1 INSTALLATION
Install equipment in accordance with manufacturer's recommendations.
Ensure rails, structural steel bases, and concrete inertia blocks are
raised not less than 1l-inch above the floor and are level when equipment
supported is under operating load.
Ensure vibration-isolation installation and deflection testing after
equipment start-up is directed by a competent representative of the
manufacturer.

3.2 FIELD QUALITY CONTROL

3.2.1 Tests and Reports
Ensure vibration-isolation devices are deflection tested. Submit test
reports substantiating that all equipment has been isolated as specified
and that minimum specified deflections have been met. Make all

measurements in the presence of the Contracting Officer.

--— End of Section --
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SECTION 23 05 93.00 22

TESTING, ADJUSTING, AND BALANCING FOR MECHANICAL SYSTEMS
09/19

PART 1 GENERAL

1.1 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by

the basic designation only.

ACOUSTICAL SOCIETY OF AMERICA (ASA)

ASA S1.11 PART 1 (2014) American National Standard
Electroacoustics - Octave-Band and
Fractional-Octave-Band Filters - Part 1:
Specifications

ASA S1.4 (1983, Amendment 1985; R 2006)
Specification for Sound Level Meters (ASA
47)

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 203 (1990; R 2011) Field Performance
Measurements of Fan Systems

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

ASHRAE 62.1 (2010) Ventilation for Acceptable Indoor
Air Quality

ASHRAE HVAC APP IP HDBK (2016) HVAC Applications Handbook, I-P
Edition

ASSOCIATED AIR BALANCE COUNCIL (AABC)

AABC MN-1 (2016; 7th ed) National Standards for
Total System Balance

NATIONAL ENVIRONMENTAL BALANCING BUREAU (NEBB)

NEBB MASV (2006) Procedural Standards for
Measurements and Assessment of Sound and
Vibration

NEBB PROCEDURAL STANDARDS (2015) Procedural Standards for TAB

(Testing, Adjusting and Balancing)
Environmental Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION
(SMACNA)

SMACNA 1780 (2002) HVAC Systems - Testing, Adjusting
and Balancing, 3rd Edition
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SMACNA 1858 (2004) HVAC Sound And Vibration Manual -
First Edition

SMACNA 1972 CD (2012) HVAC Air Duct Leakage Test Manual -
2nd Edition

1.2 DEFINITIONS
a. AABC: Associated Air Balance Council
b. COTR: Contracting Officer's Technical Representative
c. DALT: Duct air leakage test
d. DALT'd: Duct air leakage tested

e. Duct System: When applied to DALT, this phrase means "complete duct
system", inclusive of all ductwork, plenums, mains, branches, fittings
and duct-mounted components and appurtenances, e.g. manual balancing
dampers, control dampers, access doors, fire dampers, duct-mounted
coils, etc. up to, but excluding air-handling equipment (e.g. AHUs,
DOAUs, ERUs, VAVs) and flexible duct.

f. HVAC: Heating, ventilating, and air conditioning; or heating,
ventilating, and cooling

g. NEBB: National Environmental Balancing Bureau

h. Out-of-tolerance data: Pertains only to field acceptance testing of
Final DALT or TAB report. When applied to DALT work, this phrase
means "a leakage rate measured during DALT field acceptance testing
which exceeds the leakage rate allowed by Appendix D REQUIREMENTS FOR
DUCT AIR LEAK TESTING." When applied to TAB work this phrase means "a
measurement taken during TAB field acceptance testing which does not
comply with the requirements indicated in the paragraph WORKMANSHIP."

i. Season of maximum heating load: The time of year when the outdoor
temperature at the project site remains within plus or minus 20
degrees Fahrenheit of the project site's winter outdoor design
temperature, throughout the period of TAB data recording.

j. Season of maximum cooling load: The time of year when the outdoor
temperature at the project site remains within plus or minus 5 degrees
Fahrenheit of the project site's summer outdoor design temperature,
throughout the period of TAB data recording.

k. Season 1, Season 2: Depending upon when the project HVAC is completed
and ready for TAB, Season 1 is defined, thereby defining Season 2.
Season 1 could be the season of maximum heating load, or the season of

maximum cooling load.

1. Sound measurements terminology: Defined in AABC MN-1, NEBB MASV, or
SMACNA 1858 (TABB) .

m. TAB: Testing, adjusting, and balancing

n. TAB'd: Testing/Adjusting/Balancing procedures performed
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o. TAB Agency: TAB Firm
p. TABB: Testing Adjusting and Balancing Bureau

2.1 Similar Terms

In some instances, terminology differs between the Contract and the TAB
Standard primarily because the intent of this Section is to use the
industry standards specified, along with additional requirements listed
herein to produce optimal results.

The following table of similar terms is provided for clarification only.
Contract requirements take precedent over the corresponding AABC, NEBB, or
TABB requirements where differences exist.

SIMILAR TERMS

Contract Term AABC Term NEBB Term TABB Term
TAB Standard National Standards Procedural Standards |JHVAC Systems
for Testing and for Testing, Testing, Adjusting,
Balancing Heating, Adjusting and and Balancing

Ventilating, and Air |Balancing of
Conditioning Systems |Environmental Systems

TAB supervisor or TAB Engineer TAB Supervisor TAB Supervisor
Team Supervisor

Systems Readiness Construction Phase Field Readiness Field Readiness
Check Inspection Check & Preliminary Check & Prelim.

Field Procedures Field Procedures
1.3 WORK DESCRIPTION

The work includes duct air leakage testing (DALT) and testing, adjusting,
and balancing (TAB) of new heating, ventilating, and cooling (HVAC) air
and water distribution systems including equipment and performance data,
ducts, and piping which are located within, on, under, between, and
adjacent to buildings.

Perform TAB in accordance with the requirements of the TAB procedural
standard recommended by the TAB trade association that approved the TAB
Firm's qualifications. Comply with requirements of AARC MN-1,

NEBB PROCEDURAL STANDARDS, or SMACNA 1780 (TABB) as supplemented and
modified by this specification section. All recommendations and suggested
practices contained in the TAB procedural standards are considered
mandatory.

Conduct DALT and TAB of the indicated existing systems and equipment and
submit the specified DALT and TAB reports for approval. Conduct DALT
testing in compliance with the requirements specified in SMACNA 1972 CD,
except as supplemented and modified by this section. Conduct DALT and TAB
work in accordance with the requirements of this section.
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.3.1 Air Distribution Systems

Test, adjust, and balance (TAB) systems in compliance with this section.

Obtain Contracting Officer's written approval before applying insulation

to exterior of air distribution systems as specified under Section 23 07 00
THERMAL INSULATION FOR MECHANICAL SYSTEMS.

.3.2 Water Distribution Systems

TAB systems in compliance with this section. Obtain Contracting Officer's
written approval before applying insulation to water distribution systems
as specified under Section 23 07 00 THERMAL INSULATION FOR MECHANICAL
SYSTEMS. At Contractor's option and with Contracting Officer's written
approval, the piping systems may be insulated before systems are TAB'd.

Terminate piping insulation immediately adjacent to each flow control
valve, automatic control valve, or device. Seal the ends of pipe
insulation and the space between ends of pipe insulation and piping, with
waterproof vapor barrier coating.

After completion of work under this section, insulate the flow control
valves and devices as specified under Section 23 07 00 THERMAL INSULATION
FOR MECHANICAL SYSTEMS.

.3.3 Domestic Hot Water Distribution Systems

TAB systems in compliance with this section. Obtain Contracting Officer's
written approval before applying insulation to water distribution systems
as specified under Section 23 07 00 THERMAL INSULATION FOR MECHANICAL
SYSTEMS. At Contractor's option and with Contracting Officer's written
approval, the piping systems may be insulated before systems are TAB'd.

Terminate piping insulation immediately adjacent to each flow control
valve, automatic control valve, or device. Seal the ends of pipe
insulation and the space between ends of pipe insulation and piping, with
waterproof vapor barrier coating.

After completion of work under this section, insulate the flow control
valves and devices as specified under Section 23 07 00 THERMAL INSULATION
FOR MECHANICAL SYSTEMS.

.3.4 Related Requirements

Requirements for price breakdown of HVAC TAB work are specified in Section
01 20 00.05 20 PRICE AND PAYMENT PROCEDURES FOR DESIGN-BUILD.

Requirements for construction scheduling related to HVAC TAB work are
specified in Section 01 32 17.00 20 COST LOADED NETWORK ANALYSIS SCHEDULES
(NAS) .

.4 SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submittals with an "S" are for inclusion in the Sustainability
eNotebook, in conformance to Section 01 33 29 SUSTAINABILITY REPORTING.
Submit the following in accordance with Section 01 33 00.05 20
CONSTRUCTION SUBMITTAL PROCEDURES:
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1

SD-01 Preconstruction Submittals
Reports of Existing Conditions; G
Independent TAB Agency and Personnel Qualifications; G
Pre-Field Engineering Report; G

SD-06 Test Reports
Completed Pre-Final DALT Report; G
Certified Final DALT Report; G
Certified Final TAB Report for Proportional Balancing; G
Certified Final TAB Report for Season 1; G
Certified Final TAB Report for Season 2; G

SD-07 Certificates
Independent TAB Agency and Personnel Qualifications; G
Advance Notice of Pre-Final DALT Field Work; G
Advance Notice of TAB Field Work for Proportional Balancing; G
Advance Notice of TAB Field Work for Season 1; G

Advance Notice of TAB Field Work for Season 2 G

.5 QUALITY ASSURANCE

.5.1 Independent TAB Agency and Personnel Qualifications

To secure approval for the proposed agency, submit information certifying
that the TAB agency 1is a first tier subcontractor who is not affiliated
with any other company participating in work on this contract, including
design, furnishing equipment, commissioning, or construction. Further,
submit the following, for the agency, to Contracting Officer for approval:

a. Independent AABC or NEBB or TABB TAB agency:

TAB agency: AABC registration number and expiration date of
current certification; or NEBB certification number and expiration
date of current certification; or TABB certification number and
expiration date of current certification.

b. TAB Agency Team Members
TAB agency employees approved to accomplish work on this contract
must be permanent employees of the TAB agency. No other personnel
are allowed to perform TAB work on this contract.
TAB team supervisor: Name and copy of AABC or NEBB or TABB TAB

supervisor certificate and expiration date of current
certification.
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TAB team field leader: Name and copy of AABC or NEBB or TABB TAB
certificate, and documented evidence, including a list of
projects, roles performed, and associated dates, that the team
field leader has satisfactorily performed full-time supervision of
TAB work in the field for not less than 3 years immediately
preceding this contract's bid opening date.

TAB team field technicians: Names and documented evidence,
including a list of projects, roles performed, and associated
dates, that each field technician has satisfactorily assisted a
TAB team field leader in performance of TAB work in the field for
not less than one year immediately preceding this contract's bid
opening date.

Current certificates: Registrations and certifications are
current, and valid for the duration of this contract. Renew
Certifications which expire prior to completion of the TAB work,
in a timely manner so that there is no lapse in registration or
certification. TAB agency or TAB team personnel without a current
registration or current certification are not to perform TAB work
on this contract.

c. Replacement of TAB team members: Replacement of members may occur if
each new member complies with the applicable personnel qualifications
and each is approved by the Contracting Officer.

.5.2 TAB Standard

Perform TAB in accordance with the requirements of the standard under
which the TAB Firm's qualifications are approved, i.e., AABC MN-1,

NEBB PROCEDURAL STANDARDS, or SMACNA 1780 unless otherwise specified
herein. All recommendations and suggested practices contained in the TAB
Standard are considered mandatory. Use the provisions of the TAB
Standard, including checklists, report forms, etc., as nearly as
practical, to satisfy the Contract requirements. Use the TAB Standard for
all aspects of TAB, including qualifications for the TAB Firm and
Specialist and calibration of TAB instruments. Where the instrument
manufacturer calibration recommendations are more stringent than those
listed in the TAB Standard, adhere to the manufacturer's recommendations.

All quality assurance provisions of the TAB Standard such as performance

guarantees are part of this contract. For systems or system components
not covered in the TAB Standard, TAB procedures must be developed by the
TAB Specialist. Where new procedures, requirements, etc., applicable to

the Contract requirements have been published or adopted by the body
responsible for the TAB Standard used (AABC, NEBB, or TABB), the
requirements and recommendations contained in these procedures and
requirements are considered mandatory, including the latest requirements
of ASHRAE 62.1.

.5.3 Sequencing and Scheduling

.5.3.1 Projects with Phased Construction

This specification section is structured as though the HVAC construction,
and thereby the TAB work, will be completed in a single phase. When the
construction is completed in phases, the DALT work and TAB work must be
planned, completed, and accepted for each construction phase.
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1.5.3.2 DALT and TAB Submittal and Work Schedule

Comply with requirements specified in Appendix C: DALT AND TAB SUBMITTAL
AND WORK SCHEDULE included at the end of this section.

1.5.4 Subcontractor Special Requirements
Perform all work in this section in accordance with the paragraph
SUBCONTRACTOR SPECIAL REQUIREMENTS in Section 01 30 00.05 20
ADMINISTRATIVE REQUIREMENTS FOR DESIGN BUILD, stating that all contract
requirements of this section must be accomplished directly by a first tier
subcontractor. No work may be performed by a second tier subcontractor.

1.5.5 Instrument Calibration Certificates
It is the responsibility of the TAB firm to provide instrumentation that
meets the minimum requirements of the standard under which the TAB Firm's
qualifications are approved for use on a project. Instrumentation must be
in proper operating condition and must be applied in accordance with the
instrumentation's manufacturer recommendations.
All instrumentation must bear a valid NIST traceable calibration
certificate during field work and during government acceptance testing.
All instrumentation must be calibrated within no later than one year of
the date of TAB work or government acceptance testing field work.

PART 2 PRODUCTS
Not Used

PART 3 EXECUTION

3.1 WORK DESCRIPTIONS OF PARTICIPANTS

Comply with requirements of this section as specified in Appendix A WORK
DESCRIPTIONS OF PARTICIPANTS.

3.1.1 PRE-FIELD ENGINEERING REPORT

Comply with the requirements specified in Appendix B REPORTS - DALT and
TAB included at the end of this section.

3.2 PRE-DALT/TABR MEETING
Meet with the Contracting Officer's technical representative (COTR) to
develop a mutual understanding relative to the details of the DALT work
and TAB work requirements. Ensure that the TAB supervisor is present at
this meeting. Requirements to be discussed include required submittals,
work schedule, and field quality control.

3.3 DALT PROCEDURES

3.3.1 Prerequisite for DALT Field Work

Complete the following prior to starting DALT field work:

a. Receive approval of the SD-01 Preconstruction Submittals.
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3.

b. Installation and sealing in conformance with Section 23 00 00 AIR
SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS, except as
supplemented and modified by this section, of those duct systems to be
DALT'd.

c. All work items and inspections indicated by the TAB Team Supervisor
that need to be accomplished before DALT field work can be performed.

d. Furnish the TAB Team Supervisor a copy of the ductwork sheet metal
shop or design drawings indicating the completed duct systems
available for DALT.

3.2 Instruments, Consumables and Personnel

Provide instruments, consumables and personnel required to accomplish the
DALT field work. Follow the same basic procedure specified below for TAB
Field Work, including maintenance and calibration of instruments,
selection of appropriate instruments to meet the accuracy requirements of
measurements, accuracy of measurements, preliminary procedures, field
work, workmanship and treatment of deficiencies. Calibrate and maintain
instruments in accordance with manufacturer's written procedures.

.3.3 Advance Notice of Pre-Final DALT Field Work

On completion of the installation of each duct system indicated to be
DALT'd, notify the Contracting Officer in writing prior to the COTR's duct
selection field visit.

.3.4 Ductwork To Be DALT'd

All duct systems are subject to DALT including supply, return, outside
air, exhaust, and relief with exception of transfer air. From each duct
system indicated as subject to DALT, the COTR will randomly select
sections of each completed duct system for testing by the Contractor's TAB
Firm. The sections selected will not exceed 20 percent of the total
measured linear footage of duct systems indicated as subject to DALT.
Sections of duct systems subject to DALT will include 20 percent of main
ducts, sub-main ducts, branch main ducts, branch ducts and plenums.

It is acceptable for an entire duct system to be DALT'd instead of
disassembling that system in order to DALT only the 20 percent portion
specified above.

It is acceptable to DALT the entire duct systems for 20 percent of the
total gquantity of similar units (i.e. WSHPs less than 5 tons cooling
capacity, VAVs, and FCUs) instead of testing 20 percent of the linear
footage of duct systems for each of these units.

Sealing of all selected duct systems is prohibited, with exception of
temporary end caps and connection for test apparatus, from time Contractor
is notified of selections until DALT measurements are recorded.

.3.5 DALT Testing

Perform DALT on the duct sections of each duct system as selected by the
COTR. Use the duct class, seal class, leakage class and the leak test
pressure data indicated on the drawings, to comply with the procedures
specified herein and in SMACNA 1972 CD.
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In spite of specifications of SMACNA 1972 CD to the contrary, DALT
ductwork of construction class of 3-inch water gauge static pressure and
below if indicated to be DALT'd. Complete DALT work on the COTR selected
ductwork within 48 hours after the particular ductwork was selected for
DALT. Separately conduct DALT work for large duct systems to enable the
DALT work to be completed in 48 hours.

3.3.6 Completed Pre-Final DALT Report

After completion of the DALT work, prepare a Pre-final DALT Report meeting
the additional requirements specified in Appendix B REPORTS - DALT and
TAB. Data required by those data report forms shall be furnished by the
TAB team. Prepare the report neatly and legibly,; the Pre-final DALT
report shall provide the basis for the Final DALT Report.

TAB supervisor shall review, approve and sign the Pre-Final DALT Report
and submit this report within two days of completion of DALT field work.
Verbally notify the COTR that the field check of the Pre-Final DALT Report
data can commence.

Further, if any data on the Pre-final DALT report form for a given duct
section is out-of-tolerance, report the failure, notify the COTR, and
resolve all deficiencies. Repairs shall be applied to similar conditions
in all untested duct systems. For each failed duct section, DALT shall be
conducted on one additional duct section as selected by the COTR.

3.3.7 Quality Assurance - COTR DALT Field Acceptance Testing

In the presence of the COTR and TAB team field leader, verify for accuracy
Pre-final DALT Report data selected by the COTR. For each duct system,
this acceptance testing shall be conducted on a maximum of 50 percent of
the duct sections DALT'd.

Further, if any Acceptance Testing Measurement for a given duct section is
out-of-tolerance, report the failure, and resolve all deficiencies.
Repairs shall be applied to similar conditions in all untested duct
systems. For each failed duct section, DALT shall be conducted on one
additional duct section as selected by the COTR.

3.3.8 Additional COTR Field Acceptance Testing

If any of the duct sections checked for a given system are determined to
have a leakage rate measured that exceeds the leakage rate allowed by
SMACNA Leak Test Manual for an indicated duct construction class and
sealant class, terminate data checking for that section. The associated
Pre-final DALT Report data for the given duct system will be disapproved.
Make the necessary corrections and prepare a revised Pre-final DALT

Report. Reschedule a field check of the revised report data with the COTR.

3.3.9 Certified Final DALT Report
On successful completion of all field checks of the Pre-Final DALT Report
data for all systems, the TAB Supervisor shall assemble, review, approve,

sign and submit the Final DALT Report in compliance with Appendix B
REPORTS - DALT and TAB to the Contracting Officer for approval.
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3.4 TAB PROCEDURES
3.4.1 Prerequisite for TAB Field Work
Complete the following prior to starting TAB field work:

a. All DALT field work and obtain approval of the Certified Final DALT
Report.

b. All work items and inspections indicated by the TAB Team Supervisor
that need to be accomplished before TAB field work can be performed.

c. Enclosure of the building envelope according to the contract documents
with final construction completed, the Air Barrier Pressure Test
completed, and the Air Leakage Test Reports and Diagnostic Test
Reports submitted and approved in accordance with Specification
Section 07 05 23 PRESSURE TESTING AN AIR BARRIER SYSTEM FOR AIR
TIGHTNESS.

d. Approval of the manufacturer's equipment start-up forms for each piece
of equipment to be TAB'd.

e. Prerequisite TAB requirements of Section 01 91 00.15 22 TOTAL BUILDING
COMMISSIONING.

3.4.2 TAB Field Work

Provide instruments and consumables required to accomplish the TAB work.
Calibrate and maintain instruments in accordance with manufacturer's
written procedures.

Test, adjust, and balance systems until measured flow rates (air and water
flow) are in compliance with the paragraph WORKMANSHIP. Conduct TAB work,
including measurement accuracy, and sound measurement work in conformance
with the AABC MN-1 and or NEBB PROCEDURAL STANDARDS and NEBB MASV or
SMACNA 1780 (used by TABB), and SMACNA 1858 sound measurement procedures,
except as supplemented and modified by this section. The only measurement
data which can be deferred until Season 1 and Season 2 is that data which
would be affected in terms of accuracy due to outside ambient conditions
and is reported in TAB Report for Season 1 and for Season 2. TAB Report
for Proportional Balancing may include data for Season 1 when measured
within seasonal limitations.

3.4.3 Preliminary Procedures

Use the approved pre-field engineering report, in addition to all
applicable requirements within this section, as instructions and
procedures for accomplishing TAB field work. TAB engineer is to locate,
in the field, test ports required for testing. It is the responsibility
of the Contractor to provide and install test ports as required by the TAB
engineer.

3.4.4 TAB Air Distribution Systems
3.4.4.1 Air Handling Units
Air handling unit systems including fans (air handling unit fans, exhaust

fans and winter ventilation fans), coils, ducts, plenums, mixing boxes,
terminal units, variable air volume boxes, and air distribution devices
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for supply air, return air, outside air, mixed air relief air, and makeup
air.

3.4.4.2 Heating and Ventilating Units
Heating and ventilating unit systems including fans, coils, ducts,
plenums, roof vents, registers, diffusers, grilles, and louvers for supply
air, return air, outside air, and mixed air.

3.4.4.3 Makeup Air, Dedicated Outside Air System and Energy Recovery Units
Makeup air, Dedicated Outside Air System and Energy Recovery unit systems
including fans, coils, ducts, plenums, registers, diffusers, grilles, and
louvers for supply air, return air, outside air, and exhaust air.

3.4.4.4 Return Air Fans
Return air fan system including fan ducts, plenums, registers, diffusers,
grilles, and louvers for supply air, return air, outside air, and mixed
air.

3.4.4.5 Fan Coils

Fan coil unit systems including fans, coils, ducts, plenums, and air
distribution devices for supply air, return air, and outside air.

3.4.4.06 Exhaust Fans

Exhaust fan systems including fans, ducts, plenums, grilles, and hoods for
exhaust air.

3.4.5 TAB Water Distribution Systems
3.4.5.1 Chilled Water

Chilled water systems including chillers, condensers, cooling towers,
pumps, coils, system balance valves and flow measuring devices.

For water chillers, report data as required by AABC, NEBB and TABB
standard procedures, including refrigeration operational data.

3.4.5.2 Heating Hot Water
Heating hot water systems including boilers, hot water converters (e.g.,
heat exchangers), pumps, coils, system balancing valves and flow measuring
devices.

3.4.5.3 Domestic Hot Water System

Domestic hot water systems including boilers, water heaters, pumps, system
balancing valves, and flow measuring devices.

3.4.6 TAB Equipment with Thermal Energy Transfer Components

Perform capacity tests to verify that the thermal energy transfer
components, devices, and equipment meet the indicated design capacity.
Describe the procedure performed for each test. Water temperatures shall
be measured through immersion into fluid stream. Report all design data,
actual field measurements, and calculations for all components, devices
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and equipment below.
3.4.6.1 Units with Coils

Report heating and cooling performance capacity tests for hot water,
chilled water, direct-expansion, and steam coils:

a. For units with capacities greater than 26,370 Watts 7.5 tons (90,000
BTU/H) cooling, such as factory manufactured units, central built-up
units and rooftop units, determine the apparent air-side coil capacity
by calculations utilizing direct measurement of airflow via Pitot tube
duct traverse, single point measurements of entering and leaving wet
and dry bulb temperatures for cooling capacity and dry bulb
temperature only for heating capacity. Calculate water-side coil
capacity utilizing direct measurements of water flow rate, and
entering and leaving water temperatures. Measure and record coil
water pressure drop.

b. For units with capacities of 26370 Watts 7.5 tons (90,000 BTU/H) or
less, such as fan coil units, duct mounted reheat coils associated
with VAV terminal units, and unitary units, such as through-the-wall
heat pumps, determine the apparent air side coil capacity by
calculations using single point measurement of entering and leaving
wet and dry bulb temperatures for cooling capacity and dry bulb
temperature only for heating capacity.

3.4.6.2 Units with Heat Recovery Devices

Report heating and cooling energy recovery performance tests for energy
recovery devices (wheels, coils, fixed plate, etc.).

Report total cooling capacity, heating capacity and energy recovery
effectiveness. For outside air and exhaust airstreams measure and report
airflows, and entering and leaving wet and dry bulb temperatures across
heat recovery device. For water-side calculations, utilize direct
measurements of water flow rate and entering and leaving water
temperatures. Measure and record water pressure drops.

3.4.6.3 Thermal Energy Transfer Equipment

Report heating and/or cooling performance capacity tests for thermal
energy transfer equipment (boilers, chillers, cooling towers, etc.) as
applicable.

Measure and report water flow rate, water-side pressure drops, and
entering and leaving water temperature. Report capacity.

3.4.7 TAB Building Pressure

Record building differential pressure for all sides of the building on
each floor where openings exist to obtain differential pressure
measurements. Report all system setup parameters affecting building
pressure measurement (e.g. exhaust/relief, outdoor air) and indicate wind
speed during time of building pressure measurements. Measure in maximum
and minimum building systems configuration.
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3.4.8 Sound Measurement Work
3.4.8.1 Areas To Be Sound Measured

In the following spaces, measure and record the sound power level for each
octave band listed in ASHRAE HVAC APP IP HDBK Noise Criteria:

a. All HVAC mechanical rooms, including machinery spaces and other spaces
containing HVAC power drivers and power driven equipment.

b. All spaces sharing a common barrier with each mechanical room,
including rooms overhead, rooms on the other side of side walls, and
rooms beneath the mechanical room floor.

3.4.8.2 Procedure

Measure sound levels in each room, when unoccupied except for the TAB
team, with all HVAC systems that would cause sound readings in the room
operating in their noisiest mode. Record the sound level in each octave
band. Attempt to mitigate the sound level and bring the level to within
the specified ASHRAE HVAC APP IP HDBK noise criteria goals, 1if such
mitigation is within the TAB team's control. State in the report the
ASHRAE HVAC APP IP HDBK noise criteria goals. If sound level cannot be
brought into compliance, provide written notice of the deficiency to the
Contractor for resolution or correction.

3.4.8.3 Timing
Measure sound levels at times prescribed by AABC or NEBB or TABB.

3.4.8.4 Meters
Measure sound levels with a sound meter complying with ASA S1.4, Type 1 or
2, and an octave band filter set complying with ASA S1.11 PART 1. Use
measurement methods for overall sound levels and for octave band sound
levels as prescribed by NERBB.

3.4.8.5 Calibration
Calibrate sound levels as prescribed by AABC or NEBB or TABB, except that
calibrators emitting a sound pressure level tone of 94 dB at 1000 hertz
(Hz) are also acceptable.

3.4.8.6 Background Noise Correction

Determine background noise component of room sound (noise) levels for each
(of eight) octave bands as prescribed by AABC or NEBB or TABB.

3.4.9 TAB Work on Performance Tests With Seasonal Limitations

3.4.9.1 Performance Tests
In addition to the TAB proportional balancing work on the air distribution
systems and the water distribution systems, accomplish TAB work on the
HVAC systems which directly transfer thermal energy. TAB the operational

performance of the heating systems and cooling systems in accordance with
the paragraph TAB EQUIPMENT WITH THERMAL ENERGY TRANSFER COMPONENTS.
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3.4.9.2 Season Of Maximum Load

Visit the contract site for at least two TAB work sessions for Season 1
and Season 2 field measures. Visit the contract site during the season of
maximum heating load and isit the contract site during the season of
maximum cooling load, the goal being to TAB the operational performance of
the heating systems and cooling systems under their respective maximum
outdoor environment-caused loading. During the seasonal limitations, TAB
the operational performance of the heating systems and cooling systems.

3.4.9.3 Ambient Temperatures

On each TAB report form used for recording data, record the outdoor and
indoor ambient dry bulb temperature range and the outdoor and indoor
ambient wet bulb temperature range within which the report form's data was
recorded. Record these temperatures at beginning and at the end of data
taking.

3.4.9.4 Sound Measurements

Comply with the paragraph SOUND MEASUREMENT WORK, specifically, the
requirement that a room must be operating in its noisiest mode at the time
of sound measurements in the room. The maximum noise level measurements
could depend on seasonally related heat or cooling transfer equipment.

3.4.10 Workmanship

Conduct TAB work on the HVAC systems until measured flow rates are within
plus or minus 5 percent of the design flow rates as specified or indicated
on the contract documents. rther, balance air distribution systems until
measured outside air flow rates are within plus 10 percent and minus 0
percent of design flow rates and measured exhaust air flow rates are
within plus 0 percent and minus 10 percent of design flow rates as
specified or indicated on the contract documents, except so not violate
code minimum airflow requirements. For air terminals with volumetric flow
rates 50 CFM or less, conduct TAB work until measured flow rates are
within the greater of: plus 10 or minus 10 percent, or plus 3 CFM or minus
3 CFM. This TAB work includes adjustment of balancing valves, balancing
dampers, and sheaves. Further, this TAB work includes changing out fan
sheaves and pump impellers if required to obtain air and water flow rates
specified or indicated. If, with these adjustments and equipment changes,
the specified or indicated design flow rates cannot be attained, contact
the Contracting Officer for direction.

Conduct TAB field acceptance testing verifying measured data falls within
the range of plus 5 to minus 5 percent of the TAB Report data. Further,
verify measured volumetric flow rates for air terminals 50 CFM or less
fall within the greater of: plus 10 or minus 10 percent, or plus 3 CFM or
minus 3 CFM from design flow rates.

3.4.11 Design/Construction Deficiencies

Strive to meet the intent of this section to maximize the performance of
the equipment as designed and installed. However, if deficiencies in
equipment design or installation prevent TAB work from being accomplished
within the range of design values specified in the paragraph WORKMANSHIP,
provide written notice as soon as possible to the Contractor and the
Contracting Officer describing the deficiency and recommended correction.
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Within 3 working days after the TAB Agency has encountered any design or
installation deficiencies, the TAB Supervisor must submit written
notification directly to the Contracting Officer, with a separate copy to
the Contractor, of all such deficiencies. Provide in this submittal a
complete explanation, including supporting documentation, detailing
deficiencies. Where deficiencies are encountered that are believed to
adversely impact successful completion of:

a. TAB Field Work: the TAB Agency must issue notice and request direction
in the notification submittal.

b. COTR TAB Field Acceptance Testing or Commissioning: the TAB Agency
must issue notice and the Contractor must, within 5 working days of
the TAB Agency notice, submit written notification directly to the
Contracting Officer, with a separate copy to the TAB Agency, of all
such deficiencies, the intended or implemented corrective action, the
planned or actual date(s) for completion of each corrective action.

The Contractor must submit notification of construction deficiencies in
accordance with the paragraph titled INFORMATION FOR THE CONTRACTING
OFFICER in Section 01 45 00.05 20 DESIGN AND CONSTRUCTION QUALITY
CONTROL. This notification is in lieu of other notification within this
section.

Responsibility for correction of installation deficiencies is the
Contractor's. If a deficiency is in equipment design, call the TAB team
supervisor for technical assistance. Responsibility for reporting design
deficiencies to Contractor is the TAB team supervisor's.

3.4.12 TAB Reports

Additional requirements for TAB Reports are specified in Appendix B
REPORTS - DALT and TAB

3.4.13 Quality Assurance - COTR TAB Field Acceptance Testing
3.4.13.1 TAB Field Acceptance Testing

Field acceptance testing of performance capacity data from TAB work with
seasonal limitations is to be performed during comparable outdoor
conditions as those during the TAB work for the approved Final TAB Report
for Season 1 and for Season 2, respectively, as determined by the COTR.

During the field acceptance testing, verify, in the presence of the COTR,
random selections of data (water, air quantities, air motion, temperature,
pressure, sound level readings) recorded in the TAB Report. Points and
areas for field acceptance testing are to be selected by the COTR.
Measurement and test procedures are the same as required for TAB work for
the TAB Report.

Field acceptance testing includes verification of TAB Report data recorded
for the following equipment groups:

Group 1: All chillers, boilers, cooling towers, pumps, return fans,
computer room units, energy recovery units, and air handling units

(rooftop and central stations).

Group 2: 25 percent of the terminal units (e.g.: VAV boxes, water
source heat pumps, fan coil units, etc.) and associated diffusers and
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registers.

Group 3: 25 percent of the supply diffusers, registers, grilles
associated with air handling equipment (e.g.: AHUs, water source heat
pumps, fan coil units, etc.).

Group 4: 25 percent of the return grilles, return registers, exhaust
grilles and exhaust registers.

Group 5: 25 percent of the supply fans and exhaust fans.
3.4.13.2 Additional COTR TAB Field Acceptance Testing

If any of the acceptance testing measurements for a given equipment group
is found out of tolerance, terminate data verification for all affected
data for that group. The affected data for the given group will be
disapproved. Make the necessary corrections and prepare a revised TAB
Report. Reschedule acceptance testing of the revised report data with the
COTR.

3.4.13.3 Prerequisite for Approval

Compliance with the field acceptance testing requirements of this section
is a prerequisite for the final Contracting Officer approval of the Final
TAB Report submitted and of the acceptance of the facility for occupancy.

3.5 MARKING OF SETTINGS

Upon the final TAB work approval, permanently mark the settings of HVAC
adjustment devices including valves, gauges, splitters, and dampers so
that adjustment can be restored if disturbed at any time. Label wvariable
frequency drives with final frequency (Hz) and control setpoint. Provide
permanent markings clearly indicating the settings on the adjustment
devices which result in the data reported on the submitted TAB report.

3.6 MARKING OF TEST PORTS

The TAB team is to permanently and legibly mark and identify the location
points of the duct test ports. If the ducts have exterior insulation,
make these markings on the exterior side of the duct insulation. Show the
location of test ports on the as-built mechanical drawings with dimensions
given where the test port is covered by exterior insulation.

3.7 APPENDICES

Appendix A WORK DESCRIPTIONS OF PARTICIPANTS
Appendix B REPORTS - DALT and TAB

Appendix C DALT AND TAB SUBMITTAL AND WORK SCHEDULE
Appendix D REQUIREMENTS FOR DUCT AIR LEAK TESTING
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Appendix A
WORK DESCRIPTIONS OF PARTICIPANTS

The Contractor is responsible for ensuring compliance with all
requirements of this specification section. However, the following
delineation of specific work items is provided to facilitate and
co-ordinate execution of the various work efforts by personnel from
separate organizations.

1. Contractor

a. HVAC documentation: Provide pertinent contract documentation to the
TAB Firm, to include the following: the contract drawings and
specifications; copies of the approved submittal data for all HVAC
equipment, air distribution devices, and air/water measuring/balancing
devices; the construction work schedule; and other applicable
documents requested by the TAB Firm. Provide the TAB Firm copies of
contract revisions and modifications as they occur.

b. Schedules: Ensure the requirements specified in Appendix C "DALT and
TAB Submittal and Work Schedule'" are met.

c. Pre-DALT / TAB meeting: Arrange and conduct the Pre-DALT and TAB
meeting. Ensure that a representative is present for the sheet metal
contractor, the mechanical contractor, the electrical contractor, and
the automatic temperature controls contractor.

d. Advance Notice: Monitor the completion of the duct systems'
installation and provide the Advance Notice for Pre-Final DALT field
work as specified.

e. Coordinate Support: Provide and coordinate support personnel required
by the TAB Firm in order to accomplish the DALT and TAB field work.
Support personnel may include factory representatives, HVAC controls
installers, HVAC equipment mechanics, sheet metal workers, pipe
fitters, and insulators. Ensure support personnel are present at the
work site at the times required.

f. Correct Deficiencies: Ensure the resolution of Construction
Deficiencies are provided as specified herein. Refer to the paragraph
DESIGN/CONSTRUCTION DEFICIENCIES. Correct each deficiency as soon as
practical with the Contracting Officer, and submit revised schedules
and other required documentation.

g. Pre-TAB Field Work: Complete check out and debugging of HVAC
equipment, ducts, and controls prior to the TAB engineer arriving at
the project site to begin the TAB work. Debugging includes searching
for and eliminating malfunctioning elements in the HVAC system
installations, and verifying all adjustable devices are functioning as
designed. Include as pre-TAB field work items, the deficiencies
pointed out by the TAB team supervisor in the design review report.

Prior to the TAB field team's arrival, ensure completion of the
applicable inspections and work items listed in the TAB team

supervisor's DALT and TAB Work Procedures Summary.

h. Give Notice of Testing: Submit advance notice of proportional
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balancing, Season 1, and Season 2 TAB field work.

i. Insulation work: Insulatiom must not be installed on ducts to be
DALT'd until DALT field acceptance testing on the subject ducts is
complete.

Ensure the duct and piping systems are properly insulated and vapor
sealed upon the successful completion and acceptance of the DALT and
TAB work.

j. Duct Concealment: Ducts to be DALT'd must not be concealed until DALT
field acceptance testing on the subject ducts is complete.

2. TAB Team Supervisor

a. Overall management: Supervise and manage the overall TAB team work
effort, including preliminary and technical DALT and TAB procedures
and TAB team field work.

b. Schedule: Ensure the requirements specified in Appendix C "DALT and
TAB Submittal and Work Schedule'" are met.

c. Submittals: Provide the submittals specified herein.

d. Pre-DALT/TAB meeting: Attend meeting with Contractor. Ensure TAB
personnel that will be involved in the TAB work under this contract
attend the meeting.

e. Pre-Field Engineering Report: Submit typed report described in
Appendix B "Reports - DALT and TAB".

f. Support required: Specify the technical support personnel required
from the Contractor other than the TAB agency; such as factory
representatives for temperature controls or for complex equipment.
Inform the Contractor in writing of the support personnel needed and
when they are needed. Furnish the notice as soon as the need is
anticipated, either with the Pre-Field Engineering Report or during
the DALT or TAB field work.

Ensure the Contractor is properly notified and aware of all support
personnel needed to perform the TAB work. Maintain communication with
the Contractor regarding support personnel throughout the duration of
the TAB field work, including the TAB field acceptance testing
checking.

Ensure all inspections and verifications necessary to start DALT field
work and TAB field work are completely and successfully conducted
before DALT and TAB field work is performed.

g. Technical Assistance: Provide technical assistance to the DALT and
TAB field work.

h. Deficiencies Notification: Ensure the notifications of Construction
Deficiencies are provided as specified herein. Comply with

requirements of the paragraph DESIGN/CONSTRUCTION DEFICIENCIES.

i. Procedures: Develop the required TAB procedures for systems or system
components not covered in the TAB Standard.

SECTION 23 05 93.00 22 Page 18



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

3. TAB Team Field Leader

a. Field manager: Manage, in the field, the accomplishment of the work
specified in Part 3, EXECUTION.

b. Full time: Be present at the contract site when DALT field work or
TAB field work is being performed by the TAB team; ensure day-to-day
TAB team work accomplishments are in compliance with this section.

c. Prerequisite HVAC work: Do not bring the TAB team to the contract
site until notification that all work items and inspections identified
to the Contractor by the TAB team supervisor are completed, with all
work items certified by the Contractor to be working as designed,
reaches the office of the TAB Agency.
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Appendix B
REPORTS - DALT and TAB

All submitted documentation must be typed, neat, and organized. All
reports must have a title page, a certification page, sequentially
numbered pages throughout, and a table of contents. Tables, lists, and
diagrams must be titled. Generate and submit for approval the following
documentation:

1. Pre-Field Engineering Report
a. DALT and TAB Procedures Summary

Submit a detailed narrative describing all aspects of the DALT and TAB
field work to be performed. Clearly distinguish between DALT
information and TAB information. Include the following:

(1) A list of the intended procedural steps for the DALT and TAB field
work from start to finish. Indicate how each type of data
measurement will be obtained. Include what Contractor support
personnel are required for each step, and the tasks they need to
perform.

(2) A list of the project's submittals that are needed by the TAB Firm
in order to meet this Contract's requirements.

(3) The data presentation forms to be used in the report, with the
preliminary information and initial design values filled in.

(4) A list of DALT and TAB instruments to be used, edited for this
project, to include the instrument name and description,
manufacturer, model number, scale range, published accuracy, most
recent calibration date, and what the instrument will be used for
on this project.

(5) A thorough checklist of the work items and inspections that need
to be accomplished before DALT field work can be performed.

(6) A thorough checklist of the work items and inspections that need
to be accomplished before the Season 1 TAB field work can be
performed.

(7) A thorough checklist of the work items and inspections that need
to be accomplished before the Season 2 TAB field work can be
performed.

(8) The checklists specified above shall be individually developed and
tailored specifically for the work under this contract. Refer to
NEBB PROCEDURAL STANDARDS, Section III, "Preliminary TAB
Procedures" under the paragraphs titled, "Air Distribution System
Inspection" and "Hydronic Distribution System Inspection" for
examples of items to include in the checklists.

b. Design Review Report:

Review the contract specifications and drawings to verify that the TAB
work can be successfully accomplished in compliance with the
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2.

requirements of this section. Verify the presence and location of
permanently installed test ports and other devices needed, including
gauge cocks, thermometer wells, flow control devices, circuit setters,
balancing valves, manual volume dampers, and required straight duct
and pipe runs for accurate measurements.

Submit a typed report describing omissions and deficiencies in the
HVAC system's design that would preclude the TAB team from
accomplishing the DALT work and the TAB work requirements of this
section. Provide a complete explanation including supporting
documentation detailing the design deficiency. If no deficiencies are
evident, state so in the report.

TAB Schematic Drawings

The schematic drawings to be used in the required reports, may include
building floor plans, mechanical room plans, duct system plans,
equipment elevations, and diagrams. Indicate intended TAB measurement
locations, including where test ports need to be provided by the
Contractor.

Show the following information on TAB Schematic Drawings:

(1) A unigque number or mark for each piece of equipment or terminal.
(2) Air gquantities at air terminals.

(3) Air quantities and temperatures from air handling unit schedules.

(4) Water quantities and temperatures from thermal energy transfer
equipment schedules.

(5) Water quantities and heads from pump schedules.

(6) Water flow measurement fittings and balancing fittings.
Instrument Calibration Certificates

List of TAB Related Submittals

Prepare a list of the submittals from the Contract Submittal Register
that relate to the successful accomplishment of all TAB. Ensure that
the location and details of ports, terminals, connections, etc.,

necessary to perform TAB are identified on the submittals.

Pre-Final DALT Report

Report the data for the Pre-Final DALT Report meeting the following
requirements:

a.

Procedures: Describe how actual field test procedures differed from
the previously approved DALT Procedures Summary.

Report format: Submit a comprehensive report for the DALT field work
data using data presentation forms equivalent to the "Air Duct Leakage
Test Summary Report Forms" located in the SMACNA 1972 CD. All form
data must be recorded for each test iteration of each duct section
selected. Report forms for each test must indicate either '"Pass" or
"Fail". In addition, submit in the report, a marked duct shop drawing
which identifies each section of duct tested with assigned node
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numbers for each section. Node numbers shall be included in the
completed report forms to identify each duct section.

c. Calculations: Include a copy of all calculations prepared in
determining the duct surface area and the allowable leakage of each
duct test section.

d. Instruments: Include in the DALT reports copy(s) of the calibration
curve for each of the DALT test orifices used for testing. List the
types of instruments actually used to measure the data. Include in
the listing each instrument's unique identification number,
calibration date, and calibration expiration date. Instruments are to
be calibrated within one year of the date of use in the field;
instrument calibration is to be traceable to the measuring standards
of the National Institute of Standards and Technology.

e. TAB Supervisor Approval: Include on the submitted report the typed
name of the TAB supervisor and the dated signature of the TAB
supervisor.

3. Certified Final DALT Report

On successful completion of all COTR field checks of the Pre-final DALT
Report data for all systems, the TAB Supervisor shall assemble, review,
sign and submit the Final DALT Report containing all Pre-Final DALT
Reports to the Contracting Officer for approval.

4. TAB Reports

Submit TAB Reports for Proportional Balancing, Season 1, and Season 2 in
the following manner:

a. Procedure Summary: Submit a copy of the approved DALT and TAB
Procedures Summary. When applicable, provide notations describing how
actual field procedures differed from the procedures listed.

b. Report format: Submit the completed data forms approved in the
Pre-Field Engineering Report completed by TAB field team, reviewed,
approved and signed by the TAB supervisor. Include a table of
contents identifying by page number the location of each report.
Report forms and report data shall be typewritten. Handwritten report
forms or report data are not acceptable.

c. Schematic Drawings: Provide updated drawings and diagrams with final
installed locations of all terminals and devices, any numbering
changes, and actual test locations including duct traverse and static
pressure measurement locations.

d. Air Static Pressure Profiles: Report static pressure profiles for air
duct systems including: All AHU systems and equipment with duct
distribution systems including make--up air units, etc.. Report
static pressure data for all supply, return, relief, exhaust and
outside air ducts for the systems listed. The static pressure report
data shall include, in addition to AABC or NEBB or TABB required data,
the following:

(1) Report supply fan, return fan, relief fan, and exhaust fan inlet
and discharge static pressures.
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(2) Report static pressure drop across chilled water coils, DX coils,
hot water coils, steam coils, electric resistance heating coils
and heat reclaim devices installed in unit cabinetry or the system
ductwork.

(3) Report static pressure drop across outside air, return air, and
supply air automatic control dampers, both proportional and
two-position, installed in unit cabinetry.

(4) Report static pressure drop across air filters, acoustic
silencers, moisture eliminators, air flow straighteners, air flow
measuring stations or other pressure drop producing specialty
items installed in unit cabinetry, or in the system ductwork.
Examples of these specialty items are smoke detectors, white sound
generators, RF shielding, wave guides, security bars, blast
valves, small pipes passing through ductwork, and duct mounted
humidifiers.

Do not report static pressure drop across duct fittings provided
for the sole purpose of conveying air, such as elbows,
transitions, offsets, plenums, manual dampers, and branch
takes-offs.

(5) Report static pressure drop across outside air and relief/exhaust
air louvers.

(6) Report static pressure readings of supply air, return air,
exhaust/relief air, and outside air in duct at the point where
these ducts connect to each air moving unit.

e. Duct Traverses: Report duct traverses for main and branch main
supply, return, exhaust, relief and outside air ducts. This shall
include all ducts, including those which lack 7 1/2 duct diameters
upstream and 2 1/2 duct diameters downstream of straight duct
unobstructed by duct fittings/offsets/elbows. Report all individual
velocities on the duct traverses taken. Evaluate the suitability of
the duct traverse measurement based on satisfying the qualifications
for a pitot traverse plane as defined by AMCA 203, "Field
Measurements'", Section 8, paragraph 8.3, "Location of Traverse
Plane". Report duct traverses for all entering and leaving unit
airflows for all air handling equipment exceeding 2,000 cfm.
Illustrate in an Equipment Diagram representative of the actual
installation.

f. Open Paths: Ensure all required air and hydronic system open paths
are identified.

g. Instruments: List the types of instruments actually used to measure
the TAB data. 1Include in the listing each instrument's unique
identification number, calibration date, and calibration expiration
date.

