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DOCUMENT 00 01 15

LIST OF DRAWINGS
02711

PART 1 GENERAL

1.1 SUMMARY

This section lists the drawings for the project pursuant to contract clause
"DFARS 252.236-7001, Contract Drawings, Maps and Specifications.”

1.2 CONTRACT DRAWINGS
Contract drawings are as follows:
MISSION CONTROL

Architectural
G-000 - Title Sheet
G-001 - General Information
G-002 - Code Information And Drawing Index
AD-301 -Teleconference Room 2221 RCP-Demo Plan
AD-401 -Roof Demolition Plan
AD-402 -Roof Demolition Plans
A-100 - Overall First And Second Floor Plan
A-101 - Building 4800 First Floor Plan Area E
A-201 - Elevation Area A
A-202 - Opening Details/Door And Window Schedules
A-301 - Teleconference Room 221 RCP
A-400 - Overall Roof Plan
A-401 - Enlarged Roof Construction Plan
A-402 - Enlarged Roof Construction Plan
A-501 - Roof Details
A-502 - Roof Details
A-503 - Roof Details

Structural
S-001 - Structural Information
S-601 - Structural Sections And Details
S-602 - Structural Sections And Details
S-603 - Structural Sections And Details

Mechanical
M-000 - Mechanical Legends
M-001 - Title 24
M-002 - Title 24
MD-101 -Building 4800 Mechanical Demolition Roof Plan
MD-102 -Building 4801 Mechanical Demolition Roof Plan
M-101 - Overall First Floor Mechanical Plan
M-102 - Overall Second Floor Mechanical Plan
M-103 - Overall Third Floor and Roof Mechanical Plans
M-201 - South Wing Mechanical Plan
M-202 - 1st & 2nd Floor Offices Mechanical Plan
M-203 - Blue and Gold Rooms Mechanical Plan
M-204 - Video Control Room Mechanical Plan
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M-205 - Lab 2402 Mechanical Plan

M-206 - Area 3302 Mechanical Plan

M-207 - Fan House 6, 7, 7A Mechanical Plan

M-208 - Fan House 1, 1A Mechanical Plan

M-209 - 4801 Mezzanine Mechanical Plan

M-210 - 4801 Teleconference Room Mechanical Plan

M-211 - Building 4800 Partial Roof Plan

M-212 - Area 3103 Mechanical Plan

M-301 - Mechanical Schedules

M-302 - Mechanical Schedules

M-303 - Mechanical Schedules

M-401 - Mechanical Details

M-402 - Mechanical Details

M-501 - DDC Control Points Architecture

M-502 - Siemens Control Diagrams

M-503 - Siemens Control Diagrams

M-601 - Chilled Water Central Plant Flow Diagram

M-602 - Condenser Water Central Plant Flow Diagram

M-603 - Existing Chilled Water Schematic
Electrical

E-000 - Electrical Legends

ED-101 - Building 4800 Electrical Demolition Plan
ED-102 - Building 4801 Electrical Demolition Plan
E-101 - Overall Electrical First Floor Plan

E-102 - Overall Electrical Second Floor Plan
E-103 - Overall Electrical Third Floor and Roof Plans
E-201 - South Wing Electrical Plan
E-202 - 1st and 2nd Floor Offices Electrical Plan
E-203 - Video Control Room Electrical Plan
E-204 - Blue and Gold Rooms Electrical Plan
E-205 - BLDG 4800 Roof Electrical Plan
E-206 - BLDG 4800 Roof Electrical Plan
E-207 - Fan House 1 & 1A Electrical Plan
E-208 - 4801 Mezzanine Electrical Plan
E-301 - Electrical One-Line Diagram (Demolition)
E-302 - Building 4800 Electrical One-Line Diagram (SUB 1 Units A & C)
E-303 - Building 4800 Electrical One-Line Diagram (SUB 1 Unit B)
E-304 - Building 4800 Electrical One-Line Diagram (SUB 1 Unit F)
E-305 - Building 4801 Electrical One-Line Diagram
E-401 - Electrical Schedules
E-402 - Electrical Schedules
Fire
F-101 - Fire Protection Notes

1.3 SUPPLEMENTARY DRAWINGS

None

-- End of Document --
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Dryden Standard Division One Specification DIVl

PART 1

SECTION 01 11 00

SUMMARY OF WORK
01/08

GENERAL

1.1 SUMMARY

The work to be performed under this project consists of providing the labor,
equipment, and materials to perform REVITALIZE MISSION CONTROL INFRASTRUCTURE
for the National Aeronautics and Space Administration at the Dryden Flight
Research Center (NASA/DFRC), Edwards, California 93523.

Please note that the scope of work is divided in two with a primary and
secondary scope of work as an option.

a.

b.

The site work scope includes:

NZA

The structural primary scope includes:

1. To evaluate the capacity of the floor slab of Fanhouse 1A which
should be considered during removal of the chiller in the 90%
developed design. Means and methods for moving the chiller out of
Fanhouse 1A will not be part of the scope of work. Evaluation of
Fanhouse 1A floor slab will not include computation of existing
equipment loads or survey of existing equipment.

2. To analyze the roof adjacent to Fanhouse 1A for the additional
gravity loads imposed as a result of new mechanical or electrical
equipment.

3. To design seismic bracing for new pipes and ducts to applicable
design codes.

4. To design supports for new mechanical systems such as support
frames and seismic anchorage and bracing.

5. The existing building shall only be analyzed for additional
gravity loads imposed as a result of new mechanical or electrical
equipment. No seismic analysis of the overall (3) buildings will be
performed for this project scope of work.

The structural secondary scope includes:
Supplementing architectural roofing scope.

The hazardous material abatement scope includes:

Asbestos containing window glazing compound has been identified in
area E in B4800. Abatement projects were conducted in B4800 utilizing
encapsulation but asbestos may be encountered when penetrating
building components. There are lead painted structural steel in the
building. There may be incidental hazardous material abatement

Section 01 11 00 Page 1

Rev. 1



Dryden Standard Division One Specification DIVl

required. The close coordination with the government is required for
hazardous material abatement.

d. The architectural primary scope includes:
The coordination amongst structural, mechanical, electrical and
fire protection items. Storm windows in Building 4800, first floor
Area E.

The architectural secondary scope includes:

The coordination amongst structural, mechanical, electrical and
fire protection items. Roofing in the following areas which are
divided in options, recorded on architectural drawings: A, C, E, G,
H, 1 K, and L.

e. The mechanical primary scope includes:
replacement of Fanhouse 1A chillers, upgrade HVAC controls on the
water side for all Fanhouse AHU’s, new variable primary pumping
configuration for the chilled water system, replacement of both
Fanhouse 7A AHU’s, change-out of three DX rooftop units to chilled
water coils/gas heat.

The mechanical secondary scope includes:

Includes the following: Designing the replacement of Fanhouse 1
single zone AHU which serves first floor south wing, design for the
removal of the abandoned 200 ton chiller in Fan House 6, design for
the removal of the abandoned air handler equipment from Fan House
7, incorporate backflow prevention at all domestic and industrial
water connection points, demolish old cooling tower frame beside
Fanhouse per government direction, and replace original condensing
water pipe from the suction side of the pump to the cooling tower
which is visibly identifiable.

f. The electrical primary scope includes:
Supporting the following HVAC upgrades: replacement of Fanhouse 1A
chillers, upgrade HVAC controls on the water side for all Fanhouse
AHU’s, new variable primary pumping configuration for the chilled
water system, replacement of both Fanhouse 7A AHU’s, change-out of
three DX rooftop units to chilled water coils/gas heat.

The electrical secondary scope includes:
1. Design the replacement of Fanhouse 1 single zone AHU which
serves First floor south wing.
a) Demolition of power and controls.
b) Design for new power and controls.
c) Refer to drawing ED-101, E-201, and E-207 in the
appendix.
2. Design for the removal of the abandoned air handler
equipment from Fan House 7.
a) Demolition of power and controls.
b) Refer to drawing ED-101 in the appendix.

g- The fire protection scope includes:
The existing fire sprinkler and fire alarm system will remain in
place. Modifications to these systems will only be made in support
of this project’s scope of work.
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1.1.1 Separate Construction Phases

The contractor shall perform the work in primary and secondary scope phases

with options; primary scope shall be performed first and secondary with

options will follow.

The general sequence of operations within a phase is as follows: Final

Acceptance. The Government will issue notice to proceed to next phase.

Contractor shall progress to next phase. This process shall be repeated

until work in all phases has been completed.

1.1.2 Base Bid and Options

The contract is structured as base bid work and options.
Primary Scope of Work — Is the base bid work.
Secondary Scope of Work is comprised of options:
Architectural Option 1: Area A, G, K (noted on architectural drawings)
Architectural Option 2: Area C (noted on architectural drawings)
Architectural Option 3: Area E (noted on architectural drawings)
Architectural Option 4: Area H (nhoted on architectural drawings)
Architectural Option 5: Area 1 (noted on architectural drawings)
Architectural Option 6: Area L (noted on architectural drawings)
Architectural Option 7: Replace existing wood ramps and stairs with new
galvanized steel and secure to roof deck. Provide railings as required,
see 4/A503 for stair attachment detail.
Mechanical Option 8: Demolition and replacement of AHU in Fan House 1 and
renovation of associated ductwork and controls. RE: m-208 and M-302.
Revise ductwork, add VAV boxes and add new thermostats in South wing. RE:

M-201

Mechanical Option 9: Demolition of abandoned air handler equipment from
fan house 7. RE: 3/M207.