Instrumentation, used for taking wet bulb temperature readings shall
provide accuracy of plus or minus 5 percent at the measured face
velocities.

h. Performance Curves: Include in the TAB Reports, factory pump curves

and fan curves for pumps and fans TAB'd on the job, and manufacturer
equipment data curves or tables correlating pressure drop and water
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flow rate.

i. Calibration Curves: The TAB Supervisor shall include, in the TAB
Reports, a factory calibration curve for installed flow control
balancing valves, flow venturis and flow orifices TAB'd on the job.

j. Supporting Documents: Provide copies of any request for information
(RFIs) with the RFI responses, summaries of implemented change
order(s), meeting minutes with participants, telephone transcripts
with participants, electronic mail with addresses, and other
documentation substantiating any deviations of the reported data from
the initial contract design documents. Include this documentation in
an appendix to the TAB report with sequential numbering of each
separate document for reference to the data presentation forms.

k. Data From TAB Field Work: After completion of the TAB field work,
prepare the TAB field data for TAB supervisor's review and approval
signature, using the reporting forms approved in the Pre-Field
Engineering Report. Data required by those approved data report forms
shall be furnished by the TAB team. Record final hydronic
differential pressure setpoint, hydronic system fill pressure, glycol
percentage, pumps and fan motor frequency in maximum, fan motor
frequency in minimum, fan brake horsepower, calibration coefficients,
and factors, and primary air static pressure setpoint. Except as
approved otherwise in writing by the Contracting Officer, the TAB work
and thereby the TAB report shall be considered incomplete until the
TAB work is accomplished to within the accuracy range specified in the
paragraph WORKMANSHIP.

1. System configuration: Clearly identify system configurations and
conditions affecting data for all reported data. Include all system
operational parameters such as device positioning, system diversity,
modes of operation, and setpoints necessary to setup and duplicate
system cconfiguration.
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Appendix C
DALT AND TAB SUBMITTAL AND WORK SCHEDULE

Perform the following items of work in the order listed adhering to the
dates schedule specified below. Include the major items listed in this
schedule in the project network analysis schedule required by Section
01 32 17.05 20 COST-LOADED NETWORK ANALYSIS SCHEDULES (NAS) FOR
DESIGN-BUILD.

Submit Independent TAB Agency and TAB Personnel Qualifications:
Within 42 calendar days after issuance of IFC drawings.

Submit the Pre-Field Engineering Report: Within 28 days after receipt
of the approved Independent TAB Agency and TAB Personnel
Qualifications.

Meet with the COTR at the Pre-DALT/TAB Meeting: Within 14 calendar
days.

(1) Prior to commencement of ductwork installation.

(2) Prior to the ductwork installation preparatory meeting per
specification section 01 45 00.05 20 DESIGN AND CONSTRUCTION
QUALITY CONTROL.

Advance Notice of Pre-Final DALT Field Work: After the completed
installation of the HVAC duct system to be DALT'd, submit to the
Contracting Officer an Advance Notice of Pre-Final DALT Field Work.

Ductwork Selected for DALT: Within 14 calendar days after receiving
an acceptable Advance Notice of Pre-Final DALT Field Work, the
Contracting Officer's technical representative (COTR) will select the
project ductwork sections to be DALT'AJ.

DALT Field Work: Within 48 hours of COTR's selection, complete DALT
field work on selected project ductwork.

Submit Pre-Final DALT Report: Within two working days after
completion of DALT field work, submit Pre-final DALT Report. Separate
Pre-final DALT reports may be submitted to allow phased testing from
system to system.

Quality Assurance - COTR DALT Field Checks: Upon approval of the
Pre-final DALT Report, the COTR's DALT field check work shall be
scheduled with the Contracting Officer.

Submit Final DALT Report: Within 14 calendar days after successful
completion of all DALT Work Field Checks

TAB field work for Season 1 may be accomplished concurrent with TAB
field work for proportional balancing, when the ambient temperature is
within Season 1 limits. When accomplished concurrently, Season 1 TAB
Report submittal and Season 1 Quality Assurance shall be concurrent
with the Proportional Balancing work items.

Advance Notice of TAB Field Work for Proportional Balancing: At a
minimum of 14 calendar days prior to TAB Field Work, submit advance
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notice of TAB field work for proportional balancing.

TAB Field Work for Proportional Balancing: At a minimum of 84
calendar days prior to Beneficial Occupancy Date (BOD), accomplish TAB
field work for proportional balancing, and Season 1, if concurrent.

Submit TAB Report for Proportional Balancing: Within 14 calendar days
after completion of TAB field work for proportional balancing, and
Season 1, if concurrent.

Proportional Balancing Quality Assurance - COTR TAB Field Acceptance
Testing: 30 calendar days after TAB report for proportional balancing,
and Season 1, if concurrent, is approved by the Contracting Officer,
conduct TAB field acceptance testing.

Complete TAB Work for Proportional Balancing: Prior to BOD, complete
all TAB work except Season 1 and Season 2 TAB work and submit Final
TAB Report for Proportional Balancing.

When not accomplished concurrent with TAB field work for proportional
balancing, accomplish the following seasonal items of work:

Advance Notice of Season 1 TAB Field Work: At a minimum of 14
calendar days prior to Season 1 TAB Field Work, submit advance notice
of Season 1 TAB field work.

Season 1 TAB Field Work: At a minimum of 84 calendar days prior to
BOD, and when the ambient temperature is within Season 1 limits,
accomplish Season 1 TAB field work.

Submit Season 1 TAB Report: Within 14 calendar days after completion
of Season 1 TAB field work.

Season 1 Quality Assurance - COTR TAB Field Acceptance Testing: 30
calendar days after Season 1 TAB report is approved by the Contracting
Officer, conduct Season 1 TAB field acceptance testing.

Advance Notice of Season 2 TAB Field Work: At a minimum of 126
calendar days after CCD, submit Advance Notice of Season 2 TAB Field
Work.

Season 2 TAB Field Work: Within 14 calendar days after date of
advance notice of Season 2 TAB field work and when the ambient
temperature is within Season 2 limits, accomplish Season 2 TAB field
work.

Submit Season 2 TAB Report: Within 14 calendar days after completion
of Season 2 TAB field work.

Season 2 Quality Assurance - COTR TAB Field Acceptance Testing: 28
calendar days after the Season 2 TAB report is approved by the

Contracting Officer, conduct Season 2 field acceptance testing.

Complete Season 2 TAB Work: Within 14 calendar days after the
completion of Season 2 TAB field data check, complete all TAB work.
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Appendix D
REQUIREMENTS FOR DUCT AIR LEAK TESITNG
Refer to design drawings for the Duct Construction and Leakage Testing

Table
-- End of Section --
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SECTION 23 07 00

THERMAL INSULATION FOR MECHANICAL SYSTEMS
02/13

PART 1 GENERAL
1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by
the basic designation only. At the discretion of the Government, the
manufacturer of any material supplied will be required to furnish test
reports pertaining to any of the tests necessary to assure compliance with
the standard or standards referenced in this specification.

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

ASHRAE 90.1 - IP (2013) Energy Standard for Buildings
Except Low-Rise Residential Buildings

ASTM INTERNATIONAL (ASTM)

ASTM Al67 (2011) Standard Specification for
Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and
Strip

ASTM A240/A240M (2020) Standard Specification for Chromium
and Chromium-Nickel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and
for General Applications

ASTM A580/A580M (2018) Standard Specification for
Stainless Steel Wire

ASTM B209 (2014) Standard Specification for Aluminum
and Aluminum-Alloy Sheet and Plate

ASTM Cl126 (2018) Standard Specification for Faced or
Unfaced Rigid Cellular Phenolic Thermal
Insulation

ASTM C1136 (2017a) Standard Specification for

Flexible, Low Permeance Vapor Retarders
for Thermal Insulation

ASTM C1710 (2011) Standard Guide for Installation of
Flexible Closed Cell Preformed Insulation

in Tube and Sheet Form

ASTM C195 (2007; R 2013) Standard Specification for
Mineral Fiber Thermal Insulating Cement

ASTM C450 (2008) Standard Practice for Fabrication
of Thermal Insulating Fitting Covers for
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NPS Piping, and Vessel Lagging

ASTM C534/C534M (2016) Standard Specification for
Preformed Flexible Elastomeric Cellular
Thermal Insulation in Sheet and Tubular
Form

ASTM C547 (2017) Standard Specification for Mineral
Fiber Pipe Insulation

ASTM C552 (2017; E 2018) Standard Specification for
Cellular Glass Thermal Insulation

ASTM Co47 (2008; R 2013) Properties and Tests of
Mastics and Coating Finishes for Thermal
Insulation

ASTM C795 (2008; R 2018) Standard Specification for

Thermal Insulation for Use in Contact with
Austenitic Stainless Steel

ASTM C916 (2014) Standard Specification for
Adhesives for Duct Thermal Insulation

ASTM C920 (2018) Standard Specification for
Elastomeric Joint Sealants

ASTM C921 (2010) Standard Practice for Determining
the Properties of Jacketing Materials for
Thermal Insulation

ASTM D2863 (2017a) Standard Test Method for Measuring
the Minimum Oxygen Concentration to
Support Candle-Like Combustion of Plastics
(Oxygen Index)

ASTM D5590 (2000, R 2010; E 2012) Standard Test
Method for Determining the Resistance of
Paint Films and Related Coatings to Fungal
Defacement by Accelerated Four-Week Agar
Plate Assay

ASTM D882 (2012) Tensile Properties of Thin Plastic
Sheeting
ASTM E2231 (2018) Standard Practice for Specimen

Preparation and Mounting of Pipe and Duct
Insulation Materials to Assess Surface
Burning Characteristics

ASTM E84 (2020) Standard Test Method for Surface
Burning Characteristics of Building
Materials

ASTM E96/E96M (2016) Standard Test Methods for Water

Vapor Transmission of Materials
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)
CDPH SECTION 01350 (2010; Version 1.1) Standard Method for
the Testing and Evaluation of Volatile
Organic Chemical Emissions from Indoor
Sources using Environmental Chambers

FM GLOBAL (FM)

FM APP GUIDE (updated on-line) Approval Guide
http://www.approvalguide.com/

GREEN SEAL (GS)
GS-36 (2013) Adhesives for Commercial Use

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY (MSS)

MSS SP-58 (2018) Pipe Hangers and Supports -
Materials, Design and Manufacture,
Selection, Application, and Installation

MIDWEST INSULATION CONTRACTORS ASSOCIATION (MICA)

MICA Insulation Stds (8th Ed) National Commercial & Industrial
Insulation Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NEPA)

NEPA 90A (2021) Standard for the Installation of
Air Conditioning and Ventilating Systems

NEPA 90B (2021) Standard for the Installation of
Warm Air Heating and Air Conditioning
Systems

SCIENTIFIC CERTIFICATION SYSTEMS (SCS)

SCS SCS Global Services (SCS) Indoor Advantage
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)

SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications
TECHNICAL ASSOCIATION OF THE PULP AND PAPER INDUSTRY (TAPPI)

TAPPI T403 OM (2015) Bursting Strength of Paper
U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-A-24179 (1969; Rev A; Am 2 1980; Notice 1 1987)

Adhesive, Flexible Unicellular-Plastic

Thermal Insulation

MIL-A-3316 (1987, Rev C; Am 2 1990) Adhesives,
Fire-Resistant, Thermal Insulation

MIL-PRF-19565 (1988; Rev C) Coating Compounds, Thermal
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Insulation, Fire- and Water-Resistant,
Vapor-Barrier

UNDERWRITERS LABORATORIES (UL)

UL 2818 (2013) GREENGUARD Certification Program
For Chemical Emissions For Building
Materials, Finishes And Furnishings

UL 723 (2018) UL Standard for Safety Test for
Surface Burning Characteristics of
Building Materials

UL 94 (2013; Reprint Jun 2020) UL Standard for
Safety Tests for Flammability of Plastic
Materials for Parts in Devices and
Appliances
1.2 SYSTEM DESCRIPTION
1.2.1 General
Provide field-applied insulation and accessories on mechanical systems as
specified herein; factory-applied insulation is specified under the
piping, duct or equipment to be insulated. Insulation of heat
distribution systems and chilled water systems outside of buildings shall
be as specified in Section 33 61 14 EXTERIOR BURIED PREINSULATED WATER
PIPING. Field applied insulation materials required for use on
Government-furnished items as listed in the SPECIAL CONTRACT REQUIREMENTS
shall be furnished and installed by the Contractor.
1.3 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submittals with an "S" are for inclusion in the Sustainability
eNotebook, in conformance to Section 01 33 29.05 20 SUSTAINABILITY
REPORTING FOR DESIGN-BUILD. Submit the following in accordance with
Section 01 33 00.05 20 CONSTRUCTION SUBMITTAL PROCEDURES:

Submit the three SD types, SD-02 Shop Drawings, SD-03 Product Data, and
SD-08 Manufacturer's Instructions at the same time for each system.

SD-02 Shop Drawings
MICA Plates; G
Pipe Insulation Systems and Associated Accessories
Duct Insulation Systems and Associated Accessories
Equipment Insulation Systems and Associated Accessories
Recycled content for insulation materials; S

SD-03 Product Data

Pipe Insulation Systems; G

SECTION 23 07 00 Page 4



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780pP1338DP2

Duct Insulation Systems; G
Equipment Insulation Systems; G
SD-04 Samples
Thermal Insulation; G
Display Samples; G
SD-07 Certificates
Indoor air quality for adhesives; S
SD-08 Manufacturer's Instructions
Pipe Insulation Systems; G
Duct Insulation Systems; G
Equipment Insulation Systems; G
1.4 CERTIFICATIONS
1.4.1 Adhesives and Sealants
Provide products certified to meet indoor air quality requirements by
UL 2818 (Greenguard) Gold, SCS Global Services Indoor Advantage Gold or
provide certification or validation by other third-party programs that
products meet the requirements of this Section. Provide current product
certification documentation from certification body. When product does not
have certification, provide validation that product meets the indoor air
quality product requirements cited herein.
1.5 QUALITY ASSURANCE

1.5.1 Installer Qualification

Qualified installers shall have successfully completed three or more
similar type jobs within the last 5 years.

1.6 DELIVERY, STORAGE, AND HANDLING

Materials shall be delivered in the manufacturer's unopened containers.
Materials delivered and placed in storage shall be provided with

protection from weather, humidity, dirt, dust and other contaminants. The
Contracting Officer may reject insulation material and supplies that
become dirty, dusty, wet, or contaminated by some other means. Packages

or standard containers of insulation, Jjacket material, cements, adhesives,
and coatings delivered for use, and samples required for approval shall
have manufacturer's stamp or label attached giving the name of the
manufacturer and brand, and a description of the material, date codes, and
approximate shelf life (if applicable). 1Insulation packages and
containers shall be asbestos free.
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PART 2 PRODUCTS

2

.1 STANDARD PRODUCTS

Provide materials which are the standard products of manufacturers
regularly engaged in the manufacture of such products and that essentially
duplicate items that have been in satisfactory use for at least 2 years

prior to bid opening. Submit a complete list of materials, including
manufacturer's descriptive technical literature, performance data, catalog
cuts, and installation instructions. The product number, k-value,

thickness and furnished accessories including adhesives, sealants and
jackets for each mechanical system requiring insulation shall be

included. The product data must be copyrighted, have an identifying or
publication number, and shall have been published prior to the issuance
date of this solicitation. Materials furnished under this section shall
be submitted together in a booklet and in conjunction with the MICA plates
booklet (SD-02). Annotate the product data to indicate which MICA plate
is applicable.

.11 Insulation System

Provide insulation systems in accordance with the approved MICA National
Insulation Standards plates as supplemented by this specification.
Provide field-applied insulation for heating, ventilating, and cooling
(HVAC) air distribution systems and piping systems that are located
within, on, under, and adjacent to buildings; and for plumbing systems.
Provide CFC and HCFC free insulation.

1.2 Surface Burning Characteristics

Unless otherwise specified, insulation must have a maximum flame spread
index of 25 and a maximum smoke developed index of 50 when tested in
accordance with ASTM E84. Flame spread, and smoke developed indexes,
shall be determined by ASTM E84 or UL 723. Test insulation in

the same density and installed thickness as the material to be used in the
actual construction. Prepare and mount test specimens according to

ASTM E2231.

.2 MATERIALS

Provide insulation that meets or exceed the requirements of ASHRAE 90.1.
Insulation exterior shall be cleanable, grease resistant, non-flaking and
non-peeling. Materials shall be compatible and shall not contribute to
corrosion, soften, or otherwise attack surfaces to which applied in either
wet or dry state. Materials to be used on stainless steel surfaces shall
meet ASTM C795 requirements. Calcium silicate shall not be used on
chilled or cold water systems. Materials shall be asbestos free. Provide
product recognized under UL 94 (if containing plastic) and listed in

FM APP GUIDE.

2.1 Adhesives

Provide non-aerosol adhesive products used on the interior of the building
(defined as inside of the weatherproofing system) that meet either
emissions requirements of CDPH SECTION 01350 (limit requirements for
either office or classroom spaces regardless of space type) or VOC content
requirements of SCAQMD Rule 1168 (HVAC duct sealants must meet limit
requirements of "Other" category within SCAQMD Rule 1168 sealants table).
Provide aerosol adhesives used on the interior of the building that meet
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either emissions requirements of CDPH SECTION 01350 (use the office or
classroom requirements, regardless of space type) or VOC content
requirements of GS-36. Provide certification or validation of indoor air
quality for adhesives.

2.2.1.1 Acoustical Lining Insulation Adhesive

Adhesive shall be a nonflammable, fire-resistant adhesive conforming to
ASTM C916, Type I.

2.2.1.2 Mineral Fiber Insulation Cement
Cement shall be in accordance with ASTM C195.
2.2.1.3 Lagging Adhesive

Lagging is the material used for thermal insulation, especially around a
cylindrical object. This may include the insulation as well as the
cloth/material covering the insulation. To resist mold/mildew, lagging
adhesive shall meet ASTM D5590 with 0 growth rating. Lagging adhesives
shall be nonflammable and fire-resistant and shall have a maximum flame
spread index of 25 and a maximum smoke developed index of 50 when tested
in accordance with ASTM E84. Adhesive shall be MIL-A-3316, Class 1,
pigmented white or red and be suitable for bonding fibrous glass cloth to
faced and unfaced fibrous glass insulation board; for bonding cotton
brattice cloth to faced and unfaced fibrous glass insulation board; for
sealing edges of and bonding glass tape to joints of fibrous glass board;
for bonding lagging cloth to thermal insulation; or Class 2 for attaching
fibrous glass insulation to metal surfaces. Lagging adhesives shall be
applied in strict accordance with the manufacturer's recommendations for
pipe and duct insulation.

2.2.1.4 Contact Adhesive

Adhesives may be any of, but not limited to, the neoprene based, rubber
based, or elastomeric type that have a maximum flame spread index of 25
and a maximum smoke developed index of 50 when tested in accordance with
ASTM E84. The adhesive shall not adversely affect, initially or in
service, the insulation to which it is applied, nor shall it cause any
corrosive effect on metal to which it is applied. Any solvent dispersing
medium or volatile component of the adhesive shall have no objectionable
odor and shall not contain any benzene or carbon tetrachloride. The dried
adhesive shall not emit nauseous, irritating, or toxic volatile matters or
aerosols when the adhesive is heated to any temperature up to 212 degrees F.
The dried adhesive shall be nonflammable and fire resistant. Flexible
Elastomeric Adhesive: Comply with MIL-A-24179, Type II, Class I. Provide
product listed in FM APP GUIDE.

2.2.2 Caulking
ASTM C920, Type S, Grade NS, Class 25, Use A.
2.2.3 Corner Angles

Nominal 0.016 inch aluminum 1 by 1 inch with factory applied kraft
backing. Aluminum shall be ASTM B209, Alloy 3003, 3105, or 5005.
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2

.2.4 Fittings

Fabricated Fittings are the prefabricated fittings for flexible
elastomeric pipe insulation systems in accordance with ASTM C1710.
Together with the flexible elastomeric tubes, they provide complete system
integrity for retarding heat gain and controlling condensation drip from
chilled-water and refrigeration systems. Flexible elastomeric, fabricated
fittings provide thermal protection (0.25 k) and condensation resistance
(0.05 Water Vapor Transmission factor). For satisfactory performance,
properly installed protective vapor retarder/barriers and vapor stops
shall be used on high relative humidity and below ambient temperature
applications to reduce movement of moisture through or around the
insulation to the colder interior surface.

.2.5 Finishing Cement

ASTM C450: Mineral fiber hydraulic-setting thermal insulating and
finishing cement. All cements that may come in contact with Austenitic
stainless steel must comply with ASTM C795.

.2.6 Fibrous Glass Cloth and Glass Tape

Fibrous glass cloth, with 20 X 20 maximum mesh size, and glass tape shall
have maximum flame spread index of 25 and a maximum smoke developed index
of 50 when tested in accordance with ASTM E84. Tape shall be 4 inch wide
rolls. Class 3 tape shall be 4.5 ounces/square yard. Elastomeric Foam
Tape: Black vapor-retarder foam tape with acrylic adhesive containing an
anti-microbial additive.

2.7 Staples

Outward clinching type monel or ASTM Al67, Type 304 or 316 stainless steel.

.2.8 Jackets

.2.8.1 Aluminum Jackets

Aluminum Jjackets shall be corrugated, embossed or smooth sheet, 0.016 inch
nominal thickness; ASTM B209, Temper H1l4, Temper H16, Alloy 3003, 5005, or
3105. Corrugated aluminum jacket shall not be used outdoors. Aluminum
jacket securing bands shall be Type 304 stainless steel, 0.015 inch thick,
1/2 inch wide for pipe under 12 inch diameter and 3/4 inch wide for pipe
over 12 inch and larger diameter. Aluminum jacket circumferential seam
bands shall be 2 by 0.016 inch aluminum matching jacket material. Bands
for insulation below ground shall be 3/4 by 0.020 inch thick stainless
steel, or fiberglass reinforced tape. The jacket may, at the option of
the Contractor, be provided with a factory fabricated Pittsburgh or "ZzZ"
type longitudinal joint. When the "Z" joint is used, the bands at the
circumferential joints shall be designed by the manufacturer to seal the
joints and hold the jacket in place.

.2.8.2 Polyvinyl Chloride (PVC) Jackets

Polyvinyl chloride (PVC) jacket and fitting covers shall have high impact
strength, ultraviolet (UV) resistant rating or treatment and moderate
chemical resistance with minimum thickness 0.030 inch.
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2.2.8.3 Vapor Barrier/Vapor Retarder
Apply the following criteria to determine which system is required.

a. On ducts, piping and equipment operating below 91 degrees F or located
outside shall be equipped with a vapor barrier.

b. Ducts, pipes and equipment that are located inside and that always
operate above 91 degrees F shall be installed with a vapor retarder
where required as stated in paragraph VAPOR RETARDER REQUIRED.

2.2.9 Vapor Retarder Required

ASTM C921, Type I, minimum puncture resistance 50 Beach units on all
surfaces except concealed ductwork, where a minimum puncture resistance of
25 Beach units is acceptable. Minimum tensile strength, 35 pounds/inch
width. ASTM C921, Type II, minimum puncture resistance 25 Beach units,
tensile strength minimum 20 pounds/inch width. Jackets used on insulation
exposed in finished areas shall have white finish suitable for painting
without sizing. Based on the application, insulation materials that
require manufacturer or fabricator applied pipe insulation Jjackets are
cellular glass, when all joints are sealed with a vapor barrier mastic,
and mineral fiber. All non-metallic jackets shall have a maximum flame
spread index of 25 and a maximum smoke developed index of 50 when tested
in accordance with ASTM E84. Flexible elastomerics require (in addition
to vapor barrier skin) wvapor retarder jacketing for high relative humidity
and below ambient temperature applications.

2.2.9.1 White Vapor Retarder All Service Jacket (ASJ)

ASJ is for use on hot/cold pipes, ducts, or equipment indoors or outdoors
if covered by a suitable protective jacket. The product shall meet all
physical property and performance requirements of ASTM C1136, Type I,
except the burst strength shall be a minimum of 85 psi. ASTM D2863
Limited Oxygen Index (LOI) shall be a minimum of 31.

In addition, neither the outer exposed surface nor the inner-most surface
contacting the insulation shall be paper or other moisture-sensitive
material. The outer exposed surface shall be white and have an emittance
of not less than 0.80. The outer exposed surface shall be paintable.

2.2.9.2 Vapor Retarder/Vapor Barrier Mastic Coatings
2.2.9.2.1 Vapor Barrier

The vapor barrier shall be self adhesive (minimum 2 mils adhesive, 3 mils
embossed) greater than 3 plies standard grade, silver, white, black and
embossed white Jjacket for use on hot/cold pipes. Permeability shall be
less than 0.02 when tested in accordance with ASTM E96/E96M. Products
shall meet UL 723 or ASTM E84 flame and smoke requirements and shall be UV
resistant.

2.2.9.2.2 Vapor Retarder

The vapor retarder coating shall be fire and water resistant and
appropriately selected for either outdoor or indoor service. Color shall
be white. The water vapor permeance of the compound shall be 0.013 perms
or less at 43 mils dry film thickness as determined according to procedure
B of ASTM E96/E96M utilizing apparatus described in ASTM E96/E96M. The
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coating shall be nonflammable, fire resistant type. To resist
mold/mildew, coating shall meet ASTM D5590 with 0 growth rating. Coating
shall meet MIL-PRE-19565 Type II (if selected for indoor service) and be
Qualified Products Database listed. All other application and service
properties shall be in accordance with ASTM C647.

2.2.9.3 Laminated Film Vapor Retarder

ASTM C1136, Type I, maximum moisture vapor transmission 0.02 perms,
minimum puncture resistance 50 Beach units on all surfaces except
concealed ductwork,; where Type II, maximum moisture wvapor transmission
0.02 perms, a minimum puncture resistance of 25 Beach units is
acceptable. Vapor retarder shall have a maximum flame spread index of 25
and a maximum smoke developed index of 50 when tested in accordance with
ASTM E84. Flexible Elastomeric exterior foam with factory applied UV
Jacket. Construction of laminate designed to provide UV resistance, high
puncture, tear resistance and an excellent WVT rate.

2.2.9.4 Polyvinylidene Chloride (PVDC) Film Vapor Retarder

The PVDC film vapor retarder shall have a maximum moisture vapor
transmission of 0.02 perms, minimum puncture resistance of 150 Beach
units, a minimum tensile strength in any direction of 30 1lb/inch when
tested in accordance with ASTM D882, and a maximum flame spread index of
25 and a maximum smoke developed index of 50 when tested in accordance
with ASTM E84.

2.2.9.5 Polyvinylidene Chloride Vapor Retarder Adhesive Tape

Requirements must meet the same as specified for Laminated Film Vapor
Retarder above.

2.2.9.6 Vapor Barrier/Weather Barrier

The vapor barrier shall be greater than 3 ply self adhesive laminate

-white vapor barrier Jjacket- superior performance (less than 0.0000
permeability when tested in accordance with ASTM E96/E96M). Vapor barrier
shall meet UL 723 or ASTM E84 25 flame and 50 smoke requirements; and UV
resistant. Minimum burst strength 185 psi in accordance with TAPPI T403 OM.
Tensile strength 68 1b/inch width (PSTC-1000). Tape shall be as specified
for laminated film vapor barrier above.

2.2.10 Vapor Retarder Not Required
ASTM C921, Type II, Class D, minimum puncture resistance 50 Beach units on
all surfaces except ductwork, where Type IV, maximum moisture vapor
transmission 0.10, a minimum puncture resistance of 25 Beach units is
acceptable. Jacket shall have a maximum flame spread index of 25 and a
maximum smoke developed index of 50 when tested in accordance with ASTM E84.

2.2.11 Wire

Soft annealed ASTM A580/A580M Type 302, 304 or 316 stainless steel, 16 or
18 gauge.

2.2.12 Insulation Bands

Insulation bands shall be 1/2 inch wide; 26 gauge stainless steel.
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2.2.13 Sealants

Sealants shall be chosen from the butyl polymer type, the
styrene-butadiene rubber type, or the butyl type of sealants. Sealants
shall have a maximum permeance of 0.02 perms based on Procedure B for
ASTM E96/E96M, and a maximum flame spread index of 25 and a maximum smoke
developed index of 50 when tested in accordance with ASTM E84.

2.3 PIPE INSULATION SYSTEMS

Conform insulation materials to Table 1 and minimum insulation thickness
as listed in Table 2 and meet or exceed the requirements of

ASHRAE 90.1 - IP. Limit pipe insulation materials to those listed herein
and meeting the following requirements:

2.3.1 Recycled Materials

Provide insulation materials containing the following minimum percentage
of recycled material content by weight:

Rock Wool: 75 percent slag of weight

Fiberglass: 20 percent glass cullet

Rigid Foam: 9 percent recovered material

Phenolic Rigid Foam: 9 percent recovered material

Provide data identifying percentage of recycled content for insulation
materials.

2.3.2 Aboveground Cold Pipeline (-30 to 60 deg. F)

Insulation for outdoor, indoor, exposed or concealed applications, shall
be as follows:

2.3.2.1 Cellular Glass

ASTM C552, Type II, and Type III. Supply the insulation from the
fabricator with (paragraph WHITE VAPOR RETARDER ALL SERVICE JACKET (ASJ))
ASJ vapor retarder and installed with all longitudinal overlaps sealed and
all circumferential joints ASJ taped or supply the insulation unfaced from
the fabricator and install with all longitudinal and circumferential
joints sealed with vapor barrier mastic.

2.3.2.2 Flexible Elastomeric Cellular Insulation

Closed-cell, foam- or expanded-rubber materials containing anti-microbial
additive, complying with ASTM C534/C534M, Grade 1, Type I or II. Type I,
Grade 1 for tubular materials. Type II, Grade 1, for sheet materials.
Type I and II shall have vapor retarder/vapor barrier skin on one or both
sides of the insulation, and require an additional exterior vapor retarder
covering for high relative humidity and below ambient temperature
applications.

2.3.3 Aboveground Hot Pipeline (Above 60 deg. F)
Insulation for outdoor, indoor, exposed or concealed applications shall

meet the following requirements. Supply the insulation with
manufacturer's recommended factory-applied jacket/vapor barrier.
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2.3.3.1 Mineral Fiber

ASTM C547, Types I, II or III, supply the insulation with manufacturer's
recommended factory-applied jacket.

2.3.3.2 Cellular Glass

ASTM C552, Type II and Type III. Supply the insulation with
manufacturer's recommended factory-applied Jjacket.

2.4 DUCT INSULATION SYSTEMS
2.4.1 Duct Insulation

Provide external thermal insulation for all ductwork. Insulate ductwork in
concealed spaces with blanket flexible mineral fiber. Insulate ductwork in
Mechanical Rooms and exposed locations with rigid mineral fiber insulation.

Provide insulation with factory applied all-purpose jacket with integral
vapor retarder. In exposed locations, provide a jacket with white surface
suitable for painting. Flame spread/smoke developed rating for all
insulation must not exceed 25/50. Minimum insulation thickness must be the
minimum thickness required by ASHRAE 90.1. Insulate the backs of all
supply air diffusers with blanket flexible mineral fiber insulation..

2.4.2 Acoustical Duct Lining
2.4.2.1 General

For ductwork indicated or specified in Section 23 30 00 HVAC AIR
DISTRIBUTION to be acoustically lined, provide external insulation in
accordance with this specification section and in addition to the
acoustical duct lining. Do not use acoustical lining in place of duct
wrap or rigid board insulation (insulation on the exterior of the duct).

2.4.2.2 Duct Liner

Flexible Elastomeric Acoustical and Conformable Duct Liner Materials:
Flexible Elastomeric Thermal, Acoustical and Conformable Insulation
Compliance with ASTM C534/C534M Grade 1, Type II; and NFPA 90A or NEPA 90B
as applicable.

2.4.3 Duct Insulation Jackets

2.4.3.1 All-Purpose Jacket
Provide insulation with insulation manufacturer's standard reinforced
fire-retardant jacket with or without integral vapor barrier as required
by the service. 1In exposed locations, provide jacket with a white surface
suitable for field painting.

2.4.3.2 Metal Jackets

2.4.3.2.1 Aluminum Jackets
ASTM B209, Temper H14, minimum thickness of 27 gauge ( 0.016 inch), with
factory-applied polyethylene and kraft paper moisture barrier on inside

surface. Provide smooth surface jackets for jacket outside dimension 8
inches and larger. Provide corrugated surface jackets for jacket outside
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dimension 8 inches and larger. Provide stainless steel bands, minimum
width of 1/2 inch.

.4.3.2.2 Stainless Steel Jackets

ASTM A167 or ASTM A240/A240M; Type 304, minimum thickness of 33 gauge
(0.010 inch), smooth surface with factory-applied polyethylene and kraft
paper moisture barrier on inside surface. Provide stainless steel bands,
minimum width of 1/2 inch.

.4.3.3 Vapor Barrier/Weatherproofing Jacket

Vapor barrier/weatherproofing jacket shall be laminated self-adhesive
(minimum 2 mils adhesive, 3 mils embossed) less than 0.0000 permeability,
(greater than 3 ply, standard grade, silver, white, black and embossed or
greater than 8 ply (minimum 2.9 mils adhesive), heavy duty white or
natural) .

.4.4 Weatherproof Duct Insulation

Provide ASTM €552, cellular glass thermal insulation or ASTM C534/C534M
Grade 1, Type II, flexible elastomeric cellular insulation, and
weatherproofing as specified in manufacturer's instruction. Multi-ply,
Polymeric Blend Laminate Jacketing: Construction of laminate designed to
provide UV resistance, high puncture, tear resistance and an excellent WVT
rate.

.5 EQUIPMENT INSULATION SYSTEMS

Insulate equipment and accessories as specified in Tables 5 and 6. 1In
outside locations, provide insulation 1/2 inch thicker than specified.
Increase the specified insulation thickness for equipment where necessary
to equal the thickness of angles or other structural members to make a
smooth, exterior surface. Submit a booklet containing manufacturer's
published installation instructions for the insulation systems. The
instructions must be copyrighted, have an identifying or publication
number, and shall have been published prior to the issuance date of this
solicitation. A booklet is also required by paragraphs titled: Pipe
Insulation Systems and Duct Insulation Systems.

PART 3 EXECUTION

3.

1 APPLICATION - GENERAL

Insulation shall only be applied to unheated and uncooled piping and
equipment. Flexible elastomeric cellular insulation shall not be
compressed at Jjoists, studs, columns, ducts, hangers, etc. The insulation
shall not pull apart after a one hour period; any insulation found to pull
apart after one hour, shall be replaced.

1.1 Display Samples

Submit and display, after approval of materials, actual sections of
installed systems, properly insulated in accordance with the specification
requirements. Such actual sections must remain accessible to inspection
throughout the job and will be reviewed from time to time for controlling
the quality of the work throughout the construction site. Each material
used shall be identified, by indicating on an attached sheet the
specification requirement for the material and the material by each
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manufacturer intended to meet the requirement. The Contracting Officer
will inspect display sample sections at the jobsite. Approved display
sample sections shall remain on display at the jobsite during the
construction period. Upon completion of construction, the display sample
sections will be closed and sealed.

3.1.1.1 Pipe Insulation Display Sections

Display sample sections shall include as a minimum an elbow or tee, a
valve, dielectric waterways and flanges, a hanger with protection shield
and insulation insert, or dowel as required, at support point, method of
fastening and sealing insulation at longitudinal lap, circumferential lap,
butt joints at fittings and on pipe runs, and terminating points for each
type of pipe insulation used on the job, and for hot pipelines and cold
pipelines, both interior and exterior, even when the same type of
insulation is used for these services.

3.1.1.2 Duct Insulation Display Sections

Display sample sections for rigid and flexible duct insulation used on the
job. Use a temporary covering to enclose and protect display sections for
duct insulation exposed to weather

3.1.2 Installation

Except as otherwise specified, material shall be installed in accordance
with the manufacturer's written instructions. Insulation materials shall
not be applied until tests and heat tracing specified in other sections of
this specification are completed. Material such as rust, scale, dirt and
moisture shall be removed from surfaces to receive insulation. Insulation
shall be kept clean and dry. Insulation shall not be removed from its
shipping containers until the day it is ready to use and shall be returned
to like containers or equally protected from dirt and moisture at the end
of each workday. Insulation that becomes dirty shall be thoroughly
cleaned prior to use. If insulation becomes wet or if cleaning does not
restore the surfaces to like new condition, the insulation will be
rejected, and shall be immediately removed from the jobsite. Joints shall
be staggered on multi layer insulation. Mineral fiber thermal insulating
cement shall be mixed with demineralized water when used on stainless
steel surfaces. Insulation, jacketing and accessories shall be installed
in accordance with MICA Insulation Stds plates except where modified
herein or on the drawings.

3.1.3 Firestopping

Where pipes and ducts pass through fire walls, fire partitions, above
grade floors, and fire rated chase walls, the penetration shall be sealed
with fire stopping materials as specified in Section 07 84 00
FIRESTOPPING. The protection of ducts at point of passage through
firewalls must be in accordance with NEFPA 90A and/or NEPA 90B. All other
penetrations, such as piping, conduit, and wiring, through firewalls must
be protected with a material or system of the same hourly rating that is
listed by UL, FM, or a NRTL.

3.1.4 Painting and Finishing

Painting shall be as specified in Section 09 90 00 PAINTS AND COATINGS.
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3.

1.5 Installation of Flexible Elastomeric Cellular Insulation

Install flexible elastomeric cellular insulation with seams and joints
sealed with rubberized contact adhesive. Flexible elastomeric cellular
insulation shall not be used on surfaces greater than 220 degrees F.
Stagger seams when applying multiple layers of insulation. Protect
insulation exposed to weather and not shown to have vapor barrier
weatherproof jacketing with two coats of UV resistant finish or PVC or
metal jacketing as recommended by the manufacturer after the adhesive 1is
dry and cured.

.1.5.1 Adhesive Application

Apply a brush coating of adhesive to both butt ends to be joined and to
both slit surfaces to be sealed. Allow the adhesive to set until dry to
touch but tacky under slight pressure before joining the surfaces.
Insulation seals at seams and joints shall not be capable of being pulled
apart one hour after application. Insulation that can be pulled apart one
hour after installation shall be replaced.

.1.5.2 Adhesive Safety Precautions

Use natural cross-ventilation, local (mechanical) pickup, and/or general
area (mechanical) wventilation to prevent an accumulation of solvent
vapors, keeping in mind the ventilation pattern must remove any
heavier-than-air solvent vapors from lower levels of the workspaces.
Gloves and spectacle-type safety glasses are recommended in accordance
with safe installation practices.

.1.6 Welding

No welding shall be done on piping, duct or equipment without written
approval of the Contracting Officer. The capacitor discharge welding
process may be used for securing metal fasteners to duct.

.17 Pipes/Ducts/Equipment That Require Insulation

Insulation is required on all pipes, ducts, or equipment, except for
omitted items as specified.

.2 PIPE INSULATION SYSTEMS INSTALLATION
.2.1 Pipe Insulation

.2.1.1 General

Pipe insulation shall be installed on aboveground hot and cold pipeline
systems as specified below to form a continuous thermal retarder/barrier,
including straight runs, fittings and appurtenances unless specified
otherwise. Installation shall be with full length units of insulation and
using a single cut piece to complete a run. Cut pieces or scraps abutting
each other shall not be used. Pipe insulation shall be omitted on the
following:

a. Pipe used solely for fire protection.
b. Chromium plated pipe to plumbing fixtures. However, fixtures for use

by the physically handicapped shall have the hot water supply and
drain, including the trap, insulated where exposed.
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c. Sanitary drain lines.
d. Air chambers.
e. Adjacent insulation.
f. ASME stamps.
g. Access plates of fan housings.
h. Cleanouts or handholes.

3.2.1.2 Pipes Passing Through Walls, Roofs, and Floors
Pipe insulation shall be continuous through the sleeve.
Provide an aluminum jacket or vapor barrier/weatherproofing self adhesive
jacket (minimum 2 mils adhesive, 3 mils embossed) less than 0.0000
permeability, greater than 3 ply standard grade, silver, white, black and
embossed with factory applied moisture retarder over the insulation
wherever penetrations require sealing.

3.2.1.2.1 Penetrate Interior Walls
The aluminum jacket or vapor barrier/weatherproofing - self adhesive
jacket (minimum 2 mils adhesive, 3 mils embossed) less than 0.0000
permeability, greater than 3 plies standard grade, silver, white, black
and embossed shall extend 2 inches beyond either side of the wall and
shall be secured on each end with a band.

3.2.1.2.2 Penetrating Floors
Extend the aluminum Jjacket from a point below the backup material to a
point1l0 inches above the floor with one band at the floor and one not more
than 1 inch from the end of the aluminum Jjacket.

3.2.1.2.3 Penetrating Waterproofed Floors
Extend the aluminum Jjacket rom below the backup material to a point 2
inchesabove the flashing with a band 1 inch from the end of the aluminum
jacket.

3.2.1.2.4 Penetrating Exterior Walls

Continue the aluminum Jjacket required for pipe exposed to weather through
the sleeve to a point 2 inches beyond the interior surface of the wall.

3.2.1.2.5 Penetrating Roofs

Insulate pipe as required for interior service to a point flush with the
top of the flashing and sealed with flashing sealant. Tightly butt the
insulation for exterior application to the top of flashing and interior
insulation. Extend the exterior aluminum jacket 2 inches down beyond the
end of the insulation to form a counter flashing. Seal the flashing and
counter flashing underneath with metal jacketing/flashing sealant.
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3.2.1.2.6 Hot Water Pipes Supplying Lavatories or Other Similar Heated
Service

Terminate the insulation on the backside of the finished wall. Protect
the insulation termination with two coats of vapor barrier coating with a
minimum total thickness of 1/16 inch applied with glass tape embedded
between coats (if applicable). Extend the coating out onto the insulation
2 inches and seal the end of the insulation. Overlap glass tape seams 1
inch. Caulk the annular space between the pipe and wall penetration with
approved fire stop material. Cover the pipe and wall penetration with a
properly sized (well fitting) escutcheon plate. The escutcheon plate
shall overlap the wall penetration at least 3/8 inches.

3.2.1.2.7 Domestic Cold Water Pipes Supplying Lavatories or Other Similar
Cooling Service

Terminate the insulation on the finished side of the wall (i.e.,
insulation must cover the pipe throughout the wall penetration). Protect
the insulation with two coats of weather barrier mastic (breather emulsion
type weatherproof mastic impermeable to water and permeable to air) with a
minimum total thickness of 1/16 inch. Extend the mastic out onto the
insulation 2 inches and shall seal the end of the insulation. The annular
space between the outer surface of the pipe insulation and caulk the wall
penetration with an approved fire stop material having vapor retarder
properties. Cover the pipe and wall penetration with a properly sized
(well fitting) escutcheon plate. The escutcheon plate shall overlap the
wall penetration by at least 3/8 inches.

3.2.1.3 Pipes Passing Through Hangers

Insulation, whether hot or cold application, shall be continuous through
hangers. All horizontal pipes 2 inches and smaller shall be supported on
hangers with the addition of a Type 40 protection shield to protect the
insulation in accordance with MSS SP-58. Whenever insulation shows signs
of being compressed, or when the insulation or jacket shows visible signs
of distortion at or near the support shield, insulation inserts as
specified below for piping larger than 2 inches shall be installed, or
factory insulated hangers (designed with a load bearing core) can be used.

3.2.1.3.1 Horizontal Pipes Larger Than 2 Inches at 60 Degrees F and Above

Supported on hangers in accordance with MSS SP-58, and Section 22 00 00
PLUMBING, GENERAL PURPOSE.

3.2.1.3.2 Horizontal Pipes Larger Than 2 Inches and Below 60 Degrees F

Supported on hangers with the addition of a Type 40 protection shield in
accordance with MSS SP-58. An insulation insert of cellular glass,
prefabricated insulation pipe hangers, or perlite above 80 degrees F shall
be installed above each shield. The insert shall cover not less than the

bottom 180-degree arc of the pipe. Inserts shall be the same thickness as
the insulation, and shall extend 2 inches on each end beyond the
protection shield. When insulation inserts are required in accordance

with the above, and the insulation thickness is less than 1 inch, wooden
or cork dowels or blocks may be installed between the pipe and the shield
to prevent the weight of the pipe from crushing the insulation, as an
option to installing insulation inserts. The insulation jacket shall be
continuous over the wooden dowel, wooden block, or insulation insert.
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3.2.1.3.3 Vertical Pipes

Supported with either Type 8 or Type 42 riser clamps with the addition of
two Type 40 protection shields in accordance with MSS SP-58 covering the
360-degree arc of the insulation. An insulation insert of cellular glass
or calcium silicate shall be installed between each shield and the pipe.

The insert shall cover the 360-degree arc of the pipe. 1Inserts shall be
the same thickness as the insulation, and shall extend 2 inches on each

end beyond the protection shield. When insulation inserts are required in
accordance with the above, and the insulation thickness is less than 1 inch,
wooden or cork dowels or blocks may be installed between the pipe and the
shield to prevent the hanger from crushing the insulation, as an option
instead of installing insulation inserts. The insulation jacket shall be
continuous over the wooden dowel, wooden block, or insulation insert. The
vertical weight of the pipe shall be supported with hangers located in a
horizontal section of the pipe. When the pipe riser is longer than 30 feet,
the weight of the pipe shall be additionally supported with hangers in the
vertical run of the pipe that are directly clamped to the pipe,

penetrating the pipe insulation. These hangers shall be insulated and the
insulation jacket sealed as indicated herein for anchors in a similar
service.

3.2.1.3.4 Inserts

Covered with a jacket material of the same appearance and quality as the
adjoining pipe insulation Jjacket, overlap the adjoining pipe jacket 1-1/2
inches, and seal as required for the pipe jacket. The jacket material
used to cover inserts in flexible elastomeric cellular insulation shall
conform to ASTM C1136, Type 1, and is allowed to be of a different
material than the adjoining insulation material.

3.2.1.4 Flexible Elastomeric Cellular Pipe Insulation

Flexible elastomeric cellular pipe insulation shall be tubular form for
pipe sizes 6 inches and less. Grade 1, Type II sheet insulation used on
pipes larger than 6 inches shall not be stretched around the pipe. On
pipes larger than 12 inches, the insulation shall be adhered directly to
the pipe on the lower 1/3 of the pipe. Seams shall be staggered when
applying multiple layers of insulation. Sweat fittings shall be insulated
with miter-cut pieces the same size as on adjacent piping. Screwed
fittings shall be insulated with sleeved fitting covers fabricated from
miter-cut pieces and shall be overlapped and sealed to the adjacent pipe
insulation. Type II requires an additional exterior wvapor
retarder/barrier covering for high relative humidity and below ambient
temperature applications.

3.2.1.5 Pipes in high abuse areas.

In high abuse areas such as janitor closets and traffic areas in equipment
rooms, kitchens, and mechanical rooms, welded PVC, aluminum or flexible
laminate cladding (comprised of elastomeric, plastic or metal foil
laminate) laminated self-adhesive (minimum 2 mils adhesive, 3 mils
embossed) vapor barrier/weatherproofing jacket, - less than 0.0000
permeability; (greater than 3 ply, standard grade, silver, white, black
and embossed) aluminum jackets shall be utilized. Pipe insulation to the
6 foot level shall be protected.
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Pipe insulation materials must be as listed in Table 1 and must meet or
exceed the requirements of ASHRAE 90.1.

TABLE 1

Insulation Material for Piping

Service
Material Specification Type Class VR/VB
Reqg'd
Chilled Water (Supply & Return, Dual Temperature Piping, 40 F nominal)
Cellular Glass ASTM C552 II 2 Yes-VB
Flexible Elastomeric Cellular |ASTM C534/C534M I Yes-VB
Heating Hot Water Supply & Return (Max 250 F)
Mineral Fiber ASTM C547 I 1 No
Cellular Glass ASTM C552 II 2 No
Cold Domestic Water Piping, Makeup Water & Drinking Fountain Drain Piping
Cellular Glass ASTM C552 II 2 YES-VB
Flexible Elastomeric Cellular |ASTM C534/C534M I No
Hot Domestic Water Supply & Recirculating Piping (Max 200 F)
Mineral Fiber ASTM C547 I 1 No
Cellular Glass ASTM C552 II 2 No
Refrigerant Suction Piping (35 degrees F nominal)
Flexible Elastomeric Cellular |ASTM C534/C534M I No
Cellular Glass ASTM C552 IT 1 Yes
Exposed Lavatory Drains, Exposed Domestic Water Piping & Drains to Areas for
Handicapped Personnel
Flexible Elastomeric Cellular |ASTM C534/C534M I No
Horizontal Roof Drain Leaders (Including Underside of Roof Drain Fittings)
Flexible Elastomeric Cellular [ASTM C534/C534M I No
Faced Phenolic Foam ASTM C1126 ITT Yes
Cellular Glass ASTM C552 ITT Yes

Condensate Drain Located Inside Building
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TABLE 1

Insulation Material for Piping

Service
Material Specification Type Class VR/VB
Reqg'd
Cellular Glass ASTM C552 II 2 No
Flexible Elastomeric Cellular [ASTM C534/C534M I No

Note: VR/VB = Vapor Retarder/Vapor Barrier

TABLE 2

Piping Insulation Thickness (inch)
Do not use integral wicking material in Chilled water applications exposed to
outdoor ambient conditions in climatic zones 1 through 4.

Service

Material Tube And Pipe Size (inch)

<1 1-<1.5 1.5-<4 4-<8 > or = >8

Chilled Water (Supply & Return 40 Degrees F nominal)

Cellular Glass 1.5 2 2 2.5 3

Flexible Elastomeric Cellular 1 1 1 N/A N/A

Heating Hot Water Supply & Return, Heated 0il (Max 250 F)

Mineral Fiber 1.5 1.5 2 2 2

Cellular Glass 2 2.5 3 3 3

Cold Domestic Water Piping, Makeup Water & Drinking Fountain Drain Piping

Cellular Glass 1.5 1.5 1.5 1.5 1.5

Flexible Elastomeric Cellular 1 1 1 N/A N/A

Hot Domestic Water Supply & Recirculating Piping (Max 200 F)

Mineral Fiber 1 1 1 1.5 1.5

Cellular Glass 1.5 1.5 1.5 2 2

Refrigerant Suction Piping (35 degrees F nominal)
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TABLE 2

Piping Insulation Thickness (inch)
Do not use integral wicking material in Chilled water applications exposed to
outdoor ambient conditions in climatic zones 1 through 4.

Service
Material Tube And Pipe Size (inch)
<1 1-<1.5 1.5-<4 4-<8 > or = >8
Flexible Elastomeric Cellular 1 1 1 N/A N/A
Cellular Glass 1.5 1.5 1.5 1.5 1.5

Exposed Lavatory Drains, Exposed Domestic Water Piping & Drains to Areas for
Handicapped Personnel

Flexible Elastomeric Cellular 0.5 0.5 0.5 0.5 0.5

Horizontal Roof Drain Leaders (Including Underside of Roof Drain Fittings)

Cellular Glass 1.5 1.5 1.5 1.5 1.5
Flexible Elastomeric Cellular 1 1 1 N/A N/A
Faced Phenolic Foam 1 1 1 1 1

Condensate Drain Located Inside Building

Flexible Elastomeric Cellular 1 1 1 N/A N/A

3.2.2 Aboveground Cold Pipelines
The following cold pipelines for minus 30 to plus 60 degrees F, shall be
insulated in accordance with Table 2 except those piping listed in
subparagraph Pipe Insulation in PART 3 as to be omitted. This includes
but is not limited to the following:
a. Make-up water.
b. Refrigerant suction lines.
c. Chilled water.

d. Air conditioner condensate drains.

e. Exposed lavatory drains and domestic water lines serving plumbing
fixtures for handicap persons.

f. Domestic cold and chilled drinking water.
3.2.2.1 Insulation Material and Thickness

Insulation thickness for cold pipelines shall be determined using Table 2.
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3.2.2.2 Factory or Field applied Jacket

Insulation shall be covered with a factory applied vapor retarder
jacket/vapor barrier or field applied seal welded PVC Jjacket or greater
than 3 ply laminated self-adhesive (minimum 2 mils adhesive, 3 mils
embossed) vapor barrier/weatherproofing jacket - less than 0.0000
permeability, standard grade, sliver, white, black and embossed for use
with Mineral Fiber, Cellular Glass, Insulated Pipe. Insulation inside the
building, to be protected with an aluminum jacket or greater than 3 ply
vapor barrier/weatherproofing self-adhesive (minimum 2 mils adhesive, 3
mils embossed) product, less than 0.0000 permeability, standard grade,
Embossed Silver, White & Black, shall have the insulation and vapor
retarder jacket installed as specified herein. The aluminum jacket or
greater than 3ply vapor barrier/weatherproofing self-adhesive (minimum 2
mils adhesive, 3 milsembossed) product, less than 0.0000 permeability,
standard grade, embossed silver, White & Black, shall be installed as
specified for piping exposed to weather, except sealing of the laps of the
aluminum jacket is not required. In high abuse areas such as janitor
closets and traffic areas in equipment rooms, kitchens, and mechanical
rooms, aluminum jackets or greater than 3ply vapor barrier/weatherproofing
self-adhesive (minimum 2 mils adhesive, 3 mils embossed) product, less
than 0.0000 permeability, standard grade, embossed silver, white & black,
shall be provided for pipe insulation to the 6 ft level.

3.2.2.3 Installing Insulation for Straight Runs Hot and Cold Pipe

Apply insulation to the pipe with tight butt joints. Seal all butted
joints and ends with joint sealant and seal with a vapor retarder coating,
greater than 3 ply laminate jacket - less than 0.0000 perm adhesive tape
or PVDC adhesive tape.

3.2.2.3.1 Longitudinal Laps of the Jacket Material

Overlap not less than 1-1/2 inches. Provide butt strips 3 inches wide for
circumferential joints.

3.2.2.3.2 Laps and Butt Strips

Secure with adhesive and staple on 4 inch centers if not factory
self-sealing. If staples are used, seal in accordance with paragraph
STAPLES below. Note that staples are not required with cellular glass
systems.

3.2.2.3.3 Factory Self-Sealing Lap Systems

May be used when the ambient temperature is between 40 and 120 degrees F
during installation. Install the lap system in accordance with
manufacturer's recommendations. Use a stapler only if specifically
recommended by the manufacturer. Where gaps occur, replace the section or
repair the gap by applying adhesive under the lap and then stapling.

3.2.2.3.4 Staples

Coat all staples, including those used to repair factory self-seal lap
systems, with a vapor retarder coating or PVDC adhesive tape or greater
than 3 ply laminate jacket - less than 0.0000 perm adhesive tape. Coat
all seams, except those on factory self-seal systems, with vapor retarder
coating or PVDC adhesive tape or greater than 3 ply laminate jacket - less
than 0.0000 perm adhesive tape.
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3.2.2.3.5 Breaks and Punctures in the Jacket Material

Patch by wrapping a strip of jacket material around the pipe and secure it
with adhesive, staple, and coat with vapor retarder coating or PVDC
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000
perm adhesive tape. Extend the patch not less than 1-1/2 inches past the
break.

3.2.2.3.6 Penetrations Such as Thermometers

Fill the voids in the insulation and seal with vapor retarder coating or
PVDC adhesive tape or greater than 3 ply laminate jacket - less than
0.0000 perm adhesive tape.

3.2.2.3.7 Flexible Elastomeric Cellular Pipe Insulation

Install by slitting the tubular sections and applying them onto the piping
or tubing. Alternately, whenever possible slide un-slit sections over the
open ends of piping or tubing. Secure all seams and butt joints and seal
with adhesive. When using self seal products only the butt Jjoints shall
be secured with adhesive. Push insulation on the pipe, never pulled.
Stretching of insulation may result in open seams and joints. Clean cut
all edges. Rough or jagged edges of the insulation are not be permitted.
Use proper tools such as sharp knives. Do not stretch Grade 1, Type II
sheet insulation around the pipe when used on pipe larger than 6 inches.
On pipes larger than 12 inches, adhere sheet insulation directly to the
pipe on the lower 1/3 of the pipe.

3.2.2.4 Insulation for Fittings and Accessories

a. Pipe insulation shall be tightly butted to the insulation of the
fittings and accessories. The butted joints and ends shall be sealed
with joint sealant and sealed with a vapor retarder coating or PVDC
adhesive tape or greater than 3 ply laminate jacket - less than 0.0000
perm adhesive tape.

b. Precut or preformed insulation shall be placed around all fittings and
accessories and shall conform to MICA plates except as modified
herein: 5 for anchors; 10, 11, and 13 for fittings, 14 for valves;
and 17 for flanges and unions. Insulation shall be the same
insulation as the pipe insulation, including same density, thickness,
and thermal conductivity. Where precut/preformed is unavailable,
rigid preformed pipe insulation sections may be segmented into the
shape required. 1Insulation of the same thickness and conductivity as
the adjoining pipe insulation shall be used. If nesting size
insulation is used, the insulation shall be overlapped 2 inches or one
pipe diameter. Elbows insulated using segments shall conform to MICA
Tables 12.20 "Mitered Insulation Elbow'. Submit a booklet containing
completed MICA Insulation Stds plates detailing each insulating system
for each pipe, duct, or equipment insulating system, after approval of
materials and prior to applying insulation.

(1) The MICA plates shall detail the materials to be installed and the
specific insulation application. Submit all MICA plates required
showing the entire insulating system, including plates required to
show insulation penetrations, vessel bottom and top heads, legs,
and skirt insulation as applicable. The MICA plates shall present
all variations of insulation systems including locations,
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materials, vaporproofing, jackets and insulation accessories.

(2) If the Contractor elects to submit detailed drawings instead of
edited MICA Plates, the detail drawings shall be technically
equivalent to the edited MICA Plate submittal.

c. Upon completion of insulation installation on flanges, unions, valves,
anchors, fittings and accessories, terminations, seams, joints and
insulation not protected by factory vapor retarder Jjackets or PVC
fitting covers shall be protected with PVDC or greater than 3 ply
laminate Jjacket - less than 0.0000 perm adhesive tape or two coats of
vapor retarder coating with a minimum total thickness of 1/16 inch,
applied with glass tape embedded between coats. Tape seams shall
overlap 1 inch. The coating shall extend out onto the adjoining pipe
insulation 2 inches. Fabricated insulation with a factory vapor
retarder jacket shall be protected with either greater than 3 ply
laminate Jjacket - less than 0.0000 perm adhesive tape, standard grade,
silver, white, black and embossed or PVDC adhesive tape or two coats
of vapor retarder coating with a minimum thickness of 1/16 inch and
with a 2 inch wide glass tape embedded between coats. Where fitting
insulation butts to pipe insulation, the joints shall be sealed with a
vapor retarder coating and a 4 inch wide ASJ tape which matches the
jacket of the pipe insulation.

d. Anchors attached directly to the pipe shall be insulated for a
sufficient distance to prevent condensation but not less than 6 inches
from the insulation surface.

e. Insulation shall be marked showing the location of unions, strainers,
and check valves.

3.2.2.5 Optional PVC Fitting Covers

At the option of the Contractor, premolded, one or two piece PVC fitting
covers may be used in lieu of the vapor retarder and embedded glass tape.
Factory precut or premolded insulation segments shall be used under the
fitting covers for elbows. Insulation segments shall be the same
insulation as the pipe insulation including same density, thickness, and
thermal conductivity. The covers shall be secured by PVC vapor retarder
tape, adhesive, seal welding or with tacks made for securing PVC covers.
Seams in the cover, and tacks and laps to adjoining pipe insulation
jacket, shall be sealed with vapor retarder tape to ensure that the
assembly has a continuous vapor seal.

3.2.3 Aboveground Hot Pipelines

3.2.3.1 General Requirements
All hot pipe lines above 60 degrees F, except those piping listed in
subparagraph Pipe Insulation in PART 3 as to be omitted, shall be
insulated in accordance with Table 2. This includes but is not limited to
the following:
a. Domestic hot water supply & re-circulating system.

b. Condensate & compressed air discharge.

c. Hot water heating.
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Insulation shall be covered, in accordance with manufacturer's
recommendations, with a factory applied Type I jacket or field applied
aluminum where required or seal welded PVC.

3.2.3.2 Insulation for Fittings and Accessories

Pipe insulation shall be tightly butted to the insulation of the fittings
and accessories. The butted joints and ends shall be sealed with joint
sealant. Insulation shall be marked showing the location of unions,
strainers, check valves and other components that would otherwise be
hidden from view by the insulation.

3.2.3.2.1 Precut or Preformed

Place precut or preformed insulation around all fittings and accessories.
Insulation shall be the same insulation as the pipe insulation, including
same density, thickness, and thermal conductivity.

3.2.3.2.2 Rigid Preformed

Where precut/preformed is unavailable, rigid preformed pipe insulation
sections may be segmented into the shape required. Insulation of the same
thickness and conductivity as the adjoining pipe insulation shall be

used. If nesting size insulation is used, the insulation shall be
overlapped 2 inches or one pipe diameter. Elbows insulated using segments
shall conform to MICA Tables 12.20 "Mitered Insulation Elbow".

3.2.4 Piping Exposed to Weather

Piping exposed to weather shall be insulated and jacketed as specified for
the applicable service inside the building. After this procedure, a
laminated self-adhesive (minimum 2 mils adhesive, 3 mils embossed) vapor
barrier/weatherproofing jacket - less than 0.0000 permeability (greater
than 3 ply, standard grade, silver, white, black and embossed aluminum
jacket or PVC jacket shall be applied. PVC jacketing requires no
factory-applied jacket beneath it, however an all service jacket shall be
applied if factory applied jacketing is not furnished. Flexible
elastomeric cellular insulation exposed to weather shall be treated in
accordance with paragraph INSTALLATION OF FLEXIBLE ELASTOMERIC CELLULAR
INSULATION in PART 3.

3.2.4.1 Aluminum Jacket

The jacket for hot piping may be factory applied. The jacket shall
overlap not less than 2 inches at longitudinal and circumferential joints
and shall be secured with bands at not more than 12 inch centers.
Longitudinal joints shall be overlapped down to shed water and located at
4 or 8 o'clock positions. Joints on piping 60 degrees F and below shall
be sealed with metal jacketing/flashing sealant while overlapping to
prevent moisture penetration. Where jacketing on piping 60 degrees F and
below abuts an un-insulated surface, joints shall be caulked to prevent
moisture penetration. Joints on piping above 60 degrees F shall be sealed
with a moisture retarder.

3.2.4.2 Insulation for Fittings
Flanges, unions, valves, fittings, and accessories shall be insulated and

finished as specified for the applicable service. Two coats of breather
emulsion type weatherproof mastic (impermeable to water, permeable to air)
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recommended by the insulation manufacturer shall be applied with glass
tape embedded between coats. Tape overlaps shall be not less than 1 inch
and the adjoining aluminum jacket not less than 2 inches. Factory
preformed aluminum Jjackets may be used in lieu of the above. Molded PVC
fitting covers shall be provided when PVC jackets are used for straight
runs of pipe. PVC fitting covers shall have adhesive welded joints and
shall be weatherproof laminated self-adhesive (minimum 2 mils adhesive, 3
mils embossed) vapor barrier/weatherproofing Jjacket - less than 0.0000
permeability, (greater than 3 ply, standard grade, silver, white, black
and embossed, and UV resistant.

3.2.4.3 Stainless Steel Jackets

ASTM Al67 or ASTM A240/A240M; Type 304, minimum thickness of 33 gauge
(0.010 inch), smooth surface with factory-applied polyethylene and kraft
paper moisture barrier on inside surface. Provide stainless steel bands,
minimum width of 1/2 inch.

3.3 DUCT INSULATION SYSTEMS INSTALLATION

Corner angles shall be installed on external corners of insulation on
ductwork in exposed finished spaces before covering with jacket. Air
conditioned spaces shall be defined as those spaces directly supplied with
cooled conditioned air (or provided with a cooling device such as a
fan-coil unit) and heated conditioned air (or provided with a heating
device such as a unit heater, radiator or convector).

3.3.1 Duct Insulation Minimum Thickness

Duct insulation minimum thickness in accordance with Table 4.

Table 4 - Minimum Duct Insulation (inches)
Cold Air Ducts 2.0
Relief Ducts 1.5
Fresh Air Intake Ducts 1.5
Warm Air Ducts 2.0
Relief Ducts 1.5
Fresh Air Intake Ducts 1.5
3.3.2 Insulation and Vapor Retarder/Vapor Barrier for Cold Air Duct

Insulation and vapor retarder/vapor barrier shall be provided for the
following cold air ducts and associated equipment.

a. Supply ducts.
b. Return air ducts.
c. Relief ducts.

d. Flexible run-outs (field-insulated) .
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e. Plenums.

f. Duct-mounted coil casings.

g. Coil headers and return bends.
h. Coil casings.

i. Fresh air intake ducts.

j. Filter boxes.

k. Mixing boxes (field-insulated) .
1. Supply fans (field-insulated) .
m. Site-erected air conditioner casings.
n. Ducts exposed to weather.

o. Combustion air intake ducts.

Insulation for rectangular ducts shall be flexible type where concealed,
minimum density 3/4 pcf, and rigid type where exposed, minimum density 3
pcf. Insulation for both concealed or exposed round/oval ducts shall be
flexible type, minimum density 3/4 pcf or a semi rigid board, minimum
density 3 pcf, formed or fabricated to a tight fit, edges beveled and
joints tightly butted and staggered. Insulation for all exposed ducts
shall be provided with either a white, paint-able, factory-applied Type I
jacket or a field applied vapor retarder/vapor barrier jacket coating
finish as specified, the total field applied dry film thickness shall be
approximately 1/16 inch. Insulation on all concealed duct shall be
provided with a factory-applied Type I or II vapor retarder/vapor barrier
jacket. Duct insulation shall be continuous through sleeves and prepared
openings except firewall penetrations. Duct insulation terminating at
fire dampers, shall be continuous over the damper collar and retaining
angle of fire dampers, which are exposed to unconditioned air and which
may be prone to condensate formation. Duct insulation and vapor
retarder/vapor barrier shall cover the collar, neck, and any un-insulated
surfaces of diffusers, registers and grills. Vapor retarder/vapor barrier
materials shall be applied to form a complete unbroken vapor seal over the
insulation. Sheet Metal Duct shall be sealed in accordance with Section
23 00 00 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM.

3.3.2.1 Installation on Concealed Duct

a. For rectangular, oval or round ducts, flexible insulation shall be
attached by applying adhesive around the entire perimeter of the duct
in6 inch wide strips on 12 inch centers.

b. For rectangular and oval ducts, 24 inches and larger insulation shall
be additionally secured to bottom of ducts by the use of mechanical
fasteners. Fasteners shall be spaced on 16 inch centers and not more
than 16 inches from duct corners.

c. For rectangular, oval and round ducts, mechanical fasteners shall be

provided on sides of duct risers for all duct sizes. Fasteners shall
be spaced on 16 inch centers and not more than 16 inches from duct
corners.
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d. 1Insulation shall be impaled on the mechanical fasteners (self stick
pins) where used and shall be pressed thoroughly into the adhesive.
Care shall be taken to ensure vapor retarder/vapor barrier Jacket
joints overlap 2 inches. The insulation shall not be compressed to a
thickness less than that specified. Insulation shall be carried over
standing seams and trapeze-type duct hangers.

e. Where mechanical fasteners are used, self-locking washers shall be
installed and the pin trimmed and bent over.

f. Jacket overlaps shall be secured with staples and tape as necessary to

ensure a secure seal. Staples, tape and seams shall be coated with a
brush coat of vapor retarder coating or PVDC adhesive tape or greater
than 3 ply laminate (minimum 2 mils adhesive, 3 mils embossed) - less

than 0.0000 perm adhesive tape.

g. Breaks in the jacket material shall be covered with patches of the

same material as the vapor retarder jacket. The patches shall extend
not less than 2 inches beyond the break or penetration in all
directions and shall be secured with tape and staples. Staples and

tape Jjoints shall be sealed with a brush coat of vapor retarder
coating or PVDC adhesive tape or greater than 3 ply laminate (minimum
2 mils adhesive, 3 mils embossed) - less than 0.0000 perm adhesive
tape.

h. At jacket penetrations such as hangers, thermometers, and damper
operating rods, voids in the insulation shall be filled and the
penetration sealed with a brush coat of vapor retarder coating or PVDC
adhesive tape greater than 3 ply laminate (minimum 2 mils adhesive, 3
mils embossed) - less than 0.0000 perm adhesive tape.

i. Insulation terminations and pin punctures shall be sealed and flashed
with a reinforced vapor retarder coating finish or tape with a brush
coat of vapor retarder coating. The coating shall overlap the
adjoining insulation and un-insulated surface 2 inches. Pin puncture
coatings shall extend 2 inches from the puncture in all directions.

j. Where insulation standoff brackets occur, insulation shall be extended
under the bracket and the jacket terminated at the bracket.

3.3.2.2 Installation on Exposed Duct Work

a. For rectangular ducts, rigid insulation shall be secured to the duct
by mechanical fasteners on all four sides of the duct, spaced not more
than 12 inches apart and not more than 3 inches from the edges of the
insulation joints. A minimum of two rows of fasteners shall be
provided for each side of duct 12 inches and larger. One row shall be
provided for each side of duct less than 12 inches. Mechanical
fasteners shall be as corrosion resistant as G60 coated galvanized
steel, and shall indefinitely sustain a 50 1lb tensile dead load test
perpendicular to the duct wall.

b. Form duct insulation with minimum jacket seams. Fasten each piece of
rigid insulation to the duct using mechanical fasteners. When the
height of projections is less than the insulation thickness,
insulation shall be brought up to standing seams, reinforcing, and
other vertical projections and shall not be carried over. Vapor
retarder/barrier jacket shall be continuous across seams, reinforcing,
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and projections. When height of projections is greater than the
insulation thickness, insulation and jacket shall be carried over.
Apply insulation with joints tightly butted. Neatly bevel insulation
around name plates and access plates and doors.

c. Impale insulation on the fasteners; self-locking washers shall be
installed and the pin trimmed and bent over.

d. Seal joints in the insulation jacket with a 4 inch wide strip of
tape. Seal taped seams with a brush coat of vapor retarder coating.

e. Breaks and ribs or standing seam penetrations in the jacket material
shall be covered with a patch of the same material as the jacket.
Patches shall extend not less than 2 inches beyond the break or
penetration and shall be secured with tape and stapled. Staples and
joints shall be sealed with a brush coat of vapor retarder coating.

f. At jacket penetrations such as hangers, thermometers, and damper
operating rods, the voids in the insulation shall be filled and the
penetrations sealed with a flashing sealant.

g. Insulation terminations and pin punctures shall be sealed and flashed
with a reinforced vapor retarder coating finish. The coating shall
overlap the adjoining insulation and un-insulated surface 2 inches.
Pin puncture coatings shall extend 2 inches from the puncture in all
directions.

h. Oval and round ducts, flexible type, shall be insulated with factory
Type I jacket insulation with minimum density of 3/4 pcf, attached as
in accordance with MICA standards.

3.3.3 Insulation for Warm Air Duct

Insulation and vapor barrier shall be provided for the following warm air
ducts and associated equipment: .

a. Supply ducts.

b. Return air ducts.

c. Relief air ducts

d. Flexible run-outs (field insulated) .
e. Plenums.

f. Duct-mounted coil casings.

g. Coil-headers and return bends.
h. Coil casings.

i. Fresh air intake ducts.

j. Filter boxes.

k. Mixing boxes.

1. Supply fans.
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m. Site-erected air conditioner casings.
n. Ducts exposed to weather.

Insulation for rectangular ducts shall be flexible type where concealed,
and rigid type where exposed. Insulation on exposed ducts shall be
provided with a white, paint-able, factory-applied Type II jacket, or
finished with adhesive finish. Flexible type insulation shall be used for
round ducts, with a factory-applied Type II Jjacket. Insulation on
concealed duct shall be provided with a factory-applied Type II jacket.
Adhesive finish where indicated to be used shall be accomplished by
applying two coats of adhesive with a layer of glass cloth embedded
between the coats. The total dry film thickness shall be approximately
1/16 inch. Duct insulation shall be continuous through sleeves and
prepared openings. Duct insulation shall terminate at fire dampers and
flexible connections.

3.3.3.1 Installation on Concealed Duct

a. For rectangular, oval and round ducts, insulation shall be attached by
applying adhesive around the entire perimeter of the duct in 6 inch
wide strips on 12 inch centers.

b. For rectangular and oval ducts 24 inches and larger, insulation shall
be secured to the bottom of ducts by the use of mechanical fasteners.
Fasteners shall be spaced on 18 inch centers and not more than 18
inchesfrom duct corner.

c. For rectangular, oval and round ducts, mechanical fasteners shall be

provided on sides of duct risers for all duct sizes. Fasteners shall
be spaced on 18 inch centers and not more than 18 inches from duct
corners.

d. The insulation shall be impaled on the mechanical fasteners where
used. The insulation shall not be compressed to a thickness less than
that specified. Insulation shall be carried over standing seams and
trapeze-type hangers.

e. Self-locking washers shall be installed where mechanical fasteners are
used and the pin trimmed and bent over.

f. Insulation jacket shall overlap not less than 2 inches at Jjoints and
the lap shall be secured and stapled on 4 inch centers.

3.3.3.2 Installation on Exposed Duct

a. For rectangular ducts, the rigid insulation shall be secured to the
duct by the use of mechanical fasteners on all four sides of the duct,
spaced not more than 16 inches apart and not more than 6 inches from
the edges of the insulation joints. A minimum of two rows of
fasteners shall be provided for each side of duct 12 inches and larger
and a minimum of one row for each side of duct less than 12 inches.

b. Duct insulation with factory-applied jacket shall be formed with
minimum jacket seams, and each piece of rigid insulation shall be
fastened to the duct using mechanical fasteners. When the height of
projection is less than the insulation thickness, insulation shall be
brought up to standing seams, reinforcing, and other vertical
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projections and shall not be carried over the projection. Jacket
shall be continuous across seams, reinforcing, and projections. Where
the height of projections is greater than the insulation thickness,
insulation and jacket shall be carried over the projection.

c. Insulation shall be impaled on the fasteners; self-locking washers
shall be installed and pin trimmed and bent over.

d. Joints on jacketed insulation shall be sealed with a 4 inch wide strip
of tape and brushed with vapor retarder coating.

e. Breaks and penetrations in the jacket material shall be covered with a
patch of the same material as the jacket. Patches shall extend not
less than 2 inches beyond the break or penetration and shall be
secured with adhesive and stapled.

f. Insulation terminations and pin punctures shall be sealed with tape
and brushed with vapor retarder coating.

g. Oval and round ducts, flexible type, shall be insulated with factory
Type I jacket insulation, minimum density of 3/4 pcf attached by
staples spaced not more than 16 inches and not more than 6 inches from
the degrees of joints. Joints shall be sealed in accordance with item
"d." above.

3.3.4 Ducts Handling Air for Dual Purpose

For air handling ducts for dual purpose below and above 60 degrees F,
ducts shall be insulated as specified for cold air duct.

3.3.5 Duct Test Holes

After duct systems have been tested, adjusted, and balanced, breaks in the
insulation and jacket shall be repaired in accordance with the applicable
section of this specification for the type of duct insulation to be
repaired.

3.3.6 Duct Exposed to Weather
3.3.6.1 Installation

Ducts exposed to weather shall be insulated and finished as specified for
the applicable service for exposed duct inside the building. After the
above is accomplished, the insulation shall then be further finished as
detailed in the following subparagraphs.

3.3.6.2 Round Duct

Laminated self-adhesive (minimum 2 mils adhesive, 3 mils embossed) vapor
barrier/weatherproofing Jjacket - Less than 0.0000 permeability, (greater
than 3 ply, standard grade, silver, white, black and embossed or greater
than 8 ply, heavy duty, white and natural) membrane shall be applied
overlapping material by 3 inches no bands or caulking needed - see
manufacturer's recommended installation instructions. Aluminum Jjacket
with factory applied moisture retarder shall be applied with the Jjoints
lapped not less than 3 inches and secured with bands located at
circumferential laps and at not more than 12 inch intervals throughout.
Horizontal joints shall lap down to shed water and located at 4 or 8
o'clock position. Joints shall be sealed with metal jacketing sealant to
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prevent moisture penetration. Where jacketing abuts an un-insulated
surface, joints shall be sealed with metal jacketing sealant.

3.3.6.3 Fittings

Fittings and other irregular shapes shall be finished as specified for
rectangular ducts.

3.3.6.4 Rectangular Ducts
Two coats of weather barrier mastic reinforced with fabric or mesh for
outdoor application shall be applied to the entire surface. Each coat of
weatherproof mastic shall be 1/16 inch minimum thickness. The exterior
shall be a metal jacketing applied for mechanical abuse and weather
protection, and secured with screws or vapor barrier/weatherproofing
jacket less than 0.0000 permeability greater than 3 ply, standard grade,
silver, white, black, and embossed or greater than 8 ply, heavy duty white
and natural. Membrane shall be applied overlapping material by 3 inches.
No bands or caulking needed-see manufacturing recommend installation
instructions.

3.4 EQUIPMENT INSULATION SYSTEMS INSTALLATION

3.4.1 General
Removable insulation sections shall be provided to cover parts of
equipment that must be opened periodically for maintenance including
vessel covers, fasteners, flanges and accessories. Equipment insulation
shall be omitted on the following:
a. Hand-holes.
b. Boiler manholes.
c. Cleanouts.
d. ASME stamps.
e. Manufacturer's nameplates.
f. Duct Test/Balance Test Holes.

3.4.2 Insulation for Cold Equipment

Cold equipment below 60 degrees F: Insulation shall be furnished on
equipment handling media below 60 degrees F including the following:

a. Pumps.

b. Refrigeration equipment parts that are not factory insulated.
c. Drip pans under chilled equipment.

d. Cold water storage tanks.

e. Duct mounted coils.

f. Cold and chilled water pumps.
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g. Roof drain bodies.
h. Air handling equipment parts that are not factory insulated.
i. Expansion and air separation tanks.

3.4.2.1 Insulation Type

Insulation shall be suitable for the temperature encountered. Material
and thicknesses shall be as shown in Table 5:

TABLE 5

Insulation Thickness for Cold Equipment (inches)

Equipment handling media at indicated temperature

Material Thickness (inches)

35 to 60 degrees F

Cellular Glass 1.5

Flexible Elastomeric Cellular 1

1 to 34 degrees F

Cellular Glass 3

Flexible Elastomeric Cellular 1.5

Minus 30 to 0 degrees F

Cellular Glass 3.5

Flexible Elastomeric Cellular 1.75

3.4.2.2 Pump Insulation

a. Insulate pumps by forming a box around the pump housing. The box
shall be constructed by forming the bottom and sides using joints that
do not leave raw ends of insulation exposed. Joints between sides and
between sides and bottom shall be joined by adhesive with lap strips
for rigid mineral fiber and contact adhesive for flexible elastomeric
cellular insulation. The box shall conform to the requirements of
MICA Insulation Stds plate No. 49 when using flexible elastomeric
cellular insulation. Joints between top cover and sides shall fit
tightly forming a female shiplap joint on the side pieces and a male
joint on the top cover, thus making the top cover removable.

b. Exposed insulation corners shall be protected with corner angles.
c. Upon completion of installation of the insulation, including removable
sections, two coats of vapor retarder coating shall be applied with a

layer of glass cloth embedded between the coats. The total dry
thickness of the finish shall be 1/16 inch. A parting line shall be
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provided between the box and the removable sections allowing the
removable sections to be removed without disturbing the insulation
coating. Flashing sealant shall be applied to parting line, between
equipment and removable section insulation, and at all penetrations.

3.4.2.3 Other Equipment

a. Insulation shall be formed or fabricated to fit the equipment. To
ensure a tight fit on round equipment, edges shall be beveled and
joints shall be tightly butted and staggered.

b. Insulation shall be secured in place with bands or wires at intervals
as recommended by the manufacturer but not more than 12 inch centers
except flexible elastomeric cellular which shall be adhered with
contact adhesive. Insulation corners shall be protected under wires
and bands with suitable corner angles.

c. Cellular glass shall be installed in accordance with manufacturer's
instructions. Joints and ends shall be sealed with joint sealant, and
sealed with a vapor retarder coating.

d. Insulation on heads of heat exchangers shall be removable. Removable
section joints shall be fabricated using a male-female shiplap type
joint. The entire surface of the removable section shall be finished
by applying two coats of vapor retarder coating with a layer of glass
cloth embedded between the coats. The total dry thickness of the
finish shall be 1/16 inch.

e. Exposed insulation corners shall be protected with corner angles.

f. Insulation on equipment with ribs shall be applied over 6 by 6 inches
by 12 gauge welded wire fabric which has been cinched in place, or if
approved by the Contracting Officer, spot welded to the equipment over
the ribs. 1Insulation shall be secured to the fabric with J-hooks and
2 by 2 inches washers or shall be securely banded or wired in place on
12 inch centers.

3.4.2.4 Vapor Retarder/Vapor Barrier
Upon completion of installation of insulation, penetrations shall be
caulked. Two coats of vapor retarder coating or vapor barrier jacket
shall be applied over insulation, including removable sections, with a
layer of open mesh synthetic fabric embedded between the coats. The total
dry thickness of the finish shall be 1/16 inch. Flashing sealant or vapor
barrier tape shall be applied to parting line between equipment and
removable section insulation.

3.4.3 Insulation for Hot Equipment

Insulation shall be furnished on equipment handling media above 60 degrees
F including the following:

a. Converters.
b. Heat exchangers.
c. Hot water generators.

d. Water heaters.
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e. Pumps handling media above 130 degrees F.

f. Hot water storage tanks.

g. Ailr separation tanks.

h. Surge tanks.

i. Flash tanks.

1. Unjacketed boilers or parts of boilers.

m. Boiler flue gas connection from boiler to stack (if inside) .

n. Induced draft fans.

3.4.3.1 Insulation
Insulation shall be suitable for the temperature encountered. Shell and
tube-type heat exchangers shall be insulated for the temperature of the

shell medium.

Insulation thickness for hot equipment shall be determined using Table 6:

TABLE 6

Insulation Thickness for Hot Equipment (inches)

Equipment handling steam or media at indicated pressure or temperature limit

Material Thickness (inches)

15 psig or 250 degrees F

Rigid Mineral Fiber 2
Flexible Mineral Fiber 2
Calcium Silicate/Perlite 4
Cellular Glass 3
Faced Phenolic Foam 1.5
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3.4.3.2 Insulation of Pumps

Insulate pumps by forming a box around the pump housing. The box shall be
constructed by forming the bottom and sides using joints that do not leave
raw ends of insulation exposed. Bottom and sides shall be banded to form
a rigid housing that does not rest on the pump. Joints between top cover
and sides shall fit tightly. The top cover shall have a joint forming a
female shiplap joint on the side pieces and a male joint on the top cover,
making the top cover removable. Two coats of Class I adhesive shall be
applied over insulation, including removable sections, with a layer of
glass cloth embedded between the coats. A parting line shall be provided
between the box and the removable sections allowing the removable sections
to be removed without disturbing the insulation coating. The total dry
thickness of the finish shall be 1/16 inch. Caulking shall be applied to
parting line of the removable sections and penetrations.

3.4.3.3 Other Equipment

a. Insulation shall be formed or fabricated to fit the equipment. To
ensure a tight fit on round equipment, edges shall be beveled and
joints shall be tightly butted and staggered.

b. Insulation shall be secured in place with bands or wires at intervals
as recommended by the manufacturer but not greater than 12 inch
centers except flexible elastomeric cellular which shall be adhered.
Insulation corners shall be protected under wires and bands with
suitable corner angles.

c. On high vibration equipment, cellular glass insulation shall be set in
a coating of bedding compound as recommended by the manufacturer, and
joints shall be sealed with bedding compound. Mineral fiber joints
shall be filled with finishing cement.

d. Insulation on heads of heat exchangers shall be removable. The
removable section joint shall be fabricated using a male-female
shiplap type joint. Entire surface of the removable section shall be
finished as specified.

e. Exposed insulation corners shall be protected with corner angles.

f. On equipment with ribs, such as boiler flue gas connection, draft
fans, and fly ash or soot collectors, insulation shall be applied over
6 by 6 inch by 12 gauge welded wire fabric which has been cinched in
place, or if approved by the Contracting Officer, spot welded to the
equipment over the ribs. Insulation shall be secured to the fabric
with J-hooks and 2 by 2 inch washers or shall be securely banded or
wired in place on 12 inch (maximum) centers.

g. On equipment handling media above 600 degrees F, insulation shall be
applied in two or more layers with Jjoints staggered.

h. Upon completion of installation of insulation, penetrations shall be
caulked. Two coats of adhesive shall be applied over insulation,
including removable sections, with a layer of glass cloth embedded
between the coats. The total dry thickness of the finish shall be
1/16 inch. Caulking shall be applied to parting line between
equipment and removable section insulation.
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3.4.4 Equipment Handling Dual Temperature Media

Below and above 60 degrees F: equipment handling dual temperature media
shall be insulated as specified for cold equipment.

3.4.5 Equipment Exposed to Weather
3.4.5.1 Installation

Equipment exposed to weather shall be insulated and finished in accordance
with the requirements for ducts exposed to weather in paragraph DUCT
INSULATION INSTALLATION.

3.4.5.2 Optional Panels

At the option of the Contractor, prefabricated metal insulation panels may
be used in lieu of the insulation and finish previously specified.

Thermal performance shall be equal to or better than that specified for
field applied insulation. Panels shall be the standard catalog product of
a manufacturer of metal insulation panels. Fastenings, flashing, and
support system shall conform to published recommendations of the
manufacturer for weatherproof installation and shall prevent moisture from
entering the insulation. Panels shall be designed to accommodate thermal
expansion and to support a 250 pound walking load without permanent
deformation or permanent damage to the insulation. Exterior metal cover
sheet shall be aluminum and exposed fastenings shall be stainless steel or
aluminum.

--— End of Section --
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SECTION 23 09 00.00 22

INSTRUMENTATION AND CONTROL FOR HVAC
11/19

PART 1 GENERAL

1

.1 SUMMARY

Provide a complete Direct Digital Control (DDC) system, except for the
Front End which is existing and new system integration being performed by
the Government, suitable for the control of the heating, ventilating and
air conditioning (HVAC) and other building-level systems as indicated and
shown and in accordance with Section 23 09 13.00 22 INSTRUMENTATION AND
CONTROL DEVICES FOR HVAC, Section 23 09 23.02 22 BACNET DIRECT DIGITAL
CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS for BACnet or Niagara
BACnet systems, and other referenced Sections.

.11 System Requirements

Provide systems meeting the requirements this Section and other Sections
referenced by this Section, and which have the following characteristics:

a. The system implements the control sequences of operation shown in the
Contract Drawings using DDC hardware to control mechanical and
electrical equipment

b. The system meet the requirements of this specification as a
stand-alone system and does not require connection to any other system.

c. Control sequences reside in DDC hardware in the building. The
building control network is not dependent upon connection to a Utility
Monitoring and Control System (UMCS) Front End or to any other system
for performance of control sequences. To the greatest extent
practical, the hardware performs control sequences without reliance on
the building network.

d. The hardware is installed such that individual control equipment can
be replaced by similar control equipment from other equipment
manufacturers with no loss of system functionality.

e. All necessary documentation, configuration information, programming
tools, programs, drivers, and other software are licensed to and
otherwise remain with the Government such that the Government or their
agents are able to perform repair, replacement, upgrades, and
expansions of the system without subsequent or future dependence on
the Contractor, Vendor or Manufacturer.

f. Sufficient documentation and data, including rights to documentation
and data, are provided such that the Government or their agents can
execute work to perform repair, replacement, upgrades, and expansions
of the system without subsequent or future dependence on the
Contractor, Vendor or Manufacturer.

g. Hardware is installed and configured such that the Government or their
agents are able to perform repair, replacement, and upgrades of
individual hardware without further interaction with the Contractor,
Vendor or Manufacturer.
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1.

h. All Niagara Framework components have an unrestricted interoperability
license with a Niagara Compatibility Statement (NiCS) following the
Tridium Open NiCS Specification and have a value of "ALL" for "Station
Compatibility In'", "Station Compatibility Out", "Tool Compatibility
In" and "Tool Compatibility Out". Note that this will result in the
following entries in the license file:

accept.station.in="*"
accept.station.out="*"
accept.wb.in="*"
accept.wb.out="*"

1.2 End to End Accuracy

Select products, install and configure the system such that the maximum
error of a measured value as read from the DDC Hardware over the network
is less than the maximum allowable error specified for the sensor or
instrumentation.

.1.3 Verification of Dimensions

After becoming familiar with all details of the work, verify all
dimensions in the field, and advise the Contracting Officer of any
discrepancy before performing any work.

.1.4 Drawings

The Government will not indicate all offsets, fittings, and accessories
that may be required on the drawings. Carefully investigate the
mechanical, electrical, and finish conditions that could affect the work
to be performed, arrange such work accordingly, and provide all work
necessary to meet such conditions.

.2 RELATED SECTIONS

Related work specified elsewhere:

a. Section 23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND
OTHER BUILDING CONTROL SYSTEMS for BACnet systems with or without
Niagara Framework.

b. Section 23 09 13.00 22 INSTRUMENTATION AND CONTROL DEVICES FOR HVAC

c. Section 25 05 11 CYBERSECURITY FOR FACILITY-RELATED CONTROL SYSTEMS

d. Section 01 91 00.15 22 TOTAL BUILDING COMMISSIONING

.3 REFERENCES

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

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

ASHRAE 135 (2016) BACnet—A Data Communication

Protocol for Building Automation and
Control Networks
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ASHRAE FUN IP (2017) Fundamentals Handbook, I-P Edition
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41.1 (2002; R 2008) Guide on the Surges
Environment in Low-Voltage (1000 V and
Less) AC Power Circuits

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

IEEE C62.45 (2002) Performance of surge testing on
electrical and electronic equipment
connected to low-voltage ac power circuits

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2018) Enclosures for Electrical Equipment
(1000 Volts Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NEPA)
NEPA 70 (2020; ERTA 20-1 2020, ERTA 20-2 2020; TIA
20-1; TIA 20-2; TIA 20-3; TIA 20-4)

National Electrical Code

NFPA 90A (2021) Standard for the Installation of
Air Conditioning and Ventilating Systems

TRIDIUM, INC (TRIDIUM)
Niagara Framework (2012) NiagaraAX User's Guide

Tridium Open NiCS (2005) Understanding the NiagaraAX
Compatibility Statement (NiCS)

UNDERWRITERS LABORATORIES (UL)

UL 1449 (2014; Reprint Jul 2017) UL Standard for
Safety Surge Protective Devices

UL 5085-3 (2006, Reprint Nov 20121) Low Voltage
Transformers - Part 3: Class 2 and Class 3
Transformers

UL 508A (2018; Reprint Jul 2018) UL Standard for

Safety Industrial Control Panels
1.4 DEFINITIONS

The following list of definitions includes terms used in Sections
referenced by this Section and are included here for completeness.The
definitions contained in this Section may disagree with how terms are
defined or used in other documents, including documents referenced by this
Section. The definitions included here are the authoritative definitions
for this Section and all Sections referenced by this Section.
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After each term the protocol related to that term is included in
parenthesis.

1.4.1 Alarm Generation (All protocols)

Alarm Generation is the monitoring of a value, comparison of the wvalue to
alarm conditions and the creation of an alarm when the conditions set for
the alarm are met. Note that this does NOT include delivery of the alarm
to the final destination (such as a user interface).

1.4.2 Building Automation and Control Network (BACnet) (BACnet)

The term BACnet is used in two ways. First meaning the BACnet Protocol
Standard - the communication requirements as defined by ASHRAE 135
including all annexes and addenda. The second to refer to the overall
technology related to the ASHRAE 135 protocol.

1.4.3 BACnet Advanced Application Controller (B-AAC) (BACnet)

A hardware device BTL Listed as a B-AAC, which is required to support
BACnet Interoperability Building Blocks (BIBBs) for scheduling and
alarming, but is not required to support as many BIBBs as a B-BC.

1.4.4 BACnet Application Specific Controller (B-ASC) (BACnet)

A hardware device BTL Listed as a B-ASC, with fewer BIBB requirements than
a B-AAC. It 1is intended for use in a specific application.

1.4.5 BACnet Building Controller (B-BC) (BACnet)

A hardware device BTL Listed as a B-BC. A general-purpose,
field-programmable device capable of carrying out a variety of building
automation and control tasks including control and monitoring via direct
digital control (DDC) of specific systems and data storage for trend
information, time schedules, and alarm data. Like the other BTL Listed
controller types (B-AAC, B-ASC etc.) a B-BC device is required to support

the server ("B") side of the ReadProperty and WriteProperty services, but
unlike the other controller types it is also required to support the
client ("A") side of these services. Communication between controllers

requires that one of them support the client side and the other support
the server side, so a B-BC is often used when communication between
controllers is needed.

1.4.6 BACnet Broadcast Management Device (BBMD) (BACnet)

A communications device, typically combined with a BACnet router. A BBMD
forwards BACnet broadcast messages to BACnet/IP devices and other BBMDs
connected to the same BACnet/IP network. Each IP subnet that is part of a
BACnet /IP network must have at least one BBMD. Note there are additional
restrictions when multiple BBMDs share an IP subnet.

1.4.7 BACnet/IP (BACnet)
An extension of BACnet, Annex J, defines the use of a reserved UDP socket
to transmit BACnet messages over IP networks. A BACnet/IP network is a

collection of one or more IP subnets that share the same BACnet network
number. See also paragraph BACNET BROADCAST MANAGEMENT DEVICE.
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.4.8 BACnet Internetwork (BACnet)

Two or more BACnet networks, connected with BACnet routers. In a BACnet
Internetwork, there exists only one message path between devices.