Mechanical Option 10: Demolition of old cooling tower frame near fanhouse
1A. RE: M-208.

Mechanical Option 11: Replace condenser water supply pipe associated
with cooling towers near fan house 1. RE: M208.

Mechanical Option 12: Demolition of chiller, chilled water pumps,
condenser water pumps, cooling towers and associated piping in fan house
6. RE: M207.

Section 01 11 00 Page 3
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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.

ASTM INTERNATIONAL (ASTM)

ASTM E 2114 (2008) Standard Terminology for Sustainability

1.3

Relative to the Performance of Buildings

DEFINITIONS

Definitions pertaining to sustainable development are as defined in ASTM E
2114 and as specified.

a.

1.4

“"Environmentally preferable products™ have a lesser or reduced effect on
the environment in comparison to conventional products and services.

This comparison may consider raw materials acquisition, production,
manufacturing, packaging, distribution, reuse, operation, maintenance, or
disposal of the product.

"Indoor environmental quality" is the physical characteristics of the
building interior that impact occupants, including air quality,
illumination, acoustics, occupant control, thermal comfort, daylighting,
and views.

"Operational performance™ is the functional behavior of the building as a
whole or of the building components.

"Sustainability” is the balance of environmental, economic, and societal
considerations.

CONTRACT DRAWINGS

Drawings and documents that accompany this specification are a part thereof,
and are listed in section 00 01 15 List of Drawings.

Digital drawings and specifications will be furnished to the Contractor
without charge. Reference publications will not be furnished. The
Contractor shall immediately check furnished drawings and notify the
Government of any discrepancies.

1.5

CONSTRUCTION SCHEDULE

Within the overall project schedule of the performance period, including the
base bid and all options, the Contractor shall commence and complete the work
in phases of primary and secondary work.

1.6

WORK HOURS

Section 01 11 00 Page 4
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The majority of the construction work under this contract shall be performed
during normal duty hours. Weekends and Government holidays are restricted for
work unless otherwise approved by Contracting Officer.

The Contractor shall allow for a maximum of ten 10 days per year where
construction activity is not permitted because NASA facilities are closed.

1.7 GOVERNMENT-FURNISHED PROPERTY

Not Used

1.8 REUSED PROPERTY

Equipment, material or furniture designated to be reused shall remain the
property of the Government and may be relocated with the coordination and

approval with the government.

Please see General Note 1: on AD-301 that states that during demolition,
protect all existing to remain construction and furniture from damage.

1.9 TEMPORAR SYSTEMS AND UTILITIES
The Contractor shall install temporary utilities to allow temporary services
during the period of construction and remove only after permanent services
have been installed and tested and are in operation.
The Contractor shall maintain and operate existing systems to allow
uninterrupted services during the period of construction. All modifications
shall be performed in a manner in which the system can be operated

effectively during normal duty hours and provide normal services to building
occupants.

PART 2 PRODUCTS
Not used.
PART 3 EXECUTION
Not used.