.4.9 BACnet Interoperability Building Blocks (BIBBs) (BACnet)

A BIBB is a collection of one or more ASHRAE 135 Services intended to
define a higher level of interoperability. BIBBs are combined to build the
BACnet functional requirements for a device in a specification. Some BIBBs
define additional requirements (beyond requiring support for specific
services) 1in order to achieve a level of interoperability. For example,
the BIBB DS-V-A (Data Sharing-View-A), which would typically be used by a
front-end, not only requires the client to support the ReadProperty
Service, but also provides a list of data types (Object / Properties)
which the client must be able to interpret and display for the user.

In the BIBB shorthand notation, -A is the client side and -B is the server
side.

The following is a list of some BIBBs used by this or referenced Sections:

DS-COV-A Data Sharing-Change of Value (A side)

DS-COV-B Data Sharing-Change of Value (B side)

NM-RC-B Network Management-Router Configuration (B side)
DS-RP-A Data Sharing-Read Property (A side)

DS-RP-B Data Sharing-Read Property (B side)

DS-RPM-A Data Sharing-Read Property Multiple (A Side)

DS-RPM-B Data Sharing-Read Property Multiple (B Side)

DS-WP-A Data Sharing-Write Property (A Side)

DM-TS-B Device Management-Time Synchronization (B Side)
DM-UTC-B Device Management-UTC Time Synchronization (B Side)
DS-WP-B Data Sharing-Write Property (B side)

SCHED-E-B Scheduling-External (B side)

DM-0OCD-B Device Management-Object Creation and Deletion (B side)
AE-N-I-B Alarm and Event-Notification Internal (B Side)

AE-N-E-B Alarm and Event-Notification External (B Side)
T-VMT-I-B Trending-Viewing and Modifying Trends Internal (B Side)

SECTION 23 09 00.00 22 Page 5



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780pP1338DP2

The following is a list of some BIBBs used by this or referenced Sections:

T-VMT-E-B Trending-Viewing and Modifying Trends External (B Side)

1.4.10 BACnet Network (BACnet)

In BACnet, a portion of the control Internetwork consisting of one or more
segments connected by repeaters. Networks are separated by routers.

1.4.11 BACnet Operator Display (B-0OD) (BACnet)
A basic operator interface with limited capabilities relative to a B-OWS.
It is not intended to perform direct digital control. A B-OD profile
could be used for LCD devices, displays affixed to BACnet devices,
handheld terminals or other very simple user interfaces.

1.4.12 BACnet Segment (BACnet)
One or more physical segments interconnected by repeaters (ASHRAE 135).

1.4.13 BACnet Smart Actuator (B-SA) (BACnet)

A simple actuator device with limited resources intended for specific
applications.

1.4.14 BACnet Smart Sensor (B-SS) (BACnet)
A simple sensing device with limited resources.

1.4.15 BACnet Testing Laboratories (BTL) (BACnet)
Established by BACnet International to support compliance testing and
interoperability testing activities and consists of BTL Manager and the
BTL Working Group (BTL-WG). BTL also publishes Implementation Guidelines.

1.4.16 BACnet Testing Laboratories (BTL) Listed (BACnet)
A device that has been listed by BACnet Testing Laboratory. Devices may
be certified to a specific device profile, in which case the listing
indicates that the device supports the required capabilities for that
profile, or may be listed as "other".

1.4.17 Binary (All protocols)
A two-state system where an "ON" condition is represented by a high signal
level and an "OFF'" condition is represented by a low signal level.
'Digital' is sometimes used interchangeably with 'binary'.

1.4.18 Broadcast (BACnet)

Unlike most messages, which are intended for a specific recipient device,
a broadcast message is intended for all devices on the network.

1.4.19 Building Control Network (BCN) (All protocols)

The network connecting all DDC Hardware within a building (or specific
group of buildings). In general, networks within the building, all
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controllers and equipment will be BACnet MS/TP, unless noted otherwise.
1.4.20 Building Point of Connection (BPOC) (All protocols)

A FPOC for a Building Control System. (This term is being phased out of
use in preference for FPOC but is still used in some specifications and
criteria. When it was used, it typically referred to a piece of control
hardware. The current FPOC definition typically refers instead to IT
hardware.)

1.4.21 Commandable (All protocols)
See Overridable.

1.4.22 Commandable Objects (BACnet)
Commandable Objects have a Commandable Property, Priority Array, and
Relinquish Default Property as defined in ASHRAE 135, Clause 19.2, Command
Prioritization.

1.4.23 Configurable (All protocols)
A property, setting, or value is configurable if it can be changed via
hardware settings on the device, via the use of engineering software or

over the control network from the front end, and is retained through
(after) loss of power.

In a Niagara Framework BACnet system, a property, setting, or value is
configurable if it can be changed via one or more of:

1) wvia BACnet services (including proprietary BACnet services)
2) via hardware settings on the device
3) wvia the Niagara Framework

Note this is more stringent than the ASHRAE 135 definition.

1.4.24 Control Logic Diagram (All protocols)

A graphical representation of control logic for multiple processes that
make up a system.

1.4.25 Device (BACnet)

A Digital Controller that contains a BACnet Device Object and uses BACnet
to communicate with other devices.

1.4.26 Device Object (BACnet)

Every BACnet device requires one Device Object, whose properties represent
the network visible properties of that device. Every Device Object
requires a unique Object Identifier number on the BACnet Internetwork.
This number is often referred to as the device instance or device ID.

1.4.27 Device Profile (BACnet)
A collection of BIBBs determining minimum BACnet capabilities of a device,
defined in ASHRAE 135. Standard device profiles include BACnet Advanced

Workstations (B-AWS), BACnet Building Controllers (B-BC), BACnet Advanced
Application Controllers (B-AAC), BACnet Application Specific Controllers
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(B-ASC), BACnet Smart Actuator (B-SA), and BACnet Smart Sensor (B-SS).
1.4.28 Digital Controller (All protocols)

An electronic controller, usually with internal programming logic and
digital and analog input/output capability, which performs control
functions.

1.4.29 Direct Digital Control (DDC) (All protocols)

Digital controllers performing control logic. Usually the controller
directly senses physical values, makes control decisions with internal
programs, and outputs control signals to directly operate switches,
valves, dampers, and motor controllers.

1.4.30 EMCS (All Protocals)
Term has been replaced by UMCS. See Paragraph "UMCS (All protocols".)
1.4.31 EMCS Network (All Protocals)

Term has been replaced by UMCS. See Paragraph "UMCS Network (All
protocols) ".

1.4.32 Field Controllers

Field controllers typically have a greater capability for input/output and
customization, do not have integral actuators, are mounted in an enclosure
not on the equipment and are used for equipment such as VAV air handlers.

1.4.33 Field Point of Connection (FPOC) (All protocols)

The FPOC is the point of connection between the UMCS IP Network and the
field control network (either an IP network, a non-IP network, or a
combination of both). The hardware at this location which provides the
connection is generally an IT device such as a switch, IP router, or
firewall.

In general, the term "FPOC Location" means the place where this connection
occurs, and "FPOC Hardware'" means the device that provides the

connection. Sometimes the term "FPOC" is used to mean either and its
actual meaning (i.e. location or hardware) is determined by the context in
which it is used.

1.4.34 Fox Protocol (Niagara Framework)

The protocol used for communication between components in the
Niagara Framework. By default, Fox uses TCP port 1911.

1.4.35 Gateway (All protocols)

A device that translates from one protocol application data format to
another. Devices that change only the transport mechanism of the protocol
- "translating" from TP/FT-10 to Ethernet/IP or from BACnet MS/TP to
BACnet over IP for example - are not gateways as the underlying data
format does not change. Gateways are also called Communications Bridges or
Protocol Translators.

A Niagara Framework Supervisory Gateway is one type of Gateway.
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1.4.36 Global ID

An identification number assigned to each Supervisory Building
Controller. The Global ID includes assigned MSTP Trunk Instance Numbers
and a range of BACnet Instance Numbers to be used for the Field
Controllers. The Global ID is assigned by Public Works.

1.4.37 IEEE 802.3 Ethernet (All protocols)

A family of local-area-network technologies providing high-speed
networking features over various media, typically Cat 5, 5e or Cat 6
twisted pair copper or fiber optic cable.

1.4.38 Internet Protocol (IP, TCP/IP, UDP/IP) (All protocols)

A communication method, the most common use is the World Wide Web. At the
lowest level, it is based on Internet Protocol (IP), a method for
conveying and routing packets of information over various LAN media. Two
common protocols using IP are User Datagram Protocol (UDP) and
Transmission Control Protocol (TCP). UDP conveys information to well-known
"sockets" without confirmation of receipt. TCP establishes connections,
also known as "sessions", which have end-to-end confirmation and
guaranteed sequence of delivery.

1.4.39 Input/Output (I/0) (All protocols)
Physical inputs and outputs to and from a device, although the term
sometimes describes network or "virtual" inputs or outputs. See also
"Points".

1.4.40 I/0 Expansion Unit (All protocols)

An I/0 expansion unit provides additional point capacity to a digital
controller

1.4.41 IP subnet (All protocols)
A group of devices which share a defined range IP addresses. Devices on a
common IP subnet can share data (including broadcasts) directly without
the need for the traffic to traverse an IP router.

1.4.42 JACE (Niagara Framework)

Java Application Control Engine. See paragraph NIAGARA FRAMEWORK
SUPERVISORY GATEWAY

1.4.43 Local-Area Network (LAN) (All protocols)

A communication network that spans a limited geographic area and uses the
same basic communication technology throughout.

1.4.44 Local Display Panels (LDPs) (All protocols)
A DDC Hardware with a display and navigation buttons, and must provide

display and adjustment of points as shown on the Points Schedule and as
indicated.
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1.4.45 MAC Address (All protocols)

Media Access Control address. The physical device address that identifies
a device on a Local Area Network.

1.4.46 Master-Slave/Token-Passing (MS/TP) (BACnet)

Data link protocol as defined by the BACnet standard. Multiple speeds
(data rates) are permitted by the BACnet MS/TP standard.

1.4.47 Monitoring and Control (M&C) Software (All protocols)

The UMCS 'front end' software which performs supervisory functions such as
alarm handling, scheduling and data logging and provides a user interface
for monitoring the system and configuring these functions.

1.4.48 Network Number (BACnet)

A site-specific number assigned to each network. This network number must
be unique throughout the BACnet Internetwork.

1.4.49 Niagara Framework (Niagara Framework)

A set of hardware and software specifications for building and utility
control owned by Tridium Inc. and licensed to multiple vendors. The
Framework consists of front end (M&C) software, web based clients, field
level control hardware, and engineering tools. While the Niagara
Framework is not adopted by a recognized standards body and does not use
an open licensing model, it is sufficiently well-supported by multiple
HVAC vendors to be considered a de-facto Open Standard.

1.4.50 Niagara Framework Supervisory Gateway (Niagara Framework)

DDC Hardware component of the Niagara Framework. A typical Niagara
architecture has Niagara specific supervisory gateways at the IP level and
other (non-Niagara specific) controllers on field networks (TP/FT-10,
MS/TP, etc.) beneath the Niagara supervisory gateways. The Niagara
specific controllers function as a gateway between the Niagara framework
protocol (Fox) and the field network beneath. These supervisory gateways
may also be used as general purpose controllers and also have the
capability to provide a web-based user interface.

Note that different vendors refer to this component by different names.
The most common name is "JACE"; other names include (but are not limited
to) "EC-BOS", "FX-40", "TMN", "SLX" and "UNC".

1.4.51 Object (BACnet)
An ASHRAE 135 Object. The concept of organizing BACnet information into
standard components with various associated Properties. Examples include
Analog Input objects and Binary Output objects.

1.4.52 Object Identifier (BACnet)
A grouping of two Object properties: Object Type (e.g. Analog Value,

Schedule, etc.) and Object Instance (in this case, a number). Object
Identifiers must be unique within a device.
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1.4.53 Object Instance (BACnet)
See paragraph OBJECT IDENTIFIER
1.4.54 Object Properties (BACnet)

Attributes of an object. Examples include present value and high limit
properties of an analog input object. Properties are defined in ASHRAE 135;
some are optional and some are required. Objects are controlled by
reading from and writing to object properties.

1.4.55 Operator Configurable (All protocols)

Operator configurable values are values that can be changed from a single
common front end user interface across multiple vendor systems.

For Niagara Framework Systems, a property, setting, or value is Operator
Configurable when it is configurable from a Niagara Framework Front End.

1.4.56 Override (All protocols)

Changing the value of a point outside of the normal sequence of operation
where the change has priority over the sequence and where there is a
mechanism for releasing the change such that the point returns to the
normal value. Overrides persist until released or overridden at the same
or higher priority but are not required to persist through a loss of power.
Overrides are often used by operators to change values, and generally
originate at a user interface (workstation or local display panel).

1.4.57 Packaged Equipment (All protocols)

Packaged equipment is a single piece of equipment provided by a
manufacturer in a substantially complete and operable condition, where the
controls (DDC Hardware) are factory installed, and the equipment is sold
and shipped from the manufacturer as a single entity. Disassembly and
reassembly of a large piece of equipment for shipping does not prevent it
from being packaged equipment. Package units may require field
installation of remote sensors. Packaged equipment is also called a
"packaged unit'".

Note industry may use the term "Packaged System" to mean a collection of
equipment that is designed to work together where each piece of equipment
is packaged equipment and there is a network that connects the equipment
together. A "packaged system" of this type is NOT packaged equipment; it
is a collection of packaged equipment, and each piece of equipment must
individually meet specification requirements.

1.4.58 Packaged Unit (All protocols)
See packaged equipment.

1.4.59 Performance Verification Test (PVT) (All protocols)
The procedure for determining if the installed BAS meets design criteria
prior to final acceptance. The PVT is performed after installation,

testing, and balancing of mechanical systems. Typically the PVT is
performed by the Contractor in the presence of the Government.
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1.4.60 Physical Segment (BACnet)

A single contiguous medium to which BACnet devices are attached (ASHRAE 135
) .

1.4.01 Plant Controllers

Plant controllers are typically used to control various equipment in
mechanical rooms such as pumps, heat exchangers, and chillers.

1.4.62 Polling (All protocols)
A device periodically requesting data from another device.
1.4.63 Points (All protocols)

Physical and virtual inputs and outputs. See also paragraph INPUT/OUTPUT
(I/0).

1.4.64 Proportional, Integral, and Derivative (PID) Control Loop (All
protocols)

Three parameters used to control modulating equipment to maintain a
setpoint. Derivative control is often not required for HVAC systems
(leaving "PI" control).

1.4.65 Proprietary (BACnet)

Within the context of BACnet, any extension of or addition to object
types, properties, PrivateTransfer services, or enumerations specified in
ASHRAE 135. Objects with Object Type values of 128 and above are
Proprietary Objects. Properties with Property Identifier of 512 and above
are proprietary Properties.

1.4.66 Protocol Implementation Conformance Statement (PICS) (BACnet)

A document, created by the manufacturer of a device, which describes which
portions of the BACnet standard may be implemented by a given device.
ASHRAE 135 requires that all ASHRAE 135 devices have a PICS, and also
defines a minimum set of information that must be in it. A device as
installed for a specific project may not implement everything in its PICS.

1.4.67 Repeater (All protocols)

A device that connects two control network segments and retransmits all
information received on one side onto the other.

1.4.68 Router (All protocols)

A device that connects two ASHRAE 135 networks and controls traffic
between the two by retransmitting signals received from one side onto the
other based on the signal destination. Routers are used to subdivide a
BACnet internetwork and to limit network traffic. Examples include
joining a BACnet Ethernet LAN to a BACnet MS/TP LAN. If a router is
connected directly to the MCEN, it must be listed on the approved DIACAP
equipment list and must be Marine Corps DADMS listed and approved.
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1.4.69 Segment (All protocols)

A 'single' section of a control network that contains no repeaters or
routers. There is generally a limit on the number of devices on a
segment, and this limit is dependent on the topology/media and device
type.

1.4.70 Standard BACnet Objects (BACnet)

Objects with Object Type values below 128 and specifically enumerated in
Clause 21 of ASHRAE 135. Objects which are not proprietary. See
paragraph PROPRIETARY.

1.4.71 Standard BACnet Properties (BACnet)

Properties with Property Identifier values below 512 and specifically
enumerated in Clause 21 of ASHRAE 135. Properties which are not
proprietary. See Proprietary.

1.4.72 Standard BACnet Services (BACnet)

ASHRAE 135 services other than ConfirmedPrivateTransfer or
UnconfirmedPrivateTransfer. See paragraph PROPRIETARY.

1.4.73 Supervisory Building Controller

The Supervisory Building Controller is used to coordinate all equipment in
a building, input scheduling, and is used as a connection point for
transferring configuration files to the other controllers. The SBC must
communicate with other controllers and equipment through a BACnet MS/TP
bus. Depending on approvals and capabilities, the SBC may be used as a
point of connection between the Camp Lejeune UMCS network (IP) and the
building level control network (BACnet MS/TP) .

Provide a five year service license on all Supervisory Controllers.
Provide a reserve of 10 percent of additional points and additional
devices on the Supervisory Controller license at the final project

acceptance.

1.4.74 UMCS (All protocols)

UMCS stands for Utility Monitoring and Control System. The term refers to
all components by which a project site monitors, manages, and controls
real-time operation of HVAC and other building systems. These components
include the UMCS "front-end" and all field building control systems
connected to the front-end. The front-end consists of Monitoring and
Control Software (user interface software), browser-based user interfaces
and network infrastructure.

The network infrastructure (the "UMCS Network"), 1is an IP network
connecting multiple building or facility control networks to the
Monitoring and Control Software.

The UMCS at Camp Lejeune is an enterprise system that actively receives
energy and building condition information from multiple sources and
provides load shedding, electric metering, alarming, trending, scheduling,
set point adjustment and device status of all supervisory building
controllers for maintenance personnel. The UMCS receives real time
electrical utility pricing data and automatically manages to Camp
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Lejeune's energy target. The existing UMCS consists of two servers, 1)
Johnson Controls Incorporated (JCI) Metasys Extended Architecture (ADX
server), and 2) Niagara AX supervisor (JCI FX web supervisor). Both of
the systems communicate over the MCEN and either may be used to fulfill
the requirements of this specification.

1.4.75 UMCS Network (All protocols)

The UMCS Network connects multiple building or facility control networks
to the Monitoring and Control Software.

1.4.76 Writable Property (BACnet)

A Property is Writable when it can be changed through the use of one or

more of the WriteProperty services defined in ASHRAE 135, Clause 15

regardless of the value of any other Property. Note that in the ASHRAE 135
standard, some Properties may be writable when the Out of Service

Property is TRUE,; for purposes of this Section, Properties that are only

writable when the Out of Service Property is TRUE are not considered to be

Writable.

1.5 PROJECT SEQUENCING

TABLE I: PROJECT SEQUENCING lists the sequencing of submittals as
specified in paragraph SUBMITTALS (denoted by an 'S' in the 'TYPE' column)
and activities as specified in PART 3 EXECUTION (denoted by an 'E' in the
'"TYPE' column). TABLE I does not specify overall project milestone and
completion dates; these dates are specified in the contract documents.

a. Sequencing for Submittals: The sequencing specified for submittals is
the deadline by which the submittal must be initially submitted to the
Government. Following submission there will be a Government review
period as specified in Section 01 33 00.05 20 CONSTRUCTION SUBMITTAL
PROCEDURES. If the submittal is not accepted by the Government,
revise the submittal and resubmit it to the Government within 14 days
of notification that the submittal has been rejected. Upon
resubmittal there will be an additional Government review period. If
the submittal is not accepted the process repeats until the submittal
is accepted by the Government.

b. Sequencing for Activities: The sequencing specified for activities
indicates the earliest the activity may begin.

c. Abbreviations: In TABLE I the abbreviation AAO is used for 'after
approval of' and 'ACO' is used for 'after completion of'.

TABLE I. PROJECT SEQUENCING
(FOR NAVY PROJECTS WITH AN ACCEPTANCE ENGINEER)

ITEM| TYPE DESCRIPTION SEQUENCING (START OF
# ACTIVITY OR DEADLINE FOR
SUBMITTAL)
1 S Existing Conditions Report
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TABLE I. PROJECT SEQUENCING

(FOR NAVY PROJECTS WITH AN ACCEPTANCE ENGINEER)

ITEM| TYPE DESCRIPTION SEQUENCING (START OF
# ACTIVITY OR DEADLINE FOR
SUBMITTAL)
2 S DDC Contractor Design Drawings
3 S Manufacturer's Product Data
4 S Pre-construction QC Checklist
5 E AAO #1 thru #4
6 E ACO #5
Start-Up and Start-Up Testing
7 S Post-Construction QC Checklist ACO #6
8 S Programming Software ACO #6
Configuration Software
Niagara Framework Engineering Tool
Niagara Framework Wizards
9 S Draft As-Built Drawings ACO #6
10 S,E |PVT Testing Activities As indicated in PART 3 of
this Section.
11 S PVT Report As indicated in PART 3 of
this Section.
12 1S Controller Application Programs AAO #11
Controller Configuration Settings
Niagara Framework Supervisory Gateway Backups
13 S Final As-Built Drawings AAO #11
14 S O&M Instructions AAO #13
15 S Training Documentation before scheduled start of
#16
16 E Training AAO #14 and #15
17 S Closeout QC Checklist ACO #16
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1.

6 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval . Submittals with an "S" are for inclusion in the Sustainability
eNotebook, in conformance to Section 01 33 29.05 20 SUSTAINABILITY
REPORTING FOR DESIGN-BUILD. Submit the following in accordance with
Section 01 33 00.05 20 CONSTRUCTION SUBMITTAL PROCEDURES:
SD-02 Shop Drawings
DDC Contractor Design Drawings,; G
Draft As-Built Drawings; G
Final As-Built Drawings; G
SD-03 Product Data
Programming Software; G
Controller Application Programs; G
Configuration Software; G
Controller Configuration Settings; G
Manufacturer's Product Data; G
Niagara Framework Supervisory Gateway Backups; G
Niagara Framework Engineering Tool; G
Niagara Framework Wizards,; G
SD-05 Design Data
Boiler Or Chiller Plant Gateway Request
SD-06 Test Reports
Existing Conditions Report
Start-Up Testing Report; G
PVT Procedures; G
PVT Report; G
Pre-Construction Quality Control (QC) Checklist; G
Post-Construction Quality Control (QC) Checklist; G
Control Contractor’s Performance Verification Testing Plan; G

Equipment Supplier’s Performance Verification Testing Plan; G

Endurance Testing Results; G
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Performance Verification Test Report; G
Bus Waveform Report; G
SD-07 Certificates
Contractor Qualifications
SD-10 Operation and Maintenance Data
Operation and Maintenance (0O&M) Instructions; G
Training Documentation; G
SD-11 Closeout Submittals
Enclosure Keys; G
Password Summary Report; G
Closeout Quality Control (QC) Checklist; G
1.7 DATA PACKAGE AND SUBMITTAL REQUIREMENTS

Technical data packages consisting of technical data and computer software
(meaning technical data which relates to computer software) which are
specifically identified in this project and which may be defined/required
in other specifications must be delivered strictly in accordance with the
CONTRACT CLAUSES and in accordance with the Contract Data Requirements
List, DD Form 1423. Data delivered must be identified by reference to the
particular specification paragraph against which it is furnished. All
submittals not specified as technical data packages are considered 'shop
drawings' under the Federal Acquisition Regulation Supplement (FARS) and
must contain no proprietary information and be delivered with unrestricted
rights.

1.8 SOFTWARE FOR DDC HARDWARE AND GATEWAYS

Provide all software related to the programming and configuration of DDC
Hardware and Gateways as indicated. License all Software to the MCB Camp
Lejeune, NCfor unrestricted use and reproduction on same. Software keys
and "dongles" are not permitted. The term "controller" as used in these
requirements means both DDC Hardware and Gateways.

1.8.1 Configuration Software
For each type of controller, provide the configuration tool software in
accordance with Section 23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR
HVAC AND OTHER BUILDING CONTROL SYSTEMS. Submit hard copies of the
software user manuals for each software with the software submittal.
Submit Configuration Software on CD-ROM as a Technical Data Package.
Submit 2 hard copies of the software user manual for each piece of
software.

1.8.2 Controller Configuration Settings

For each controller, provide copies of the installed configuration
settings as source code compatible with the configuration tool software
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for that controller in accordance with Section 23 09 23.02 22 BACNET
DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS.

Submit Controller Configuration Settings on CD-ROM as a Technical Data
Package. 1Include on the CD-ROM a list or table of contents clearly
indicating which files are associated with each device. Submit 2 copies
of the Controller Configuration Settings CD-ROM.

1.8.3 Programming Software

For each type of programmable controller, provide the programming software
in accordance with Section 23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL
FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS. Submit hard copies of
software user manuals for each software with the software submittal.

Submit Programming Software on CD-ROM as a Technical Data Package.
Submit 2 hard copies of the software user manual for each piece of
software.

1.8.4 Controller Application Programs

For each programmable controller, provide copies of the application
program as source code compatible with the programming software for that
controller in accordance with Section 23 09 23.02 22 BACNET DIRECT DIGITAL
CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS.

Submit Controller Application Programs on CD-ROM as a Technical Data
Package. 1Include on the CD-ROM a list or table of contents clearly
indicating which application program is associated with each device.
Submit 2 copies of the Controller Application Programs CD-ROM.

1.8.5 Niagara Framework Supervisory Gateway Backups

For each Niagara Framework Supervisory Gateway, provide a backup of all
software within the Niagara Framework Supervisory Gateway, including
configuration settings. This backup must be sufficient to allow the
restoration of the Niagara Framework Supervisory Gateway or the
replacement of the Niagara Framework Supervisory Gateway.

Submit backups for each Niagara Framework Supervisory Gateway on CD-ROM as
a Technical Data Package. Mark each backup indicating clearly the source
Niagara Framework Supervisory Gateway.

1.8.6 Niagara Framework Engineering Tool (for all Niagara Framework system)

Provide a Niagara Framework Engineering Tool in accordance with Section
23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS. Submit software user manuals with the Niagara Framework
Engineering Tool submittal.

Submit the Niagara Framework Engineering Tool on CD-ROM as a Technical
Data Package. Submit 2 hard copies of the software user manual for the
Niagara Framework Engineering Tool.

1.9 BOILER OR CHILLER PLANT GATEWAY REQUEST
If requesting the use of a gateway to a boiler or chiller plant as

indicated in Section 23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC
AND OTHER BUILDING CONTROL SYSTEMS, submit a Boiler or Chiller Plant
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Gateway Request describing the configuration of the boilers or chillers
including model numbers for equipment and controllers, the sequence of
operation for the units, and a justification for the need to operate the
units on a shared non-BACnet network.

1.10 CONTRACTOR QUALIFICATIONS

Submit documentation certifying the controls Contractor performing the
work has completed at least three DDC systems installations of a similar
design to this project, and programmed similar sequences of operation for
at least two years. Personnel performing the installation, programming,
checkout, commissioning and training must, at a minimum, have obtained all
certifications required by the manufacturer for the tasks they are
performing. Tasks include any activity required to execute and complete
the contracted work. Certifications for each person must be submitted
prior to the beginning of the contracted work. Certifications must be
made available at any time upon the request from Camp Lejeune.

1.11 QUALITY CONTROL CHECKLISTS

The QC Checklist for Niagara Framework Based BACnet Systems in APPENDIX A
of this Section must be completed by the Contractor's Chief Quality
Control (QC) Representative and submitted as indicated.

The QC Representative must verify each item indicated and initial in the
space provided to indicate that the requirement has been met. The QC
Representative must sign and date the Checklist prior to submission to the
Government .

1.11.1 Pre-Construction Quality Control (QC) Checklist

Complete items indicated as Pre-Construction QC Checklist items in the QC
Checklist. Submit four copies of the Pre-Construction QC Checklist.

1.11.2 Post-Construction Quality Control (QC) Checklist

Complete items indicated as Post-Construction QC Checklist items in the QC
Checklist. Submit four copies of the Post-Construction QC Checklist.

1.11.3 Closeout Quality Control (QC) Checklist

Complete items indicated as Closeout QC Checklist items in the QC
Checklist. Submit four copies of the Closeout QC Checklist.

PART 2 PRODUCTS

Provide products meeting the requirements of Section 23 09 13.00 22
INSTRUMENTATION AND CONTROL DEVICES FOR HVAC, Section 23 09 23.02 22
BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS
for BACnet or Niagara BACnet systems, other referenced Sections, and this
Section.

2.1 GENERAL PRODUCT REQUIREMENTS

Units of the same type of equipment must be products of a single
manufacturer. Each major component of equipment must have the
manufacturer's name and address, and the model and serial number in a
conspicuous place. Materials and equipment must be standard products of a
manufacturer regularly engaged in the manufacturing of these and similar
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products. The standard products must have been in a satisfactory
commercial or industrial use for two years prior to use on this project.
The two year use must include applications of equipment and materials
under similar circumstances and of similar size. DDC Hardware not meeting
the two-year field service requirement is acceptable provided it has been
successfully used by the Contractor in a minimum of two previous

projects. The equipment items must be supported by a service
organization. Items of the same type and purpose must be identical,
including equipment, assemblies, parts and components.

2.2 PRODUCT DATA

Provide manufacturer's product data sheets documenting compliance with
product specifications for each product provided under Section

23 09 13.00 22 INSTRUMENTATION AND CONTROL DEVICES FOR HVAC, Section

23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS, or this Section. Provide product data for all products
in a single indexed compendium, organized by product type.

For all BACnet hardware: for each manufacturer, model and version
(revision) of DDC Hardware provide the Protocol Implementation Conformance
Statement (PICS) in accordance with Section 23 09 23.02 22 BACNET DIRECT
DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS.

2.3 OPERATION ENVIRONMENT

Unless otherwise specified, provide products rated for continuous
operation under the following conditions:

a. Pressure: Pressure conditions normally encountered in the installed
location.

b. Vibration: Vibration conditions normally encountered in the installed
location.

c. Temperature:

(1) Products installed indoors: Ambient temperatures in the range of
32 to 112 degrees F and temperature conditions outside this range
normally encountered at the installed location.

(2) Products installed outdoors or in unconditioned indoor spaces:
Ambient temperatures in the range of -35 to +151 degrees F and
temperature conditions outside this range normally encountered at
the installed location.

d. Humidity: 10 to 95 percent relative humidity, noncondensing and
humidity conditions outside this range normally encountered at the
installed location.

2.4 WIRELESS CAPABILITY

For products incorporating any wireless capability (including but not
limited to radio frequency (RF), infrared and optical), provide products
for which wireless capability can be permanently disabled at the device.
Optical and infrared capabilities may be disabled via a permanently
affixed opaque cover plate.
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2

.5 ENCLOSURES

Provide each digital controller, including gateways, in a factory
fabricated enclosure. Enclosures supplied as an integral (pre-packaged)
part of another product are acceptable. Provide enclosures meeting the
following minimum requirements:

a. Provide with a hinged lockable door and an offset removable metal back
plate, except controllers integral with terminal units, like those
mounted on VAV boxes. Provide like-keyed locks for all hinged panels
provided and a set of two Enclosure Keys for each lockable enclosure
on a single ring per enclosure with a tag identifying the enclosure
the keys operate.

b. Provide each enclosure with a main external power on/off switch
located inside the cabinet.

c. Provide each enclosure with a separate 120VAC duplex convenience
receptacle.

d. Provide each enclosure surge and transient power protection. Surge
protection is not required for small terminal unit controllers such
as VAV controllers.

5.1 Outdoors

For enclosures located outdoors, provide enclosures meeting NEMA 250 Type 4
requirements.

Enclosures, control panels and controllers located outdoors must be able to
withstand extreme ambient conditions, without malfunction or failure,
whether or not the controlled equipment is running. If necessary, provide
a thermostatically controlled panel heater in freezing locations, and an
internal ventilating fan in locations exposed to direct sunlight.

.5.2 Mechanical and Electrical Rooms

For enclosures located in mechanical or electrical rooms, provide
enclosures meeting NEMA 250 Type 2 requirements.

For enclosures located in mechanical rooms containing steam service or
equipment, provide enclosures meeting NEMA 250 Type 4 requirements.

.5.3 Other Locations

For enclosures in other locations including but not limited to occupied
spaces, above ceilings, and in plenum returns, provide enclosures meeting
NEMA 250 Type 1 requirements.

.6 WIRE AND CABLE

Provide wire and cable meeting the requirements of NFPA 70 and NEFPA 90A in
addition to the requirements of this specification and referenced
specifications.

.6.1 Terminal Blocks

For terminal blocks which are not integral to other equipment, provide
terminal blocks which are insulated, modular, feed-through, clamp style
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with recessed captive screw-type clamping mechanism, suitable for DIN rail
mounting, and which have enclosed sides or end plates and partition plates
for separation.

2.6.2 Control Wiring for Binary Signals

For Control Wiring for Binary Signals, provide 18 AWG copper or thicker
wire rated for 300-volt service.

2.6.3 Control Wiring for Analog Signals
For Control Wiring for Analog Signals, provide in accordance with the
control manufacturer's recommendations and the following: Provide 18 AWG
or thicker, copper, single- or multiple-twisted wire meeting the following
requirements:
a. minimum 2 inch lay of twist
b. 100 percent shielded pairs

c. at least 300-volt insulation

d. each pair has a 20 AWG tinned-copper drain wire and individual overall
pair insulation

e. cables have an overall aluminum-polyester or tinned-copper
cable-shield tape, overall 20 AWG tinned-copper cable drain wire, and
overall cable insulation.

2.6.4 MS/TP Communication Bus

a. Provide system manufacturer's recommended or preferred cabling.

b. Follow cable manufacturer's recommendations or requirements based on
the cable usage, such as outdoors and/or underground.

c. Splices in communication cable are not allowed. Segments of
communication cable between field devices must be solid lengths with
no splices.

2.6.5 Conduit

Conduit for controls less than 100 volts must be colored blue. Junction

box cover plates for controls must be blue. Fittings and boxes do not

need to be blue.
2.6.6 Power Wiring for Control Devices

For 24-volt circuits, provide insulated copper 18 AWG or thicker wire

rated for 300 VAC service. For 120-volt circuits, provide 14 AWG or

thicker stranded copper wire rated for 600-volt service.
2.6.7 Transformers
Provide UL 5085-3 approved transformers. Select transformers sized so

that the connected load is no greater than 80 percent of the transformer
rated capacity.
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PART 3 EXECUTION

3.

1 INSTALLATION

Fully install and test the control system in accordance Section

23 09 13.00 22 INSTRUMENTATION AND CONTROL DEVICES FOR HVAC, Section

23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS for BACnet or Niagara BACnet systems, and this Section.

1.1 Pre-Installation Meeting

Prior to starting the installation, meet with the Contracting Officer's
Technical Representative (COTR) and the BAS owner to develop a mutual
understanding relative to the details of the DDC system requirements.
Requirements to be discussed include required submittals, work schedule,
and field quality control.

1.2 Dielectric Isolation

Provide dielectric isolation where dissimilar metals are used for
connection and support. Install control system in a matter that provides
clearance for control system maintenance by maintaining access space
required to calibrate, remove, repair, or replace control system devices.
Install control system such that it does not interfere with the clearance
requirements for mechanical and electrical system maintenance.

.1.3 Penetrations in Building Exterior

Make all penetrations through and mounting holes in the building exterior
watertight.

.1.4 Device Mounting Criteria

Install devices in accordance with the manufacturer's recommendations and
as indicated and shown. Provide a weathershield for all devices installed
outdoors. Provide clearance for control system maintenance by maintaining
access space required to calibrate, remove, repair, or replace control
system devices. Provide clearance for mechanical and electrical system
maintenance; do not not interfere with the clearance requirements for
mechanical and electrical system maintenance. All devices must be mounted
only to the cabinet backplane with adequate space allowed for
serviceability and proper heat dissipation from devices.

.1.5 Labels and Tags

Key all labels and tags to the unique identifiers shown on the As-Built
drawings. For labels exterior to protective enclosures provide engraved
plastic labels mechanically attached to the enclosure or DDC Hardware.
Labels inside protective enclosures may be adhesive labels. Provide white
labels with bold black block lettering. For tags, provide plastic or
metal tags mechanically attached directly to each device or attached by a
metal chain or wire.

a. Label all Enclosures and DDC Hardware.
b. Label each control panel, control device, actuator and sensor.

c. Label exterior of control actuator indicating the (full) open and
(full) closed positions.
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d. Components mounted above a ceiling or service hatch must also have the
component identification visible from below. Examples: A VAV
controller, or exhaust fan relay, identification would be included on
the ceiling grid, or service hatch, in the area of the controller.

e. Tag Airflow measurement arrays (AFMA) with flow rate range for signal
output range, duct size, and pitot tube AFMA flow coefficient.

f. Tag duct static pressure taps at the location of the pressure tap
3.1.6 Surge and Transient Protection
3.1.6.1 Power-Line Surge Protection
Provide surge suppressors on the incoming power at each direct digital
controller or grouped terminal controllers and must be installed
externally to the device or devices being protected. Surge suppressors
are to be rated in accordance with UL 1449, have a fault indicating light,
and conform to the following:
a. The device must be a transient voltage surge suppressor, hard-wire
type individual equipment protector for 120 VAC/1 phase/2 wire plus
ground.

b. The device must react within 5 nanoseconds and automatically reset.

c. The voltage protection threshold, line to neutral, must be no more
than 211 volts.

d. Provide the device with an independent secondary stage equal to or
greater than the primary stage joule rating.

e. The primary suppression system components must be pure silicon
avalanche diodes.

f. The secondary suppression system components must be silicon avalanche
diodes or metal oxide varistors.

g. Procide device with an indication light to indicate the protection
components are functioning.

h. All system functions of the transient suppression system must be
individually fused and not short circuit the AC power line at any time.

i. Provide device with an EMI/RFI noise filter with a minimum attenuation
of 13 dB at 10 kHz to 300 MHz.

j. The device must comply with IEEE C62.41.1 and IEEE C62.41.2, Class "B"
requirements and be tested according to IEEE C62.45.

k. The device is to be capable of operating between minus 20 degrees F
and plus 122 degrees F.

3.1.6.2 Surge Protection for Transmitter and Control Wiring
Provide surge and transient protection for DDC controllers and DDC network

related devices connected to phone lines, network communication lines,
lines from exterior equipment, and lines from other buildings including
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mechanical buildings in accordance with the following:

a. The device must provide continuous, non-interrupting protection, and
automatically reset after safely eliminating transient surges.

b. The protection must react within 5 nanoseconds using only solid-state
silicon avalanche technology.

c. Install the device at the distance recommended by its manufacturer.
3.1.7 Basic Cybersecurity Requirements
3.1.7.1 Passwords

For all devices with a password, change the password from the default
password. Do not use the same password for more than one device.
Coordinate selection of passwords with Contracting Officer. Provide a
Password Summary Report documenting the password for each device and
describing the procedure to change the password for each device.

Provide two hardcopies of the Password Summary Report, each copy in its
own sealed envelope.

3.1.7.2 Wireless Capability

Unless otherwise indicated, disable wireless capability (including but not
limited to radio frequency (RF), infrared and optical) for all devices
with wireless capability. Optical and infrared capabilities may be
disabled via a permanently affixed opaque cover plate. Password
protecting a wireless connections does not meet this requirement; the
wireless capability must be disabled.

3.1.7.3 IP Network Physical Security

Install all IP Network media, to include all power and signal wire, in
rigidconduit. Install all IP devices including but not limited to
IP-enabled DDC hardware and IP Network Hardware in lockable enclosures.

3.1.8 Wiring Criteria

a. Run circuits operating at more than 100 volts in rigid or flexible
conduit, metallic tubing, covered metal raceways, or armored cable.

b. Run all control wiring in rigid or flexible conduit, metallic tubing,
or covered metal raceways, unless noted otherwise. All control wiring
located inside mechanical rooms to be in conduit or metallic tubing.
All conduit and junction box covers to be blue in color."

c. Do not run binary control circuit wiring in the same conduit as power
wiring over 100 volts. Where analog signal wiring requires conduit,
do not run in the same conduit with AC power circuits or control
circuits operating at more than 100 volts.

d. Provide circuit and wiring protection required by NFPA 70.
e. Minimum conduit size is 3/4-inch, except 1/2-inch may be used from
last junction box to the terminal device. Maximum conduit f£ill is 40

percent or the cable manufacturer's recommended amount whichever is
less. Provide plastic end sleeves at all conduit terminations to
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protect wiring from burrs.
f. Do not bury aluminum-sheathed cable or aluminum conduit in concrete.

g. Input/output identification: Permanently label each field-installed
wire, cable, and pneumatic tube at each end with descriptive text
using a commercial wire marking system. Labels is to fully encircle
the wire, cable, or tube. The single line text is to run parallel to
the wire, cable, or tube and must be repeated so as to be viewable
without twirling or twisting the wire. Locate the markers within 2
inches of each termination. Include on the label the type of network
and destination of cable (ex. BACnet/AHU-1). Match the names and I/0
number to the project's point list. Similarly label all power wiring
serving control devices, including the word "power" and panel board
and circuit number, or transformer location in the label. Number each
pneumatic tube every six feet. Label all terminal blocks with
alpha/numeric labels. All wiring and the methods must be in
accordance with UL 508A.

h. Permanently display controller wiring diagram for each controller on
the inside of the control cabinet door. Diagram must be neatly
lettered and taped or adhered with sticky back label.

i. Conduit identification: Label all conduits at 36 inches from
terminations, boxes, or bends. Labels to be 3/8 inches, black
lettering on white background, and indicate what system the conduit
contains. Label is to be visible and legible from at least three
sides with a minimum dimension of 1.9 inches x 4 inches. Conduit that
includes power circuits are to be labeled with source panel and
circuit, and destination cabinet or equipment.

j. Each terminal device is to have its own terminal conduit run. Device
boxes or devices are not be used as "pass thru" for wiring.

k. Run conduit to equipment and devices tight to walls, and ceilings.
Avoid conduit on the floor, i.e. conduit must not block access to or
past equipment. Flex conduit is to be used only when EMT or rigid
conduit is not able to satisfy the application such as a transition to
a sensor or equipment. Limit Flex conduit to a maximum length of 3 ft.

1. For controller power, provide new 120 VAC circuits with ground if not
defined on the electrical drawings. Provide each circuit with a
dedicated breaker and run wiring in its own conduit, separate from any
control wiring. Connect the controller's ground wire to the electrical
panel ground. Conduit grounds are not acceptable.

m. Power the Supervisory Building Controllers (SBC) from a dedicated
transformer for the SBC only. Each control cabinet must have a
dedicated 24 volt transformer. The 120 VAC power branch circuit are
to be dedicated to the DDC control system. Factory provided
transformers in equipment must be used as a source of power only for
the control devices intended by the equipment manufacturer.

n. Surge Protection: Install surge protection according to manufacturer's
instructions. Multiple controllers fed from a common power supply may
be protected by a common surge protector, properly sized for the total
connected devices.

o. Make all terminations in panels at a terminal block if not connected
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directly to a panel device, ie Field Controller, Supervisory
Controller. No wire nuts are allowed in panels. High and low voltage
wires must not land on the same terminal block unless they are
separated and of a different color and/or clearly identified.

p. Grounding: Ground controllers and cabinets to a good earth ground as
specified in Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM. Conduit
grounding is not acceptable. All grounding must have a direct path to
the building earth ground. Ground sensor drain wire shields at the
controller end.

q. Correct all associated MS/TP and SA bus wiring, termination, end of
line, and ground loop problems.

r. Run wiring in panel enclosures in covered wire track.
s. Control cabinets and wiring boxes must be clean of all debris.

t. Low voltage cable must not be supported directly from "all thread"
rod. If cabling/wiring is permitted to be run without conduit/raceway
it must be supported using a retaining device such as a bridle ring or
J hook, and where appropriate connected to the all thread rod using a
standoff device. Openly installed cabling/wiring must be approved by
Camp Lejeune Public Works Department.

u. For serviceability, allow a minimum of 2 inches of exposed wire or
cable from any termination point, i.e. between Panduit and field
controller terminations.

3.1.9 Network and Telephone Communication Lines

When telephone lines or network connections by the Government are
required, provide the Contracting Officer at least 120 days advance notice
of need. Provide one inch conduit and two (2)green Cat 6 cables from the
point of connection of the BAS to the point of connection to the MCEN
(most likely in the telephone equipment room). Cables must be terminated
and tested.

3.1.10 Interface With Existing UMCS

Provide 16 hours of assistance to the Government with interfacing the BAS
to the Base wide UMCS. The Government will make the final connection of
the BAS to the MCEN. This 16 hours does not include completion or
corrections to the installed BAS as defined in the contract documents.
This 16 hours is for assisting the interface and for making revisions to
the BAS that may be needed outside of the contract requirements. As-Built
control drawings must be available for the UMCS operator performing the
interfacing.

3.2 DRAWINGS AND CALCULATIONS

Provide drawings in the form and arrangement indicated and shown. Use the
same abbreviations, symbols, nomenclature and identifiers shown. Assign a
unique identifier as shown to each control system element on a drawing.
When packaging drawings, group schedules by system. When space allows, it
is permissible to include multiple schedules for the same system on a
single sheet. Except for drawings covering all systems, do not put
information for different systems on the same sheet.
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Provide a title sheet for the control system drawing set. Include the
project title, project location, contract number, the controls contractor
preparing the drawings, an index of the control drawings in the set, and a
legend of the symbols and abbreviations used throughout the control system
drawings. The Title Block of each drawing must include the Drawing
revision, 1.e. Submittal, Revision 1, Revision 2, As-Built, etc.,
including the date.

Submit hardcopy drawings on A3 17 by 11 inches sheets, and electronic
drawings in PDF and in AutoCAD 2016 format. In addition, submit
electronic drawings in editable Excel format for all drawings that are
tabular, including but not limited to the Point Schedule and Equipment
Schedule.

a. Submit DDC Contractor Design Drawings consisting of each drawing
indicated with pre-construction information depicting the intended
control system design and plans. Submit DDC Contractor Design
Drawings as a single complete package: 2 hard copies and 5 copies on
CD-ROM.

b. Submit Draft As-Built Drawings consisting of each drawing indicated
updated with as-built data for the system prior to PVT. Submit Draft
As-Built Drawings as a single complete package: 2 hard copies and 5
copies on CD-ROM.

c. Submit Final As-Built Drawings consisting of each drawing indicated
updated with all final as-built data. Final As-Built Drawings as a
single complete package: 2 hard copies and 5 copies on CD-ROM.

3.2.1 Sample Drawings

Sample drawings in electronic format are available at the Whole Building

Design Guide page for this section:
http://www.wbdg.org/ffc/dod/unified-facilities-guide-specifications-ufgs/ufgs-23-09-00
These drawings may prove useful in demonstrating expected drawing

formatting and example content and are provided for illustrative purposes

only. Note that these drawings do not meet the content requirements of

this Section and must be completed to meet project requirements.

3.2.2 Drawing Index and Legend

Provide an HVAC Control System Drawing Index showing the name and number
of the building, military site, State or other similar designation, and
Country. In the Drawing Index, list all Contractor Design Drawings,
including the drawing number, sheet number, drawing title, and computer
filename when used. In the Design Drawing Legend, show and describe all
symbols, abbreviations and acronyms used on the Design Drawings. Provide
a single Index and Legend for the entire drawing package.

3.2.3 Thermostat and Occupancy Sensor Schedule
Provide a thermostat and occupancy sensor schedule containing each
thermostat's unique identifier, room identifier and control features and
functions as shown. Provide a single thermostat and occupancy sensor
schedule for the entire project.

3.2.4 Valve Schedule

Provide a valve schedule containing each valve's unique identifier, size,
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flow coefficient Kv (Cv), pressure drop at specified flow rate, spring
range, positive positioner range, actuator size, close-off pressure to
torque data, dimensions, and access and clearance requirements data. In
the valve schedule include actuator selection data supported by
calculations of the force required to move and seal the valve, access and
clearance requirements. Provide a single valve schedule for the entire
project.

3.2.5 Damper Schedule

Provide a damper schedule containing each damper's unique identifier, type
(opposed or parallel blade), nominal and actual sizes, orientation of axis
and frame, direction of blade rotation, actuator size and spring ranges,
operation rate, positive positioner range, location of actuators and
damper end switches, arrangement of sections in multi-section dampers, and
methods of connecting dampers, actuators, and linkages. Include the AMCA
511 maximum leakage rate at the operating static-pressure differential for
each damper in the Damper Schedule. Provide a single damper schedule for
the entire project.

3.2.6 Project Summary Equipment Schedule
Provide a project summary equipment schedule containing the manufacturer,
model number, part number, descriptive name, firmware version, serial
number, physical location (e.g. Building 4, room 112 overhead), and power
requirements (e.g. AC/DC voltage and power draw) for each control device,
hardware and component provided under this specification. Provide a
single project equipment schedule for the entire project.

3.2.7 Equipment Schedule
Provide system equipment schedules containing the unique identifier,
manufacturer, model number, part number and descriptive name for each
control device, hardware and component provided under this specification.
Provide a separate equipment schedule for each HVAC system.

3.2.8 Occupancy Schedule
Provide an occupancy schedule drawing containing the same fields as the
occupancy schedule Contract Drawing with Contractor updated information.
Provide a single occupancy schedule for the entire project.

3.2.9 DDC Hardware Schedule

Provide a single DDC Hardware Schedule for the entire project and
including following information for each device.

3.2.9.1 DDC Hardware Identifier
The Unique DDC Hardware Identifier for the device.
3.2.9.2 HVAC System

The system "name" used to identify a specific system (the name used on the
system schematic drawing for that system).
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3.2.9.3 BACnet Device Information
3.2.9.3.1 Device Object Identifier

Assign unique device "Object Identifier" property numbers or device
instances for each device on the BACnet internetwork. Provide for future
modification of the device instance number. Instance numbers must be field
assignable.

3.2.9.3.2 Device Object Name Property Text

Each object on the Camp Lejeune UMCS has a unique point name, which is
made up of the object or short name stored in the controller and the
equipment identifier, which is stored in the supervisory building
controller (SBC). The long point name combines this object name with the
name stored in the SBC that describes the controller or location of the
object. The device object name property field must support 32 minimum
printable characters. The point name follows the general convention:

Building.Equipment .Object Name

Example: HP512.AHU-3.DA-T. See Attachments one through three for
equipment names, object names, object groupings, and area names.

3.2.9.3.3 Object Name Property Text (Other than Device Objects)
The object name identifies the specific point. Only object names on the
approved Camp Lejeune list must be used. From the example above, the
point name is: "DA-T". See Attachment for the approved Camp Lejeune
list. The object name property field must support 32 minimum printable
characters.

3.2.9.3.4 Object Description

The controller must also store an alpha numeric description of the object

name. The controller must support a minimum of 30 printable characters.
From the example above the object description is: '"Discharge Air
Temperature".

3.2.9.3.5 List of Attachments
The following attachments can be found at the end of this specification.
Attachment 1 - Equipment Names
Attachment 2 - Object Names
Attachment 3 - Object Grouping
3.2.9.3.6 Setpoints
All setpoints must be BACnet exposed for auto discovery purposes if needed.
3.2.9.3.7 Plant Controllers
Equipment such as VFD's, chillers, and boilers must have hardwired
enable (start/stop) and status points from the plant controller. VFD's must

also have a hardwired speed command. Software points are not allowable.
Additionally, this equipment must have a BACnet interface for monitoring.

SECTION 23 09 00.00 22 Page 30



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

3.2.9.3.8 Network Number
The Network Number for the device.
3.2.9.3.9 MAC Address

The MAC Address for the device. For MS/TP networks, assign addresses from
0-127. Do not use the controls manufacturer reserved addresses for field
controllers. This is typically 0-3. Also the BACnet Instance ID for MAC
Address 127, Trunk 1, 1is reserved for the Supervisory controller.
Supervisory Controller Global ID and instance numbers are to be obtained
from Camp Lejeune Public Works Operations to ensure duplicates do not
occur. Point of Contact:

Public Works Division/EMCS

1005 Michael Road/Building 1005
MCB Camp Lejeune, NC 28547
(910) 450-7846

3.2.9.3.10 BTL Listing

The BTL Listing of the device. TIf the device is listed under multiple BTL
Profiles, indicate the profile that matches the use and configuration of
the device as installed.

3.2.9.3.11 Proprietary Services Information

If the device uses non-standard ASHRAE 135 services as defined and
permitted in Section 23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC
AND OTHER BUILDING CONTROL SYSTEMS, indicate that the device uses
non-standard services and include a description of all non-standard
services used. Describe usage and content such that a device from another
vendor can interoperate with the device using the non-standard service.
Provide descriptions with sufficient detail to allow a device from a
different manufacturer to be programmed to both read and write the
non-standard service request:

a. read: interpret the data contained in the non-standard service
and;

b. write: given similar data, generate the appropriate non-standard
service request.

3.2.9.3.12 Alarming Information
Indicate whether the device is used for alarm generation, and which types
of alarm generation the device implements: intrinsic, local algorithmic,
remote algorithmic.

3.2.9.3.13 Scheduling Information
Indicate whether the device is used for scheduling.

3.2.9.3.14 Trending Information

Indicate whether the device is used for trending, and indicate if the
device 1is used to trend local values, remote values, or both.
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3.2.9.4 Niagara Station ID
The Niagara Station ID for each Niagara Framework Supervisory Gateway
3.2.10 Points Schedule
Provide a Points Schedule in tabular form for each HVAC system, with the
indicated columns and with each row representing a hardware point, network
point or configuration point in the system.
a. When a Points Schedule was included in the Contract Drawing package,
use the same fields as the Contract Drawing with updated information

in addition to the indicated fields.

b. When Point Schedules are included in the contract package, items
requiring contractor verification or input have been shown in angle

brackets ("<" and ">"), such as < > for a required entry or <value>
for a value requiring confirmation. Complete all items in brackets as
well as any blank cells. Do not modify values which are not in

brackets without approval.
Points Schedule Columns must include:
3.2.10.1 Point Name

The abbreviated name for the point using the indicated naming convention.
All points must adhere to the Camp Lejeune standard naming conventions.

3.2.10.2 Description

A brief functional description of the point such as "Supply Air
Temperature".

3.2.10.3 DDC Hardware Identifier

The Unique DDC Hardware Identifier shown on the DDC Hardware Schedule and
used across all drawings for the DDC Hardware containing the point.

3.2.10.4 Settings

The value and units of any setpoints, configured setpoints, configuration
parameters, and settings related to each point.

3.2.10.5 Range
The range of values, including units, associated with the point, including
but not limited to a zone temperature setpoint adjustment range, a sensor
measurement range, occupancy values for an occupancy input, or the status
of a safety.

3.2.10.6 Input or Output (I/0) Type

The type of input or output signal associated with the point. Use the
following abbreviations for entries in this column:

a. AI: The value comes from a hardware (physical) Analog Input

b. AO: The value is output as a hardware (physical) Analog Output
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c. BI: The value comes from a hardware (physical) Binary Input
d. BO: The value is output as a hardware (physical) Binary Output

e. PULSE: The value comes from a hardware (physical) Pulse Accumulator
Input

f. NET-IN: The value is provided from the network (generally from
another device). Use this entry only when the value is received from
another device as part of scheduling or as part of a sequence of
operation, not when the value is received on the network for
supervisory functions such as trending, alarming, override or display
at a user interface.

g. NET-OUT: The value is provided to another controller over the
network. Use this entry only when the value is transmitted to another
device as part of scheduling or as part of a sequence of operation,
not when the value is transmitted on the network for supervisory
functions such as trending, alarming, override or display at a user
interface.

3.2.10.7 Object and Property Information

The Object Type and Instance Number for the Object associated with the
point. If the value of the point is not in the Present Value Property,
then also provide the Property ID for the Property containing the value of
the point. Any point that is displayed at the front end or on an LDP, is
trended, is used by another device on the network, or has an alarm
condition must be documented here.

3.2.10.8 Niagara Station ID

The Niagara Station ID of the Niagara Framework Supervisory Gateway the
point is mapped into.

3.2.10.9 Network Data Exchange Information (Gets Data From, Sends Data To)

Provide the DDC Hardware Identifier of other DDC Hardware the point is
shared with.

3.2.10.10 Override Information (Object Type and Instance Number)

For each point requiring an Override and not residing in a Niagara
Framework Supervisory Gateway, indicate if the Object for the point is
Commandable or, if the use of a separate Object was specifically approved
by the Contracting Officer, provide the Object Type and Instance Number of
the Object to be used in overriding the point.

3.2.10.11 Alarm Information

For Niagara BACnet systems: Indicate the Alarm Generation Type and
Notification Class Object Instance Number for each point requiring an

alarm. (Note that not all alarms will have a Notification Class Object.)
3.2.10.12 Configuration Information
Indicate the means of configuration associated with each point. For

points in a Niagara Framework Supervisory Gateway, indicate the point
within the Niagara Framework Supervisory Gateway used to configure the
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value. For other points:

a. For Operator Configurable Points indicate BACnet Object and Property
information (Name, Type, Identifiers) containing the configurable
value. Indicate whether the property is writable always, or only when
Out Of Service is TRUE.

b. For Configurable Points indicate the BACnet Object and Property
information as for Operator Configurable points, or identification of
the configurable settings from within the engineering software for the
device or identification of the hardware settings on the device.

3.2.11 Riser Diagram

The Riser Diagram of the Building Control Network may be in tabular form,
and must show all DDC Hardware and all Network Hardware, including network
terminators. For each item, provide the unique identifier, common
descriptive name, physical sequential order (previous and next device on
the network), room identifier and location within room. If applicable,
show connections to existing networks and include the existing network in
the riser diagram. Include surge protection device locations on the riser
when the field controller communication trunk is leaving or entering a
building. A single riser diagram must be submitted for the entire system.

3.2.12 Control System Schematics
Provide control system schematics in the same form as the control system
schematic Contract Drawing with Contractor updated information. Provide a

control system schematic for each HVAC system. Include the following:

a. Location of each input and output device, specify room # for remote
devices.

b. Flow diagram for each piece of HVAC equipment

c. Name or symbol for each control system component, such as V-1 for a
valve

d. Setpoints, with differential or proportional band values

e. Written sequence of operation for the HVAC equipment
f. Valve and Damper Schedules, with normal (power fail) position

g. Control cabinet general layout, include all devices, point count,
point connection terminal numbers, and cable type (18/2, 18/3, etc);
24VAC VA power requirement for all devices including those powered
from the cabinet.

3.2.13 Control Logic Diagrams

Provide HVAC equipment control logic diagrams. Indicate required
electrical interlocks. Logic diagram schematics must include 120 VAC and
low voltage devices in each panel. Logic diagram schematics must also
include all field devices (sensors, relays actuators, etc) and any
connection point to controlled equipment or devices.
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3.2.14 Controller, Motor Starter and Relay Wiring Diagram

Provide controller wiring diagrams as functional wiring diagrams which
show the interconnection of conductors and cables to each controller and
to the identified terminals of input and output devices, starters and
package equipment. Show necessary jumpers and ground connections and the
labels of all conductors. Identify sources of power required for control
systems and for packaged equipment control systems back to the panel board
circuit breaker number, controller enclosures, magnetic starter, or
packaged equipment control circuit. Show each power supply and
transformer not integral to a controller, starter, or packaged equipment.
Show the connected volt-ampere load and the power supply volt-ampere
rating. Provide wiring diagrams for each HVAC system.

3.3 CONTROLLER TUNING

Tune each controller in a manner consistent with that described in the
ASHRAE FUN IP and in the manufacturer's instruction manual. Tuning must
consist of adjustment of the proportional, integral, and where applicable,
the derivative (PID) settings to provide stable closed-loop control. Each
loop must be tuned while the system or plant is operating at a high gain
(worst case) condition, where high gain can generally be defined as a
low-flow or low-load condition. Upon final adjustment of the PID
settings, in response to a change in controller setpoint, the controlled
variable must settle out at the new setpoint with no more than two (2)
oscillations above and below setpoint. Upon settling out at the new
setpoint the controller output must be steady. With the exception of
naturally slow processes such as zone temperature control, the controller
must settle out at the new setpoint within five (5) minutes. Set the
controller to its correct setpoint and record and submit the final PID
configuration settings with the 0&M Instructions and on the associated
Points Schedule.

3.4 START-UP

3.4.1 Start-Up Test
Perform the following startup tests for each control system to ensure that
the described control system components are installed and functioning per
this specification.
Adjust, calibrate, measure, program, configure, set the time schedules,
and otherwise perform all necessary actions to ensure that the systems
function as indicated and shown in the sequence of operation and other
contract documents.

3.4.1.1 Systems Check
An item-by-item check must be performed for each HVAC system

3.4.1.1.1 Step 1 - System Inspection

a. Confirm all mechanical installation work is success fully completed
and started up by the appropriate personnel.

b. With the system in unoccupied mode and with fan hand-off-auto switches
in the OFF position, verify that power and main air are available
where required and that all output devices are in their failsafe and
normal positions. Compile a list of output devices and document
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device normal position and date verified.

c. Inspect each local display panel and each M&C Client to verify that
all displays indicate shutdown conditions.

d. Confirm each controller works properly in stand-alone mode by
disconnecting the BACnet bus.

3.4.1.1.2 Step 2 - Calibration Accuracy Check

Perform a two-point accuracy check of the calibration of each HVAC control
system sensing element and transmitter by comparing the value from the
test instrument to the network value provided by the DDC Hardware. Use
digital indicating test instruments, such as digital thermometers,
motor-driven psychrometers, and tachometers. Use test instruments with
accuracy at least twice as accurate as the specified sensor accuracy and
with calibration traceable to National Institute of Standards and
Technology standards. Check the first check point in the bottom one-third
of the sensor range, and the second in the top one-third of the sensor
range. Verify that the sensing element-to-DDC readout accuracies at two
points are within the specified product accuracy tolerances, and if not
recalibrate or replace the device and repeat the calibration check.
Compile a list of each sensor and document the sensor reading, initial
measured value, sensor calibrated value and sensor calibration date.

3.4.1.1.3 Step 3 - Actuator Range Check

With the system running, apply a signal to each actuator through the DDC
Hardware controller. Verify proper operation of the actuators and
positioners for all actuated devices and record the signal levels for the
extreme positions of each device. Vary the signal over its full range,
and verify that the actuators travel from zero stroke to full stroke
within the signal range. Where applicable, verify that all sequenced
actuators move from zero stroke to full stroke in the proper direction,
and move the connected device in the proper direction from one extreme
position to the other. For valve actuators and damper actuators, perform
the actuator range check under normal system pressures. Compile a list of
each device and document the span for that device, span setting, and
adjustment date.

3.4.1.2 Weather Dependent Test

Perform weather dependent test procedures in the appropriate climatic
season.

3.4.2 Start-Up Testing Report
Submit 4 copies of the Start-Up Testing Report. The report may be
submitted as a Technical Data Package documenting the results of the tests
performed and certifying that the system is installed and functioning per
this specification, and is ready for the Performance Verification Test
(PVT) . Include lists compiled during Start-Up tests.

3.5 PERFORMANCE VERIFICATION TESTING

3.5.1 General

PVT testing must demonstrate compliance of controls work with contract

SECTION 23 09 00.00 22 Page 36



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

document requirements and must be performed by the Controls Contractor and
Equipment Suppliers.

3.5.2 Performance Verification Testing and Commissioning

PVT testing is a Government quality assurance function that includes
systems trending and field tests. Commissioning is a quality control
function that is the Commissioning Team’s responsibility to the extent
required by this contract.

3.5.3 Performance Verification Testing of Equipment with Packaged Controls

Controls Contractor and Equipment Supplier (s) must share and coordinate
PVT testing responsibilities for equipment provided with on-board factory
packaged controls such as boiler controllers, dedicated outside air
systems (DOAS’s), and packaged pumping systems.

3.5.3.1 Controls Contractor Responsibilities

The Controls Contractor must provide a PVT Plan separate from Equipment
Supplier’s performance verification testing plan, perform endurance
testing, and perform PVT testing concurrent with Equipment Suppliers’
testing for equipment provided with on-board factory packaged controls to
demonstrate the following:

a. Equipment enabling and disabling.

b. Equipment standard and optional control points necessary to accomplish
functionality regardless if specified in contract documents or not.

c. Equipment standard and optional alarms critical to safe operation
regardless if specified in contract documents or not.

d. All control points added by Controls Contractor in addition to onboard
factory packaged controls regardless if specified in contract
documents or not.

Refer to paragraphs titled “Performance Verification Test Plan” and
“Endurance Testing” for additional information.

3.5.3.2 Equipment Supplier Responsibilities

Each Equipment Supplier must provide PVT Plans separate from Controls
Contractor’s plans and perform PVT testing concurrent with Controls
Contractor’s testing for their equipment provided with on-board factory
packaged controls to demonstrate the following:

a. Equipment standard and optional control features necessary to
accomplish functionality regardless if specified in contract documents
or not.

b. Equipment standard and optional operation modes necessary to
accomplish functionality regardless if specified in contract documents

or not.

c. Equipment standard and optional alarm conditions for safe operation
regardless if specified in contract documents or not.

Refer to all paragraphs under paragraph titled “Performance Verification
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Testing” except for section titled “Endurance Testing” for additional
information.

3.5.4 Sequencing of Performance Verification Testing Activities

PVT activities must be sequenced with major activities listed below for
Test and Balance (TAB) Contractor, Equipment Suppliers, Commissioning
Specialists, and others to demonstrate fully functioning systems. Major
activities as applicable to this contract must be sequenced as indicated
in TABLE IT: SEQUENCING OF PVT TESTING ACTIVITIES

TABLE II: SEQUENCING OF PVT TESTING ACTIVITIES

SEQUENCE ITEM
1 Submission, review, and approval of Control Contractors PVT Plans.
2 Submission, review, and approval of Equipment Suppliers PVT Plans.
3 Submission, review, and approval of certified final Test and Balance
Report.
4 Conduct endurance testing.
5 Submission, review, and approval of all of the Commissioning

Specialists completed functional performance tests.

9 Submission, review, and approval of endurance testing.

7 Request Contracting Officer to allow beginning of Government-witnessed
PVT testing.

8 Contracting Officers approval to begin PVT testing.

9 Conduct PVT field work.

10 Governments verbal approval of PVT field work for all systems.

11 Conduct Test and Balance verification field work.

12 Governments written approval of Test and Balance verification field
work.

13 Governments written approval of PVT field work for all systems.

14 Facility acceptance recommendation.

15 Submission, review, and approval of Control Contractors PVT Report.

16 Submission, review, and approval of Equipment Suppliers PVT Report.

17 Conduct endurance testing within 10 months of beneficial occupancy.
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TABLE II: SEQUENCING OF PVT TESTING ACTIVITIES

SEQUENCE ITEM

18 Submission, review, and approval of endurance testing within 10 months of
beneficial occupancy.

19 Conduct PVT field work within 10 months of beneficial occupancy.

3.5.4.1 PVT Testing for Multi-Phase Construction

For air moving systems except outside air systems serving multiple phases,
all major activities listed in TABLE II through Government’s verbal
approval of Test and Balance verification field work can be completed by
phase if all ductwork construction is completed for that phase.

For primary systems such as chilled water systems, HVAC heating hot water
systems, and outside air systems serving multiple phases, all major
activities listed listed in TABLE II through Government’s verbal approval
of Test and Balance verification field work for all air moving systems
served by that primary system for that phase must be completed prior to
conducting PVT field work for that primary system.

3.5.5 Control Contractor's Performance Verification Testing Plan

Submit a detailed PVT Plan of the proposed control systems testing in this
contract for approval prior to its use. Develop and use a single PVT Plan
for each system with a unique control sequence. Systems sharing an
identical control sequence can be tested using copies of the PVT Plan
intended for these systems.

PVT Plans must include system-based, step-by-step test methods
demonstrating system performs in accordance with contract document
requirements. The Government may provide sample PVT Plans upon request.
PVT Plans must include the following:

a. Control sequences from contract documents segmented such that each
control algorithm, operation mode, and alarm condition is immediately
followed by numbered test methods required to initiate a response,
expected response, space for comments, and “pass" or "fail” indication
for each expected response.

b. PVT Plans with control sequences from contract documents that are not
segmented into parts will not be accepted.

c. Indication where assisting personnel are required such as Mechanical
Contractor.

d. Signature and date lines for the Contractor's PVT administrator,
Contractor's quality assurance representative, and Contracting
Officer's representative acknowledging completion of testing.

3.5.6 Performance Verification Testing Sample Size

PVT testing sample sizes will be as follows:

a. 100-Percent of the following systems:
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(1) primary systems including, but not limited to, chilled water and
HVAC heating hot water systems

(2) air handling unit systems including all associated fans except for
remote exhaust air fans

(3) DOAS’s including all associated fans except for remote exhaust air
fans

b. 20-Percent of each set of systems with a shared identical control
sequence for systems such as:

(1) air terminal units

(2) exhaust air fans

(3) terminal equipment such as fan coil units and unit heaters
3.5.6.1 Selection of Systems to Test

For sample sets less than 100-percent, the Government will choose which
systems will be tested. The Government may require additional testing if
previous testing results are inconsistent or demonstrate improper system
control as follows:

a. An additional 25-percent after five-percent failure rate of first
sample set.

b. 100-percent after any failures occurring in additional sample set.
3.5.7 Conducting Performance Verification Testing

At least 15 days prior to preferred test date, request the Contracting
Officer to allow the beginning of Government-witnessed PVT testing.
Provide an estimated time table required to perform testing of each
system. Furnish personnel, equipment, instrumentation, and supplies
necessary to perform all aspects of testing. Testing personnel must be
regularly employed in the testing and calibration of control systems.
After receipt of Contracting Officer’s approval to begin testing, perform
PVT testing using project's as-built (shop) control system drawings,
project's design drawings, and approved PVT Plans.

During testing, identify deficiencies that do not meet contract document
requirements. Deficiencies must be investigated, corrected with
corrections documented, and re-tested at a later date following procedures
for the initial PVT testing. The Government may require re-testing of any
control system components affected by the original failed test.

3.5.8 Endurance Testing

3.5.8.1 General
Conduct endurance testing for each system subject to PVT testing beginning
when indicated in “Sequencing of Performance Verification Testing

Activities”. Systems must be operating as normally anticipated during
occupancy throughout endurance testing.
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3.5.8.2 Hardware
Use hardware provided in this contract for testing.
If insufficient buffer capacity exists to trend the entire endurance test,
upload trend data during the course of endurance testing to ensure all
trend data is retained. Lost trend data will require retesting of all
control points for affected system(s) .

3.5.8.3 Endurance Testing Results Format

Submit endurance testing results for each tested system in a graphical
format complete with clear indication of wvalue(s) for y-axis, value for

x-axis, and legend identifying each trended control point. The number of
control points contained on a single graph must be such that all control
points can be clearly visible. Control points must be logically grouped

such that related points appear on a single graph. In addition, submit a
separate comma separated value (CSV) file of raw trend data for each
trended system. Each trended control point in CSV file must be clearly
identified.

For control points recorded based on change of value, change of value for
recording data must be clearly identified for each control point.

3.5.8.4 Endurance Testing Start, Duration, and Frequency
Trending of all control points for a given system must start at an
identical date and time regardless of the basis of data collection.
Duration of all endurance tests must be at least one-week.
Unless specified otherwise for control points recorded based on time,
frequency of data collection must be 15-minutes. Frequency of data
collection for specific types of control points is as follows:

3.5.8.4.1 Points Trended at One Minute Intervals

a. Temperature for supply air, return air, mixed air, supply water, and
return water

b. Temperature for outside air, supply air, return air and exhaust air
entering and leaving energy recovery device

c. Flow for supply air, return air, outside air, chilled water, and HVAC
heating hot water

d. Flow for exhaust air associated with energy recovery
e. Relative humidity for outside air and return air

f. Relative humidity for outside air, supply air, return air and exhaust
air entering and leaving energy recovery device

g. Command and status for control dampers and control valves
h. Speed for fans and pumps

i. Pressure for fans and pumps
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3.5.8.4.2 Points Trended at 15 Minute Intervals
a. Temperature and relative humidity for zones

b. Temperature and relative humidity for outside air not associated with
energy recovery

c. Command and status for equipment
d. Pressure relative to the outside for facility
3.5.8.5 Trended Control Points
Trended control points for each system must demonstrate each system
performs in accordance with contract document requirements. Trended
control points must include, but not be limited to, control points listed
in contract document points list.
Minimum control points that are required to be trended for selected
systems are listed below. These control points must be trended as
applicable to this contract in addition to control points necessary to
demonstrate systems perform in accordance with contract document
requirements and those listed in contract document’s points list.
3.5.8.5.1 Air-Cooled Chiller Chilled Water System.
a. Chiller(s) command and status
b. Chiller isolation valve(s) command and status
c. Chilled water pump(s) actual speed
d. Chilled water pump(s) setpoint and actual differential pressure
e. Minimum flow bypass control valve command
f. Minimum system flow setpoint and actual flow
g. Chilled water supply setpoint and actual temperature
h. Chilled water return actual temperature
i. Chilled water actual flow
j. Outside air actual dry-bulb temperature
3.5.8.5.2 HVAC Heating Hot Water System with Boiler.
a. Boiler(s) command and status
b. Boiler(s) isolation valve command and status

c. HVAC heating hot water pump(s) actual speed

d. HVAC heating hot water pump(s) setpoint and actual differential
pressure

e. Minimum flow bypass control valve command
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f. Minimum system setpoint and actual flow

g. HVAC heating hot water supply setpoint and actual temperature

h. HVAC heating hot water return actual temperature

i. HVAC heating hot water actual flow

j. Outside air actual dry-bulb temperature
3.5.8.5.3 Air Handling Unit with Relief Air Fan

a. Outside air actual dry-bulb temperature

b. Outside air actual relative humidity

c. Outside air setpoint and actual airflow

d. Minimum outside air control damper command

e. Economizer outside air control damper command

f. Facility setpoint and actual relative pressure

g. Return air actual dry-bulb temperature

h. Return air actual relative humidity

i. Return air control damper command

j. Relief air control damper command

h. Relief air fan actual speed

i. Mixed air setpoint and setpoint and actual temperature

j. Preheat coil leaving air setpoint and actual temperature

k. Preheat coil control actuator command

1. Cooling coil leaving air setpoint and actual temperature

m. Cooling coil control valve command

n. Supply air fan actual speed

o. Discharge air actual temperature

p. Supply air fan setpoint and actual static pressure
3.5.8.5.4 Dedicated Outside Air System (DOAS)

a. Outside air actual dry-bulb temperature

b. Outside air actual relative humidity

c. Outside air isolation damper command and status

d. Outside air setpoint and actual airflow
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e. Energy recovery wheel command, status, and actual speed

f. Energy recovery wheel’s OA bypass control damper command and status
g. Energy recovery wheel’s defrost cycle command and status

h. Energy recovery wheel’s OA discharge air actual dry-bulb temperature
i. Energy recovery wheel’s OA discharge air actual relative humidity
j. Preheat coil leaving air setpoint and actual temperature

h. Preheat coil control actuator command

i. Cooling coil leaving air setpoint and actual temperature

j. Cooling coil control valve command

k. Supply air fan actual speed

1. Reheat coil control valve command

m. Discharge air setpoint and actual temperature

n. Supply air fan setpoint and actual static pressure

o. Facility setpoint and actual relative pressure

p. Return air actual dry-bulb temperature

g. Return air actual relative humidity

r. Energy recovery wheel’s EA bypass control damper command and status
s. Energy recovery wheel’s EA discharge air actual dry-bulb temperature
t. Energy recovery wheel’s EA discharge air actual relative humidity
u. Exhaust air fan actual speed

v. Exhaust air isolation damper command and status

3.5.8.5.5 Series Fan-Powered Supply Air Terminal Units

a. Zone setpoint and actual dry-bulb temperature
b. Zone actual relative humidity
c. Control damper command

d. Fan command and status
e. Heating coil wvalve command
f. Airflow actual value

g. Leaving air actual temperature
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3.5.8.6 Endurance Testing Sample Size
Endurance Testing sample sizes ware as follows:
a. 100-Percent of the following systems:

(1) primary systems including, but not limited to, chilled water and
HVAC heating hot water systems

(2) air handling unit systems including all associated fans except for
remote exhaust air fans

(3) DOAS’s including all associated fans except for remote exhaust air
fans

b. 25-Percent of each set of systems with a shared identical control
sequence for systems such as:

(1) air terminal units

(2) exhaust air fans

(3) terminal equipment such as fan coil units and unit heaters
3.5.8.6.1 Selection of Systems to Test

For sample sets less than 100-percent, the Government will choose which
systems will be tested. The Government may require additional testing if
previous testing results are inconsistent or demonstrate improper system
control as follows:

a. An additional 25-percent after five-percent failure rate of first
sample set.

b. 100-percent after any failures occurring in additional sample set.
3.5.9 Performance Verification Test Report

Submit a PVT Report after receiving Government’s written approval of PVT
field work that is intended to document test results and final control
system sequences and settings prior to turnover. The PVT Report must
contain the following:

a. Executive summary that briefly discusses results of each system’s
endurance testing and PVT testing and conclusions for each system.

b. Endurance testing for each system.

c. Completed PVT Plan for each system used during testing that includes
hand written field notes and participant signatures.

d. Blank PVT Plan for each system approved prior to testing that is
edited to reflect changes occurring during testing. Edits must be
typed and must reflect changes to control sequences from contract
documents, must reflect changes to numbered test methods required to
initiate a response, and must reflect changes to expected response.
Only one blank PVT Plan is required for each set of systems sharing an
identical control sequence, such as air terminal units, exhaust air
fans, fan coil units and unit heaters.
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e. Written certification that the installation and testing of all systems
are complete and meet all contract document requirements.

3.5.10 Bus Waveform Report

Provide printed wave form of the MS/TP bus(es). Use an oscilloscope to
test and record the wave form of each bus. Provide testing voltage and
timing in the report. Testing device is to run on battery during testing
and not connected to building power source. This wave form is useful in
identifying and troubleshooting bus problems such as inappropriate taps,
grounds, end of line terminations and poor connections. Identify each
graphic with bus name, location, date and time, and instrument used.
Include the resistor sizes needed at each Bus End of Line (EOL). 1Include
a list of the EOL devices. 1Inconsistant waveforms must be investigated
and improved to ASHRAE 135 industry standard for MSTP Physical Layer.

3.5.11 Performance Verification Testing Acceptance Testing Season One

After acceptance of the PVT Report, demonstrate proper and stable
operation of the DDC System. During the field acceptance testing, verify,
in the presence of the COTR and BAS owner, random selections of sequences
reported in the PVT Report. Equipment, controllers, devices, and
sequences for field acceptance testing are to be selected by the COTR.
As-built control drawings must be for use and verification at acceptance
testing. Field acceptance testing includes verification of the PVT for
the following equipment groups:

Group 1: All pumps, chillers, boilers, return fans, computer room
units, and air handling units (rooftop and central stations).

Group 2: 25 percent of terminals such as VAV and fan coil units.
Group 3: 25 percent of supply fans, and exhaust fans.

If any of the acceptance testing is found to not operate correctly,
terminate verification for the given group. Make the necessary
corrections and prepare a revised PVT Report. Reschedule acceptance
testing of the revised report with the COTR. After the PVT has been
accepted, submit the revised controller files and BACnet Building
Controller database.

3.5.12 Performance Verification Testing Acceptance Testing Season Two

A minimum of 3 months after initial acceptance of the DDC system and in
the opposite season of heating or cooling, demonstrate proper and stable
operation of the DDC system. During the field acceptance testing, verify,
in the presence of the COTR and BAS owner, random selections of sequences
reported in the PCT Report. Equipment, controllers, devices, and
sequences for field acceptance testing are to be selected by the COTR.
Field acceptance testing includes verification of the PVT for the
following equipment groups:

Group 1: All pumps, chillers, boilers, return fans, computer room
units, and air handling units (rooftop and central stations).

Group 2: 25 percent of terminals such as VAV and fan coil units.

Group 3: 25 percent of supply fans, and exhaust fans.
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If any of the acceptance testing is found to not operate correctly,
terminate verification for the given group. Make the necessary
corrections and prepare a revised PVT Report. Reschedule acceptance
testing of the revised report with the COTR. After the PVT has been
accepted, submit the revised controller files and BACnet Building
Controller database.

3.6 OPERATION AND MAINTENANCE (O&M) INSTRUCTIONS

Provide Operation and maintenance data in accordance with Section 01 78 23
OPERATION AND MAINTENANCE DATA and 01 78 24.00 20 FACILITY ELECTRONIC
OPERATION AND MAINTENANCE SUPPORT INFORMATION (eOMSTI) . Provide HVAC C
ontrol System Operation and Maintenance Manuals which include:

a. "Data Package 3" as indicated in Section 01 78 23 OPERATION AND
MAINTENANCE DATA for each piece of control equipment.

b. "Data Package 4" as described in Section 01 78 23 OPERATION AND
MAINTENANCE DATA for all air compressors.

c. HVAC control system sequences of operation formatted as indicated.

d. Procedures for the HVAC system start-up, operation and shut-down
including the manufacturer's supplied procedures for each piece of
equipment, and procedures for the overall HVAC system.

e. As-built HVAC control system detail drawings formatted as indicated.

f. Routine maintenance checklist. Provide the routine maintenance
checklist arranged in a columnar format, where the first column lists
all installed devices, the second column states the maintenance
activity or that no maintenance required, the third column states the
frequency of the maintenance activity, and the fourth column is used
for additional comments or reference.

g. Qualified service organization list, including at a minimum company
name, contact name and phone number.

h. Start-Up Testing Report.
i. Performance Verification Test (PVT) Procedures and Report.

J. All updated field controller files and BACnet Building Controller
database modified during the acceptance and warranty periods, or as a
result of a latend defect.

k. A written statement entitled "software Updgrades" stating software and
firmware patches and updates will be provided upon request at no
additional cost to the Governemnt for a minimum of two years from
project acceptance. Include a table of all DDC system software and
firmware provided under this contract, listing the original release
dates, version numbers, part numbers, and serial numbers.

Submit 2 copies of the Operation and Maintenance Instructions, indexed and

in booklet form. The Operation and Maintenance Instructions may be
submitted as a Technical Data Package.
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3.

7 MAINTENANCE AND SERVICE

Provide services, materials and equipment as necessary to maintain the
entire system in an operational state as indicated for a period of one
year after successful completion and acceptance of the Performance
Verification Test. Minimize impacts on facility operations.

a. The integration of the system specified in this section into a Utility
Monitoring and Control System must not, of itself, void the warranty
or otherwise alter the requirement for the one year maintenance and
service period. Integration into a UMCS includes but is not limited
to establishing communication between devices in the control system
and the front end or devices in another system.

b. The changing of configuration properties must not, of itself, void the
warranty or otherwise alter the requirement for the one year
maintenance and service period.

.7.1 Description of Work

Provide adjustment and repair of the system including the manufacturer's
required sensor and actuator (including transducer) calibration, span and
range adjustment.

7.2 Personnel

Use only service personnel qualified to accomplish work promptly and
satisfactorily. Advise the Government in writing of the name of the
designated service representative, and of any changes in personnel.

.7.3 Scheduled Inspections

Perform two inspections at six-month intervals and provide work required.
Perform inspections in January and July. During each inspection perform
the indicated tasks:

a. Perform visual checks and operational tests of equipment.

b. Clean control system equipment including interior and exterior
surfaces.

c. Check and calibrate each field device. Check and calibrate 50 percent
of the total analog inputs and outputs during the first inspection.
Check and calibrate the remaining 50 percent of the analog inputs and
outputs during the second major inspection. Certify analog test
instrumentation accuracy to be twice the specified accuracy of the
device being calibrated. Randomly check at least 25 percent of all
binary inputs and outputs for proper operation during the first
inspection. Randomly check at least 25 percent of the remaining
binary inputs and outputs during the second inspection. If more than
20 percent of checked inputs or outputs failed the calibration check
during any inspection, check and recalibrate all inputs and outputs
during that inspection.

d. Run system software diagnostics and correct diagnosed problems.

e. Resolve any previous outstanding problems.
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3.7.4 Scheduled Work

This work must be performed during regular working hours, Monday through
Friday, excluding Federal holidays.

3.7.5 Emergency Service

The Government will initiate service calls when the system is not
functioning properly. Qualified personnel must be available to provide
service to the system. A telephone number where the service supervisor
can be reached at all times must be provided. Service personnel must be
at the site within 24 hours after receiving a request for service. The
control system must be restored to proper operating condition as required
per Section 01 78 00 CLOSEOUT SUBMITTALS.

3.7.6 Operation

After performing scheduled adjustments and repairs, verify control system
operation as demonstrated by the applicable tests of the performance
verification test.

3.7.7 Records and Logs

Keep dated records and logs of each task, with cumulative records for each
major component, and for the complete system chronologically. Maintain a
continuous log for all devices, including initial analog span and zero
calibration values and digital points. Keep complete logs and provide
logs for inspection onsite, demonstrating that planned and systematic
adjustments and repairs have been accomplished for the control system.

3.7.8 Work Requests

Record each service call request as received and include its location,
date and time the call was received, nature of trouble, names of the
service personnel assigned to the task, instructions describing what has
to be done, the amount and nature of the materials to be used, the time
and date work started, and the time and date of completion. Submit a
record of the work performed within 5 days after work is accomplished.

3.7.9 System Modifications
Submit recommendations for system modification in writing. Do not make
system modifications, including operating parameters and control settings,
without prior approval of the Government.

3.8 TRAINING

Conduct a training course for operating staff members designated by the
Government in the maintenance and operation of the system, including

specified hardware and software. Conduct 8 hours of training at the
project site within 30 days after successful completion of the performance
verification test. The Government reserves the right to make audio and

visual recordings (using Government supplied equipment)of the training
sessions for later use. Provide audiovisual equipment and other training
materials and supplies required to conduct training. A training day is
defined as 8 hours of classroom instruction, including two 15 minute
breaks and excluding lunchtime, Monday through Friday, during the daytime
shift in effect at the training facility.
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3.8.1 Training Documentation
Prepare training documentation consisting of:

a. Course Attendee List: Develop the list of course attendees in
coordination with and signed by the ControlsHVAC shop supervisor.

b. Training Manuals: Provide training manuals which include an agenda,
defined objectives for each lesson, and a detailed description of the
subject matter for each lesson. When presenting portions of the
course material by audiovisuals, deliver copies of those audiovisuals
as a part of the printed training manuals. As-Built control drawings
must be used for training.

3.8.2 Training Course Content

For guidance in planning the required instruction, assume that attendees
will have a high school education, and are familiar with HVAC systems.
During the training course, cover all of the material contained in the
Operating and Maintenance Instructions, the layout and location of each
controller enclosure, the layout of one of each type of equipment and the
locations of each, the location of each control device external to the
panels, the location of the compressed air station, preventive
maintenance, troubleshooting, diagnostics, calibration, adjustment,
commissioning, tuning, and repair procedures. Typical systems and similar
systems may be treated as a group, with instruction on the physical layout
of one such system. Present the results of the performance verification
test and the Start-Up Testing Report as benchmarks of HVAC control system
performance by which to measure operation and maintenance effectiveness.

3.8.3 Training Documentation Submittal Requirements

Submit hardcopy training manuals and all training materials on CD-ROM.
Provide one hardcopy manual for each trainee on the Course Attendee List
and 2 additional copies for archive at the project site. Provide 2 copies
of the Course Attendee List with the archival copies. Training
Documentation may be submitted as a Technical Data Package.
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APPENDIX A

QC CHECKLIST FOR NIAGARA FRAMEWORK BASED BACNET SYSTEMS

This checklist is not all-inclusive of the requirements of this specification and
should not be interpreted as such.

Instructions: Initial each item in the space provided (| |) verifying that the
requirement has been met.

This checklist is for (circle one:)
Pre-Construction QC Checklist Submittal
Post-Construction QC Checklist Submittal

Close-out QC Checklist Submittal

Items verified for Pre-Construction, Post-Construction and Closeout QC Checklist
Submittals:

1 |All DDC Hardware is numbered on Control System Schematic Drawings.

2 Signal lines on Control System Schematic are labeled with the signal type.] |

3 JLocal Display Panel (LDP) Locations are shown on Control System Schematic |
drawings.

Items verified for Post-Construction and Closeout QC Checklist Submittals:

4 |A1l sequences are performed as specified using DDC Hardware. | |

5 | Training schedule and course attendee list has been developed and | |
coordinated with shops and submitted.

Items verified for Closeout QC Checklist Submittal:

6 |Final As-built Drawings, including all Points Schedule drawings,
accurately represent the final installed system.

7 JProgramming software has been submitted for all programmable controllers.

8 JAll software has been licensed to the Government.
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QC CHECKLIST FOR NIAGARA FRAMEWORK BASED BACNET SYSTEMS

9 J|O&M Instructions have been completed and submitted.

10| Training course has been completed.

11)All DDC Hardware is installed on a BACnet ASHRAE 135 network using either
MS/TP in accordance with Clause 9 or IP in accordance with Annex J.

12 A1l DDC Hardware is BTL listed.

13 | Communication between DDC Hardware is only via BACnet using standard
services, except as specifically permitted by the specification.
Non-standard services have been fully documented in the DDC Hardware
Schedule.

14| Scheduling, Alarming, and Trending have been implemented using Niagara
Framework objects and services, and BACnet Instrinsic Alarming as
indicated.

15]|211 Properties indicated as required to be Writable are Writable and

Overrides have been provided as indicated

(QC Representative Signature) (Date)

-- End of Section --
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SECTION 23 09 13.00 22

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC
11/19

PART 1 GENERAL

1.

1 SUMMARY

This section provides for the instrumentation control system components
excluding direct digital controllers, network controllers, gateways etc.
that are necessary for a completely functional automatic control system.
When combined with a Direct Digital Control (DDC) system, the
Instrumentation and Control Devices covered under this section must be a
complete system suitable for the control of the heating, ventilating and
air conditioning (HVAC) and other building-level systems as specified and
indicated.

a. Install hardware to perform the control sequences as specified and
indicated and to provide control of the equipment as specified and
indicated.

b. Install hardware such that individual control equipment can be

replaced by similar control equipment from other equipment
manufacturers with no loss of system functionality.

c. Install and configure hardware such that the Government or their
agents are able to perform repair, replacement, and upgrades of
individual hardware without further interaction with the installing
Contractor.

1.1 Verification of Dimensions

After becoming familiar with all details of the work, verify all
dimensions in the field, and advise the Contracting Officer of any
discrepancy before performing any work.

1.2 Drawings

The Government will not indicate all offsets, fittings, and accessories
that may be required on the drawings. Carefully investigate the
mechanical, electrical, and finish conditions that could affect the work
to be performed, arrange such work accordingly, and provide all work
necessary to meet such conditions.

.2 RELATED SECTIONS

Related work specified elsewhere.

Section 01 30 00.05 20 ADMINISTRATIVE REQUIREMENTS FOR DESIGN-BUILD

Section 23 00 00 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEMS
Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC

Section 23 21 13.00 20 LOW TEMPERATURE WATER (LTW) HEATING SYSTEM

Section 23 64 26 CHILLED, CHILLED-HOT, AND CONDENSER WATER PIPING SYSTEMS

SECTION 23 09 13.00 22 Page 1



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

Section 26 20 00 INTERIOR DISTRIBUTION SYSTEM

1.3 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by
the basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

AMCA 500-D (2018) Laboratory Methods of Testing
Dampers for Rating

AMCA 511 (2010) Certified Ratings Program for Air
Control Devices

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSTI C12.1 ((2014; Errata 2016) Electric Meters -
Code for Electricity Metering

ASME INTERNATIONAL (ASME)

ASME B16.15 (2018) Cast Copper Alloy Threaded Fittings
Classes 125 and 250

ASME B16.34 (2017) Valves - Flanged, Threaded and
Welding End

ASTM INTERNATIONAL (ASTM)

ASTM A536 (1984; R 2019; E 2019) Standard
Specification for Ductile Iron Castings

ASTM D635 (2018) Standard Test Method for Rate of
Burning and/or Extent and Time of Burning
of Plastics in a Horizontal Position

ASTM D638 (2014) Standard Test Method for Tensile
Properties of Plastics

ASTM D792 (2013) Density and Specific Gravity
(Relative Density) of Plastics by
Displacement

ASTM D1238 (2013) Melt Flow Rates of Thermoplastics

by Extrusion Plastometer

ASTM D1693 (2015) Standard Test Method for
Environmental Stress-Cracking of Ethylene
Plastics

FLUID CONTROLS INSTITUTE (FCI)

FCI 70-2 (2013) Control Valve Seat Leakage
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INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 142 (2007; Errata 2014) Recommended Practice
for Grounding of Industrial and Commercial
Power Systems - IEEE Green Book

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C12.20 2015; E 2018) Electricity Meters - 0.1,

(
0.2, and 0.5 Accuracy Classes

NEMA 250 (2018) Enclosures for Electrical Equipment
(1000 Volts Maximum)

NEMA/ANSTI C12.10 (2011) Physical Aspects of Watthour Meters
- Safety Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NEFPA)
NEPA 70 (2020; ERTA 20-1 2020, ERTA 20-2 2020, TIA
20-1; TIA 20-2; TIA 20-3; TIA 20-4)

National Electrical Code

NEPA 90A (2021) Standard for the Installation of
Air Conditioning and Ventilating Systems

UNDERWRITERS LABORATORIES (UL)

UL 555 (2006; Reprint Aug 2016) UL Standard for
Safety Fire Dampers

UL 5558 (2014; Reprint Aug 2016) UL Standard for
Safety Smoke Dampers

UL 1820 (2004; Reprint May 2013) UL Standard for
Safety Fire Test of Pneumatic Tubing for
Flame and Smoke Characteristics

UL 5085-3 (2006; Reprint Nov 20121) Low Voltage
Transformers - Part 3: Class 2 and Class 3
Transformers

1.4 SUBMITTALS

Submittal requirements are specified in Section 23 09 00.00 22
INSTRUMENTATION AND CONTROL FOR HVAC.

1.5 DELIVERY AND STORAGE
Store and protect products from the weather, humidity, and temperature
variations, dirt and dust, and other contaminants, within the storage
condition limits published by the equipment manufacturer.