-- End of Section --
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TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACTOR SCHEDULE | CONTRACTOR
DATES ACTION APPROVING AUTHORITY
@] (b (c) (d) (e) (U] 9) (h) (i) [0) (k) (1) (m) (n) (0) ()] (@ ()
Mailed To
Date FWD Date CONTR/
Classificati to APPR/ Date RCD Date RCD
Acti on: GOVT Approval | Material Auth Date | FWD To From From
vity [ Trans- Specification SD Paragraph or AJE Needed | Needed | Action | Date Of JRCD From| Other Other | Action | Date Of APPR
Line # |mittal # Section # Submittal Description Item Submitted # Revwr Submit By By Code | Action CONTR Revwr Revwr | Code | Action | Authority Remarks
1 01 20 00.00 20 01 |Preconstruction Submittals Schedule of Values 1.2 G
2 01 20 00.00 20 11 [Closeout Submittals Contractor's Invoice 13
3 01 30 00 01 |Preconstruction Submittals View location map 12
4 01 30 00 01 [Preconstruction Submittals Progress and completion pictures 13
5 013201.00 10 01 |Preconstruction Submittals Project Schedule 33
6 01 3300 01 [Preconstruction Submittals Submittal Register 1.15
7 0135 14.11 40 01 |Preconstruction Submittals Contractor's Accident Prevention Plan |1.8.1 G
8 013514.11 40 01 |Preconstruction Submittals Activity Hazard Analysis 191
9 013514.11 40 01 |Preconstruction Submittals E:?muﬁm for Excavation and Digging |, ;7 G
10 0135 14.11 40 01 |Preconstruction Submittals is:‘;;m for Confined Space Entry |, 5 G
1 013514.1140 | 01 |Preconstruction Submittals Request for Utility Outage/Facility 1173 G
Closure Permit
12 0135 14.11 40 01 [Preconstruction Submittals Request for Crane Operation Permit 1.17.4 G
13 013514.1140 | 01 |Preconstruction Submittals is:‘m“ﬁm for Open Flame and Hotwork |, ;7 , G
14 013514.11 40 06 [Test Reports Gas Protection 1.23
15 0135 14.11 40 07 |Certificates Contractor's Accident Prevention Plan |1.8.1
16 01 35 14.11 40 07 |Certificates Protection Plan 1.8.2
17 0135 14.11 40 07 |Certificates License Certificates 1.20
18 0135141140 | 07 |Certificates Safety Meeting/Safety Inspection 1122
sheets
19 0135 14.11 40 07 [Certificates Safety Meeting Attendance sheets 1.12.2
20 013514.11 40 08 [Manufacturer’s Instructions Material Safety Data Sheets 192 G
21 01 35 40.00 20 01 |Preconstruction Submittals Environmental Protection Plan 1.8 G
22 01 35 40.00 20 01 |Preconstruction Submittals Instructor Qualifications 1.9.1
23 01 35 40.00 20 03 [Product Data Packaging 212
24 01 35 40.00 20 06 [Test Reports Field Quality Control Reports 3.2
25 0135400020 | 07 |Certificates S R 16
Requirements
26 01 35 40.00 20 08 [Manufacturer's Instructions Material Safety Data Sheets 171
27 01 35 40.00 20 11 |Closeout Submittals Training Program 193
28 01 35 40.00 20 11 [Closeout Submittals Protection of Natural Resources 3.1
29 01 35 40.00 20 11 [Closeout Submittals Contractor's NPDES/SWPPP 312
30 01 45 00.10 40 01 [Preconstruction Submittals QC Plan 16 G
31 01 45 35 07 [Certificates Special Inspector 15 G
32 01 45 35 07 [Certificates Quality Control Plan 14 G
33 01 50 00 01 [Preconstruction Submittals Construction site plan 14 G
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34 01 50 00 01 [Preconstruction Submittals Traffic control plan 331 G
35 01 50 00 06 [Test Reports Backflow Preventer Tests 153
36 01 50 00 07 |Certificates Backflow Tester 151
37 017419 01 [Preconstruction Submittals Waste Management Plan 16 G
38 017419 11 [Closeout Submittals Records 1.7
39 017419 11 |Closeout Submittals Salvage Material Records 1.8
40 01 75 00.00 40 01 [Preconstruction Submittals Verification of Prior Experience 121
41 0175000040 | 01 |Preconstruction Submittals [E):;sﬂ”;”;:“"” of Manufacturer's Prior |, , G
42 01 75 00.00 40 01 [Preconstruction Submittals Quality Control Plan 121 G
43 01 75 00.00 40 01 [Preconstruction Submittals Manufacturer's Sample Warranty 121
44 01 75 00.00 40 01 [Preconstruction Submittals Operation and Maintenance Data 121 G
45 01 75 00.00 40 01 [Preconstruction Submittals Operation and Maintenance Data 123 G
46 01 75 00.00 40 01 |Preconstruction Submittals Provide Evidence 121
47 01 75 00.00 40 02 [Shop Drawings Drawings, Diagrams and Schedules 122 G
48 01 75 00.00 40 02 [Shop Drawings Diagrams and Instructions 122 G
49 01 75 00.00 40 02 [Shop Drawings Drawings 1.2.2 G
50 01 75 00.00 40 03 [Product Data Catalog cuts 123 G
51 01 75 00.00 40 03 [Product Data Samples of warranty language 1.2.3 G
52 01 75 00.00 40 05 [Design Data Design Calculations 123 G
53 01 75 00.00 40 06 |Test Reports Factory Tests 1.2.4.2 G
54 01 75 00.00 40 06 [Test Reports Functional Field Test 1243 G
55 01 75 00.00 40 06 [Test Reports Final Acceptance Test 1244 G
56 01 75 00.00 40 06 [Test Reports Test Procedures 1245 G
57 01 75 00.00 40 07 [Certificates Qualification of Manufacturer 121 G
58 01 75 00.00 40 07 |Certificates Qualification of Installer 1.2.1
59 01 75 00.00 40 08 |Manufacturer’s Instructions g:gsifii:gsgs Administrative 121 G
60 01 75 00.00 40 08 [Manufacturer’s Instructions Demonstration and Training Informatiory1.2.1 G
61 01 75 00.00 40 08 |Manufacturer’s Instructions ’}\?A:gu.l:ifrae?:gr?tf Procedural 121 G
62 0175000040 | 09 |Manufacturer’s Field Reports Ssﬁzgl'g:l";g;;he Testingand 11,43 |o
63 01 75 00.00 40 10 |Operation and Maintenance Data [Operation and Maintenance Data 121
64 01 75 00.00 40 10 |Operation and Maintenance Data [Operation and Maintenance Data 123
65 01 75 00.00 40 10 |Operation and Maintenance Data [Safety and Security Data or Posters 123
66 017800 03 [Product Data FSENDRER HERMIMEIEE || gy
Materials
67 0178 00 03 [Product Data Warranty Tags 1.7.3
68 01 78 00 03 [Product Data Spare Parts Data 14
69 01 78 00 08 |Manufacturer’s Instructions Preventive Maintenance 15
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71 01 78 00 08 |Manufacturer’s Instructions Inspection (85
72 01 78 00 10 |Operation and Maintenance Data (Operation and Maintenance Manuals 1.8
73 01 78 00 11 [Closeout Submittals As-Built Drawings 131
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76 02 41 00 01 [Preconstruction Submittals Existing Conditions 111 G
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78 02 41 00 07 |Certificates Deconstruction Plan G
79 02 41 00 07 |Certificates Notification 1.7 G
80 02 41 00 11 |Closeout Submittals Receipts 3341
81 02 81 00 03 [Product Data Onsite Hazardous Waste Management |3.1 G
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85 02 81 00 06 [Test Reports Spill Response 3.8
86 02 81 00 06 |Test Reports Exception Report 3.7 G
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88 02 81 00 07 [Certificates Security Plan 3.24
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94 02 81 00 07 |Certificates Waste Minimization 3.6 G
95 033053 02 [Shop Drawings Installation Drawings 16
96 033053 03 [Product Data Air-Entraining Admixture 2131
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101 033053 03 |Product Data Joint Sealants - Field Molded Sealants |2.1.7
102 033053 03 [Product Data Waterstops
103 033053 03 [Product Data Batching and Mixing Equipment 3.1.33
104 033053 03 [Product Data Conveying and Placing Concrete 3.2
105 033053 03 |Product Data Formwork 2.1.8
106 033053 03 |Product Data Forms 24
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107 033053 03 [Product Data Ready-Mix Concrete 2.2
108 033053 03 [Product Data Mix Design Data 2.2
109 033053 03 [Product Data Air-Entraining Admixtures 2.2
110 033053 03 [Product Data Fly Ash 2.2
111 033053 03 |Product Data Accessories 25
112 033053 03 [Product Data Curing Compound 251
113 033053 03 |Product Data Measurement of Floor Tolerances 3433
114 033053 06 |Test Reports Aggregates 2.1.2
115 033053 06 [Test Reports Concrete Mixture Proportions 143
116 033053 06 [Test Reports Compressive Strength Testing 3.10
117 033053 06 [Test Reports Slump 3.10
118 033053 07 |Certificates Cementitious Materials 211
119 033053 07 |certificates g:pemfgrri;f:ﬁ:se’:‘iiﬁ's or
120 033053 07 [Certificates Aggregates 212
121 033053 07 [Certificates Bill of Lading 2.2
122 0550 13 02 [Shop Drawings Floor gratings and roof walkways
123 0550 13 02 [(Shop Drawings angles and plates 25
124 055013 03 [Product Data Floor gratings and roof walkways
125 06 10 00 02 [Shop Drawings Nailing Strips 221
126 06 10 00 02 [Shop Drawings Fire-retardant treatment 18
127 06 10 00 02 [Shop Drawings Engineered wood products
128 06 10 00 02 [Shop Drawings Structural-use and OSB panels 143
129 06 10 00 02 [Shop Drawings Oriented Strand Board 2.3
130 06 10 00 02 [Shop Drawings Preservative-treated 144
131 07 22 00 02 |Shop Drawings Wood nailers 2.10
132 07 22 00 02 [Shop Drawings Tapered roof insulation 25
133 07 22 00 03 [Product Data Fasteners 2.9
134 07 22 00 03 [Product Data Asphalt
135 07 22 00 03 |Product Data Insulation; G
136 07 22 00 03 [Product Data Recycled materials 2.3
137 07 22 00 03 [Product Data Local/Regional Materials
138 07 22 00 06 |Test Reports rF;:n"‘;Sp’ead SR SIEIOERERFEE | a0
139 07 22 00 07 [Certificates qualifications; G
140 07 22 00 08 |Manufacturer’s Instructions fasteners 29
141 07 22 00 08 |Manufacturer’s Instructions insulation 21
142 07 54 19 02 [Shop Drawings Detail Drawings 184
143 07 54 19 03 [Product Data PVC Roofing Membrane 322
144 07 54 19 03 [Product Data Bonding Adhesive 211
145 07 54 19 03 [Product Data Flashing 3.2.22
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146 07 54 19 03 |Product Data Membrane Fasteners and Plates 214
147 07 54 19 03 |Product Data Roof Insulation 2.1.10
148 07 54 19 03 |Product Data Protection Mat 216
149 07 54 19 03 |Product Data Pre-manufactured accessories 217
150 07 54 19 03 |Product Data Water Cutoffs 331
151 07 54 19 03 |Product Data Information Card 21
152 07 54 19 05 |Design Data Wind uplift calculations 123 G
153 075419 07 |Certificates Qualification of ENERGY STAR- 141 G
labeled PVC
154 07 54 19 07 [Certificates Qualifications of Applicator 142 G
155 07 54 19 07 [Certificates Wind Uplift Resistance 123 G
156 07 54 19 07 |Certificates Fire Resistance 1.2.2 G
157 07 54 19 07 [Certificates Minimum Polymer Thickness 213 G
158 07 54 19 07 [Certificates Warranty 18 G
159 07 54 19 08 [Manufacturer’s Instructions Application Method 3.2 G
160 07 54 19 08 [Manufacturer's Instructions Membrane Flashing 213 G
161 07 54 19 08 |Manufacturer’s Instructions Perimeter Attachment 324
162 07 54 19 08 [Manufacturer's Instructions Auxiliary Fasteners 2142
163 07 54 19 08 |Manufacturer’s Instructions Protection mat 216
164 07 54 19 08 |Manufacturer’s Instructions Pre-manufactured accessories 217
165 07 54 19 08 |Manufacturer’s Instructions Cold weather 15.2 G
166 07 54 19 10 |Operation and Maintenance Data (Instructions to Government Personnel |3.5
167, 07 60 00 02 |Shop Drawings gj’r‘f’;:‘f ,g’,’ it Sl G GYREE
168 07 60 00 02 [(Shop Drawings Gutters 'G'
169 07 60 00 02 [Shop Drawings Downspouts ‘G’
170 07 60 00 02 [(Shop Drawings Expansion joints 'G'
171 07 60 00 02 [Shop Drawings Gravel stops and fascias 'G'
172 07 60 00 02 [(Shop Drawings Splash pans 'G'
173 07 60 00 02 [Shop Drawings Flashing for roof drains ‘G’
174 07 60 00 02 [(Shop Drawings Base flashing 'G'
175 07 60 00 02 [Shop Drawings Counterflashing 'G*
176 07 60 00 02 [(Shop Drawings Flashing at roof penetrations 'G'
177 07 60 00 02 [Shop Drawings Reglets 'G'
178 07 60 00 02 |Shop Drawings Scuppers 'G'
179 07 60 00 02 [Shop Drawings Copings 'G'
180 07 60 00 02 [Shop Drawings Drip edge 'G'
181 07 60 00 02 [Shop Drawings Conductor heads 'G*
182 07 60 00 02 [Shop Drawings Open valley flashing 'G*
183 07 60 00 02 [Shop Drawings Eave flashing 'G'
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184 07 60 00 11 [Closeout Submittals Quality Control Plan 3.5
185 07 84 00 02 |Shop Drawings Firestopping Materials 21
186 078400 07 |certificates g"sg:ﬁg;‘:g’i Technical 142
187 07 84 00 07 [Certificates Firestopping Materials 21
188 07 84 00 07 [Certificates Installer Qualifications 141
189 07 84 00 07 [Certificates Inspection 33
190 07 92 00 03 |Product Data Sealants 21
191 07 92 00 03 |Product Data Primers 22
192 07 92 00 03 |Product Data Bond breakers 23
193 07 92 00 03 [Product Data Backstops 24
194 07 92 00 07 |Certificates Sealant 3.3.6
195 08 51 69.10 02 [Shop Drawings Storm windows 212
196 08 51 69.10 03 |Product Data Storm windows 212
197 08 51 69.10 10 [Operation and Maintenance Data |Storm windows 212
198 08 81 00 02 [Shop Drawings Installation 331
199 08 81 00 03 [Product Data Glazing Accessories 13
200 08 81 00 04 [Samples Glazing Compound 2.3
201 08 81 00 04 [Samples Tape 2.7
202 08 81 00 04 [Samples Sealant 241
203 08 81 00 08 [Manufacturer's Instructions Setting and sealing materials 212
204 08 81 00 08 [Manufacturer’s Instructions Glass setting 3.2
205 09 29 00 03 [Product Data Fire Resistant Gypsum Board
206 09 29 00 03 |Product Data Accessories
207 09 29 00 07 |Certificates Asbestos Free Materials 21
208 09 29 00 08 [Manufacturer’s Instructions Material Safety Data Sheets
209 09 29 00 10 |Operation and Maintenance Data [Manufacturer maintenance instructions
210 09 29 00 10 |Operation and Maintenance Data [Waste Management 33
211 09 51 00 02 [(Shop Drawings Approved Detail Drawings 12
212 09 51 00 03 [Product Data Acoustical Ceiling Systems 121
213 09 51 00 04 [Samples Acoustical Units 2.1
214 09 51 00 04 [Samples Acoustic Ceiling Tiles 211
215 09 51 00 06 [Test Reports Fire Resistive Ceilings il 2.0
216 09 51 00 06 [Test Reports Ceiling Attenuation Class and Test 122
217 09 51 00 07 |Certificates Acoustical Units 2.1
218 09 51 00 07 [Certificates Acoustic Ceiling Tiles 211
219 09 90 00 02 |Shop Drawings Piping identification 3.12
220 09 90 00 03 [Product Data Coating 21
221 09 90 00 03 |Product Data Manufacturer's Technical Data Sheets [2.1