1.6 INPUT MEASUREMENT ACCURACY
Select, install and configure sensors, transmitters and DDC Hardware such
that the maximum error of the measured value at the input of the DDC

hardware is less than the maximum allowable error specified for the sensor
or instrumentation.
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1

LT SUBCONTRACTOR SPECIAL REQUIREMENTS

Perform all work in this section in accordance with the paragraph entitled
CONTRACTOR SPECIAL REQUIREMENTS in Section 01 30 00.05 20 ADMINISTRATIVE
REQUIREMENTS FOR DESIGN-BUILD.

PART 2 PRODUCTS

2

2.

.1 EQUIPMENT

1.1 General Requirements

All products used to meet this specification must meet the indicated
requirements, but not all products specified here will be required by
every project. All products must meet the requirements both Section
23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC and this Section.

1.2 Operation Environment Requirements

Unless otherwise specified, provide products rated for continuous
operation under the following conditions:

.1.2.1 Pressure

Pressure conditions normally encountered in the installed location.

.1.2.2 Vibration

Vibration conditions normally encountered in the installed location.

.1.2.3 Temperature

a. Products installed indoors: Ambient temperatures in the range of 32 to
112 degrees F and temperature conditions outside this range normally
encountered at the installed location.

b. Products installed outdoors or in unconditioned indoor spaces: Ambient
temperatures in the range of -35 to +151 degrees F and temperature
conditions outside this range normally encountered at the installed
location.

.1.2.4 Humidity

10 to 95 percent relative humidity, non-condensing and also humidity
conditions outside this range normally encountered at the installed
location.

.2 WEATHERSHIELDS

Provide weathershields constructed of galvanized steel painted white,
unpainted aluminum, aluminum painted white, or white PVC.

.3 TUBING

.3.1 Polyethylene Tubing

Provide flame-resistant, multiple polyethylene tubing in flame-resistant
protective sheath with mylar barrier, or unsheathed polyethylene tubing in
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rigid metal, intermediate metal, or electrical metallic tubing conduit for
areas where tubing is exposed. Single, unsheathed, flame-resistant
polyethylene tubing may be used where concealed in walls or above ceilings
and within control panels. Do not provide polyethylene tubing for systems
indicated as critical and smoke removal systems. Tubing may be used in
systems with working pressure of 30 psig or less including tubing used for
devices such as air filter status, duct pressure and duct pressure safety
limits. Provide compression or brass barbed push-on type fittings.
Provide extruded seamless polyethylene tubing conforming to the following:

a. Minimum Burst Pressure Requirements: 100 psig at 75 degrees F to 25
psig at 150 degrees F.

b. Stress Crack Resistance: ASTM D1693, 200 hours minimum.

c. Tensile Strength (Minimum): ASTM D638, 1100 psi.

d. Flow Rate (Average): ASTM D1238, 0.30 decigram per minute.
e. Density (Average): ASTM D792, 57.5 pounds per cubic feet.

f. Burn rate: ASTM D635.
g. Flame Propagation: UL 1820, less than 5 feet ASTM D635.
h. Average Optical Density: UL 1820, less than 0.15 ASTM D635.

2.4 WIRE AND CABLE
Provide wire and cable meeting the requirements of NFPA 70 and NFPA 90A in
addition to the requirements of this specification and referenced
specifications.

2.4.1 Terminal Blocks
For terminal blocks which are not integral to other equipment, provide
terminal blocks which are insulated, modular, feed-through, clamp style
with recessed captive screw-type clamping mechanism, suitable for DIN rail
mounting, and which have enclosed sides or end plates and partition plates
for separation.

2.4.2 Control Wiring for Binary Signals

For Control Wiring for Binary Signals, provide 18 AWG copper or thicker
wire rated for 300-volt service.

2.4.3 Control Wiring for Analog Signals

For Control Wiring for Analog Signals, provide 18 AWG or thicker, copper,
single- or multiple-twisted wire meeting the following requirements:

a. Minimum 2 inch lay of twist.
b. 100 percent shielded pairs.
c. At least 300-volt insulation.

d. Each pair has a 20 AWG tinned-copper drain wire and individual overall
pair insulation.
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e. Cables have an overall aluminum-polyester or tinned-copper
cable-shield tape, overall 20 AWG tinned-copper cable drain wire, and
overall cable insulation.

2.4.4 Power Wiring for Control Devices

For 24-volt circuits, provide insulated copper 18 AWG or thicker wire
rated for 300 VAC service. For 120-volt circuits, provide 14 AWG or
thicker stranded copper wire rated for 600-volt service.

2.4.5 Transformers

Provide UL 5085-3 approved transformers. Select transformers sized so
that the connected load is no greater than 80 percent of the transformer
rated capacity.

2.5 AUTOMATIC CONTROL VALVES

Provide valves with stainless-steel stems and stuffing boxes with extended
necks to clear the piping insulation. Provide valves with bodies meeting
ASME B16.34 or ASME Bl6.15 pressure and temperature class ratings based on
the design operating temperature and 150 percent of the system design
operating pressure. Unless otherwise specified or indicated, provide
valves meeting FCI 70-2 Class III leakage rating. Provide valves rated
for modulating or two-position service as indicated, which close against a
differential pressure indicated as the Close-0Off pressure and which are
Normally-Open, Normally-Closed, or Fail-In-Last-Position as indicated.

2.5.1 Valve Type
2.5.1.1 Liquid Service 150 Degrees F or Less

Use either globe valves or ball valves except that butterfly valves may be
used for sizes 4 inch and larger.

2.5.1.2 Liquid Service Above 150 Degrees F

a. Two-position valves: Use either globe valves or ball valves except
that butterfly valves may be used for sizes 4 inch and larger.

b. Modulating valves: Use globe valves except that butterfly valves may
be used for sizes 4 inch and larger.

2.5.1.3 Steam Service

Use globe valves except that butterfly valves may be used for sizes 4 inch
and larger.

2.5.2 Valve Flow Coefficient and Flow Characteristic

2.5.2.1 Two-Way Modulating Valves
Provide the valve coefficient (Cv) indicated. Provide equal-percentage
flow characteristic for liquid service except for butterfly valves.

Provide linear flow characteristic for steam service except for butterfly
valves.
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2.5.2.2 Three-Way Modulating Valves

Provide the valve coefficient (Cv) indicated. Provide linear flow
characteristic with constant total flow throughout full plug travel.

2.5.3 Two-Position Valves

Use full line size full port valves with maximum available (Cv).
2.5.4 Globe Valves
2.5.4.1 Liquid Service Not Exceeding 150 Degrees F

a. Valve body and body connections:

(1) Valves 1-1/2 inches and smaller: brass or bronze body, with
threaded or union ends.

(2) Valves from 2 inches to 3 inches inclusive: Dbrass, bronze, or
iron bodies. 2 inch valves with threaded connections; 2-1/2 to 3
inches valves with flanged connections.

b. Internal valve trim: Brass or bronze.
c. Stems: Stainless steel.

d. Provide valves compatible with a solution of 50 percent ethylene or
propylene glycol.

2.5.4.2 Liquid Service Not Exceeding 250 Degrees F
a. Valve body and body connections:

(1) Valves 1-1/2 inches and smaller: brass or bronze body, with
threaded or union ends.

(2) Valves from 2 inches to 3 inches inclusive: Dbrass, bronze, or
iron bodies. 2 inch valves with threaded connections; 2-1/2 to 3
inches valves with flanged connections.

b. Internal trim: Type 316 stainless steel including seats, seat rings,
modulation plugs, valve stems, and springs.

c. Provide valves with non-metallic parts suitable for a minimum
continuous operating temperature of 250 degrees F or 50 degrees F
above the system design temperature, whichever is higher.

d. Provide valves compatible with a solution of 50 percent ethylene or
propylene glycol

2.5.4.3 Hot water service 250 Degrees F and above

a. Provide valve bodies conforming to ASME B16.34 Class 300. For wvalves
1 inch and larger provide valves with bodies which are carbon steel,
globe type with welded ends. For valves smaller than 1 inch provide
valves with socket-weld ends. Provide valves with virgin
polytetrafluoroethylene (PTFE) packing. Provide valve and actuator
combinations which are normally closed.
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b. Internal trim: Type 316 stainless steel including seats, seat rings,
modulation plugs, valve stems, and springs.

2.5.5 Ball Valves
2.5.5.1 Liquid Service Not Exceeding 150 Degrees F
a. Valve body and connections:

(1) Valves 1-1/2 inches and smaller: bodies of brass or bronze, with
threaded or union ends.

(2) Valves from 2 inches to 3 inches inclusive: Dbodies of brass,
bronze, or iron. 2 inch valves with threaded connections; valves
from 2-1/2 to 3 inches with flanged connections.

b. Ball: Stainless steel or nickel-plated brass or chrome-plated brass.
c. Seals: Reinforced Teflon seals and EPDM O-rings.
d. Stem: Stainless steel, blow-out proof.

e. Provide valves compatible with a solution of 50 percent ethylene or
propylene glycol.

2.5.6 Butterfly Valves

Provide butterfly valves which are threaded lug type suitable for dead-end
service and modulation to the fully-closed position, with carbon-steel
bodies or with ductile iron bodies in accordance with ASTM A536. Provide
butterfly valves with non-corrosive discs, stainless steel shafts
supported by bearings, and EPDM seats suitable for temperatures from -20
to +250 degrees F. Provide valves with rated Cv of the Cv at 70 percent
(60 degrees) open position. Provide valves meeting FCI 70-2 Class VI
leakage rating.

2.5.7 Pressure Independent Control Valves (PICV)

Provide pressure independent control valves which include a regulator
valve which maintains the differential pressure across a flow control
valve. Pressure independent control valves must accurately control the
flow from 0-100 percent full rated flow regardless of changes in the
piping pressure and not vary the flow more than plus or minus 5 percent at
any given flow control valve position when the PICV differential pressure
lies between the manufacturer's stated minimum and maximum. The rated
minimum differential pressure for steady flow must not exceed 5 psid
across the PICV. Provide either globe or ball type valves meeting the
indicated requirements for globe and ball valves. Provide valves with a
flow tag listing full rated flow and minimum required pressure drop.
Provide valves with factory installed Pressure/Temperature ports ("Pete's
Plugs") to measure the pressure drop to determine the valve flow rate.

2.5.8 Duct-Coil and Terminal-Unit-Coil Valves

For duct or terminal-unit coils provide control valves with either screw
type or solder-type ends.
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2.6 DAMPERS
2.6.1 Damper Assembly

Provide single damper sections with blades no longer than 48 inches and
which are no higher than 72 inches and damper blade width of 8 inches or
less. When larger sizes are required, combine damper sections. Provide
opposed blade dampers for rectangular applications 10 inches and taller.
Provide single blade dampers for round dampers and rectangular dampers
less than 10 inches. Provide dampers made of steel, or other materials
where indicated and with assembly frames constructed of 0.07 inch minimum
thickness galvanized steel, stainless steel, or aluminum channels with
mitered and welded corners. Steel channel frames constructed of 0.06 inch
minimum thickness are acceptable provided the corners are reinforced.

a. Flat blades must be made rigid by folding the edges. Blade-operating
linkages must be within the frame so that blade-connecting devices
within the same damper section must not be located directly in the air
Stream.

b. Damper axles must be 1/2 inch minimum, plated steel rods supported in
the damper frame by stainless steel or bronze bearings. Blades
mounted vertically must be supported by thrust bearings.

c. Provide dampers which do not exceed a pressure drop through the damper
of 0.04 inches water gauge at 1000 ft/min in the wide-open position.
Provide dampers with frames not less than 2 inch in width. Provide
dampers which have been tested in accordance with AMCA 500-D.

2.6.2 Operating Linkages

For operating links external to dampers, such as crank arms, connecting
rods, and line shafting for transmitting motion from damper actuators to
dampers, provide links able to withstand a load equal to at least 300
percent of the maximum required damper-operating force without deforming.
Rod lengths must be adjustable. Links must be brass, bronze, zinc-coated
steel, or stainless steel. TWorking parts of joints and clevises must be
brass, bronze, or stainless steel. Adjustments of crank arms must control
the open and closed positions of dampers.

2.6.3 Damper Types
2.6.3.1 Flow Control Dampers

Provide opposed blade type dampers for outside air, return air, relief
air, exhaust, face and bypass dampers as indicated on the Damper

Schedule. Blades must have interlocking edges. The channel frames of the
dampers must be provided with jamb seals to minimize air leakage. Unless
otherwise indicated, dampers must meet AMCA 511 Class 1A requirements.
Outside air damper seals must be suitable for an operating temperature
range of -40 to +167 degrees F. Dampers must be rated at not less than
2000 ft/min air velocity.

2.6.3.2 Mechanical Rooms and Other Utility Space Ventilation Dampers
Provide utility space ventilation dampers as indicated. Unless otherwise

indicated provide AMCA 511 class 3 dampers. Provide dampers rated at not
less than 1500 ft/min air velocity.
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2.6.3.3 Smoke Dampers

Provide smoke-damper and actuator assemblies which meet the current
requirements of NFPA 90A, UL 555, and UL 555S. For combination fire and
smoke dampers provide dampers rated for 250 degrees F Class II leakage per
UL 5558.

2.7 SENSORS AND INSTRUMENTATION

Unless otherwise specified, provide sensors and instrumentation which
incorporate an integral transmitter. Sensors and instrumentation,
including their transmitters, must meet the specified accuracy and drift
requirements at the input of the connected DDC Hardware's
analog-to-digital conversion.

2.7.1 Analog and Binary Transmitters
Provide transmitters which match the characteristics of the sensor.
Transmitters providing analog values must produce a linear 4-20 mAdc, 0-10
Vdc signal corresponding to the required operating range and must have
zero and span adjustment. Transmitters providing binary wvalues must have
dry contacts rated at 1A at 24 Volts AC.

2.7.2 Network Transmitters
Sensors and Instrumentation incorporating an integral network connection
are considered DDC Hardware and must meet the DDC Hardware requirements of
23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS when used in a BACnet network.

2.7.3 Temperature Sensors
Provide the same sensor type throughout the project. Temperature sensors
may be provided without transmitters. Where transmitters are used, the
range must be the smallest available from the manufacturer and suitable
for the application such that the range encompasses the expected range of
temperatures to be measured. The end to end accuracy includes the
combined effect of sensitivity, hysteresis, linearity and repeatability
between the measured variable and the end user interface (graphic
presentation) including transmitters if used.

2.7.3.1 Sensor Accuracy and Stability of Control

2.7.3.1.1 Conditioned Space Temperature
Plus or minus 0.5 degree F over the operating range.

2.7.3.1.2 Unconditioned Space Temperature
a. Plus or minus 1 degree F over the range of 30 to 131 degrees F AND
b. Plus or minus 4 degrees F over the rest of the operating range.

2.7.3.1.3 Duct Temperature

Plus or minus 0.5 degree F
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2.7.3.1.4 Outside Air Temperature
a. Plus or minus 2 degrees F over the range of -30 to +130 degrees F AND
b. Plus or minus 1 degree F over the range of 30 to 130 degrees F.
2.7.3.1.5 High Temperature Hot Water
Plus or minus 3.6 degrees F.
2.7.3.1.6 Chilled Water
Plus or minus 0.8 degrees F over the range of 35 to 65 degrees F.
2.7.3.1.7 Dual Temperature Water
Plus or minus 2 degrees F.
2.7.3.1.8 Heating Hot Water
Plus or minus 2 degrees F.
2.7.3.1.9 Condenser Water
Plus or minus 2 degrees F.
2.7.3.2 Transmitter Drift
The maximum allowable transmitter drift: 0.25 degrees F per year.
2.7.3.3 Point Temperature Sensors

Point Sensors must be encapsulated in epoxy, series 300 stainless steel,
anodized aluminum, or copper.

2.7.3.4 Temperature Sensor Details
2.7.3.4.1 Room Type

Provide the sensing element components within a decorative protective
cover suitable for surrounding decor.

2.7.3.4.2 Duct Probe Type

Ensure the probe is long enough to properly sense the air stream
temperature.

2.7.3.4.3 Duct Averaging Type

Continuous averaging sensors must be one foot in length for each 1 square
foot of duct cross-sectional area, and a minimum length of 5 feet.

2.7.3.4.4 Pipe Immersion Type
Provide minimum 3 inch immersion. Provide each sensor with a
corresponding pipe-mounted sensor well, unless indicated otherwise.

Sensor wells must be stainless steel when used in steel piping, and brass
when used in copper piping.
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2.7.3.4.5 Outside Air Type
Provide the sensing element rated for outdoor use
2.7.4 Relative Humidity Sensor

Relative humidity sensors must use bulk polymer resistive or thin film
capacitive type non-saturating sensing elements capable of withstanding a
saturated condition without permanently affecting calibration or
sustaining damage. The sensors must include removable protective membrane
filters. Where required for exterior installation, sensors must be
capable of surviving below freezing temperatures and direct contact with
moisture without affecting sensor calibration. When used indoors, the
sensor must be capable of being exposed to a condensing air stream (100
percent relative humidity) with no adverse effect to the sensor's
calibration or other harm to the instrument. The sensor must be of the
wall-mounted or duct-mounted type, as required by the application, and
must be provided with any required accessories. Sensors used in duct
high-limit applications must have a bulk polymer resistive sensing
element. Duct-mounted sensors must be provided with a duct probe designed
to protect the sensing element from dust accumulation and mechanical
damage. Relative humidity (RH) sensors must measure relative humidity
over a range of 0 percent to 100 percent with an accuracy of plus or minus
3 percent. RH sensors must function over a temperature range of 40 to 135
degrees F and must not drift more than 1 percent per year.

2.7.5 Carbon Dioxide (C0O2) Sensors

Provide photometric type CO2 sensors with integral transducers and linear
output. Carbon dioxide (CO2) sensors must measure CO2 concentrations
between 0 to 2000 parts per million (ppm) using non-dispersible infrared
(NDIR) technology with an accuracy of plus or minus 50 ppm and a maximum
response time of 1 minute. The sensor must be rated for operation at
ambient air temperatures within the range of 32 to 122 degrees F and
relative humidity within the range of 20 to 95 percent (non-condensing) .
The sensor must have a maximum drift of 2 percent per year. The sensor
chamber must be manufactured with a non-corrosive material that does not
affect carbon dioxide sample concentration. Duct mounted sensors must be
provided with a duct probe designed to protect the sensing element from
dust accumulation and mechanical damage. The sensor must have a
calibration interval no less than 5 years.

2.7.6 Differential Pressure Instrumentation
2.7.6.1 Differential Pressure Sensors

Provide Differential Pressure Sensors with ranges as indicated or as
required for the application. Pressure sensor ranges must not exceed the
high end range indicated on the Points Schedule by more than 50 percent.
The over pressure rating must be a minimum of 150 percent of the highest
design pressure of either input to the sensor. The accuracy must be plus
or minus 1 percent of full scale. The sensor must have a maximum drift of
2 percent per year

2.7.6.2 Differential Pressure Switch
Provide differential pressure switches with a user-adjustable setpoint

which are sized for the application such that the setpoint is between 25
percent and 75 percent of the full range. The over pressure rating must
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be a minimum of 150 percent of the highest design pressure of either input
to the sensor. The switch must have two sets of contacts and each contact
must have a rating greater than it's connected load. Contacts must open
or close upon rise of pressure above the setpoint or drop of pressure
below the setpoint as indicated.

2.7.7 Flow Sensors
2.7.7.1 Airflow Measurement Array (AFMA)
2.7.7.1.1 Airflow Straightener

Provide AFMAs which contain an airflow straightener if required by the
AFMA manufacturer's published installation instructions. The straightener
must be contained inside a flanged sheet metal casing, with the AFMA
located as specified according to the published recommendation of the AFMA
manufacturer. 1In the absence of published documentation, provide airflow
straighteners if there is any duct obstruction within 5 duct diameters
upstream of the AFMA. Air-flow straighteners, where required, must be
constructed of 0.125 inch aluminum honeycomb and the depth of the
straightener must not be less than 1.5 inches.

2.7.7.1.2 Resistance to Airflow

The resistance to air flow through the AFMA, including the airflow
straightener must not exceed 0.085 inch water gauge at an airflow of 2,000
fpm. AFMA construction must be suitable for operation at airflows of up to
5000 fpm over a temperature range of 40 to 120 degrees F.

2.7.7.1.3 Outside Air Temperature

In outside air measurement or in low-temperature air delivery
applications, provide an AFMA certified by the manufacturer to be accurate
as specified over a temperature range of -20 to +120 degrees F

2.7.7.1.4 Pitot Tube AFMA

Each Pitot Tube AFMA must contain an array of velocity sensing elements.
The velocity sensing elements must be of the multiple pitot tube type with
averaging manifolds. The sensing elements must be distributed across the
duct cross section in the quantity and pattern specified or recommended by
the published installation instructions of the AFMA manufacturer.

a. Pitot Tube AFMAs for use in airflows over 600 fpm must have an
accuracy of plus or minus 5 percent over a range of 500 to 2500 fpm.

b. Pitot Tube AFMAs for use in airflows under 600 fpm must have an
accuracy of plus or minus 5 percent over a range of 125 to 2500 fpm.

2.7.7.1.5 Electronic AFMA

Each electronic AFMA must consist of an array of velocity sensing elements
of the resistance temperature detector (RTD) or thermistor type. The
sensing elements must be distributed across the duct cross section in the
quantity and pattern specified or recommended by the published application
data of the AFMA manufacturer. Electronic AFMAs must have an accuracy of
plus or minus 5 percent over a range of 125 to 5,000 fpm and the output
must be temperature compensated over a range of 32 to 212 degrees F.
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2.7.7.1.6 Fan Inlet Measurement Devices

Fan inlet measurement devices cannot be used unless indicated on the
drawings or schedules.

2.7.7.2 Orifice Plate

Orifice plate must be made of an austenitic stainless steel sheet of 0.125
inch nominal thickness with an accuracy of plus or minus 1 percent of full
flow. The orifice plate must be flat within 0.002 inches. The orifice
surface roughness must not exceed 20 micro-inches. The thickness of the
cylindrical face of the orifice must not exceed 2 percent of the pipe
inside diameter or 12.5 percent of the orifice diameter, whichever is
smaller. The upstream edge of the orifice must be square and sharp.

Where orifice plates are used, concentric orifice plates must be used in
all applications except steam flow measurement in horizontal pipelines.

2.7.7.3 Flow Nozzle

Flow nozzle must be made of austenitic stainless steel with an accuracy of
plus or minus 1 percent of full flow. The inlet nozzle form must be
elliptical and the nozzle throat must be the quadrant of an ellipse. The
thickness of the nozzle wall and flange must be such that distortion of
the nozzle throat from strains caused by the pipeline temperature and
pressure, flange bolting, or other methods of installing the nozzle in the
pipeline must not cause the accuracy to degrade beyond the specified
limit. The outside diameter of the nozzle flange or the design of the
flange facing must be such that the nozzle throat must be centered
accurately in the pipe.

2.7.7.4 Venturi Tube

Venturi tube must be made of cast iron or cast steel and must have an
accuracy of plus or minus 1 percent of full flow. The throat section must
be lined with austenitic stainless steel. Thermal expansion
characteristics of the lining must be the same as that of the throat
casting material. The surface of the throat lining must be machined to a
plus or minus 50 micro inch finish, including the short curvature leading
from the converging entrance section into the throat.

2.7.7.5 Annular Pitot Tube

Annular pitot tube must be made of austenitic stainless steel with an
accuracy of plus or minus 2 percent of full flow and a repeatability of
plus or minus 0.5 percent of measured value. The unit must have at least
one static port and no less than four total head pressure ports with an
averaging manifold.

2.7.7.6 Insertion Turbine Flowmeter

Provide dual axial turbine flowmeter with all installation hardware
necessary to enable insertion and removal of the meter without system
shutdown. All parts must meet or exceed the pressure classification of
the pipe system it is installed in. Insertion Turbine Flowmeter accuracy
must be plus or minus 0.5 percent of rate at calibrated velocity., within
plus or minus of rate over a 10:1 turndown and within plus or minus 2
percent of rate over a 50:1 turndown. Repeatability must be plus or minus
0.25 percent of reading. The meter flow sensing element must operate over
a range suitable for the installed location with a pressure loss limited
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to 1 percent of operating pressure at maximum flow rate. The flowmeter ,must
include either dry contact pulse outputs, 4-20mA, 0-10Vdc or 0-5Vdc
outputs. The turbine rotor assembly must be constructed of Series 300

stainless steel and use Teflon seals.
2.7.7.7 Vortex Shedding Flowmeter

Vortex Shedding Flowmeter accuracy must be within plus or minus 0.8
percent of the actual reading over the range of the meter. Steam meters
must contain density compensation by direct measurement of temperature.
Mass flow inferred from specified steam pressure are not acceptable. The
flow meter body must be made of austenitic stainless steel and include a
weather tight NEMA 4X electronics enclosure. The vortex shedding
flowmeter body must not require removal from the piping in order to
replace the shedding sensor.

2.7.7.8 Ultrasonic Flow Meter

Provide Ultrasonic Flow Meters complete with matched transducers, self
aligning installation hardware and transducer cables. Ultrasonic
transducers must be optimized for the specific pipe and process conditions
for the application. The flow meter accuracy must plus or minus 1 percent
of rate from 0 to 40 ft/sec. The flowmeter must include either dry
contact pulse outputs, 4-20mA, 0-10Vdc or 0-5Vdc output.

2.7.7.9 Insertion Magnetic Flow Meter

Provide insertion type magnetic flowmeters with all installation hardware
necessary to enable insertion and removal of the meter without system
shutdown. All parts must meet or exceed the pressure classification of
the pipe system it is installed in. Flowmeter accuracy must be no greater
than plus or minus 1 percent of rate from 2 to 20 feet/sec. Wetted
material parts must be 300 series stainless steel. The flowmeter must
include either dry contact pulse outputs, 4-20mA, 0-10Vdc or 0-5Vdc
outputs.

2.7.7.10 Positive Displacement Flow Meter

The flow meter must be a direct reading, gerotor, nutating disc or wvane
type displacement device rated for liquid service as indicated. A counter
must be mounted on top of the meter, and must consist of a non-resettable
mechanical totalizer for local reading, and a pulse transmitter for remote
reading. The totalizer must have a six digit register to indicate the
volume passed through the meter in gallons, and a sweep-hand dial to
indicate down to 0.25 gallons. The pulse transmitter must have a
hermetically sealed reed switch which is activated by magnets fixed on
gears of the counter. The meter must have a bronze body with threaded or
flanged connections as required for the application. Output accuracy must
be plus or minus 2 percent of the flow range. The maximum pressure drop
at full flow must be 5 psig.

2.7.7.11 Flow Meters, Paddle Type

Sensor must be non-magnetic, with forward curved impeller blades designed
for water containing debris. Sensor accuracy must be plus or minus 1
percent of rate of flow, minimum operating flow velocity must be 1 foot
per second. Sensor repeatability and linearity must be plus or minus 1
percent. Materials which will be wetted must be made from non-corrosive
materials and must not contaminate water. The sensor must be rated for
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installation in pipes of 3 to 40 inch diameters. The transmitter housing
must be a NEMA 250 Type 4 enclosure.

2.7.7.12 Flow Switch

Flow switch must have a repetitive accuracy of plus or minus 10 percent of

actual flow setting. Switch actuation must be adjustable over the
operating flow range, and must be sized for the application such that the
setpoint is between 25 percent and 75 percent of the full range. The

switch must have Form C snap-action contacts, rated for the application.
The flow switch must have non flexible paddle with magnetically actuated
contacts and be rated for service at a pressure greater than the installed
conditions. Flow switch for use in sewage system must be rated for use in
corrosive environments encountered.

2.7.7.13 Gas Flow Meter

Gas flow meter must be diaphragm or bellows type (gas positive
displacement meters) for flows up to 2500 SCFH and axial flow turbine type
for flows above 2500 SCFH, designed specifically for natural gas supply
metering, and rated for the pressure, temperature, and flow rates of the
installation. Meter must have a minimum turndown ratio of 10 to 1 with an
accuracy of plus or minus 1 percent of actual flow rate. The meter index
must include a direct reading mechanical totalizing register and
electrical impulse dry contact output for remote monitoring. The
electrical impulse dry contact output must not require field adjustment or
calibration. The electrical impulse dry contact output must have a
minimum resolution of 100 cubic feet of gas per pulse and must not exceed
15 pulses per second at the design flow.

2.7.8 Electrical Instruments

Provide Electrical Instruments with an input range as indicated or sized
for the application. Unless otherwise specified, AC instrumentation must
be suitable for 60 Hz operation.

2.7.8.1 Current Transducers

Current transducers must accept an AC current input and must have an
accuracy of plus or minus 2 percent of full scale. The device must have a
means for calibration. Current transducers for variable frequency
applications must be rated for variable frequency operation.

2.7.8.2 Current Sensing Relays (CSRs)

Current sensing relays (CSRs) must provide a normally-open contact with a
voltage and amperage rating greater than its connected load. Current
sensing relays must be of split-core design. The CSR must be rated for
operation at 200 percent of the connected load. Voltage isolation must be
a minimum of 600 volts. The CSR must auto-calibrate to the connected load
or be adjustable and field calibrated. Current sensors for variable
frequency applications must be rated for variable frequency operation.

2.7.8.3 Voltage Transducers
Voltage transducers must accept an AC voltage input and have an accuracy
of plus or minus 0.25 percent of full scale. The device must have a means

for calibration. Line side fuses for transducer protection must be
provided.
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2.7.8.4 Energy Metering
2.7.8.4.1 Watt or Watthour Transducers

Watt transducers must measure voltage and current and must output kW or
kWh or both kW and kWh as indicated. kW outputs must have an accuracy of
plus or minus 0.5 percent over a power factor range of 0.1 to 1. kWh
outputs must have an accuracy of plus or minus 0.5 percent over a power
factor range of 0.1 to 1.

2.7.8.4.2 Watthour Revenue Meter (with and without Demand Register)

All Watthour revenue meters must measure voltage and current and must be
in accordance with ANST C12.1 with an ANSI C12.20 Accuracy class of 0.5
and must have pulse initiators for remote monitoring of Watthour
consumption. Pulse initiators must consist of form C contacts with a
current rating not to exceed two amperes and voltage not to exceed 500 V,
with combinations of VA not to exceed 100 VA, and a life rating of one
billion operations. Meter sockets must be in accordance with

NEMA/ANST C12.10. Watthour revenue meters with demand registers must
output instantaneous demand in addition to the pulse initiators.

2.7.8.4.3 Hydronic BTU Meters

The BTU meter is to be supplied with wall mount hardware and be capable of
being installed remote from the flow meter. The BTU meter must include an
LCD display for local indication of energy rate and for display of
parameters and settings during configuration. Each BTU meter must be
factory configured for its specific application and be completely field
configurable by the user via a front panel keypad (no special interface
device or computer required). The unit must output Energy Rate, Energy
Total, Flow Rate, Supply Temperature, and Return Temperature. An integral
transmitter is to provide a linear analog or configurable pulse output
signal representing the energy rate; and the signal must be compatible
with building automation system DDC Hardware to which the output is
connected.

2.7.9 pH Sensor

The sensor must be suitable for applications and chemicals encountered in
water treatment systems of boilers, chillers and condenser water systems.
Construction, wiring, fittings and accessories must be corrosion and
chemical resistant with fittings for tank or suspension installation.
Housing must be polyvinylidene fluoride with O-rings made of chemical
resistant materials which do not corrode or deteriorate with extended
exposure to chemicals. The sensor must be encapsulated. Periodic
replacement must not be required for continued sensor operation. Sensors
must use a ceramic Jjunction and pH sensitive glass membrane capable of
withstanding a pressure of 100 psig at 150 degrees F. The reference cell
must be double junction configuration. Sensor range must be 0 to 12 pH,
stability 0.05, sensitivity 0.02, and repeatability of plus or minus 0.05
pH value, response of 90 percent of full scale in one second and a
linearity of 99 percent of theoretical electrode output measured at 76
degrees F.

2.7.10 Oxygen Analyzer

Oxygen analyzer must consist of a zirconium oxide sensor for continuous
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sampling and an air-powered aspirator to draw flue gas samples. The
analyzer must be equipped with filters to remove flue air particles.
Sensor probe temperature rating must be 815 degrees F. The sensor

assembly must be equipped for flue flange mounting.
2.7.11 Carbon Monoxide Analyzer

Carbon monoxide analyzer must consist of an infrared light source in a
weather proof steel enclosure for duct or stack mounting. An optical
detector/analyzer in a similar enclosure, suitable for duct or stack
mounting must be provided. Both assemblies must include internal blower
systems to keep optical windows free of dust and ash at all times. The
third component of the analyzer must be the electronics cabinet.
Automatic flue gas temperature compensation and manual/automatic zeroing
devices must be provided. Unit must read parts per million (ppm) of
carbon monoxide in the range of 0 to 200 ppm and the response time must be
less than 3 seconds to 90 percent value. Unit measurement range must not
exceed specified range by more that 50 percent. Repeatability must be
plus or minus 1 percent of full scale with an accuracy of plus or minus 1
percent of full scale.

2.7.12 Occupancy Sensors

Occupancy sensors must have occupancy-sensing sensitivity adjustment and
an adjustable off-delay timer with a setpoint of 15 minutes. Adjustments
accessible from the face of the unit are preferred. Occupancy sensors
must be rated for operation in ambient air temperatures ranging from 40 to
95 degrees F or temperatures normally encountered in the installed
location. Sensors integral to wall mount on-off light switches must have
an auto-off switch. Wall switch sensors must be decorator style and must
fit behind a standard decorator type wall plate. All occupancy sensors,
power packs, and slave packs must be UL listed. 1In addition to any
outputs required for lighting control, the occupancy sensor must provide
an output for the HVAC control system.

2.7.12.1 Passive Infrared (PIR) Occupancy Sensors
PIR occupancy sensors must have a multi-level, multi-segmented viewing
lens and a conical field of view with a viewing angle of 180 degrees and a
detection of at least 20 feet unless otherwise indicated or specified.
PIR Sensors must provide field-adjustable background light-level
adjustment with an adjustment range suitable to the light level in the
sensed area, room or space. PIR sensors must be immune to false
triggering from RFI and EMI.

2.7.12.2 Ultrasonic Occupancy Sensors

Ultrasonic sensors must operate at a minimum frequency 32 kHz and must be
designed to not interfere with hearing aids.

2.7.12.3 Dual-Technology Occupancy Sensor (PIR and Ultrasonic)

Dual-Technology Occupancy Sensors must meet the requirements of both PIR
and Ultrasonic Occupancy Sensors.

2.7.13 Vibration Switch

Vibration switch must be solid state, enclosed in a NEMA 250 Type 4 or
Type 4X housing with sealed wire entry. Unit must have two independent
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sets of Form C switch contacts with one set to shutdown equipment upon
excessive vibration and a second set for monitoring alarm level
vibration. The vibration sensing range must be a true rms reading,
suitable for the application. The unit must include either displacement
response for low speed or velocity response for high speed application.
The frequency range must be at least 3 Hz to 500 Hz. Contact time delay
must be 3 seconds. The unit must have independent start-up and running
delay on each switch contact. Alarm limits must be adjustable and
setpoint accuracy must be plus or minus 10 percent of setting with
repeatability of plus or minus 2 percent.

2.7.14 Conductivity Sensor

Sensor must include local indicating meter and must be suitable for
measurement of conductivity of water in boilers, chilled water systems,
condenser water systems, distillation systems, or potable water systems as
indicated. Sensor must sense from 0 to 10 microSeimens per centimeter
(uS/cm) for distillation systems, 0 to 100 uS/cm for boiler, chilled
water, and potable water systems and 0 to 1000 puS/cm for condenser water
systems. Contractor must field verify the ranges for particular
applications and adjust the range as required. The output must be
temperature compensated over a range of 32 to 212 degrees F. The accuracy
must be plus or minus 2 percent of the full scale reading. Sensor must
have automatic zeroing and must require no periodic maintenance or
recalibration.

2.7.15 Compressed Air Dew Point Sensor

Sensor must be suitable for measurement of dew point from -40 +80 degrees F
over a pressure range of 0 to 150 psig. The transmitter must provide

both dry bulb and dew point temperatures on separate outputs. The end to
end accuracy of the dew point must be plus or minus 5 degrees F and the
dry bulb must be plus or minus 1 degree F. Sensor must be automatic

zeroing and must require no normal maintenance or periodic recalibration.
2.7.16 NOx Monitor

Monitor must continuously monitor and give local indication of boiler
stack gas for NOx content. It must be a complete system designed to
verify compliance with the Clean Air Act standards for NOx normalized to a
3 percent oxygen basis and must have a range of from 0 to 100 ppm. Sensor
must be accurate to plus or minus 5 ppm. Sensor must output NOx and
oxygen levels and binary output that changes state when the NOx level is

above a locally adjustable NOx setpoint. Sensor must have normal, trouble
and alarm lights. Sensor must have heat traced lines if the stack pickup
is remote from the sensor. Sensor must be complete with automatic zero

and span calibration using a timed calibration gas system, and must not
require periodic maintenance or recalibration.

2.7.17 Turbidity Sensor

Sensor must include a local indicating meter and must be suitable for
measurement of turbidity of water. Sensor must sense from 0 to 1000
Nephelometric Turbidity Units (NTU). Range must be field-verified for the
particular application and adjusted as required. The output must be
temperature compensated over a range of 32 to 212 degrees F. The accuracy
must be plus or minus 5 percent of full scale reading. Sensor must have
automatic zeroing and must not require periodic maintenance or
recalibration.
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2.7.18 Chlorine Detector

The detector must measure concentrations of chlorine in water in the range
0 to 20 ppm with a repeatability of plus or minus 1 percent of full scale
and an accuracy of plus or minus 2 percent of full scale. The Chlorine
Detector transmitter must be housed in a non-corrosive NEMA 250 Type 4X
enclosure. Detector must include a local panel with adjustable alarm trip
level, local audio and visual alarm with silence function.

2.7.19 Floor Mounted Leak Detector

Leak detectors must use electrodes mounted at slab level with a minimum
built-in-vertical adjustment of 0.125 inches. Detector must have a binary
output. The indicator must be manual reset type.

2.7.20 Temperature Switch
2.7.20.1 Duct Mount Temperature Low Limit Safety Switch (Freezestat)

Duct mount temperature low limit switches (Freezestats) must be manual
reset, low temperature safety switches at least 1 foot long per square foot
of coverage which must respond to the coldest 18 inch segment with an
accuracy of plus or minus 3.6 degrees F. The switch must have a
field-adjustable setpoint with a range of at least 30 to 50 degrees F.
The switch must have two sets of contacts, and each contact must have a
rating greater than its connected load. Contacts must open or close upon
drop of temperature below setpoint as indicated and must remain in this
state until reset.

2.7.20.2 Pipe Mount Temperature Limit Switch (Aquastat)

Pipe mount temperature limit switches (aquastats) must have a field
adjustable setpoint between 60 and 90 degrees F, an accuracy of plus or
minus 3.6 degrees F and a 10 degrees F fixed deadband. The switch must
have two sets of contacts, and each contact must have a rating greater
than its connected load. Contacts must open or close upon change of
temperature above or below setpoint as indicated.

2.7.21 Damper End Switches

Each end switch must be a hermetically sealed switch with a trip lever and
over-travel mechanism. The switch enclosure must be suitable for mounting
on the duct exterior and must permit setting the position of the trip
lever that actuates the switch. The trip lever must be aligned with the
damper blade.

End switches integral to an electric damper actuator are allowed as long
as at least one is adjustable over the travel of the actuator.

2.7.22 Air Quality Sensors

Provide full spectrum air quality sensors using a hot wire element based
on the Taguchi principle. The sensor must monitor a wide range of gaseous
volatile organic components common in indoor air contaminants like paint
fumes, solvents, cigarette smoke, and vehicle exhaust. The sensor must
automatically compensate for temperature and humidity, have span and
calibration potentiometers, operate on 24 VDC power with output of 0-10
VDC, and have a service rating of 32 to 140 degrees F and 5 to 95 percent
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2

relative humidity.

.8 OUTPUT DEVICES

.8.1 Actuators

Actuators must be electric (electronic). All actuators must be normally
open (NO), normally closed (NC) or fail-in-last-position (FILP) as
indicated. Normally open and normally closed actuators must be of
mechanical spring return type. Electric actuators must have an electronic
cut off or other means to provide burnout protection if stalled.

Actuators must have a visible position indicator. FElectric actuators must
provide position feedback to the controller as indicated. Actuators must
smoothly and fully open or close the devices to which they are applied.
Electric actuators must have a full stroke response time in both
directions of 90 seconds or less at rated load. Electric actuators must
be of the foot-mounted type with an oil-immersed gear train or the
direct-coupled type. Where multiple electric actuators operate from a
common signal, the actuators must provide an output signal identical to
its input signal to the additional devices. All actuators must be rated
for their operating environment. Actuators used outdoors must be designed
and rated for outdoor use and not require a weatherproof enclosure.
Actuators under continuous exposure to water, such as those used in sumps,
must be submersible.

Actuators incorporating an integral network connection are considered DDC
Hardware and must meet the DDC Hardware requirements of Section

23 09 23.02 22 BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING
CONTROL SYSTEMS.

.8.1.1 Valve Actuators

Valve actuators must provide shutoff pressures and torques as indicated on
the Valve Schedule.

.8.1.2 Damper Actuators

Damper actuators must provide the torque necessary per damper
manufacturer's instructions to modulate the dampers smoothly over its full
range of operation and torque must be at least 6 inch-pounds/1l square foot
of damper area for opposed blade dampers and 9 inch-pounds/1 square foot
of damper area for parallel blade dampers.

.8.1.3 Electric Actuators

Each actuator must have distinct markings indicating the full-open and
full-closed position Each actuator must deliver the torque required for
continuous uniform motion and must have internal end switches to limit the
travel, or be capable of withstanding continuous stalling without damage.
Actuators must function properly within 85 to 110 percent of rated line
voltage. Provide actuators with hardened steel running shafts and gears
of steel or copper alloy. Fiber or reinforced nylon gears may be used for
torques less than 16 inch-pounds.

a. Two-position actuators must be single direction, spring return, or
reversing type. Two position actuator signals may either be the
control power voltage or line voltage as needed for torque or
appropriate interlock circuits.
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b. Modulating actuators must be capable of stopping at any point in the
cycle, and starting in either direction from any point. Actuators
must be equipped with a switch for reversing direction, and a button
to disengage the clutch to allow manual adjustments. Provide the
actuator with a hand crank for manual adjustments, as applicable.
Modulating actuator input signals can either be a 4 to 20 mAdc or a
0-10 VDC signal.

c. Floating or pulse width modulation actuators are acceptable for
non-fail safe applications unless indicated otherwise provided that
the floating point control (timed actuation) must have a scheduled
re-calibration of span and position no more than once a day and no
less than once a week. The schedule for the re-calibration should not
affect occupied conditions and be staggered between equipment to
prevent falsely loading or unloading central plant equipment.

.8.2 Relays

Relays must have contacts rated for the intended application, indicator
light, and dust proof enclosure. The indicator light must be 1lit when the
coil is energized and off when coil is not energized.

Control relay contacts must have utilization category and ratings selected
for the application. Each set of contacts must incorporate a normally
open (NO), normally closed (NC) and common contact. Relays must be rated
for a minimum life of one million operations.

.9 USER INPUT DEVICES

User Input Devices, including potentiometers, switches and momentary
contact push-buttons. Potentiometers must be of the thumb wheel or
sliding bar type. Momentary Contact Push-Buttons may include an
adjustable timer for their output. User input devices must be labeled for
their function.

.10 MULTIFUNCTION DEVICES

Multifunction devices are products which combine the functions of multiple
sensor, user input or output devices into a single product. Unless
otherwise specified, the multifunction device must meet all requirements
of each component device. Where the requirements for the component
devices conflict, the multifunction device must meet the most stringent of
the requirements.

.10.1 Current Sensing Relay Command Switch

The Current Sensing Relay portion must meet all requirements of the
Current Sensing Relay input device. The Command Switch portion must meet
all requirements of the Relay output device except that it must have at
least one normally-open (NO) contact.

Current Sensing Relays used for Variable Frequency Drives must be rated
for Variable Frequency applications unless installed on the source side of
the drive. 1If used in this situation, the threshold for showing status
must be set to allow for the VFD's control power when the drive is not
enabled and provide indication of operation when the drive is enabled at
minimum speed.
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10.2 Space Sensor Module

Space Sensor Modules must be multifunction devices incorporating a
temperature sensor and one or more of the following as specified and
indicated on the Space Sensor Module Schedule:

a. A temperature indicating device.

b. A User Input Device which must adjust a temperature setpoint output.

c. A User Input Momentary Contact Button and an output to the control
system indicating zone occupancy.

d. A three position User Input Switch labeled to indicate heating,
cooling and off positions ('HEAT-COOL-OFF' switch) and providing
corresponding outputs to the control system.

e. A two position User Input Switch labeled with 'AUTO' and 'ON'
positions and providing corresponding output to the control system..

f. A multi-position User Input Switch with 'OFF' and at least two fan
speed positions and providing corresponding outputs to the control

system.

Space Sensor Modules cannot contain mercury (Hg) .

PART 3 EXECUTION

3.

3.

1 INSTALLATION
1.1 General Installation Requirements

Perform the installation under the supervision of competent technicians
regularly employed in the installation of DDC systems.

All material and equipment must be installed in accordance with the
manufacturer's recommendations for the intended purpose. Maintain a copy
of the manufacture's recommendations on the Contruction Site. Use the
more stringent methods when manufacturer's recommendations, and plans &
specification requirements differ. Use the "Preferred" method when
alternative methods are given. The word "should" will be considered to
mean '"must". Bring any conflicts between manufacturer's recommendations
and plans & specification requirements to the Government's attention.
Install all equipment level and plumb.

.1.1.1 Device Mounting Criteria

All devices must be installed in accordance with manufacturer's
recommendations and as specified and indicated. Control devices to be
installed in piping and ductwork must be provided with required gaskets,
flanges, thermal compounds, insulation, piping, fittings, and manual
valves for shutoff, equalization, purging, and calibration. Strap-on
temperature sensing elements must not be used except as specified. Spare
thermowells must be installed adjacent to each thermowell containing a
sensor and as indicated. Devices located outdoors must have a
weathershield.
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3.1.1.2 Labels and Tags

Match labels and tags to the unique identifiers indicated on the As-Built
drawings. Label all enclosures and instrumentation. Tag all sensors and
actuators in mechanical rooms. Tag airflow measurement arrays to show
flow rate range for signal output range, duct size, and pitot tube AFMA
flow coefficient. Tag duct static pressure taps at the location of the
pressure tap. Provide plastic or metal tags, mechanically attached
directly to each device or attached by a metal chain or wire. Labels
exterior to protective enclosures must be engraved plastic and
mechanically attached to the enclosure or instrumentation. Labels inside
protective enclosures may attached using adhesive, but must not be hand
written.

3.1.2 Weathershield

Provide weathershields for sensors located outdoors. 1Install
weathershields such that they prevent the sun from directly striking the
sensor and prevent rain from directly striking or dripping onto the
sensor. Install weather shields with adequate ventilation so that the
sensing element responds to the ambient conditions of the surroundings.
When installing weathershields near outside air intake ducts, install them
such that normal outside air flow does not cause rainwater to strike the
sensor.

3.1.3 Room Instrument Mounting

Mount room instruments, including but not limited to wall mounted
non-adjustable space sensor modules and sensors located in occupied spaces,

48 inches above the floor unless otherwise indicated. Install adjustable
devices to be ADA compliant unless otherwise indicated on the Room Sensor
Schedule:

a. Space Sensor Modules for Fan Coil Units may be either unit or wall
mounted but not mounted on an exterior wall.

b. Wall mount all other Space Sensor Modules.
3.1.4 Indication Devices Installed in Piping and Liquid Systems

Provide snubbers for gauges in piping systems subject to pulsation. For
gauges for steam service use pigtail fittings with cock. Install
thermometers and temperature sensing elements in liquid systems in
thermowells. Provide spare Pressure/Temperature Ports (Pete's Plug) for
all temperature and pressure sensing elements installed in liquid systems
for calibration/testing.

3.1.5 Occupancy Sensors

Provide a sufficient quantity of occupancy sensors to provide complete
coverage of the area (room or space). Occupancy sensors are to be ceiling
mounted. Install occupancy sensors in accordance with NEPA 70
requirements and the manufacturer's instructions. Do not locate occupancy
sensors within 6 feet of HVAC outlets or heating ducts, or where they can
"see" beyond any doorway. Installation above doorway(s) is preferred. Do
not use ultrasonic sensors in spaces containing ceiling fans. Install
sensors to detect motion to within 2 feet of all room entrances and to not
trigger due to motion outside the room. Set the off-delay timer to 15
minutes unless otherwise indicated. Adjust sensors prior to beneficial
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occupancy, but after installation of furniture systems, shelving,
partitions, etc. For each controlled area, provide one hundred percent
coverage capable of detecting small hand-motion movements, accommodating
all occupancy habits of single or multiple occupants at any location
within the controlled room.

3.1.6 Switches
3.1.6.1 Temperature Limit Switch

Provide a temperature limit switch (freezestat) to sense the temperature
at the location indicated. Provide a sufficient number of temperature
limit switches (freezestats) to provide complete coverage of the duct
section but no less than 1 foot in length per square foot of cross
sectional area. Install manual reset limit switches in approved,
accessible locations where they can be reset easily. 1Install temperature
limit switch (freezestat) sensing elements in a side-to-side (not
top-to-bottom) serpentine pattern with the relay section at the highest
point and in accordance with the manufacturer's installation instructions.

3.1.6.2 Hand-0Off Auto Switches

Wire safety controls such as smoke detectors, freeze protection thermostats,
and emergency shut down switches to protect the equipment during both hand
and auto operation.

3.1.7 Temperature Sensors

Install temperature sensors in locations that are accessible and provide a
good representation of sensed media. Installations in dead spaces are not
acceptable. Calibrate and install sensors according to manufacturer’s
instructions. Select sensors only for intended application as designated
or recommended by manufacturer.

3.1.7.1 Room Temperature Sensors

Mount the sensors on interior walls to sense the average room temperature
at the locations indicated. Avoid locations near heat sources such as
copy machines or locations by supply air outlet drafts. Mount the center
of all user-adjustable sensors 48 inches above the floor to meet ADA
requirements. Non user-adjustable sensors can be mounted as indicated in
paragraph ROOM INSTRUMENT MOUNTING.

3.1.7.2 Duct Temperature Sensors
3.1.7.2.1 Probe Type

Place tip of the sensor in the middle of the airstream or in accordance
with manufacturer's recommendations or instructions.Provide a gasket
between the sensor housing and the duct wall. Seal the duct penetration
air tight. When installed in insulated duct, provide enclosure or stand
off fitting to accommodate the thickness of duct insulation to allow for
maintenance or replacement of the sensor and wiring terminations. Seal
the duct insulation penetration vapor tight.

3.1.7.2.2 Averaging Type

Weave the sensing element in a serpentine fashion from side to side
perpendicular to the flow, across the duct or air handler cross-section,
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using durable non-metal supports in accordance with manufacturer's
installation instructions. Avoid tight radius bends or kinking of the
sensing element. Prevent contact between the sensing element and the duct
or ailr handler internals. Provide a duct access door at the sensor
location. The access door must be hinged on the side, factory insulated,
have cam type locks, and be as large as the duct will permit, maximum 18
by 18 inches. For sensors inside air handlers, the sensors must be fully
accessible through the air handler's access doors without removing any of
the air handler's internals.

3.1.7.3 Immersion Temperature Sensors

Provide thermowells for sensors measuring piping, tank, or pressure vessel
temperatures. Locate wells to sense continuous flow conditions. Do not
install wells using extension couplings. When installed on insulated
piping, provide stand enclosure or stand off fitting to accommodate the
thickness of the pipe insulation and allow for maintenance or replacement
of the sensor or wiring terminations. Where piping diameters are smaller
than the length of the wells, provide wells in piping at elbows to sense
flow across entire area of well. Wells must not restrict flow area to
less than 70 percent of pipe area. 1Increase piping size as required to
avoid restriction. Provide the sensor well with a heat-sensitive transfer
agent between the sensor and the well interior ensuring contact between
the sensor and the well.

3.1.7.4 Outside Air Temperature Sensors

Provide outside air temperature sensors on the building's north side with
a protective weather shade that does not inhibit free air flow across the
sensing element, and protects the sensor from snow, ice, and rain.
Location must not be near exhaust hoods and other areas such that it is
not influenced by radiation or convection sources which may affect the
reading. Provide a shield to shade the sensor from direct sunlight.

3.1.8 Air Flow Measurement Arrays (AFMA)
Locate Outside Air AFMAs downstream from the Outside Air filters.
Install AFMAs with the manufacturer's recommended minimum distances
between upstream and downstream disturbances. Airflow straighteners may
be used to reduce minimum distances as recommended by the AFMA
manufacturer.

3.1.9 Duct Static Pressure Sensors

Locate the duct static pressure sensing tap at 75 percent of the distance
between the first and last air terminal units as indicated on the design

documents. If the transmitter output is a 0-10Vdc signal, locate the
transmitter in the same enclosure as the air handling unit (AHU)
controller for the AHU serving the terminal units. If a remote duct

static pressure sensor is to be used, run the signal wire back to the
controller for the air handling unit.

3.1.10 Relative Humidity Sensors

Install relative humidity sensors in supply air ducts at least 10 feet
downstream of humidity injection elements.
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3.1.11 Meters
3.1.11.1 Flowmeters

Install flowmeters to ensure minimum straight unobstructed piping for at
least 10 pipe diameters upstream and at least 5 pipe diameters downstream
of the flowmeter, and in accordance with the manufacturer's installation
instructions.

3.1.11.2 Energy Meters

Locate energy meters as indicated. Connect each meter output to the DDC
system, to measure both instantaneous demand/energy and other variables as
indicated.

3.1.12 Dampers
3.1.12.1 Damper Actuators

Provide spring return actuators which fail to a position that protects the
served equipment and space on all control dampers related to freeze
protection or force protection. For all outside, makeup and relief
dampers provide dampers which fail closed. Terminal fan coil units,
terminal VAV units, convectors, and unit heaters nay be non-spring return
unless indicated otherwise. Do not mount actuators in the air stream. Do
not connect multiple actuators to a common drive shaft. 1Install actuators
so that their action seal the damper to the extent required to maintain
leakage at or below the specified rate and so that they move the blades
smoothly throughout the full range of motion.

3.1.12.2 Damper Installation

Install dampers straight and true, level in all planes, and square in all
dimensions. Dampers must move freely without undue stress due to
twisting, racking (parallelogramming), bowing, or other installation
error. External linkages must operate smoothly over the entire range of
motion, without deformation or slipping of any connecting rods, joints or
brackets that will prevent a return to it's normal position. Blades must
close completely and leakage must not exceed that specified at the rated
static pressure. Provide structural support for multi-section dampers.
Acceptable methods of structural support include but are not limited to
U-channel, angle iron, corner angles and bolts, bent galvanized steel
stiffeners, sleeve attachments, braces, and building structure. Where
multi-section dampers are installed in ducts or sleeves, they must not sag
due to lack of support. Do not use jackshafts to link more than three
damper sections. Do not use blade to blade linkages. Install outside and
return air dampers such that their blades direct their respective air
streams towards each other to provide for maximum mixing of air streams.

3.1.13 Valves
Install the valves in accordance with the manufacturer's instructions.
3.1.13.1 Valve Actuators
Provide spring return actuators on all control valves where freeze
protection is required. Spring return actuators for terminal fan coil

units, terminal VAV units, convectors, and unit heaters are not required
unless indicated otherwise.
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3.1.14 Thermometers and Gauges
3.1.14.1 Thermometers

Mount devices to allow reading while standing on the floor or ground, as
applicable.

3.1.15 Wire and Cable

Provide complete electrical wiring for the Control System, including
wiring to transformer primaries. Wire and Cable must be installed without
splices between control devices and in accordance with NEPA 70 and NFPA 90A.
Instrumentation grounding must be installed per the device manufacturer's
instructions and as necessary to prevent ground loops, noise, and surges
from adversely affecting operation of the system. Test installed ground
rods as specified in IEEE 142. Cables and conductor wires must be tagged
at both ends, with the identifier indicated on the shop drawings.
Electrical work must be as specified in Section 26 20 00 INTERIOR
DISTRIBUTION SYSTEM and as indicated. Wiring external to enclosures must
be run in raceways

Install control circuit wiring not in raceways in a neat and safe manner.
Wiring must not use the suspended ceiling system (including tiles, frames
or hangers) for support. Where conduit or raceways are required, control
circuit wiring must not run in the same conduit/raceway as power wiring
over 50 volts. Run all circuits over 50 volts in conduit, metallic
tubing, covered metal raceways, or armored cable.

-- End of Section --
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SECTION 23 09 23.02 22

BACNET DIRECT DIGITAL CONTROL FOR HVAC AND OTHER BUILDING CONTROL SYSTEMS
11/19

PART 1 GENERAL

1.

1 SUMMARY

Provide a complete Direct Digital Control (DDC) system, except for the
front end which is existing and new system integration being performed by
the Government, suitable for the control of the heating, ventilating and
air conditioning (HVAC) and other building-level systems as specified and
shown and in accordance with Section 23 09 00.00 22 INSTRUMENTATION AND
CONTROL FOR HVAC.

.11 System Requirements

Provide a system meeting the requirements of both Section 23 09 00.00 22
INSTRUMENTATION AND CONTROL FOR HVAC and this Section and with the
following characteristics:

a. Except for Gateways, the control system must be an open implementation
of BACnet technology using ASHRAE 135 and Fox as the communications
protocols. The system must use standard ASHRAE 135 Objects and
Properties and the Niagara Framework. The system must use standard
ASHRAE 135 Services and the Niagara Framework exclusively for
communication over the network. Gateways to packaged units must
communicate with other DDC hardware using ASHRAE 135 or the Fox
protocol exclusively and may communicate with packaged equipment
using other protocols. The control system must be installed such that
any two ASHRAE 135 devices on the Internetwork can communicate using
standard ASHRAE 135 Services.

b. Install and configure control hardware to provide ASHRAE 135 Objects
and Properties or Niagara Framework ObJjects as indicated and as needed

to meet the requirements of this specification.

c. Use Niagara Framework hardware and software exclusively for

scheduling, trending, and communication with a front end (UMCS). Use
Niagara Framework or standard BACnet Objects and services for
alarming. Use the Fox protocol for all communication between Niagara

Framework Supervisory Gateways,; use the ASHRAE 135 protocol for all
other building communication. Niagara Framework Supervisory Gateway
must serve web pages as specified.

d. Use Niagara Framework AX supervisor (JCI FX web supervisor) or Johnson
Controls Incorporated (JCI) Metasys Extended Architecture (ADX server) .

1.2 Verification of Specification Requirements

Review all specifications related to the control system installation and
advise the Contracting Officer of any discrepancies before performing any
work. If Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC or
any other Section referenced in this specification is not included in the
project specifications advise the Contracting Officer and either obtain
the missing Section or obtain Contracting Officer approval before
performing any work.
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1.2 REFERENCES
The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by

the basic designation only.

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

ASHRAE 135 (2016) BACnet—A Data Communication
Protocol for Building Automation and
Control Networks

BACNET INTERNATIONAL (BTL)

BTL Guide (v.49; 2017) BACnet Testing Laboratory
Implementation Guidelines

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE 802.3 (2018) Ethernet
TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)
TIA-485 (1998a; R 2012) Electrical Characteristics
of Generators and Receivers for Use in
Balanced Digital Multipoint Systems
TRIDIUM, INC (TRIDIUM)

Niagara Framework (2012) NiagaraAX User's Guide

Tridium Open NiCS (2005) Understanding the NiagaraAX
Compatibility Statement (NiCS)

U.S. FEDERAL COMMUNICATIONS COMMISSION (FCC)
FCC Part 15 Radio Frequency Devices (47 CFR 15)
UNDERWRITERS LABORATORIES (UL)

UL 916 (2015) Standard for Energy Management
Equipment

1.3 DEFINITIONS

For definitions related to this section, see Section 23 09 00.00 22
INSTRUMENTATION AND CONTROL FOR HVAC.

1.4 SUBMITTALS

Submittal requirements related to this Section are specified in Section
23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC.

PART 2 PRODUCTS

All products used to meet this specification must meet the indicated
requirements, but not all products specified here will be required by
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every project. All products must meet the requirements both Section
23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC and this Section.

2.1 NETWORK HARDWARE
2.1.1 BACnet Router

All BACnet Routers must be BACnet/IP Routers and must perform layer 3
routing of ASHRAE 135 packets over an IP network in accordance with
ASHRAE 135 Annex J and Clause 6. The router must provide the appropriate
connection to the IP network and connections to one or more ASHRAE 135
MS/TP networks. Devices used as BACnet Routers must meet the requirements
for DDC Hardware, and except for Niagara Framework Supervisory Gateways,
devices used as BACnet routers must support the NM-RC-B BIBB.

2.1.2 BACnet Gateways

In addition to the requirements for DDC Hardware, the BACnet Gateway must
be a Niagara Framework Supervisory Gateway or must meet the following
requirements:

a. It must perform bi-directional protocol translation from one non-
ASHRAE 135 protocol to ASHRAE 135. BACnet Gateways must incorporate a
network connection to an ASHRAE 135 network (gateway must be MS/TP,
BACnet over IP is not permitted within the DDC system) and a separate
connection appropriate for the non-ASHRAE 135 protocol and media.

b. It must retain its configuration after a power loss of an indefinite
time, and must automatically return to their pre-power loss state once
power is restored.

c. It must allow bi-directional mapping of data between the non-ASHRAE 135
protocol and Standard Objects as defined in ASHRAE 135. It must
support the DS-RP-B BIBB for Objects requiring read access and the

DS-WP-B BIBB for Objects requiring write access.

d. It must support the DS-COV-B BIBB.

Although Gateways must meet DDC Hardware requirements, except for Niagara
Framework Supervisory Gateways, they are not DDC Hardware and must not be
used when DDC Hardware is required. (Niagara Framework Supervisory
Gateways are both Gateways and DDC Hardware.)

2.1.3 Ethernet Switch

Ethernet Switches must autoconfigure between 10,100 and 1000 megabits per
second (MBPS) .

2.1.4 Emergency Shut Down Switches (ATFP)
Anti Terrorism Force Protection emergency shut down switches must be two
action to prevent accidental initiation, such as a mushroom push button
with a cover.

2.1.5 Notebook Computer
Provide a notebook computer, complete with the project's installed DDC

software, applications database, final archived field controller programs
and Supervisory controller database, and graphics to fully troubleshoot
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and program the project's devices. Provide the notebook computer with
ballistic nylon carrying case with shoulder strap with all necessary
cables and interface hardware needed for setup and direct communication
with the controllers and control system components. Direct communication
must not be through the Supervisory controller. At a minimum the notebook
computer is to include: Common Access Card Reader, Windows based operating
system, minimum 2.7 GHz processor with 3 MB Cache, discrete switchable
graphics card with minimum 1 GB dedicated memory, 1 Terabyte hard drive, 6
32 GB DDR3 RAM, 2 USB 3.0 ports, 10/100/1000 network interface card,
802.11 b/g/n WLAN, 17-inch display, keyboard with numeric keypad, 6-hour
battery with charger, internal or external 8X DVD+/-R/RW drive with double
layer support with DVD creator software, and Microsoft Office Home and
Business bundled software. Provide all original licenses, installation
media, documentation, and recovery CDs capable of restoring the original
configuration. Provide a means to connect the notebook computer directly
to the installed field bus. Provide the manufacturer's 3-year accidental
damage protection with 3-day on site response for 2 year warranty with the
Government listed as the warranty owner. Provide (1) notebook computer
per project identified in RFP package.

2.1.5.1 Notebook Computer DDC Software

Provide the workstation software with the manufacturer's installation CDs
and licenses. Configure the software according to the DDC system
manufacturer's specifications, cybersecurity requirements, and in
agreement with BACnet Operator Workstation (B-OWS) device standards found
in ASHRAE 135, Annex L. The workstation software must permit complete
monitoring, modification, archiving, programming, and troubleshooting
interface with the DDC system including supervisory controller and field
controllers. The operator interface with the software is to be
menu-driven with appropriate displays and menu commands to manipulate the
DDC system's objects, point data, operating schedules, control routines,
system configuration, trends, alarms, messages, graphics, and reports.
Trends must be capable of graphic display in real time, with wvariables
plotted as functions of time. Each alarmed point is to be capable of
displaying its alarm history, showing when it went into alarm, if and when
it was acknowledged, and when it went out of alarm. The modification of
DDC system parameters and object properties must be accomplished with
"fill in the blank" and/or "point and drag" methods. Download
modifications to the appropriate controllers at the operator's request.

2.2 CONTROL NETWORK WIRING
a. BACnet MS/TP communications wiring must be in accordance with
ASHRAE 135. The wiring must use shielded, three wire (twisted-pair
with reference) cable with characteristic impedance between 100 and
120 ohms. Distributed capacitance between conductors must be less than
30 pF per foot.
b. Building Control Network Backbone IP Network must use Ethernet media.
Ethernet cables must be CAT-5e at a minimum and meet all requirements
of IEEE 802.3.
2.3 DIRECT DIGITAL CONTROL (DDC) HARDWARE

2.3.1 General Requirements

All DDC Hardware must meet the following requirements:
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a. It must be locally powered and must incorporate a light to indicate
the device is receiving power.

b. It must conform to the BTL Guide
c. It must be BACnet Testing Laboratory (BTL) Listed.

d. The Manufacturer's Product Data submittal for each piece of DDC
Hardware must include the Protocol Implementation Conformance
Statement (PICS) for that hardware as specified in Section
23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC.

e. It must communicate and be interoperable in accordance with ASHRAE 135
and have connections for BACnet IP or MS/TP control network wiring.

f. Other than devices controlling terminal units or functioning solely as
a BACnet Router, it must support DS-COV-B, DS-RPM-A and DS-RPM-B BIBBs.

g. Devices supporting the DS-RP-A BIBB must also support the DS-COV-A
BIBB.

h. Application programs, configuration settings and communication
information must be stored in a manner such that they persist through
loss of power:

(1) Application programs must persist regardless of the length of time
power is lost.

(2) Configured settings must persist for any loss of power less than
2,500 hours.

(3) Communication information, including but not limited to COV
subscriptions, event reporting destinations, Notification Class
Object settings, and internal communication settings, must persist
for any loss of power less than 2,500 hours.

i. Internal Clocks:

(1) Clocks in DDC Hardware incorporating a Clock must continue to
function for 120 hours upon loss of power to the DDC Hardware.

(2) DDC Hardware incorporating a Clock must support the DM-TS-B or
DM-UTC-B BIBB.

j. It must have all functionality indicated and required to support the
application (Sequence of Operation or portion thereof) in which it is
used, including but not limited to providing Objects or Niagara
Framework Points as specified and as indicated on the Points Schedule.

k. 1In addition to these general requirements and the DDC Hardware
Input-Output (I/0) Function requirements, all DDC Hardware must also
meet any additional requirements for the application in which it is
used (e.g. scheduling, alarming, trending, etc.).

1. It must meet FCC Part 15 requirements and have UL 916 or equivalent
safety listing.

m. Except for Niagara Framework Supervisory Gateways, Device must support
Commandable Objects to support Override requirements as detailed in
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PART 3 EXECUTION

n. User interfaces which allow for modification of Properties or settings
must be password-protected.

o. Devices communicating BACnet MS/TP must meet the following
requirements:

(1) Must have a configurable Max Master Property.

(2) DDC Hardware other than hardware controlling a single terminal
unit must have a configurable Max Info Frames Property.

(3) Must respond to any valid request within 50 msec with either the
appropriate response or with a response of "Reply Postponed".

(4) Must use twisted pair with reference and shield (3-wire media)
wiring, or twisted pair with shield (2-wire media) wiring and use
half-wave rectification.

p. Devices communicating BACnet/IP must use UDP Port O0xBACO. Devices
with configurable UDP Ports must default to 0xBACO.

g. All Device IDs, Network Numbers, and BACnet MAC addresses of devices
must be fully configurable without limitation, except MS/TP MAC
addresses may be limited by ASHRAE 135 requirements.

r. Except for Niagara Framework Supervisory Gateways, DDC Hardware
controlling a single terminal unit must have:

(1) Objects (including the Device Object) with an Object Name Property
of at least 8 characters in length.

(2) A configurable Device Object Name.

(3) A configurable Device Object Description Property at least 16
characters in length.

s. Except for Objects in either Niagara Framework Supervisory Gateways or
DDC Hardware controlling a single terminal unit, all Objects
(including Device Objects) must:

(1) Have a configurable Object Name Property of at least 12 characters
in length.

(2) Have a configurable Object Description Property of at least 24
characters in length.

t. For programmable DDC Hardware, provide and license to the project site
all programming software required to program the Hardware in
accordance with Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR
HVAC.

u. For programmable DDC Hardware, provide copies of the installed
application programs (all software that is not common to every
controller of the same manufacturer and model) as source code
compatible with the supplied programming software in accordance with
Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC. The
submitted application program must be the complete application
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necessary for controller to function as installed and be sufficient to
allow replacement of the installed controller with another controller
of the same type.

2.3.2 Hardware Input-Output (I/O) Functions

DDC Hardware incorporating hardware input-output (I/0) functions must meet
the following requirements:

2.3.2.1 I/0 Point Limitation

The total number of I/0 hardware points used by a single stand-alone
digital controller, including I/0 expansion units, must not exceed 64,
except for complex individual equipment or systems. Place I/0 expansion
units in the same cabinet as the digital controller. The field controller
must have one spare Configurable Output and one spare Universal Input
available per system upon project completion, i.e. AHU, ERU, DOAS, HW
System, CHW System and other building primary systems. VAV controllers
and programmable thermostats are excluded.

2.3.2.2 Analog Inputs

DC Hardware analog inputs (AIs) must be implemented using ASHRAE 135
Analog Input Objects and perform analog to digital (A-to-D) conversion
with a minimum resolution of 8 bits plus sign or better as needed to meet
the accuracy requirements specified in Section 23 09 00.00 22
INSTRUMENTATION AND CONTROL FOR HVAC. Signal conditioning including
transient rejection must be provided for each analog input. Analog inputs
must be capable of being individually calibrated for zero and span.
Calibration via software scaling performed as part of point configuration
is acceptable. The AI must incorporate common mode noise rejection of at
least 50 dB from 0 to 100 Hz for differential inputs, and normal mode
noise rejection of at least 20 dB at 60 Hz from a source impedance of
10,000 ohms.

2.3.2.3 Analog Outputs

DDC Hardware analog outputs (AOs) must be implemented using ASHRAE 135
Analog Output Objects and perform digital to analog (D-to-A) conversion
with a minimum resolution of 8 bits plus sign, and output a signal with a
range of 4-20 mAdc or 0-10 Vdc. Analog outputs must be capable of being
individually calibrated for zero and span. Calibration via software
scaling performed as part of point configuration is acceptable. DDC
Hardware with Hand-Off-Auto (H-O-A) switches for analog outputs must
provide for overriding the output to 0 percent and to 100 percent.
Provide a dedicated analog output to each output device, such as variable
frequency driven pump motors in an alternating arrangement.

2.3.2.4 Binary Inputs
DDC Hardware binary inputs (BIs) must be implemented using ASHRAE 135
Binary Input Objects and accept contact closures and must ignore
transients of less than 5 milli-second duration. Protection against a
transient 50VAC must be provided.

2.3.2.5 Binary Outputs

DDC Hardware binary outputs (BOs) must be implemented using ASHRAE 135
Binary Output Objects and provide relay contact closures or triac outputs

SECTION 23 09 23.02 22 Page 7



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

for momentary and maintained operation of output devices. DDC Hardware
with H-O-A switches for binary outputs must provide for overriding the
output open or closed.

2.3.2.5.1 Relay Contact Closures

Closures must have a minimum duration of 0.1 second. Relays must provide
at least 180V of isolation. Electromagnetic interference suppression must
be provided on all output lines to limit transients to 50 Vac. Minimum
contact rating must be 0.5 amperes at 24 Vac.

2.3.2.5.2 Triac Outputs

Triac outputs must provide at least 180 V of isolation. Minimum contact
rating must be 0.5 amperes at 24 Vac.

2.3.2.6 Pulse Accumulator

DDC Hardware pulse accumulators must be implemented using either an
ASHRAE 135 Accumulator Object or an ASHRAE 135 Analog Value Object where
the Present Value is the totalized pulse count. Pulse accumulators must
accept contact closures, ignore transients less than 5 msec duration,
protect against transients of 50 VAC, and accept rates of at least 20
pulses per second.

2.3.2.7 ASHRAE 135 Objects for Hardware Inputs and Outputs

The requirements for use of ASHRAE 135 objects for hardware input and
outputs includes devices where the hardware sensor or actuator is integral
to the controller (e.g. a VAV box with integral damper actuator, a smart
sensor, a VED, etc.)

2.3.2.8 Integrated H-O-A Switches

Where integrated H-O-A switches are provided on hardware outputs,
controller must provide means of monitoring position or status of H-O-A
switch. This feedback may be provided via the Niagara Framework or via
any valid BACnet method, including the use of proprietary Objects,
Properties, or Services.

2.3.2.9 Motor Run Status

Unless otherwise noted, provide current switches to indicate run status of
pumps and fans. Sensitivity of the switch on belt driven equipment should
distinguish between loaded motor and unloaded motor such as a fan with a
broken belt.

2.3.3 Local Display Panel (LDP)

The Local Display Panels (LDPs) must be DDC Hardware with a display and
navigation buttons or a touch screen display, and must provide display and
adjustment of Niagara Framework points or ASHRAE 135 properties as
indicated on the Points Schedule and as specified. LDPs must be either
BTL Listed as a B-0D, B-OWS, B-AWS, or be an integral part of another
piece of DDC Hardware listed as a B-BC. For LDPs listed as B-OWS or
B-AWS, the hardware must be BTL listed and the product must come factory
installed with all applications necessary for the device to function as an
LDP.
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The adjustment of values using display and navigation buttons must be
password protected.

2.3.4 Expansion Modules and Tethered Hardware
A single piece of DDC Hardware may consist of a base unit and also:

a. An unlimited number of hardware expansion modules, where the
individual hardware expansion modules are designed to directly
connect, both mechanically and electrically, to the base unit
hardware. The expansion modules must be commercially available as an
optional add-on to the base unit.

b. A single piece of hardware connected (tethered) to a base unit by a
single cable where the cable carries a proprietary protocol between
the base unit and tethered hardware. The tethered hardware must not
contain control logic and be commercially available as an optional
add-on to the base unit as a single package.

Note that this restriction on tethered hardware does not apply to
sensors or actuators using standard binary or analog signals (not a
communications protocol); sensors or actuators using standard binary
or analog signals are not considered part of the DDC Hardware.

Hardware capable of being installed stand-alone, or without a separate
base unit, is DDC Hardware and must not be used as expansion modules or
tethered hardware.

2.3.5 Supervisory Control Requirements
2.3.5.1 Alarm Generation Hardware

Non-Niagara Framework DDC Hardware used for alarm generation must meet the
following requirements:

a. Device must support the AE-N-I-B BIBRB

b. The Recipient List Property must be Writable for all Notification
Class Objects used for alarm generation.

c. For all Objects implementing Intrinsic Alarming, the following
Properties must be Writable:

Time Delay

High Limit

Low Limit

Deadband

Event Enable

If the issue date of this project specification is after 1 January
2016, Time Delay Normal must be writable.

—_~ o~ o~~~ —~
o U W N
—_— — — — — —

d. It is preferred, but not required, that devices support the DM-OCD-B
BIBB on all Notification Class Objects. It is also preferred, but not
required that devices supporting the DM-OCD-B BIBB accept any valid
value as an initial value for properties of Notification Class Objects.

2.3.6 Niagara Framework Supervisory Gateway

Any device implementing the Niagara Framework is a Niagara Framework
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Supervisory Gateway and must meet these requirements. In addition to the
general requirements for all DDC Hardware, Niagara Framework Supervisory
Gateway Hardware must:

a.

b.

e.

Be direct digital control hardware.

Have an unrestricted interoperability license and its Niagara
Compatibility Statement (NiCS) must follow the Tridium Open NiCS
Specification.

Manage communications between a field control network and the Niagara
Framework Monitoring and Control Software, and between itself and
other Niagara Framework Supervisory Gateways. Niagara Framework
Supervisory Gateway Hardware must use Fox protocol for communication
with other Niagara Framework Components, regardless of the
manufacturer of the other components.

Be fully programmable using the Niagara Framework Engineering Tool and
must support the following:

(1) Time synchronization, Calendar, and Scheduling using Niagara
Scheduling Objects

(2) Alarm generation and routing using the Niagara Alarm Service

(3) Trending using the Niagara History Service and Niagara Trend Log
Objects

(4) Integration of field control networks using the Niagara Framework
Engineering Tool

(5) Configuration of integrated field control system using the Niagara
Framework Engineering Tool when supported by the field control
system

Meet the following minimum hardware requirements:

(1) Two 10/100/1000 Mbps Ethernet Port (s)

(2) One or more MS/TP ports.

(3) Central Processing Unit of 600 Mhz or higher.

(4) Embedded operating system.

Submit a backup of each Niagara Framework Supervisory Gateway as

specified in Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR

HVAC. The backup must be sufficient to restore a Niagara Framework

Supervisory Gateway to the final as-built condition such that a new

Niagara Framework Supervisory Gateway loaded with the backup is

indistinguishable in functionality from the original.

Niagara Framework Engineering Tool

The Niagara Framework Engineering Tool must be Niagara Workbench or an
equivalent Niagara Framework engineering tool software and must:

a.

Have an unrestricted interoperability license and its Niagara
Compatibility Statement (NiCS) must follow the Tridium Open NiCS

SECTION 23 09 23.02 22 Page 10



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780pP1338DP2

Specification.

b. Be capable of performing network configuration for Niagara Framework
Supervisory Gateways and Niagara Framework Monitoring and Control

Software.

c. Be capable of programming and configuring of Niagara Framework
Supervisory Gateways and Niagara Framework Monitoring and Control
Software.

d. Be capable of discovery of Niagara Framework Supervisory Gateways and
all points mapped into each Niagara Framework Supervisory Gateway and
making these points accessible to Niagara Framework Monitoring and
Control Software.

PART 3 EXECUTION

3.

3.

1 CONTROL SYSTEM INSTALLATION
1.1 Building Control Network (BCN)

Install the Building Control Network (BCN) as a single BACnet Internetwork
consisting of a single IP network as the BCN Backbone and zero or more
BACnet MS/TP networks. Note that in some cases there may only be a single
device on the BCN Backbone.

Except for the IP Network and as permitted for the non-BACnet side of
Gateways, use exclusively ASHRAE 135 networks.

.1.1.1 Building Control Network IP Backbone

Install IP Network Cabling in conduit. Install Ethernet Switches in
lockable enclosures. Install the Building Control Network (BCN) IP
Backbone such that it is available at the Facility Point of Connection
(FPOC) location to be determined during construction. When the FPOC
location is a room number, provide sufficient additional media to ensure
that the Building Control Network (BCN) IP Backbone can be extended to any
location in the room.

Use UDP port O0xBACO for all BACnet traffic on the IP network. (Note that
in a Niagara Framework system there may not be BACnet traffic on the IP
Network)

.1.1.2 BACnet MS/TP Networks

When using MS/TP, provide MS/TP networks in accordance with ASHRAE 135 and
in accordance with the ASHRAE 135 figure "Mixed Devices on 3-Conductor
Cable with Shield" (Figure 9-1.4 in the 2012 version of ASHRAE 135).
Ground the shield at the BACnet Router and at no other point. Ground the
reference wire at the BACnet Router through a 100 ohm resistor and do not
ground it at any other point. 1In addition:

a. Provide each segment in a doubly terminated bus topology in accordance
with TIA-485.

b. Provide each segment with 2 sets of network bias resistors in

accordance with ASHRAE 135, with one set of resistors at each end of
the MS/TP network.
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c. Use 3 wire (twisted pair and reference) with shield media for all
MS/TP media installed inside. Use fiber optic isolation in accordance
with ASHRAE 135 for all MS/TP media installed outside buildings, or
between multiple buildings.

d. For 18 AWG cable, use segments with a maximum length of 4000 ft. When

using greater distances or different wire gauges comply with the
electrical specifications of TIA-485.

e. For each controller that does not use the reference wire provide
transient suppression at the network connection of the controller if

the controller itself does not incorporate transient suppression.

f. 1Install no more than 32 devices on each MS/TP segment. Do not use
MS/TP to MS/TP routers.

g. Connect each MS/TP network to the BCN backbone via a Niagara Framework
Supervisory Gateway configured as a BACnet Router.

h. For BACnet Routers, configure the MS/TP MAC address to 0. Assign MAC
Addresses to other devices consecutively beginning at 1, with no

gaps.
i. Configure the Max Master Property of all devices to be 31.

3.1.1.3 Building Control Network (BCN) Installation
Provide a building control network meeting the following requirements:
a. Install all DDC Hardware connected to the Building Control Network.
b. Where multiple pieces of DDC Hardware are used to execute one

sequence, install all DDC Hardware executing that sequence on a single
MS/TP network dedicated to that sequence.

c. Traffic between BACnet networks must be exclusively via BACnet routers.

d. Use the Fox protocol for all traffic both originating and terminating
at Niagara Framework components. Use the Fox protocol for all traffic
originating or terminating at a Niagara Framework UMCS (including
traffic to or from a future UMCS). All other traffic, including

traffic between ASHRAE 135 devices and traffic between Niagara
Framework Supervisory Gateways and ASHRAE 135 devices must be in
accordance with ASHRAE 135.

3.1.2 DDC Hardware

Install all DDC Hardware that connects to an IP network in lockable
enclosure. Install other DDC Hardware that is not in suspended ceilings
in lockable enclosures. For all DDC hardware with a user interface,
coordinate with site and Section 25 05 11 CYBER SECURITY FOR
FACILITY-RELATED CONTROL SYSTEMS to determine proper passwords and
configure passwords into device.

a. Except for zone sensors (thermostats), install all Tethered Hardware
within 6 feet of its base unit.

b. Install and configure all BTL-Listed devices in a manner consistent
with their BTL Listing such that the device as provided still meets
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all requirements necessary for its BTL Listing.

c. Install and configure all BTL-Listed devices in a manner consistent
with the BTL Device Implementation Guidelines such that the device as
provided meets all those Guidelines.

3.1.2.1 Device Identifiers, Network Addresses, and IP Addresses

a. Do not use any Device Identifier or Network Number already used by
another BACnet system at the project site. Coordinate Device IDs and
Network Numbers with the installation. The installation POC is Camp
Lejeune Public Works.

b. Coordinate device IP addresses with installation. The installation
POC is Camp Lejeune Public Works.

3.1.2.2 ASHRAE 135 Object Name Property and Object Description Property

Configure the Object Names and Object Descriptions properties of all
ASHRAE 135 Objects (including Device Objects) as indicated on the Points
Schedule (Point Name and Point Description) and as specified. At a minimum:

a. Except for DDC Hardware controlling a single terminal unit, configure
the Object Name and Object Description properties of all Objects
(including Device Objects) as indicated on the Points Schedule and as
specified.

b. In DDC Hardware controlling a single terminal unit, configure the
Device Object Name and Device Object Description as indicated on the
Points Schedule and as specified.

When Points Schedule entries exceed the length limitations in the device,
notify Contracting Officer and provide recommended alternatives for
approval.

3.1.2.3 Niagara Framework Point Names and Descriptions

Configure the names and descriptions of all Points in Niagara Framework
Supervisory Gateways as indicated on the Points Schedule and as specified.

3.1.2.4 Niagara Station IDs

Ensure that Niagara Station IDs of new Niagara Framework Supervisory
Gateways are maintained as unique within UMCS front-end, including
ensuring they do not conflict with any existing Niagara Station ID.

3.1.2.5 Hand-Off-Auto (H-0O-A) Switches

Provide Hand-Off-Auto (H-O-A) switches as specified and as indicated on
the Points Schedule. Provide H-O-A switches that are integral to the
controller hardware, an external device co-located with (in the same
enclosure as) the controller, integral to the controlled equipment, or an
external device co-located with (in the same enclosure as) the controlled
equipment .

a. For H-O-A switches integral to DDC Hardware, meet the requirements
specified in paragraph DIRECT DIGITAL CONTROL (DDC) HARDWARE.

b. For external H-O-A switches used for binary outputs, provide for
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overriding the output open or closed.

c. For eternal H-O-A switches used for analog outputs, provide for
overriding to 0 percent or 100 percent.

3.1.2.6 Emergency Shut Down Switches (ATFP)
Quantity and location as shown on the drawings. Switches must be hardwired
such that all fans and dampers that circulate air between rooms, or
between inside and outside must shut down/close regardless of equipment
HOA switch position. ATFP circuit must be energized to allow equipment to
operate; i.e. activation of the emergency shut down switch will
de-energize the circuit and open relays at the equipment. Additionally,
activation of the switch must signal the DDC system to shut all air moving
equipment off/closed and initiate an alarm. Reset of the DDC system must
be manual.

3.1.2.7 Local Display Panels
Provide LDPs to display and override wvalues of points in a Niagara
Framework Supervisory Gateway or ASHRAE 135 Object Properties as indicated
on the Points Schedule. 1Install LDPs displaying points for anything other
than a terminal unit in the same room as the equipment. For LDPs using
WriteProperty to commandable objects to implement an override, write
values with priority 9.

3.1.2.8 MS/TP Slave Devices

Configure all MS/TP devices as Master devices. Do not configure any
devices to act as slave devices.

3.1.2.9 Change of Value (COV) and Read Property
a. To the greatest extent possible, configure all devices to support the
SubscribeCOV service (the DS-COV-B BIBB). At a minimum, all devices
supporting the DS-RP-B BIBB, other than devices controlling only a
single terminal unit, must be configured to support the DS-COV-B BIRBB.

b. Whenever supported by the server side, configure client devices to use
the DS-COV-A BIBB.

3.1.2.10 Engineering Units
Configure devices to use English (Inch-Pound) engineering units as follows:
a. Temperature in degrees F
b. Air or natural gas flows in cubic feet per minute (CFM)
c. Water in gallons per minute (GPM)
d. Steam flow in pounds per hour (pph)
e. Differential Air pressures in inches of water column (IWC)
f. Water, steam, and natural gas pressures in PSI

g. Enthalpy in BTU/1lb
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h. Heating and cooling energy in MBTU (1MBTU = 1,000,000 BTU))
i. Cooling load in tons (1 ton = 12,000 BTU/hour)
j. Heating load in MBTU/hour (1MBTU = 1,000,000 BTU)
k. Electrical Power: kilowatts (kW)
1. Electrical Energy: kilowatt-hours (kWh)
3.1.2.11 Occupancy Modes

Use the following correspondence between value and occupancy mode whenever
an occupancy state or value is required:

a. OCCUPIED mode: a value of one
b. UNOCCUPIED mode: a value of two
c. WARM-UP/COOL-DOWN (PRE-OCCUPANCY) mode: a value of three

Note that elsewhere in this Section the Schedule Object is required to
also support a value of four, which is reserved for future use. Also note
that the behavior of a system in each of these occupancy modes is
indicated in the sequence of operation for the system.

3.1.2.12 Use of BACnet Objects

Except as specifically indicated for Niagara Framework Objects, Use only
standard non-proprietary ASHRAE 135 Objects and services to accomplish the
project scope of work as follows:

a. Use Analog Input or Analog Output Objects for all analog hardware
I/0. Do not use Analog Value Object for analog hardware I/0).

b. Use Binary Input or Binary Output Objects for all binary hardware
I/0. Do not use Binary Value Objects for binary hardware I/0.

c. Use Analog Value Objects for analog setpoints.
d. Use Accumulator Objects or Analog Value Objects for pulse inputs.

e. For occupancy modes, use Multistate Value Objects and the
correspondence between value and occupancy mode specified in paragraph
OCCUPANCY MODES.

f. ©Use a combination of Niagara Framework Alarm Extensions and Alarm
Services, Intrinsic Alarming, and Notification Class Objects for alarm
generation.

g. For all other points shown on the Points Schedule as requiring an
ASHRAE 135 Object, use the Object type shown on the Points Schedule
or, if no Object Type is shown, use a standard Object appropriate to
the point.

3.1.2.12.1 Niagara Framework Objects
Points in the Niagara Framework Supervisory Gateway, even if used in a
sequence or are shown on the Points Schedule, are not required to be

exposed as BACnet Objects unless they are required to be available on the
network by another device or sequence of operation (i.e. there is some
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other reason they are needed) .

Use a Niagara Framework Supervisory Gateway as specified for all
scheduling and trending. Use a Niagara Framework Supervisory Gateway as
specified for all alarming except for intrinsic alarming.

3.1.2.13 Use of Standard BACnet Services

Except as noted in this paragraph, for all DDC Hardware (including Niagara
Frameworks Supervisory Gateways when communicating with non-Niagara
Framework DDC Hardware) use Standard BACnet Services as defined in this
specification (which excludes some ASHRAE 135 services) exclusively for
application control functionality and communication.

DDC Hardware that cannot meet this requirement may use non-standard
services provided they can provide identical functionality using Standard
BACnet Services when communicating with BACnet devices from a different
vendor. When implementing non-standard services, document all
non-standard services in the DDC Hardware Schedule as specified and as
specified in Section 23 09 00.00 22 INSTRUMENTATION AND CONTROL FOR HVAC.

3.1.2.14 Device Application Configuration

a. For every property, setting or value shown on the Points Schedule or
otherwise indicated as Configurable, provide a value that is retained
through loss of power and can be changed via one or more of:
(1) BACnet services (including proprietary services)
(2) Hardware settings on the device
(3) The Niagara Framework

b. For every property, setting or value in non-Niagara Framework Hardware
shown on the Points Schedule or otherwise indicated as Operator
Configurable, provide a value that is retained through loss of power
and can be changed via one or more of:

(1) A Writable Property of a standard BACnet Object

(2) A Property of a standard BACnet Object that is Writable when
Out Of Service is TRUE and Out Of Service is Writable.

(3) Using some other method supported by a Niagara Framework
Supervisory Gateway

c. Configure Niagara Framework Supervisory Gateways such that the
property, setting or value is configurable from a Niagara Framework
Front End.

d. For every property, setting or value in a Niagara Framework
Supervisory Gateway which is shown on the Points Schedule or otherwise
indicated as Operator Configurable, configure the value to be
configurable from within the Niagara Framework such that it can be
configured from a system graphic page at a Niagara Framework Front End.

3.1.2.15 Niagara Framework Engineering Tool

Use the Niagara Framework Engineering Tool to fully discover the field
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control system and make all field control system information available to
the Niagara Framework Supervisory Gateway. Ensure that all points on the
points schedule are available to the front end via the Fox protocol.

3.1.3 Scheduling, Alarming, Trending, and Overrides

3.1.3.1 Scheduling
Configure schedules in Niagara Framework Supervisory Gateway using Niagara
Schedule Objects as indicated on the Points Schedule and as specified.
When the schedule is controlling occupancy modes in DDC Hardware other
than a Niagara Framework Supervisory Gateway use the indicated
correspondence between value and occupancy mode.

3.1.3.2 Alarm Configuration

Configure alarm generation and management as indicated on the Points
Schedule and as specified. Configure alarm generation in Niagara
Framework Supervisory Gateways using Niagara Framework Alarm Extensions
and Alarm Services or in other DDC Hardware (not Niagara Framework
Supervisory Gateways) using ASHRAE 135 Intrinsic Alarming. Configure
alarm management and routing for all alarms, including those generated via
intrinsic alarming in other devices, in the Niagara Framework Supervisory
Gateway such that the alarms are able to be accessed from the Niagara
Framework Front End.

Where Intrinsic Alarming is used, configure intrinsic alarming as
specified in paragraph "Configuration of ASHRAE 135 Intrinsic Alarm
Generation". Configure a Niagara Framework Supervisory Gateway to provide
a means to configure the intrinsic alarm parameters such that the
Intrinsic Alarm is configurable from the front end via the Niagara
Framework.

3.1.3.3 Configuration of ASHRAE 135 Intrinsic Alarm Generation

Intrinsic alarm generation must meet the following requirements:
Configure alarm generation as indicated on the Points Schedule and as
specified using Intrinsic Alarming in accordance with ASHRAE 135 or
Algorithmic Alarming in accordance with ASHRAE 135. Alarm generation must
meet the following requirements:

a. Send alarm events as Alarms (not Events) .

b. Use the ConfirmedNotification Service for alarm events.

c. For alarm generation, support two priority levels for alarms: critical

and non-critical. Configure the Priority of Notification Class
Objects to use Priority 112 for critical and 224 for non-critical
alarms.

d. Number of Notification Class Objects for Alarm Generation:
(1) If the device implements non-critical alarms, or if any Object in
the device supports Intrinsic Alarms, then provide a single
Notification Class Object specifically for (shared by) all

non-critical alarms.

(2) If the device implements critical alarms, provide a single
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Notification Class Object specifically for (shared by) all
critical alarms.

(3) If the device implements both critical and non-critical alarms,
provide both Notification Class Objects (one for critical, one for
non-critical) .

(4) If the device controls equipment other than a single terminal
unit, provide both Notification Class Objects (one for critical,
one for non-critical) even if no alarm generation is required at
time of installation.

e. For all intrinsic alarms configure the Limit Enable Property to set
both HighLimitEnable and LowLimitEnable to TRUE. If the specified
alarm conditions are for a single-sided alarm (only High Limit used or
only Low Limit used) assign a value to the unused limit such that the
unused alarm condition will not occur.

f. For all objects supporting intrinsic alarming, even if no alarm
generation is required during installation, configure the following
Properties as follows:

(1) Notification Class to point to the non-Critical Notification Class
Object in that device.

(2) Limit Enable to enable both the HighLimitEnable and LowLimitEnable
(3) Notify Type to Alarm

g. Configure the Recipient List Property of the Notification Class Object
to point to the Niagara Framework Supervisory Gateway managing the
alarm.