Rev. 1

Page 6 of 19



TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACJ:)_?E?CHEDULE COﬁLI?HAOC’:‘I'OR APPROVING AUTHORITY
(@] (b (c) (d) (e) () () (h) (i) (i) (k) (1) (M) () (0) (p) (q) (1)

222 09 90 00 03 |Product Data Sealant 3.35
223 09 90 00 04 [Samples Color 1.10
224 09 90 00 04 [Samples Textured Wall Coating System
225 09 90 00 04 [Samples ;iTEISF;I'extured Wall Coating System
226 09 90 00 07 [Certificates Applicator's qualifications 13
227 09 90 00 07 |Certificates Qualification Testing 1.4.1.2
228 09 90 00 08 [Manufacturer's Instructions Application instructions 3.4.1
229 09 90 00 08 [Manufacturer’s Instructions Mixing 3.8.2
230 09 90 00 08 |Manufacturer’s Instructions Zl:en;fsacturer's Material Safety Data 1.7.2
231 09 90 00 10 [Operation and Maintenance Data |Coatings: 21
232 2113 13.00 10 02 [Shop Drawings Shop Drawings 143 G
233 211313.00 10 02 [Shop Drawings As-Built Drawings; G
234 2113 13.00 10 03 |Product Data Fire Protection Related Submittals
235 211313.00 10 03 [Product Data Materials and Equipment 2.3 G
236 211313.00 10 03 [Product Data Spare Parts 1.6
237 211313.00 10 03 [Product Data Preliminary Tests 3.7 G
238 2113 13.00 10 03 [Product Data Final Acceptance Test 3.8 G
239 211313.00 10 03 [Product Data Onsite Training 3.9 G
240 2113 13.00 10 03 [Product Data Fire Protection Specialist 14.1 G
241 211313.00 10 03 [Product Data Sprinkler System Installer 142 G
242 2113 13.00 10 05 [Design Data Sway Bracing 143 G
243 211313.00 10 05 [Design Data Hydraulic Calculations 1213 G
244 2113 13.00 10 06 [Test Reports Preliminary Test Report 3.7 G
245 211313.00 10 06 [Test Reports Final Acceptance Test Report 3.8 G
246 211313.00 10 07 [Certificates Inspection by Fire Protection Specialist | 3.3 G
247 211313.00 10 10 |Operation and Maintenance Data gperating ) Y ETEETE e MU
248 2300 00 02 [Shop Drawings Detail Drawings 145 G
249 230000 03 |Product Data Metallic Flexible Duct 29.11
250 230000 03 |Product Data gjsztlesd Nonmetallic Flexible Duct
251 230000 03 |Product Data Duct Connectors
252 230000 03 [Product Data Duct Access Doors 2.9.2 G
253 2300 00 03 [Product Data Fire Dampers 293
254 230000 03 [Product Data Manual Balancing Dampers 294 G
255 230000 03 |Product Data Automatic Smoke-Fire Dampers 295
256 230000 03 [Product Data Sound Attenuation Equipment 2938
257 230000 03 |Product Data Acoustical Duct Liner 2938
258 230000 03 |Product Data Diffusers 2991
259 2300 00 03 |Product Data Registers and Grilles 2.9.9.2
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260 2300 00 03 |Product Data Louvers 2.9.10
261, 2300 00 03 |Product Data Air Vents, Penthouses, and 2911
Goosenecks
262 230000 03 [Product Data Centrifugal Fans 2.10.1.1
263 230000 03 [Product Data In-Line Centrifugal Fans
264 230000 03 [Product Data Axial Flow Fans
265 230000 03 [Product Data Panel Type Power Wall Ventilators
266 2300 00 03 |Product Data S::I;gfgras' Type Power Wall
267 230000 03 |Product Data S::I;gt'gras' Type Power Roof 210.1.2
268 230000 03 [Product Data Propeller Type Power Roof Ventilators |2.10.1.3
269 230000 03 [Product Data Air-Curtain Fans
270 230000 03 [Product Data Ceiling Exhaust Fans 2.10.1.4
271 230000 03 [Product Data Air Handling Units 211 G
272 230000 03 |Product Data Room Fan-Coil Units G
273 230000 03 [Product Data Coil Induction Units G
274 230000 03 |Product Data 323?6‘"[ Volume, Single Duct Terminall, 1, 1 1 |g
275 2300 00 03 |Product Data Xii'tizb'e Volume, Single Duct Terminal |, 1, , 5 |
276 230000 03 |Product Data Variable Volume, Single Duct, Fan- {5 151 5 |5
Powered Terminal Units

277 230000 03 |Product Data Dual Duct Terminal Units G
278 230000 03 [Product Data Ceiling Induction Terminal Units G
279 230000 03 |Product Data Reheat Units 21215 G
280 230000 03 [Product Data Unit Ventilators
281 230000 03 [Product Data Energy Recovery Devices G
282 230000 03 [Product Data Diagrams 1212 G
283 230000 06 [Test Reports Performance Tests 3.12 G
284 230000 06 |Test Reports Damper Acceptance Test 3.10 G
285 230000 07 |Certificates Bolts 141
286 2300 00 08 |Manufacturer’s Instructions Manufacturer's Installation Instructions |3.2
287 230000 08 [Manufacturer’s Instructions Operation and Maintenance Training |3.14.2
288 230000 10 [Operation and Maintenance Data [Operation and Maintenance Manuals  |3.14.1
289 230000 10 |Operation and Maintenance Data [Fire Dampers 293 G
290 230000 10 [Operation and Maintenance Data |Manual Balancing Dampers 29.4 G
291 230000 10 |Operation and Maintenance Data [Automatic Smoke-Fire Dampers 295 G
292 230000 10 [Operation and Maintenance Data |Centrifugal Fans 2.10.1.1 G
293 230000 10 |Operation and Maintenance Data (In-Line Centrifugal Fans G
294 230000 10 [Operation and Maintenance Data |Axial Flow Fans G