3.1.3.4 Trending

Perform all trending using a Niagara Framework Supervisory Gateway using
Niagara Framework History Extensions and Niagara Framework History Service
exclusively.

3.1.3.5 Overrides

Provide an override for each point shown on the Points Schedule as
requiring an override. Use the Niagara Framework for all overrides to
points in Niagara Framework Supervisory Gateways. For overrides to other
points, provide an override to a point in a Niagara Framework Supervisory
Gateway via the Niagara Framework where the Niagara Framework Supervisory
Gateway overrides the other point as specified.

Unless otherwise approved, provide Commandable Objects to support all
Overrides in non-Niagara Framework Supervisory Gateway DDC Hardware. With
specific approval from the contracting officer, Overrides for points which
are not hardware outputs and which are in DDC hardware controlling a
single terminal unit may support overrides via an additional Object
provided for the override. No other means of implementing Overrides may
be used.

a. Where Commandable Objects are used, ensure that WriteProperty service

requests with a Priority of 10 or less take precedence over the
SEQUENCE VALUE and that WriteProperty service request with a priority
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of 11 or more have a lower precedence than the SEQUENCE VALUE.

b. For devices implementing overrides via additional Objects, provide
Objects which are NOT Written to as part of the normal Sequence of
Operations and are Writable when Out Of Service is TRUE and
Out Of Service is Writable. Use this point as an Override of the
normal value when Out Of Service is TRUE and the normal value
otherwise. Note these Objects may be modified as part of the sequence
via local processes, but must not be modified by local processes when
Out Of Service is TRUE.

3.1.4 BACnet Gateways

The requirements in this paragraph do not permit the installation of
hardware not meeting the other requirements of this section. All control
hardware installed under this project must meet the requirements of this
specification, including control hardware provided as part of a package
unit or as part of HVAC equipment specified under another section. Except
as indicated in paragraph Gateways for Boiler or Chiller Plants, all
package units must be provided with a BACnet interface meeting the
requirements of this Section. Only use gateways to connect to
pre-existing control devices, and to boiler or chiller plants as indicated.

3.1.4.1 General Gateway Requirements

Provide BACnet Gateways to connect non-BACnet control hardware in
accordance with the following:

a. Configure gateways to map writable data points in the controlled
equipment to Writable Properties of Standard Objects, or to Niagara
Framework points, as indicated in the Points Schedule and as specified.

b. Configure gateway to map readable data points in the controlled
equipment to Readable Properties of Standard Objects, or to Niagara

Framework points, as indicated in the Points Schedule and as specified.

c. Configure gateway to support the DS-COV-B BIBB for all points mapped
to BACnet Objects.

d. Do not use non-BACnet control hardware for controlling built-up units
or any other equipment that was not furnished with factory-installed
controls. (Note: A Niagara Framework Supervisory Gateway is BACnet
control hardware.)

e. Do not use non-BACnet control hardware for system scheduling functions.

3.1.4.2 Gateways for Boiler or Chiller Plants

A non-BACnet network of multiple boilers or multiple chillers with a
single gateway is permitted only when all the following conditions are met:

a. All units are from the same manufacturer.

b. All units are co-located in the same room, and the network connecting
them is fully contained in that room.

c. Units are operating using a common "plant" sequence of operation which

stages the units in a manner that requires operational parameters be
shared between them and which cannot be accomplished with a single
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lead-lag command from a third-party controller.

d. A request for use of a boiler or chiller plant gateway has been
submitted and approved in accordance with Section 23 09 00
INSTRUMENTATION AND CONTROL FOR HVAC.

Connect one network port on the gateway to the Building Control Backbone
IP Network or to a BACnet MS/TP network and the other port to the boiler
or chiller network.

3.1.4.3 Gateways for Application Other than Boiler and Chiller Plants

In addition to the General Gateway Requirements, provide BACnet Gateways
to non-BACnet control hardware other than boiler and chiller plants in
accordance with the following

a. Each gateway must communicate with and perform protocol translation
for non-BACnet control hardware controlling one and only one package
unit.

b. Connect one network port on the gateway to the Building Control
Backbone IP Network or to a BACnet MS/TP network and the other port to
the single piece of controlled equipment.

c. Non-BACnet network wiring connecting the gateway to the package unit
must not exceed 10 feet in length and must connect to exactly two

devices: the controlled equipment (packaged unit) and the gateway.

--— End of Section --
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SECTION 23 11 20

FACILITY GAS PIPING
05/20

PART 1 GENERAL

1

.1 SUMMARY

This specification section applies to gas piping installed within

buildings incidental underground piping under building, above ground steel
piping and corrugated stainless steel tubing (CSST) both outside (up to 5
feet beyond exterior walls) and within buildings in compliance with NEFPA 54
/AGA 7223.1, "National Fuel Gas Code" NFPA 58, "Fuel Gas Piping".

.2 REFERENCES

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

AMERICAN GAS ASSOCIATION (AGA)

AGA ANSI B109.4 (2016) Self-Operated Diaphragm-Type
Natural Gas Service Regulators for Nominal
Pipe Size 1% inches (32 mm) and Smaller
with Outlet Pressures of 2 psig (13.8 kPa)
and Less

AGA XR0603 (2006; 8th Ed) AGA Plastic Pipe Manual for
Gas Service

AGA 7223.1 (2012) National Fuel Gas Code
AMERICAN NATIONAL STANDARDS INSTITUTE (ANST)
ANSI Z21.15/CSA 9.1 (2009, Addenda A 2012, Addenda B 2013; R
2019) Manually Operated Gas Valves for

Appliances, Appliance Connector Valves and
Hose End Valves

ANST 721.18/CSA 6.3 (2007; R 2017) Gas Appliance Pressure
Regulators

ANST Z21.21/CSA 6.5 (2015) Automatic Valves for Gas Appliances

ANSI 7Z21.24/CSA 6.10 (2015, R 2020) Connectors for Gas
Appliances

ANST Z21.41/CSA 6.9 (2014; R 2019) Quick-Disconnect Devices

for Use with Gas Fuel Appliances

ANSI 7Z21.69/CSA 6.16 (2015, R 2020) Connectors for Movable Gas
Appliances
ANST Z21.78/CSA 6.20 (2010; R 2020) Standard Specification for

Combination Gas Controls for Gas Appliances
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ANSI 721.80/CSA 6.22

APT

APT

APT

APT

APT

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

RP 2003

RP 2009

Spec

6D

Std 598

std 607

Al3.

B1.

B1.20.1

B1l6.

Bl6.

B1l6.

Bl6.

B1l6.

Bl6.

Bl6.

B18.

ASME INTERNATIONAL

1

3

11

21

33

39

(2019) Line Pressure Regulators

AMERICAN PETROLEUM INSTITUTE (API)

(2015; 8th Ed) Protection Against
Ignitions Arising out of Static,
Lightning, and Stray Currents

(2002; R 2007; 7th Ed) Safe Welding,
Cutting, and Hot Work Practices in
Refineries, Gasoline Plants, and
Petrochemical Plants

(June 2018, 4th Ed; Errata 1 July 2018;
Errata 2 August 2018) Specification for
Pipeline and Piping Valves

(2009) Valve Inspecting and Testing

(2016) Fire Test for Quarter-turn Valves
and Valves Equipped with Non-metallic Seats

(ASME)

(2020) Scheme for the Identification of
Piping Systems

(2003; R 2018) Unified Inch Screw Threads
(UN and UNR Thread Form)

(2013; R 2018) Pipe Threads, General
Purpose (Inch)

(2016) Malleable Iron Threaded Fittings,
Classes 150 and 300

(2017) Pipe Flanges and Flanged Fittings
NPS 1/2 Through NPS 24 Metric/Inch Standard

(2018) Factory-Made Wrought Buttwelding
Fittings

(2016) Forged Fittings, Socket-Welding and
Threaded

(2016) Nonmetallic Flat Gaskets for Pipe
Flanges

(2012; R 2017) Manually Operated Metallic
Gas Valves for Use in Gas Piping Systems
Up to 125 psi, (Sizes NPS 1/2 - NPS 2)

(2020) Standard for Malleable Iron
Threaded Pipe Unions; Classes 150, 250,
and 300

(2012; Errata 2013) Square and Hex Bolts
and Screws (Inch Series)
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ASME B18.2.2 (2015) Nuts for General Applications:
Machine Screw Nuts, Hex, Square, Hex
Flange, and Coupling Nuts (Inch Series)

ASME B31.9 (2017) Building Services Piping

ASME BPVC SEC IX (2017; Errata 2018) BPVC Section
IX-Welding, Brazing and Fusing
Qualifications

ASME BPVC SEC VIII D1 (2019) BPVC Section VIII-Rules for

Construction of Pressure Vessels Division 1
AMERICAN WELDING SOCIETY (AWS)

AWS A5.8/A5.8M (2019) Specification for Filler Metals for
Brazing and Braze Welding

AWS WHB-2.9 (2004) Welding Handbook; Volume 2, Welding
Processes, Part 1

ASTM INTERNATIONAL (ASTM)

ASTM A53/A53M (2020) Standard Specification for Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless

ASTM A193/A193M (2020) Standard Specification for
Alloy-Steel and Stainless Steel Bolting
Materials for High-Temperature Service and
Other Special Purpose Applications

ASTM A194/A194M (2020a) Standard Specification for Carbon
Steel, Alloy Steel, and Stainless Steel
Nuts for Bolts for High-Pressure or
High-Temperature Service, or Both

CSA GROUP (CSA)

ANSI LC 1/CSA 6.26 (2019) Fuel Gas Piping Systems Using
Corrugated Stainless Steel Tubing (CSST)

MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS
INDUSTRY (MSS)

MSS SP-25 (2018) Standard Marking System for Valves,
Fittings, Flanges and Unions

MSS SP-58 (2018) Pipe Hangers and Supports -
Materials, Design and Manufacture,
Selection, Application, and Installation
NATIONAL FIRE PROTECTION ASSOCIATION (NEFPA)

NEFPA 54 (2021) National Fuel Gas Code

NEPA 58 (2020) Liquefied Petroleum Gas Code
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NFPA 70 (2020, ERTA 20-1 2020; ERTA 20-2 2020; TIA
20-1; TIA 20-2; TIA 20-3; TIA 20-4)
National Electrical Code

SOCIETY FOR PROTECTIVE COATINGS (SSPC)
SSPC SP 6/NACE No.3 (2007) Commercial Blast Cleaning
U.S. DEPARTMENT OF DEFENSE (DOD)

MIL-STD-101 (2014; Rev C) Color Code for Pipelines and
for Compressed Gas Cylinders

UNDERWRITERS LABORATORIES (UL)

UL FLAMMABLE & COMBUSTIBLE (2012) Flammable and Combustible Liquids
and Gases Equipment Directory

1.3 SYSTEM DESCRIPTION

The gas piping system includes natural gas piping and appurtenances from
point of connection with supply system, as indicated, to gas operated
equipment within the facility. Submit operation and maintenance data in
accordance with Section 01 78 23 OPERATION AND MAINTENANCE DATA, in three
separate packages. Section 23 03 00.00 20 BASIC MECHANICAL MATERIALS AND
METHODS applies to this section, with additions and modifications
specified herein. Provide cathodically protected insulating joints
connecting aboveground piping from the meter to the building, with
lightning arrestors conforming to API RP 2003, installed where indicated.

1.3.1 Gas Facility System and Equipment Operation

Include shop drawings showing piping layout, locations of system valves,
gas line markers and cathodic protection system; step-by-step procedures
for system start up, operation and shutdown (index system components and
equipment to the system drawings); isolation procedures including wvalve
operation to shutdown or isolate each section of the system (index wvalves
to the system maps and provide separate procedures for normal operation
and emergency shutdown if required to be different). Submit Data package
No. 4.

1.3.2 Gas Facility System Maintenance
Include maintenance procedures and frequency for system and equipment;

identification of pipe materials and manufacturer by locations, pipe
repair procedures, and Jjointing procedures at transitions to other piping

material or material from a different manufacturer. Submit Data Package
No.4.
1.3.3 Gas Facility Equipment Maintenance

Include identification of valves, shut-offs, disconnects, and other
equipment by materials, manufacturer, vendor identification and location;
maintenance procedures and recommended tool kits for valves and equipment;
recommended repair methods (i.e., field repair, factory repair, or
replacement) for each valve and piece of equipment; and preventive
maintenance procedures, possible failure modes and troubleshooting guide.
Submit Data Package No. 3.
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1.4 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submittals with an "S" are for inclusion in the Sustainability
eNotebook, in conformance to Section 01 33 29.05 20 SUSTAINABILITY
REPORTING FOR DESIGN-BUILD. Submit the following in accordance with
Section 01 33 10.05 20 DESIGN SUBMITTAL PROCEDURES:
SD-02 Shop Drawings
Gas Piping System; G
SD-03 Product Data
Pipe and Fittings;
Gas Equipment Connectors;
Gas Piping System;
Pressure Regulators; G
Valves;
SD-06 Test Reports
Testing;
Pressure Tests;
Test with Gas;
SD-07 Certificates
Welders Procedures and Qualifications
Assigned Number, Letter, or Symbol
SD-10 Operation and Maintenance Data
Gas Facility System and Equipment Operation;
Gas Facility System Maintenance;
Gas Facility Equipment Maintenance;
1.5 QUALITY ASSURANCE
Submit manufacturer's descriptive data and installation instructions for
approval for compression-type mechanical joints used in joining dissimilar
materials and for insulating Jjoints. Mark all valves, flanges and
fittings in accordance with MSS SP-25.
1.5.1 Welding Qualifications
a. Weld piping in accordance with qualified procedures using performance

qualified welders and welding operators in accordance with API RP 2009,
ASME BPVC SEC IX, and ASME B31.9. Welding procedures qualified by
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1

others, and welders and welding operators qualified by another
employer may be accepted as permitted by ASME B31.9. Notify the
Contracting Officer at least 24 hours in advance of tests, and perform
at the work site if practicable.

b. Submit a certified copy of welders procedures and qualifications metal
and PE in conformance with ASME B31.9 for each welder and welding
operator. Submit the assigned number, letter, or symbol that will be

used in identifying the work of each welder to the Contracting Officer.
Weld all structural members in accordance with Section 05 05 23.16

STRUCTURAL WELDING, and in conformance with AWS A5.8/A5.8M, and

AWS WHB-2.9.

.5.2 Shop Drawings

Submit drawings for complete Gas Piping System, within 30 days of contract
award, showing location, size and all branches of pipeline; location of
all required shutoff valves; and instructions necessary for the
installation of gas equipment connectors and supports.

PART 2 PRODUCTS

2.

2

2

2

1 MATERIALS AND EQUIPMENT

Provide materials and equipment which are the standard products of a
manufacturer regularly engaged in the manufacture of the products and that
essentially duplicate items that have been in satisfactory use for at
least 2 years prior to bid opening. Asbestos or products containing
asbestos are not allowed. Submit catalog data and installation
instructions for pipe, valves, all related system components, pipe coating
materials and application procedures. Conform to NEFPA 54NFPA 58 and with
requirements specified herein. Provide supply piping to appliances or
equipment at least as large as the inlets thereof.

.2 GAS PIPING SYSTEM AND FITTINGS

.2.1 Steel Pipe, Joints, and Fittings

a. Pipe: Black carbon steel in accordance with ASTM A53/A53M,
Schedule 40 , threaded ends for sizes 2 inches and smaller; otherwise,
plain end beveled for butt welding.

b. Threaded Fittings: ASME B16.3, black malleable iron.
c. Socket-Welding Fittings: ASME B16.11, forged steel.

d. Butt-Welding Fittings: ASME B16.9, with backing rings of
compatible material.

e. Unions: ASME B16.39, black malleable iron.

f. Flanges and Flanged Fittings: ASME B16.5 steel flanges or
convoluted steel flanges conforming to ASME BPVC SEC VIII D1, with
flange faces having integral grooves of rectangular cross sections
which afford containment for self-energizing gasket material.

2.2 Sealants for Steel Pipe Threaded Joints

Provide joint sealing compound as listed in UL FLAMMABLE & COMBUSTIBLE,
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Class 20 or less. For taping, use tetrafluoroethylene tape conforming to
UL FLAMMABLE & COMBUSTIBLE.

2.2.3 Warning and Identification

Provide pipe flow markings, warning and identification tape, and metal
tags as required.

2.2.4 Flange Gaskets

Provide gaskets of nonasbestos compressed material in accordance with
ASME B16.21, 1/16 inch thickness, full face or self-centering flat ring
type, containing aramid fibers bonded with styrene butadiene rubber (SBR)
or nitrile butadiene rubber (NBR) suitable for a maximum 600 degree F
service, to be used for hydrocarbon service.

2.2.5 Pipe Threads
Provide pipe threads conforming to ASME B1.20.1.

2.2.6 Escutcheons
Provide chromium-plated steel or chromium-plated brass escutcheons, either
one piece or split pattern, held in place by internal spring tension or
set screw.

2.2.7 Insulating Pipe Joints

2.2.7.1 Insulating Joint Material

Provide insulating joint material between flanged or threaded metallic
pipe systems where shown to control galvanic or electrical action.

2.2.7.2 Threaded Pipe Joints

Provide threaded pipe joints of steel body nut type dielectric unions with
insulating gaskets.

2.2.7.3 Flanged Pipe Joints

Provide joints for flanged pipe consisting of full face sandwich-type
flange insulating gasket of the dielectric type, insulating sleeves for
flange bolts, and insulating washers for flange nuts.

2.2.8 Flexible Connectors

a. Provide flexible connectors for connecting gas utilization equipment
to building gas piping conforming to ANSI 721.24/CSA 6.10 or
ANST 721.41/CSA 6.9 for quick disconnect devices, and flexible
connectors for movable food service equipment conforming to
ANST 721.69/CSA 6.16. Provide combination gas controls for gas
appliances conforming to ANSI Z21.78/CSA 6.20.

b. Do not install the flexible connector through the appliance cabinet
face. Provide rigid metallic pipe and fittings to extend the final
connection beyond the cabinet, except when appliance is provided with
an external connection point.
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2.3 VALVES

Provide lockable shutoff or service isolation valves conforming to the
following:

2.3.1 Valves 2 Inches and Smaller

Provide valves 2 inches and smaller conforming to ASME B16.33 of materials
and manufacture compatible with system materials used.

2.3.2 Valves 2-1/2 Inches and Larger

Provide valves 2-1/2 inches and larger of carbon steel conforming to
API Spec 6D, Class 150.

2.4 PIPE HANGERS AND SUPPORTS
Provide pipe hangers and supports conforming to MSS SP-58.

2.5 LINE AND APPLIANCE REGULATORS AND SHUTOFF VALVES
Provide regulators conforming to ANSI Z21.18/CSA 6.3 for appliances
ANST 721.78/CSA 6.20 for combination gas controls for gas appliances , and
ANST 721.80/CSA 6.22 for line pressure regulators. Provide shutoff valves
conforming to ANST 721.15/CSA 9.1 for manually controlled gas shutoff
valves and ANSI 721.21/CSA 6.5 for automatic shutoff valves for gas

appliances.

2.6 NATURAL GAS SERVICE

2.6.1 Service Regulators
a. Provide ferrous bodied pressure regulators for individual service
lines, capable of reducing distribution line pressure to pressures
required for users. Provide service regulators conforming to
AGA ANSTI B109.4 CGA-6.18-M95 with full capacity internal relief . Set

pressure relief at a lower pressure than would cause unsafe operation
of any connected user.

b. Adjust regulators for liquified petroleum gas to 2.5 to 3 kPa 10 to 12
inches of water column, with pressure relief set at 4 kPa 16 inches of
water column.

c. Provide regulator(s) having a single port with orifice diameter no
greater than that recommended by the manufacturer for the maximum gas
flow rate at the regulator inlet pressure. Provide regulator valve
vent of resilient materials designed to withstand flow conditions when
pressed against the valve port, capable of regulating downstream
pressure within limits of accuracy and limiting the buildup of
pressure under no-flow conditions to 50 percent or less of the

discharge pressure maintained under flow conditions. Provide a
self-contained service regulator, and pipe not exceeding exceed 2 inch
size.
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2.

6.2 Gas Meter

2.6.2.1 Utility Monitoring and Control System (UMCS) / Energy Monitoring
and Control (EMCS) or Automatic Meter Reading Interfaces

Provide gas meters capable of interfacing the output signal, equivalent to
volumetric flow rate, with the existing UMCS / EMCS for data gathering in
units of cubic meters cubic feet. Provide meters that do not require
power to function and deliver data. Output signal must be either a
voltage or amperage signal that can be converted to volumetric flow by
using an appropriate scaling factor.

.6.2.2 Measurement Configuration

For buildings that already have a gas meter with a pulse output, ensure
that the pulse output is connected to a data gathering device (i.e.
electric meter). For buildings where a natural gas meter already exists
but does not have a pulse output, add a pulse kit to the existing meter
and tie the output to a data gathering device. If the existing gas meter
will not accept a pulse kit or if no meter exists a new natural gas meter
must be installed, also requiring a pulse output to a data gathering
device. Ensure the pulse frequency and electronic characteristics are
compatible with the existing data gathering device, if any.

LT BOLTING (BOLTS AND NUTS)

Stainless steel bolting,; ASTM A193/A193M, Grade B8M or B8MA, Type 316, for
bolts; and ASTM A194/A194M, Grade 8M, Type 316, for nuts. Dimensions of
bolts, studs, and nuts must conform with ASME B18.2.1 and ASME B18.2.2
with coarse threads conforming to ASME B1.1, with Class 2A fit for bolts
and studs and Class 2B fit for nuts. Bolts or bolt-studs must extend
through the nuts and may have reduced shanks of a diameter not less than
the diameter at root of threads. Bolts must have American Standard
regular square or heavy hexagon heads; nuts must be American Standard
heavy semifinished hexagonal.

.8 GASKETS

Fluorinated elastomer, compatible with flange faces.

.9 IDENTIFICATION FOR ABOVEGROUND PIPING

MIL-STD-101 for legends and type and size of characters. For pipes 3/4
inch od and larger, provide printed legends to identify contents of pipes
and arrows to show direction of flow. Color code label backgrounds to
signify levels of hazard. Make labels of plastic sheet with
pressure-sensitive adhesive suitable for the intended application. For
pipes smaller than 3/4 inch od, provide brass identification tags 1 1/2
inches in diameter with legends in depressed black-filled characters.

PART 3 EXECUTION

3.

1 EXAMINATION
After becoming familiar with all details of the work, verify all

dimensions in the field, and advise the Contracting Officer of any
discrepancy or areas of conflict before performing the work.

SECTION 23 11 20 Page 9



DB HURRICANE FLORENCE RECOVERY PKG3, TRAINING/WAREHOUSE FACS 180780P1338DP2

3.

2 EXCAVATION AND BACKFILLING

Provide required excavation, backfilling, and compaction as specified in
Section 31 00 00 EARTHWORK.

.3 GAS PIPING SYSTEM

Provide a gas piping system from the point of delivery, defined as the
outlet of the meter set assembly service regulator shutoff valve, as
specified under "Gas Service" within this specification, to the
connections to each gas utilization device that is in compliance with
NFPA 54..

.3.1 Protection and Cleaning of Materials and Components

Protect equipment, pipe, and tube openings by closing with caps or plugs
during installation. At the completion of all work, thoroughly clean the
entire system.

.3.2 Workmanship and Defects

Piping, tubing and fittings must be clear and free of cutting burrs and
defects in structure or threading and must be thoroughly brushed and
chip-and scale-blown. Repair of defects in piping, tubing or fittings is
not allowed; replace defective items when found.

.4 PROTECTIVE COVERING

4.1 Aboveground Metallic Piping Systems

40101 Ferrous Surfaces
Touch up shop primed surfaces with ferrous metal primer. Solvent clean
surfaces that have not been shop primed . Mechanically clean surfaces

that contain loose rust, loose mill scale and other foreign substances by
power wire brushing or commercial sand blasted conforming to

SSPC SP 6/NACE No.3 and prime with ferrous metal primer or vinyl type wash
coat. Finish primed surfaces with two coats of exterior oil paint or
vinyl paint.

.4.1.2 Nonferrous Surfaces

Except for aluminum alloy pipe, do not paint nonferrous surfaces. Paint
surfaces of aluminum alloy pipe and fittings to protect against external
corrosion where they contact masonry, plaster, insulation, or are subject
to repeated wettings by such liquids as water, detergents or sewage.
Solvent-clean the surfaces and treat with vinyl type wash coat. Apply a
first coat of aluminum paint and a second coat of alkyd gloss enamel or
silicone alkyd copolymer enamel.

.5 INSTALLATION

Install the gas system in conformance with the manufacturer's
recommendations and applicable provisions of NEFPA 54 and AGA XR0603, and
as indicated. Perform all pipe cutting without damage to the pipe, with
an approved type of mechanical cutter, unless otherwise authorized. Use
wheel cutters where practicable. On steel pipe 6 inches and larger, an
approved gas cutting and beveling machine may be used. Cut thermoplastic
and fiberglass pipe in accordance with AGA XR0603.
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3.5.1 Connections Between Metallic and Plastic Piping

Connections between metallic and plastic piping are only allowed outside,
underground, and with approved transition fittings.

3.5.2 Concealed Piping in Buildings

Do not use combinations of fittings ( unions, tubing fittings, running
threads, right- and left-hand couplings, bushings, and swing joints) to
conceal piping within buildings.

3.5.2.1 Piping and Tubing in Partitions

Locate concealed piping and tubing in hollow, rather than solid,
partitions. Protect tubing passing through walls or partitions against
physical damage both during and after construction, and provide
appropriate safety markings and labels. Provide protection of concealed
pipe and tubing in accordance with ANSI LC 1/CSA 6.26.

3.5.2.2 Piping in Floors

Lay piping in solid floors in channels suitably covered to permit access
to the piping with minimum damage to the building.

3.5.3 Aboveground Piping

Run aboveground piping as straight as practicable along the alignment and
elevation indicated, with a minimum of joints, and separately supported
from other piping system and equipment. Install exposed horizontal piping
no farther than 6 inches from nearest parallel wall and at an elevation
which prevents standing, sitting, or placement of objects on the piping.

3.5.4 Final Gas Connections

Unless otherwise specified, make final connections with rigid metallic
pipe and fittings. Flexible connectors may be used for final
connections to residential dryers.Flexible connectors may be used for
final connections to gas utilization equipment. In addition to cautions
listed in instructions required by ANSI standards for flexible connectors,
insure that flexible connectors do not pass through equipment cabinet.
Provide accessible gas shutoff valve and coupling for each gas equipment
item.

3.6 PIPE JOINTS

Design and install pipe joints to effectively sustain the longitudinal
pull-out forces caused by contraction of the piping or superimposed loads.

3.6.1 Threaded Metallic Joints

Provide threaded joints in metallic pipe with tapered threads evenly cut
and made with UL approved graphite joint sealing compound for gas service
or tetrafluorocethylene tape applied to the male threads only. Threaded
joints up to 1-1/2 inches in diameter may be made with approved
tetrafluoroethylene tape. Threaded joints up to 2 inches in diameter may
be made with approved joint sealing compound. After cutting and before
threading, ream pipe and remove all burrs. Caulking of threaded joints to
stop or prevent leaks is not permitted.
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3.

6.2 Welded Metallic Joints

Conform beveling, alignment, heat treatment, and inspection of welds to
NFPA 54. Remove weld defects and make repairs to the weld, or remove the
weld joints entirely and reweld. After filler metal has been removed from
its original package, protect and store so that its characteristics or
welding properties are not affected adversely. Do not use electrodes that
have been wetted or have lost any of their coating.

.6.3 Solder or Brazed Joints

Make all joints in metallic tubing and fittings with materials and
procedures recommended by the tubing supplier. Braze Jjoints with material
having a melting point above 1000 degrees F, containing no phosphorous.

.7 PIPE SLEEVES

Provide pipes passing through concrete or masonry walls or concrete floors
or roofs with pipe sleeves fitted into place at the time of construction.
Do not install sleeves in structural members except where indicated or
approved. Make all rectangular and square openings as detailed. Extend
each sleeve through its respective wall, floor or roof, and cut flush with
each surface, except in mechanical room floors not located on grade where
clamping flanges or riser pipe clamps are used. Extend sleeves in
mechanical room floors above grade at least 4 inches above finish floor.
Unless otherwise indicated, use sleeves large enough to provide a minimum
clearance of 1/4 inch all around the pipe. Provide steel pipe for sleeves
in bearing walls, waterproofing membrane floors, and wet areas . Provide
sleeves in nonbearing walls, floors, or ceilings of steel pipe, galvanized
sheet metal with lock-type longitudinal seam, or moisture-resistant fiber
or plastic. For penetrations of fire walls, fire partitions and floors
which are not on grade, seal the annular space between the pipe and sleeve
with fire-stopping material and sealant that meet the requirement of
Section 07 84 00 FIRESTOPPINGG.

.8 PIPES PENETRATING WATERPROOFING MEMBRANES

Install pipes penetrating waterproofing membranes as specified in Section
22 00 00 PLUMBING, GENERAL PURPOSE.

.9 FIRE SEAL

Fire seal all penetrations of fire rated partitions, walls and floors in
accordance with Section 07 84 00 FIRESTOPPING.

.10 ESCUTCHEONS

Provide escutcheons for all finished surfaces where gas piping passes
through floors, walls, or ceilings except in boiler, utility, or equipment
rooms.

.11 SPECIAL REQUIREMENTS

Provide drips, grading of the lines, freeze protection, and branch outlet
locations as shown and conforming to the requirements of NEFPA 54NFPA 58.
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3.

12 BUILDING STRUCTURE

Do not weaken any building structure by the installation of any gas
piping. Do not cut or notch beams, joists or columns. Attach piping
supports to metal decking. Do not attach supports to the underside of
concrete filled floors or concrete roof decks unless approved by the
Contracting Officer.

.13 PIPING SYSTEM SUPPORTS

Support gas piping systems in buildings with pipe hooks, metal pipe
straps, bands or hangers suitable for the size of piping or tubing. Do
not support any gas piping system by other piping. Conform spacing of
supports in gas piping and tubing installations to the requirements of
NEPA 54. Conform the selection and application of supports in gas piping
and tubing installations to the requirements of MSS SP-58. In the support
of multiple pipe runs on a common base member, use a clip or clamp where
each pipe crosses the base support member. Spacing of the base support
members is not to exceed the hanger and support spacing required for any
of the individual pipes in the multiple pipe run. Rigidly connect the
clips or clamps to the common base member. Provide a clearance of 1/8 inch
between the pipe and clip or clamp for all piping which may be subjected
to thermal expansion.

.14 ELECTRICAL BONDING AND GROUNDING

Provide a gas piping system within the building that is electrically
continuous and bonded to a grounding electrode as required by NEPA 54,
NFPA 58, and NEFPA 70.

.15 SHUTOFF VALVE

Install the main gas shutoff valve controlling the gas piping system to be
easily accessible for operation, as indicated, protected from physical
damage, and marked with a metal tag to clearly identify the piping system
controlled. 1Install valves approximately at locations indicated. Orient
stems vertically, with operators on top, or horizontally. Provide PE
piping manufacturer bracket support assembly securely fastened to
structure for valve connections to resist operating torque applied to PE
pipes. Provide stop valve on service branch at connection to main and
shut-off valve on riser outside of building.

.16 LINE AND APPLIANCE PRESSURE REGULATORS

Install line pressure regulators and appliance regulators in accordance
with the manufacturer's requirements and in accordance with NFPA 54.
Install each regulator in an accessible location and install shutoff
valves ahead of each line and appliance regulator to allow for
maintenance. Where vent limiting devices are not included in the
regulators, install a vent pipe to the exterior of the building.
Terminate all service regulator vents and relief vents in the outside air
in rain and insect resistant fittings. Locate the open end of the vent
where gas can escape freely into the atmosphere, away from any openings
into the building and above areas subject to flooding.

.17 TESTING

Submit test procedures and reports in booklet form tabulating test and
measurements performed; dated after award of this contract, and stating
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the Contractor's name and address, the project name and location, and a
list of the specific requirements which are being certified. Test entire
gas piping system to ensure that it is gastight prior to putting into
service. Prior to testing, purge the system, clean, and clear all foreign
material. Test each joint with an approved gas detector, socap and water,
or an equivalent nonflammable solution. Inspect and test each valve in
conformance with APT Std 598 and API Std 607. Complete testing before any
work is covered, enclosed, or concealed, and perform with due regard for
the safety of employees and the public during the test. Install
bulkheads, anchorage and bracing suitably designed to resist test
pressures i1if necessary, and as directed and or approved by the Contracting
Officer. Do not use oxygen as a testing medium.

3.17.1 Pressure Tests

Submit test procedures and reports in booklet form tabulating test and
measurements performed; dated after award of this contract, and stating
the Contractor's name and address, the project name and location, and a
list of the specific requirements which are being certified. Before
appliances are connected, test by filling the piping systems with air or
an inert gas to withstand a minimum pressure of 3 pounds gauge for a
period of not less than 10 minutes as specified in NFPA 54as specified in
NEPA 58 without showing any drop in pressure. Do not use Oxygen for
test. Measure pressure with a mercury manometer, slope gauge, or an
equivalent device calibrated to be read in increments of not greater than
0.1 pound. TIsolate the source of pressure before the pressure tests are
made.

3.17.2 Test With Gas

Before turning on gas under pressure into any piping, close all openings
from which gas can escape. Immediately after turning on the gas, check
the piping system for leakage by using a laboratory-certified gas meter,
an appliance orifice, a manometer, or equivalent device. Conform all
testing to the requirements of NFPA 54. If leakage is recorded, shut off
the gas supply, repair the leak , and repeat the tests until all leaks
have been stopped.

3.17.3 Purging
After testing is completed, and before connecting any appliances, fully
purge all gas piping. Do not purge piping into the combustion chamber of
an appliance. Do not purge the open end of piping systems into confined
spaces or areas where there are ignition sources unless the safety
precautions recommended in NEFPA 54 are followed.

3.17.4 Labor, Materials and Equipment

Furnish all labor, materials and equipment necessary for conducting the
testing and purging.

3.18 PIPE COLOR CODE MARKING

Provide color code marking of piping as specified in Section 09 90 00
PAINTS AND COATINGS, conforming to ASME A13.1.

--— End of Section --
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SECTION 23 24 00
HYDRONIC PIPE CLEANING AND FLUSHING PROCEDURES

08/10

PART 1 GENERAL

1

.1 PERFORMANCE REQUIREMENTS

Cleaning and flushing shall remove organic soil, hydrocarbons, flux, pipe
mill varnish, pipe compounds, iron oxide, and like deleterious
substances. Removal of tightly adherent mill scale is not required.

.2 DELIVERY, STORAGE, AND HANDLING

Handle and store detergent to protect equipment, environment and persons.
Store detergent according to manufacturer's recommendations.

.3 ENVIRONMENTAL REQUIREMENTS

All chemicals shall be acceptable for discharge into sanitary sewer.

.4 SUBMITTALS

Submit the following in accordance with Section 01 33 00 SUBMITTAL
PROCEDURES:

SD-03 Product Data
Cleaning Detergent

Water Treatment Chemicals and Chemical Supplier

PART 2 PRODUCTS

2

.1 MATERIALS

The cleaning compound/detergent shall be an alkaline phosphate or
non-phosphate detergent/surfactant/specific to remove organic soil,
hydrocarbons, flux, pipe mill varnish, pipe compounds, iron oxide, and
like deleterious substances, with or without inhibitor, suitable for
system wetted metals without deleterious effects.

Cleaning compound/detergent shall not contain corrosion inhibitors such as
sodium nitrite, molybdate, etc. The only corrosion inhibitor that may be
used in conjunction with detergent is sodium sulfite (an oxygen scavenger) .

Suggested detergent is trisodium phosphate.

Sodium sulfite, sodium lauroly sarcosinate, and dipotossium phosphate are
used for water treatment.
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PART 3 EXECUTION
3.1 PROTECTION

Do not exceed service factor amperage on pump motor.
3.1.1 Special Techniques

a. Use existing steam heating system to maintain a water temperature
of 120F.

b. Close terminal unit service valves and open bypass valve.
Flushing bypass should connect upstream of the terminal unit
supply service valve and downstream of the return service valve.
If necessary, provide temporary piping or hose to bypass terminal

unit. Remove any component which may be damaged. In lieu of
providing a bypass, three-way valves may be driven 100 percent to
bypass. If three-way valves are utilized, do not close service
valves.

c. Fill system with water and detergent solution to manufacture's
specified water/detergent concentration, heat to 120F. Test both
systems to determine system volume using fluorescent dye and
fluorometric analysis.

d. Operate system pump, hot water pump and circulate solution for a
minimum of 48 hrs, while maintaining 120 F. From bottom of
air/solids separator, bleed water as necessary while filling
system thru standard fill station ensuring to maintain the
manufacturer's specified water/detergent concentration. Modulate
drain to maintain system pressure. Do not exceed service factor
amperage on pump motor. Throttle discharge valve as necessary.
The pump start up strainer shall remain in place. Periodically
clean the pump strainer. Also, periodically check and clean
terminal unit strainers during the 48 hours of cleaning.

e. Open terminal device service valves, three-way valves, and close
bypass valves. Flush each terminal device. Ensure to clean all
strainers before opening terminal device service valves. Repeat
"Step d" for the terminal devices for a minimum of 48 hour.

f. Drain system and thoroughly flush with fresh water. Demonstrate
to Government that system water runs clear. Coordinate with
Construction Manager to provide sample water opacity.

g. Clean all strainers. Remove pump startup strainer.

h. The water shall be treated to the following chemical parameters:

Sodium sulfite: 30-100 ppm
Sodium lauroyl sarcosinate: 30-100 ppm
PH: 8.5 - 9.5 (use Dipotassium

Phosphate as pH buffer)

The water chemical levels shall be retested in one day, one week
and four weeks following initial treatment. If the chemical
levels are not within the range specified above, additional
treatment shall be conducted to bring the levels within range.
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Prepare a report documenting the water system volume, pH, and
sulfite concentration levels for the initial treatment and the
subsequent three retests and necessary treatment. Submit report
to government contracting officer and the Camp Lejeune mechanical
design branch.

Provide material safety data sheets (MSDS) for treatment chemicals
and permanently locate a copy in each mechanical room.

Provide one plastic sign no smaller than 12"x12" square with
engraved lettering %" in height. Sign shall be located in the
mechanical room. It shall be hung on the wall in an area with an
unobstructed view and near the respective chemical shot feeder.

The sign shall state the respective system volume (determined from
testing and verified by hand calculations) and the following:

"This hydronic system is treated to the following chemical

parameters:
Sodium sulfite: 30-100 ppm
Sodium lauroyl sarcosinate: 30-100 ppm
PpH*: 8.5 - 9.5

System Volume:
*use Dipotassium Phosphate as pH buffer"

--— End of Section --
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PART 1

1

L1

GENERAL

REFERENCES

SECTION 23 30 00

HVAC ATIR DISTRIBUTION

05/20

The publications listed below form a part of this specification to the

extent referenced.
the basic designation only.

AMCA

AMCA

AMCA

AMCA

AHRT

AHRT

AHRT

AHRT

AHRT

AHRT

ABMA

ABMA

The publications are referred to within the text by

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL, INC. (AMCA)

201

210

300

301

(2002; R 2011) Fans and Systems

(2016) Laboratory Methods of Testing Fans
for Aerodynamic Performance Rating

(2014) Reverberant Room Method for Sound
Testing of Fans

(2014) Methods for Calculating Fan Sound
Ratings from Laboratory Test Data

AIR-CONDITIONING, HEATING AND REFRIGERATION INSTITUTE (AHRI)

260 I-P

410

430

880 I-P

885

Guideline D

(2012) Sound Rating of Ducted Air Moving
and Conditioning Equipment

(2001; Addendum 1 2002; Addendum 2 2005;
Addendum 3 2011) Forced-Circulation
Air-Cooling and Air-Heating Coils

(2009) Central-Station Air-Handling Units
(2011) Performance Rating of Air Terminals
(2008, Addendum 2011) Procedure for
Estimating Occupied Space Sound Levels in
the Application of Air Terminals and Air

Outlets

(1996) Application and Installation of
Central Station Air-Handling Units

AMERICAN BEARING MANUFACTURERS ASSOCIATION (ABMA)

11

(2015) Load Ratings and Fatigue Life for
Ball Bearings

(2014) Load Ratings and Fatigue Life for
Roller Bearings
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AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING

ENGINEERS (ASHRAE)

ASHRAE 52.2

ASHRAE 62.1

ASHRAE 68

ASHRAE 70

ASME

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASME INTERNATIONAL

Al3.1

ASTM INTERNATIONAL

A53/A53M

A123/A123M

Al67

A924/R924M

B117

B152/B152M

B209

B766

C553

C1071

(2012) Method of Testing General
Ventilation Air-Cleaning Devices for
Removal Efficiency by Particle Size

(2010) Ventilation for Acceptable Indoor
Air Quality

(1997) Laboratory Method of Testing to
Determine the Sound Power In a Duct

(2006; R 2011) Method of Testing for
Rating the Performance of Air Outlets and
Inlets

(ASME)

(2020) Scheme for the Identification of
Piping Systems

(ASTM)

(2020) Standard Specification for Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless

(2017) Standard Specification for Zinc
(Hot-Dip Galvanized) Coatings on Iron and
Steel Products

(2011) Standard Specification for
Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and
Strip

(2020) Standard Specification for General
Requirements for Steel Sheet,
Metallic-Coated by the Hot-Dip Process

(2019) Standard Practice for Operating
Salt Spray (Fog) Apparatus

(2019) Standard Specification for Copper
Sheet, Strip, Plate, and Rolled Bar

(2014) Standard Specification for Aluminum
and Aluminum-Alloy Sheet and Plate

(1986, R 2015) Standard Specification for
Electrodeposited Coatings of Cadmium

(2013; R 2019) Standard Specification for
Mineral Fiber Blanket Thermal Insulation
for Commercial and Industrial Applications

(2019) Standard Specification for Fibrous
Glass Duct Lining Insulation (Thermal and
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Sound Absorbing Material)

ASTM D520 (2000; R 2011) Zinc Dust Pigment
ASTM D1654 (2008; R 2016, E 2017) Standard Test
Method for Evaluation of Painted or Coated
Specimens Subjected to Corrosive
Environments
ASTM D3359 (2017) Standard Test Methods for Rating
Adhesion by Tape Test
ASTM E2016 (2020) Standard Specification for
Industrial Woven Wire Cloth
CALIFORNIA DEPARTMENT OF PUBLIC HEALTH (CDPH)
CDPH SECTION 01350 (2010; Version 1.1) Standard Method for
the Testing and Evaluation of Volatile
Organic Chemical Emissions from Indoor
Sources using Environmental Chambers
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA MG 1 (2018) Motors and Generators
NEMA MG 10 (2017) Energy Management Guide for
Selection and Use of Fixed Frequency
Medium AC Squirrel-Cage Polyphase
Induction Motors
NEMA MG 11 (1977; R 2012) Energy Management Guide for
Selection and Use of Single Phase Motors
NATIONAL FIRE PROTECTION ASSOCIATION (NEPA)
NFPA 90A (2021) Standard for the Installation of
Air Conditioning and Ventilating Systems
NEFPA 701 (2019) Standard Methods of Fire Tests for
Flame Propagation of Textiles and Films
SHEET METAL AND AIR CONDITIONING CONTRACTORS' NATIONAL ASSOCIATION
(SMACNA)
SMACNA 1819 (2002) Fire, Smoke and Radiation Damper
Installation Guide for HVAC Systems, 5th
Edition
SMACNA 1884 (2003) Fibrous Glass Duct Construction
Standards, 7th Edition
SMACNA 1966 (2005) HVAC Duct Construction Standards
Metal and Flexible, 3rd Edition
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT (SCAQMD)
SCAQMD Rule 1168 (2017) Adhesive and Sealant Applications
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U.S. DEPARTMENT OF ENERGY (DOE)

PL-109-58 (1992; R 2005) Energy Efiicient Procument
Requirements

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)
40 CFR 82 Protection of Stratospheric Ozone
UNDERWRITERS LABORATORIES (UL)

UL 6 (2007; Reprint Sep 2019) UL Standard for
Safety Electrical Rigid Metal Conduit-Steel

UL 181 (2013; Reprint Apr 2017) UL Standard for
Safety Factory-Made Air Ducts and Air
Connectors

UL 555 (2006; Reprint Aug 2016) UL Standard for

Safety Fire Dampers

UL 5558 (2014; Reprint Aug 2016) UL Standard for
Safety Smoke Dampers

UL 586 (2009; Reprint Dec 2017) UL Standard for
Safety High-Efficiency Particulate, Air
Filter Units

UL 705 (2017; Reprint Oct 2018) UL Standard for
Safety Power Ventilators

UL 900 (2015) Standard for Air Filter Units

UL 1995 (2015) UL Standard for Safety Heating and
Cooling Equipment

UL Bld Mat Dir (updated continuously online) Building
Materials Directory

UL Fire Resistance (2014) Fire Resistance Directory
1.2 SYSTEM DESCRIPTION

Furnish ductwork, piping offsets, fittings, and accessories as required to
provide a complete installation. Coordinate the work of the different
trades to avoid interference between piping, equipment, structural, and
electrical work. Provide complete, in place, all necessary offsets in
piping and ductwork, and all fittings, and other components, required to
install the work as indicated and specified.

1.2.1 Mechanical Equipment Identification
The number of charts and diagrams must be equal to or greater than the
number of mechanical equipment rooms. Where more than one chart or

diagram per space is required, mount these in edge pivoted, swinging leaf,
extruded aluminum frame holders which open to 170 degrees.
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1.2.1.1 Charts

Provide chart listing of equipment by designation numbers and capacities
such as flow rates, pressure and temperature differences, heating and
cooling capacities, horsepower, pipe sizes, and voltage and current
characteristics.

1.2.1.2 Diagrams

Submit proposed diagrams, at least 2 weeks prior to start of related
testing. provide neat mechanical drawings provided with extruded aluminum
frame under 1/8-inch glass or laminated plastic, system diagrams that
show the layout of equipment, piping, and ductwork, and typed condensed
operation manuals explaining preventative maintenance procedures, methods
of checking the system for normal, safe operation, and procedures for
safely starting and stopping the system. After approval, post these items
where directed.

1.2.2 Service Labeling

Label equipment, including fans, air handlers, terminal units, etc. with
labels made of self-sticking, plastic film designed for permanent
installation. Provide labels in accordance with the typical examples
below:

SERVICE LABEL AND TAG DESIGNATION

Air handling unit Number AHU - 01, 02

Control and instrument air CONTROL AND INSTR.

Exhaust Fan Number EF - 01, 02

VAV Box Number VAV - 1.01, 2.01, etc (first character
indicates the AHU served by)

Identify similar services with different temperatures or pressures. Where
pressures could exceed 125 pounds per square inch, gage, include the
maximum system pressure in the label. Label and arrow piping in
accordance with the following:

a. Each point of entry and exit of pipe passing through walls.
b. Each change in direction, i.e., elbows, tees.

c. 1In congested or hidden areas and at all access panels at each point
required to clarify service or indicated hazard.

d. 1In long straight runs, locate labels at distances within eyesight of

each other not to exceed 75 feet. All labels must be visible and
legible from the primary service and operating area.
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