Rev. 1

Page 8 of 19



TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACTOR SCHEDULE | CONTRACTOR
DATES ACTION APPROVING AUTHORITY
(@] (b (c) (d) (e) () () (h) (i) (i) (k) (1) (M) () (0) (p) (q) (1)
295 230000 10 |Operation and Maintenance Data [Panel Type Power Wall Ventilators G
296 230000 10 |Operation and Maintenance Data Cent.rlfugal Type Power Wall G
Ventilators
297 2300 00 10 |Operation and Maintenance Data |Ce"trugal Type Power Roof 21012 o
Ventilators
298 230000 10 |Operation and Maintenance Data |Propeller Type Power Roof Ventilators ]2.10.1.3 G
299 230000 10 |Operation and Maintenance Data [Air-Curtain Fans G
300 230000 10 |Operation and Maintenance Data |Ceiling Exhaust Fans 2.10.1.4 G
301 230000 10 |Operation and Maintenance Data [Air Handling Units 211 G
302 230000 10 |Operation and Maintenance Data [Room Fan-Coil Units G
303 230000 10 |Operation and Maintenance Data [Coil Induction Units G
304 2300 00 10 |Operation and Maintenance Data Szi’ztam Volume, Single Duct Terminall, 5 , | |
305 2300 00 10 |Operation and Maintenance Data xmzb'e Volume, Single Duct Terminal |, 1, , 5 |
306 2300 00 10 |Operation and Maintenance Data | Y2"201€ Volume, Single Duct, Fan- 1, 15, 5 |
Powered Terminal Units
307 230000 10 |Operation and Maintenance Data [Dual Duct Terminal Units G
308 230000 10 |Operation and Maintenance Data |Ceiling Induction Terminal Units G
309 230000 10 |Operation and Maintenance Data [Reheat Units 21215 G
310 230000 10 |Operation and Maintenance Data [Unit Ventilators G
311 230000 10 |Operation and Maintenance Data |Energy Recovery Devices G
312 2301 30.41 01 [Preconstruction Submittals Record of Existing Conditions 321 G
313 2301 30.41 01 |Preconstruction Submittals Coordination Plan 3.2.2 G
314 2301 30.41 01 |Preconstruction Submittals NADCA Firm 141 G
315 2301 30.41 01 |Preconstruction Submittals NADCA Team Assistants 141 G
316 23013041 01 |Preconstruction Submittals NIASIER At Sysielin Gy SpeeElisl o 2 o G
(ASCS)
317 2301 30.41 01 |Preconstruction Submittals NADCA Supervisor Qualifications 1.4.1 G
318 2301 30.41 01 |Preconstruction Submittals RIS G Experlenge T it (R el 1.4.2 G
HVAC System Cleaning
319 2301 30.41 01 |Preconstruction Submittals NADCA Work Execution Schedule 1.6.1 G
320 2301 30.41 06 [Test Reports Testing Procedures Summary 3.7 G
321 2301 30.41 06 [Test Reports Gravimetric Analysis G
322 2301 30.41 06 [Test Reports Post-Project Report 3.7 G
323 230515 01 [Preconstruction Submittals Material, Equipment, and Fixture Lists 1.2
324 230515 02 [Shop Drawings Record Drawings 12
325 230515 02 [Shop Drawings Connection Diagrams 12
326 230515 02 [(Shop Drawings Coordination Drawings 12
327 230515 02 [Shop Drawings Fabrication Drawings 12
328 230515 02 [Shop Drawings Installation Drawings 3.1
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329 230515 03 [Product Data Pipe and Fittings 21
330 230515 03 [Product Data Piping Specialties 2.2
331 230515 03 |Product Data Valves 23
332 2305 15 03 |Product Data Miscellaneous Materials 24
333 230515 03 [Product Data Supporting Elements 25
334 230515 03 [Product Data Equipment Foundation Data 12
335 230515 04 [Samples Manufacturer's Standard Color Charts 1.2
336 230515 05 [Design Data Pipe and Fittings 21
337 230515 05 [Design Data Piping Specialties 2.2
338 230515 05 [Design Data Valves 2.3
339 230515 06 [Test Reports Hydrostatic Tests 3.1
340 230515 06 [Test Reports Air Tests 31
341 230515 06 [Test Reports Valve-Operating Tests 3.1
342 230515 06 [Test Reports Drainage Tests 31
343 230515 06 |Test Reports Pneumatic Tests 3.1
344 230515 06 [Test Reports Non-Destructive Electric Tests 31
345 230515 06 |Test Reports System Operation Tests 3.1
346 230515 07 [Certificates Listing of Product Installations 12
347 230515 07 [Certificates Records of Existing Conditions 12
348 230515 07 |Certificates Surface Resistance 3.1
349 230515 07 [Certificates Shear and Tensile Strengths 3.1
350 230515 07 [Certificates Temperature Ratings 31
351 230515 07 [Certificates Bending Tests 3.1
352 230515 07 [Certificates Flattening Tests 31
353 230515 07 |Certificates Transverse Guided Weld Bend Tests  |3.1
354 230515 10 |Operation and Maintenance Data |Operation and Maintenance Manuals 3.9
355 23 05 48.00 40 02 |Shop Drawings Installation Drawings 1.2
356 23 05 48.00 40 02 [Shop Drawings Outline Drawings 1.2
357 23 05 48.00 40 03 |Product Data Equipment and Performance Data 1.2
358 23 05 48.00 40 03 |Product Data Isolators 23
359 23 05 48.00 40 06 |Test Reports Type of Isolator 2.1
360 23 05 48.00 40 06 |Test Reports Type of Base 2.1
361 23 05 48.00 40 06 [Test Reports Allowable Deflection 2.1
362 23 05 48.00 40 06 [Test Reports Measured Deflection 21
363 230593 01 [Preconstruction Submittals Records of Existing Conditions 1.3 G
364 230593 01 [Preconstruction Submittals Records of Existing Conditions 133 G
365 230593 01 [Preconstruction Submittals TAB Firm 1541 G
366 230593 01 |Preconstruction Submittals TAB team assistants 1.2 G
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367 230593 01 [Preconstruction Submittals TAB team engineer 12 G
368 230593 01 [Preconstruction Submittals TAB Specialist 1542 G
369 230593 01 |Preconstruction Submittals TAB team field leader 1.2 G
370 230593 02 |Shop Drawings TAB Schematic Drawings and Report 133 G
Forms
371 230593 03 [Product Data Equipment and Performance Data 13 G
372 230593 03 |Product Data TAB Related HVAC Submittals 1544 G
373 230593 03 |Product Data TAB Procedures 1.5.2 G
374 230593 03 |Product Data Calibration 15.2 G
375 230593 03 |Product Data Systems Readiness Check 133 G
376 230593 03 [Product Data TAB Execution 155 G
377 230593 03 |Product Data TAB Verification 1553 G
378 230593 06 |Test Reports DALT and TAB Work Execution G
Schedule
379 230593 06 [Test Reports DALT and TAB Procedures Summary G
380 230593 06 [Test Reports Design review report 133 G
381 230593 06 [Test Reports Design review report 133 G
382 230593 06 [Test Reports Pre-Final DALT report 153 G
383 230593 06 [Test Reports Pre-Final DALT report 3.35 G
384 230593 06 [Test Reports Final DALT report 153 G
385 230593 06 [Test Reports Final DALT report 3.3.8 G
386 230593 06 [Test Reports TAB report for Season 1 15.6.2 G
387 230593 06 |Test Reports TAB report for Season 2 1.5.6.2 G
388 230593 06 |Test Reports TAB Firm 1541 G
389 230593 06 |Test Reports Independent TAB Agency and 15.1 G
Personnel Qualifications
390 230593 06 [Test Reports DALT and TAB Submittal and Work G
Schedule
391 230593 06 |Test Reports Pre-field DALT preliminary notification G
392 230593 06 [Test Reports Pre-field TAB engineering report G
303 230593 06 |Test Reports Advanced notice for Season 1 TAB G
field work
304 230593 06 |Test Reports P_rereqwsnte HVAC Work Check Out G
List For Season 1
305 230593 06 |Test Reports Advanced notice for Season 2 TAB G
field work
396 230593 06 |Test Reports P_rereqwsnte HVAC Work Check Out G
List For Season 2
397 2307 00 02 [Shop Drawings MICA Plates
398 2307 00 02 [Shop Drawings Pipe Insulation Systems
399 2307 00 02 [Shop Drawings Duct Insulation Systems
400 2307 00 03 [Product Data Pipe Insulation Systems G
401 2307 00 03 [Product Data Duct Insulation Systems G
402 2307 00 04 [Samples Thermal Insulation 2213 G
403 2307 00 08 [Manufacturer's Instructions Pipe Insulation Systems G
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404 2307 00 08 [Manufacturer’s Instructions Duct Insulation Systems G
405 2308 00.00 10 02 [Shop Drawings Commissioning Plan 1522 G
406, 2308000010 | 03 |Product Data Pre-Functional Performance Test 321 G
Checklists
407 2308 00.00 10 03 |Product Data Functional Performance Tests 3.2.2 G
408 2308 00.00 10 06 [Test Reports Commissioning Report 3.3 G
409 2308 00.00 10 07 [Certificates Commissioning Firm 151 G
410 2308 00.00 10 07 [Certificates Commissioning Specialist 152 G
411 2309 13.34 40 02 [Shop Drawings Fabrication Drawings 13
412 2309 13.34 40 02 [Shop Drawings Installation Drawings 31
213 2309 13.34 40 03 |Product Data Self-Contained Temperature Control 21
Valves
14 2309 13.34 40 03 |Product Data Self-Contained Temperature-Regulator 29
Valves
415 2309 13.34 40 03 |Product Data Rate-of-Flow Controller 23
416 2309 13.34 40 03 [Product Data Nonmodulating Float Valve 2.4
417 2309 13.34 40 03 [Product Data Water Pressure Regulating Valve
418| 2309 13.34 40 03 |Product Data Water Pressure Relief Valve 25
419 2309 13.34 40 03 [Product Data Pilot-Operated Pressure-Relief Valve
420 2309 13.34 40 03 |Product Data Relief Valves for Electric Water
Heaters
421 2309 13.34 40 03 [Product Data Sample Warranty 14
422 2309 13.34 40 07 [Certificates Listing of Product Installation 13
423] 2309 13.34 40 07 |Certificates Certificates of Conformance 1.4
424 2309 13.34 40 07 [Certificates Manufacturer's Warranty 3.3
425 2309 13.34 40 06 [Test Reports Test Reports 3.2
426 2309 23.13 20 02 [Shop Drawings Control system drawings title sheet 1411 G
427 230923.13 20 02 [Shop Drawings List of I/O Points 1412 G
428 2309 23.13 20 02 [Shop Drawings Control System Components List 1413 G
429 2309 23.13 20 02 [Shop Drawings Control system schematics 1414 G
430 2309 23.13 20 02 |Shop Drawings HVAC Equipment Electrical Ladder 1, , | ¢ G
diagrams
431] 2309 23.13 20 02 |Shop Drawings Component wiring diagrams 1.4.1.6 G
432 230923.13 20 02 [Shop Drawings Terminal strip diagrams 1417 G
433 2309231320 | 02 |Shop Drawings BACnet communication architecture [, , 1 ¢ |
schematic
434 2309 23.13 20 03 [Product Data Direct Digital Controllers 211 G
435 230923.13 20 03 [Product Data BACnet Gateways 2.1.1.13 G
436 2309 23.13 20 03 [Product Data BACnet Protocol Analyzer 215 G
437 2309 23.13 20 03 |Product Data DDC Software 212 G
438 2309 23.13 20 03 [Product Data BACnet Operator Workstation 213 G
439) 2309231320 | 03 |Product Data BACnet Operator Workstation DDC [, 35 |g
Software
440 2309 23.13 20 03 |Product Data Notebook Computer 214 G
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441 230923.13 20 03 [Product Data Sensors and Input Hardware 2.2 G
442 2309 23.13 20 03 [Product Data Output Hardware 2.3 G
443 230923.13 20 03 [Product Data Surge and transient protection 242 G
444 2309 23.13 20 03 |Product Data Indicators 2.6 G
445 2309 23.13 20 03 |Product Data Duct smoke detectors 251 G
446 2309 23.13 20 03 [Product Data Variable frequency (motor) drives 2.7 G
447 2309 23.13 20 05 [Design Data Performance Verification Testing Plan |3.4.2 G
448 2309 23.13 20 05 |Design Data z;zsljg?rma”ce Verification Testing |5 , 4 G
449 2309 23.13 20 06 |Test Reports ;zgg::"ance Verification Testing 3.4.11 G
450 2309 23.13 20 07 |Certificates Contractor's Qualifications 1.6.6 G
451 2309 23.13 20 09 [Manufacturer's Field Reports Pre-PVT Checklist 3.4.1 G
452 2309 23.13 20 10 |Operation and Maintenance Data (BACnet Direct Digital Control Systems |1.4 G
453 2309 23.13 20 10 |Operation and Maintenance Data [Controls System Operators Manuals  |3.3 G
454 2309 23.13 20 10 |Operation and Maintenance Data [VFD Service Manuals 272 G
455 230923.13 20 11 |Closeout Submittals Training documentation 351 G
456 232500 03 [Product Data Water Treatment System 2.6.4.1 G
457 232500 03 [Product Data Water Analysis 25 G
458 232500 03 [Product Data Spare Parts 1.6
459 232500 03 |Product Data Field Instructions 34
460 232500 03 |Product Data Tests 35
461 232500 03 [Product Data Training Course 34
462 232500 06 |Test Reports Condenser Water QA Tests 3.5.3.1
463 232500 06 [Test Reports Steam Boiler Water QA Tests
464 232500 10 |Operation and Maintenance Data |Water Treatment System 2641
465 2331 13.00 40 01 |Preconstruction Submittals Material, Equipment, and Fixture Lists 1.5
466 2331 13.00 40 01 [Preconstruction Submittals Records of Existing Conditions 15
467 2331 13.00 40 02 [Shop Drawings Connection Diagrams 13
468 2331 13.00 40 02 [Shop Drawings Connection Diagrams 16
469 2331 13.00 40 02 [Shop Drawings Record Drawings 16
470 2331 13.00 40 03 [Product Data Equipment and Performance Data 12
471 2331 13.00 40 03 |Product Data Galvanized Steel Ductwork Materials |2.1.1
472 233113.00 40 03 [Product Data Brazing Materials 212
473 2331130040 | 03 [Product Data m{;‘::zd Reinforcing and Supporting |, ; 5
474 2331 13.00 40 03 [Product Data Round Sheet Metal Duct Fittings 221
475 2331 13.00 40 03 [Product Data Turning Vanes 224
476 2331 13.00 40 03 |Product Data Flexible Connectors 2.2.6
477 2331 13.00 40 03 |Product Data Flexible Connectors 226
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478 2331 13.00 40 03 |Product Data Flexible Duct Materials 229
479 2331 13.00 40 03 [Product Data Power Operated Dampers 2.2.12
480 2331 13.00 40 03 [Product Data Fire Dampers and Wall Collars 2.2.13
481 2331 13.00 40 03 [Product Data Gravity Backdraft and Relief Dampers |2.2.11
482 2331 13.00 40 03 [Product Data Manual Volume Dampers 2.2.10
483 233113.00 40 05 [Design Data Design Analysis and Calculations 12
484 2331 13.00 40 05 [Design Data Design Analysis and Calculations 13
485 2331 13.00 40 06 [Test Reports Ductwork Leakage Tests 3.4.2
486 2331 13.00 40 06 [Test Reports Operational Tests 3.4.1
487 2331 13.00 40 07 [Certificates Listing of Product Installations 3.2
488 2331 13.00 40 07 |Certificates Galvanized Steel Ductwork Materials |2.1.1
489 2331 13.00 40 07 [Certificates Brazing Materials 21.2
490 2331 13.00 40 07 |Certificates m't';i‘:::d Reinforcing and Supporting |, , 5
491 2331 13.00 40 07 [Certificates Round Sheet Metal Duct Fittings 221
492 233113.0040 | 07 |Certificates gs;’;‘:’;&g’rgs&swe’ Double-wall
493 2331 13.00 40 07 [Certificates Turning Vanes 224
494 2331 13.00 40 07 [Certificates Dampers 225
495 2331 13.00 40 07 [Certificates Sound Traps
496 2331 13.00 40 07 |Certificates Flexible Connectors 2.2.6
497 233113.00 40 10 |Operation and Maintenance Data [Operation and Maintenance Manuals 3.6
498 2331 13.00 40 10 |Operation and Maintenance Data (Power Operated Dampers 2.2.12
499 2331 13.00 40 10 [Operation and Maintenance Data |Fire Dampers and Wall Collars 2.2.13
500 23 36 00.00 40 01 [Preconstruction Submittals Records of Existing Conditions 13
501 2336 00.00 40 02 [Shop Drawings Fan-Powered Air Terminal Units 21
502 23 36 00.00 40 02 [Shop Drawings Record Drawings 3.3
503 2336 00.00 40 03 |Product Data Fan-Powered Air Terminal Units 21
504 2336 00.00 40 03 [Product Data Spare Parts 1.3
505 23 36 00.00 40 10 |Operation and Maintenance Data |Operation and Maintenance Manuals 3.3
506 2337 13.00 40 01 |Preconstruction Submittals Material, Equipment, and Fixture Lists [2.1 G
507 2337 13.00 40 01 [Preconstruction Submittals Records of Existing Conditions 21 G
508 2337 13.00 40 02 [Shop Drawings Fabrication Drawings 2.1 G
509 2337 13.00 40 02 [Shop Drawings Installation Drawings 31 G
510 23 37 13.00 40 03 [Product Data Equipment and Performance Data 1.3 G
511 23 37 13.00 40 04 [Samples Manufacturer's Standard Color Chart G
512 2337 13.00 40 10 |Operation and Maintenance Data [Type TS Supply Troffer G
513 2337 13.00 40 10 |Operation and Maintenance Data |1YP¢ TSR Combination Supply and G

Return Troffer
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TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACJE_FEzCHEDULE COﬁE}?ﬂAOC’:‘I'OR APPROVING AUTHORITY
(@] (b (c) (d) (€) () () () (i) (i) (K) (1) (M) () (0) (p) (q) ()

514 2364 10 03 |Product Data Water Chiller 24 G
515 2364 10 03 |Product Data Water Chiller 24 G
516 236410 03 |Product Data Water Chiller 31 G
517 2364 10 03 |Product Data Water Chiller 3.1 G
518 236410 03 |Product Data Water Chiller 34.1 G
519 2364 10 03 |Product Data Water Chiller 34.1 G
520 236410 03 |Product Data Water Chiller 34.2 G
521 2364 10 03 |Product Data Water Chiller 3.4.2 G
522 236410 03 |Product Data Posted Instructions 3.6
523 2364 10 03 |Product Data Verification of Dimensions 151
524 2364 10 03 |Product Data \'\I"vzrr‘r”;:f;”rerls WRVEEY ComREEsey ||y o
525 2364 10 03 [Product Data Factory Tests 2.8
526 2364 10 03 [Product Data System Performance Tests 35
527 236410 03 |Product Data Demonstrations 3.6
528 2364 10 06 [Test Reports Field Acceptance Testing 3.4
529 2364 10 06 [Test Reports Water Chiller 24
530 2364 10 06 [Test Reports Water Chiller 3.1
B3l 2364 10 06 [Test Reports Water Chiller 341
532 2364 10 06 [Test Reports Water Chiller 3.4.2
533 2364 10 06 [Test Reports Factory Tests 2.8
534 2364 10 06 |Test Reports System Performance Tests 3.5
535 2364 10 07 [Certificates Refrigeration System 3.1.2 G
536 2364 10 08 |Manufacturer’s Instructions Water Chiller 24 G
537 236410 08 |Manufacturer’s Instructions Water Chiller 31 G
538 2364 10 08 |Manufacturer’s Instructions Water Chiller 34.1 G
539 236410 08 |Manufacturer’s Instructions Water Chiller 34.2 G
540 2364 10 10 |Operation and Maintenance Data [Operation and Maintenance Manuals 3.6 G
541 2364 26 03 |Product Data S{Z’;"Ed Mechanical Connections For [, 55 4 |g
542 2364 26 03 |Product Data gg;:)‘;erd Mechanical Connections For |, , 5 G
543 2364 26 03 [Product Data Calibrated Balancing Valves 2538
544 23 64 26 03 |Product Data Automatic Flow Control Valves 259
545 2364 26 03 [Product Data Pump Discharge Valve 2.5.10
546 2364 26 03 [Product Data Water Temperature Mixing Valve 2511 G
547 2364 26 03 [Product Data Water Temperature Regulating Valves |2.5.12
548 23 64 26 03 |Product Data Water Pressure Reducing Valve 25.13
549 23 64 26 03 |Product Data Pressure Relief Valve 2514
550 236426 03 |Product Data ggnr:s;:ﬁ; F;’;isesf“\r/zlizg 25.15
551 2364 26 03 [Product Data Expansion Joints 2.6.9 G

Rev. 1
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TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACTOR SCHEDULE | CONTRACTOR
DATES ACTION APPROVING AUTHORITY
(@] (b (c) (d) (e) () () (h) (i) (i) (k) (1) (M) () (0) (p) (q) (1)
552 2364 26 03 [Product Data Pumps 2.7
553 236426 03 |Product Data Combination Strainer and Pump 263
Suction Diffuser
554 2364 26 03 [Product Data Expansion Tanks
555 2364 26 03 [Product Data Air Separator Tanks
556 2364 26 03 [Product Data Water Treatment Systems 2.8
557 2364 26 06 [Test Reports Piping welds NDE report 3.1.13
558 2364 26 06 |Test Reports Pressure tests reports 3.4.2
559 2364 26 06 [Test Reports Condenser Water Quality Test Reports |3.4.3
560 2364 26 06 [Test Reports Condenser Water Quality Test Reports |3.4.3
561 2364 26 06 |Test Reports One-Year Inspection Report For 36
Cooling Water
562 236426 07 |certificates Employer's Record Documents (For {5, ;
Welding)
563 2364 26 07 [Certificates Welding Procedures and Qualifications |3.1.1.2
564 2364 26 07 [Certificates Piping for Steam and Condensate 23
565 2364 26 07 |certificates P!plng for High-Pressure Compressed-
Air Systems
566 2364 26 07 [Certificates Fittings 2.3
567 23 64 26 07 |Certificates Unions 23
568 2364 26 07 [Certificates Flanges 2.3
569 23 64 26 07 |Certificates Gaskets 23
570 2364 26 07 [Certificates Bolting 2.3
571 2364 26 08 [Manufacturer's Instructions Lesson plan for the Instruction Course |3.5
572 2364 26 10 |Operation and Maintenance Data |Water Treatment Systems 2.8
573 23 64 26 10 [Operation and Maintenance Data |Calibrated Balancing Valves 258
574 2364 26 10 |Operation and Maintenance Data [Automatic Flow Control Valves 259
575 23 64 26 10 [Operation and Maintenance Data (Pump Discharge Valve 2.5.10
576 2364 26 10 |Operation and Maintenance Data |Water Temperature Mixing Valve 25.11
577 2364 26 10 |Operation and Maintenance Data |Water Temperature Regulating Valves ]2.5.12
578 2364 26 10 [Operation and Maintenance Data |Water Pressure Reducing Valve 2.5.13
579 2364 26 10 |Operation and Maintenance Data [Pressure Relief Valve 25.14
580 23 64 26 10 [Operation and Maintenance Data Combination Pre§sure and 2.5.15
Temperature Relief Valves
581 2364 26 10 |Operation and Maintenance Data [Expansion Joints 2.6.9
582 23 64 26 10 [Operation and Maintenance Data [Pumps 27
583 2364 26 10 |Operation and Maintenance Data Com.blnall.on Strainer and Pump 2.6.3
Suction Diffuser
584 2364 26 10 |Operation and Maintenance Data [Expansion Tanks

Rev. 1
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TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACJ:)FEzCHEDULE COXLI?”AOC’:‘I'OR APPROVING AUTHORITY
(@] (b (c) (d) (e) () () (h) (i) (i) (k) (1) (M) () (0) (p) (q) (1)
585 2364 26 10 |Operation and Maintenance Data [Air Separator Tanks G
586 2373 13.00 40 02 [Shop Drawings Installation Drawings 31 G
587 2373 13.00 40 03 [Product Data Equipment and Performance Data 21 G
588 2373 13.00 40 03 [Product Data Sample Warranty 132 G
589 2373 13.00 40 07 [Certificates Listing of Product Installations 3.1 G
590 2373 13.00 40 07 |Certificates Certificates of Conformance 131 G
591 2373 13.00 40 07 |Certificates Unit Cabinet 23
592 2373 13.00 40 07 |Certificates Fan 24
593 2373 13.00 40 07 |Certificates Drain Pans 25
594 2373 13.00 40 07 |Certificates Insulation 2.6
595 2373 13.00 40 07 |Certificates Plenums 27
596 2373 13.00 40 07 |Certificates Multizone AHU 2.8
597 2373 13.00 40 07 [Certificates Blow-Through AHU
598 2373 13.00 40 07 [Certificates Spare Parts 21
599 2373 13.00 40 07 [Certificates Warranty 15 G
600 2373 13.00 40 10 |Operation and Maintenance Data [Operation and Maintenance Manuals 3.5 G
601 2382 19.00 40 01 |Preconstruction Submittals Material, Equipment, and Product 13
Ir on Lists

602 2382 19.00 40 02 |Shop Drawings Fabrication Drawings 13
603 2382 19.00 40 02 |Shop Drawings Installation Drawings 31
604 2382 19.00 40 03 |Product Data Equipment and Performance Data 13
605 2382 19.00 40 03 |Product Data Coils 1.3
606 2382 19.00 40 03 [Product Data Casing 13
607 2382 19.00 40 03 |Product Data Enclosure 1.3
608 2382 19.00 40 03 [Product Data Motors 1.3
609 2382 19.00 40 03 |Product Data Fan 13
610 2382 19.00 40 03 |Product Data Drain Pans 1.3
611 2382 19.00 40 03 |Product Data Filters 13
612 2382 19.00 40 03 |Product Data Controls 13
613 2382 19.00 40 03 |Product Data Vibration Isolation 13
614 2382 19.00 40 04 |Samples Manufacturer's Standard Color Chart  [1.3
615 2382 19.00 40 07 [Certificates Listing of Product Installations 13
616 2382 19.00 40 07 |Certificates Certificates of Conformance 13
617 2382 19.00 40 10 [Operation and Maintenance Data |Operation and Maintenance Manuals |3.3
618 26 05 00.00 40 01 [Preconstruction Submittals Material, Equipment, and Fixture Lists |1.6
619 26 05 00.00 40 01 |Preconstruction Submittals Circuit Breakers 2.8
620 26 05 00.00 40 01 [Preconstruction Submittals Panelboards 2.7
621 26 05 00.00 40 01 [Preconstruction Submittals Dry-Type Distribution Transformers 2.9
622 26 05 00.00 40 06 [Test Reports Continuity Test 3.11
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TITLE: [Revitalize Mission Control
JOB NAME:
LOCATION: SUBMITTAL REGISTER
CONTRACT NO:
CONTRACTOR:
CONTRACJ:)FEzCHEDULE COXQ?”AOC’:‘I'OR APPROVING AUTHORITY
(@] (b (c) (d) (€) () () () (i) (i) (K) (1) (M) () (0) (p) (q) ()
623 26 05 00.00 40 06 |Test Reports Phase-Rotation Tests 3.11
624 26 05 00.00 40 06 [Test Reports Insulation Resistance Test 3.11
625 26 05 00.00 40 08 |Manufacturer’s Instructions Manufacturer's Instructions 1.6
626 26 08 00 06 [Test Reports Acceptance tests and inspections 3.1 G
627 26 08 00 07 |Certificates Qualifications 1.4.1 G
628 2608 00 07 |certificates Acceptance test and inspections 143 G
procedure
629 26 20 00 02 [(Shop Drawings Panelboards 211 G
630 26 20 00 03 |Product Data Circuit breakers 2113 G
631 26 20 00 03 |Product Data Switches 2.8 G
632 26 20 00 03 |Product Data Enclosed circuit breakers 212 G
633 26 20 00 03 |Product Data Motor controllers G
634 26 20 00 03 [Product Data Metering G
635 26 20 00 06 [Test Reports 600-volt wiring test 35.2
636 26 20 00 06 [Test Reports Grounding system test 354
637 26 20 00 06 [Test Reports Ground-fault receptacle test 353
638 26 20 00 10 |Operation and Maintenance Data |[Electrical Systems 151 G
639 26 20 00 10 [Operation and Maintenance Data |Metering G
640 28 3164.00 10 02 [Shop Drawings Detail Drawings 142 G
641 28 31 64.00 10 03 [Product Data Storage Batteries G
642 28 3164.00 10 03 [Product Data Low Battery Voltage G
643 28 31 64.00 10 03 [Product Data Special Tools and Spare Parts 16 G
644 28 31 64.00 10 03 [Product Data Technical Data and Computer Software] G
645 28 3164.00 10 03 [Product Data Training 34 G
646 28 31 64.00 10 03 [Product Data Testing 35 G
647 283164.00 10 06 |Test Reports Testing 3.5 G
648 28 31 64.00 10 07 [Certificates Equipment 1.2.3
649 283164.00 10 07 |Certificates Qualifications 1.4.1
650 2831 64.00 10 10 |Operation and Maintenance Data aziza::;isa”d Maintenance 34
651 40 17 30.00 40 03 [Product Data Welding Equipment 14 G
652 40 17 30.00 40 03 [Product Data Welding Rods and Accessories 14 G
653 40 17 30.00 40 04 [Samples Welder's Pre-Qualification Samples 131 G
654 40 17 30.00 40 06 [Test Reports Radiographs 331 G
655 40 17 30.00 40 06 |Test Reports PT&l Tests G
656 4017300040 | 07 |Certificates gsggﬁ;ﬁismg FROEEE 13 G
657 40 17 30.00 40 07 |Certificates gsggﬁ;ﬁﬁi"g PG 13 G
658 4017300040 | 07 |Certificates A=) FrERCRe QUENER 13 G
Records

659 401730.0040 | 07 |Certificates = Y Rt (RE T 13 G

Qualifications
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TITLE: |Revitalize Mission Control
JOB NAME:
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CONTRACT NO:
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CONTRACTOR SCHEDULE | CONTRACTOR
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(@] (b (C) (d) (e) (f) (_9) (h) (i) () (k) (1) (m) (n) (0) (p) (q) (1)
660 4017300040 | 07 |Certificates ISt vl [ RE TS 13
Qualifications
661 40 17 30.00 40 07 [Certificates Certificates of Conformance 1321
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Revitalize Mission Control EDM1715

SECTION 01 35 40.00 20

ENVIRONMENTAL MANAGEMENT
02710

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.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI 7400.1 (2004) Hazardous Industrial Chemicals -
Material Safety Data Sheets - Preparation

ASTM INTERNATIONAL (ASTM)

ASTM D 4840 (1999; R 2010) Sampling Chain-Of-Custody
Procedures

ASTM D 5663 (1997; R 2003) Validating Recycled Content in
Packaging Paper and Paperboard

ASTM E 2114 (2008) Standard Terminology for
Sustainability Relative to the Performance of
Buildings
U.S. DEPARTMENT OF AGRICULTURE (USDA)
Biomass R&D Act (2000) Biomass Research and Development Act
U.S. Farm Bill (2002) U.S. Farm Bill of May 2002
U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

NPDES (1972; R 2005) National Pollutant Discharge
Elimination System

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)
40 CFR Protection of Environment
40 CFR 261 Identification and Listing of Hazardous Waste
1.2 DEFINITIONS

Definitions pertaining to sustainable development are as defined in ASTM E
2114 and as specified.

a. "Biobased content™ is calculated as the weight of the biobased

material divided by the total weight of the product, and is
expressed as a percentage by weight.

Section 01 35 40.00 20 Page 1
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b. '"Biobased materials" include fuels, chemicals, building materials,
or electric power or heat produced from biomass as defined by the
Biomass R&D Act. Minimum biobased content shall be as defined in
the U.S. Farm Bill.

c. "Chain-of-custody" is a process whereby a product or material is
maintained under the physical possession or control during its
entire life cycle.

d. "Pollution and environmental damage'" is caused by the presence of
chemical, physical, or biological elements or agents. Human health
or welfare is adversely affected; ecological balances are
unfavorably altered; the utility of the environment for aesthetic,
cultural, or historical purposes degrades.

1.3 PRECONSTRUCTION MEETING
After award of Contract and prior to commencement of the work, the
Contractor shall schedule and conduct a meeting with the Contracting Officer
to discuss the proposed Environmental Protection Plan and to develop a
mutual understanding relative to the details of environmental protection.
The requirements for this meeting may be fulfilled during the coordination
and mutual understanding meeting as specified in Section 01 45 00.10 40
"CONTRACTOR QUALITY CONTROL".

1.4  SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals
Environmental Protection Plan; G
Instructor Qualifications

Submit reference data to demonstrate instructors” individual and
firm™s capabilities and experience.

SD-03 Product Data
Packaging;
Submit documentation indicating percentage of post-industrial and
post-consumer recycled content per unit of product. Indicate
relative dollar value of recycled content products to total dollar
value of products included in project.

SD-06 Test Reports
Field Quality Control Reports

SD-07 Certificates

Environmental Regulatory Requirements

Section 01 35 40.00 20 Page 2
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For Government®s records, submit copies of permits, licenses,
certifications, inspection reports, releases, jurisdictional
settlements, notices, receipts for fee payments, judgments,
correspondence, records, and similar documents, established for
compliance with environmental regulations bearing on performance of
the work.

SD-08 Manufacturer®s Instructions

Material Safety Data Sheets

SD-11 Closeout Submittals

Training Program

Submit two copies of instructional program outline for
demonstration and training, including a schedule of dates, times,
length of instruction, instructors® names, learning objective, and
teaching outline for each training module. At completion of
training, submit one complete training manual for Government®s use,
and a list of participants with each participant™s results of
performance-based test for each training module. For Government®s
records, submit Contractor 40 CFR employee training records.

Protection of Natural Resources

Contractor™s NPDES/SWPPP

1.5 CONTRACTOR™S ENVIRONMENTAL MANAGER

Designate an on-site Environmental Manager responsible for overseeing the
environmental goals for the project and implementing procedures for
environmental protection.

1.5.1

Duties

The Environmental Manager shall be responsible for the following:

a.

1.5.2

Compliance with applicable federal, state, and local environmental
regulations, including maintaining required documentation.

Implementation of the Waste Management Plan.
Implementation of the Indoor Air Quality (1AQ) Management Plan.
Implementation of the Environmental Protection Plan.

Environmental training for Contractor personnel in accordance with
their position requirements.

Monitoring and documentation of environmental procedures.

Qualifications

Minimum 5 years construction experience on projects of similar size and
scope; minimum 2 years® experience with environmental procedures similar to

Section 01 35 40.00 20 Page 3
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those of this project; familiarity with environmental regulations applicable
to construction operations.

1.6 ENVIRONMENTAL REGULATORY REQUIREMENTS

The Contractor shall be responsible for knowing federal, state, and local
regulatory requirements pertaining to legal disposal of all construction and
demolition waste materials. Comply with all applicable regulations and
maintain records of permits, licenses, certificates, and other environmental
regulatory requirement correspondences.

1.7 ENVIRONMENTAL REQUIREMENTS FOR PRODUCTS
1.7.1 Material Safety Data Sheets (MSDS)

Submit an MSDS for each product specified in other sections or required by
OSHA to have an MSDS. MSDS shall be current. Include information for MSDS
Sections 1 through 16 in accordance with ANSI Z400.1 and as follows:

a. Section 11: Include data used to determine the hazards cited in
Section 3. Ildentify acute data, carcinogenicity, reproductive
effects, and target organ effects. Provide written description of
the process used in evaluating chemical hazards relative to
preparation of the MSDS.

b. Section 12: Include data regarding environmental impacts during raw
materials acquisition, manufacture, and use. Include data
regarding environmental impacts in the event of an accidental
release.

c. Section 13: Include data regarding the proper disposal of the
chemical. Include information regarding recycling and reuse.
Indicate whether or not the product is considered to be "hazardous
waste"™ according to 40 CFR 261.

d. Section 14: ldentify hazard class for shipping.

e. Section 15: ldentify federal, state, and local regulations
applicable to the material.

f. Section 16: Include additional information relative to recycled
content, biobased content, and other information regarding
environmental and health impacts. ldentify the date MSDS was
prepared.

1.8 ENVIRONMENTAL PROTECTION PLAN
Prepare and submit an Environmental Protection Plan not less than 10 days
before the preconstruction meeting. At a minimum, address the following
elements iIn accordance with this section:

a. ldentification and contact information for Environmental Manager.

b. General site information, including preconstruction description and
photographs.

c. Summary of training program.

Section 01 35 40.00 20 Page 4
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d. Procedures to address water resources.

e. Procedures to address land resources.

f. Procedures to address air resources.

g. Procedures to address fish and wildlife resources.

h. Monitoring and quality control procedures.
Revise and resubmit Plan as required by the Contracting Officer. Approval
of Contractor®s Plan will not relieve the Contractor of responsibility for
compliance with applicable environmental regulations.

1.9 ENVIRONMENTAL DEMONSTRATION AND TRAINING

Contractor shall provide environmental training for workers performing work
on the project site.

1.9.1 Instructor Qualifications
Training shall be given by a Firm or individual experienced in providing
training or education similar in content and extent to that indicated for
this project.

1.9.2 Coordination
Coordinate instruction schedule with Government operations. Adjust schedule
as required to minimize disruption of Government operations. Coordinate
instruction with demonstration and training of general building systems.

1.9.3 Training Program

Develop a training program for all site workers that includes the following
topics:

a. Overview of environmental and sustainability issues related to the
building industry.

b. Overview of environmental and sustainability issues related to the
project.

c. Compliance with applicable federal, state, and local environmental
regulations.

d. Review of site specific procedures and management plans implemented
during construction, including the Waste Management Plan, Indoor
Air Quality (1AQ) Management Plan, Environmental Protection Plan,
and procedures for noise and acoustics management.
1.9.3.1 Scheduling
Provide instruction at mutually agreeable times.

1.9.3.2 Training Modules

Section 01 35 40.00 20 Page 5
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Develop a learning objective and teaching outline for each topic in the
Training Program. Include a description of specific skills and knowledge
that each participant is expected to acquire. Instructors shall be well-
versed in the particular topics that they are presenting.
1.9.3.3 Evaluation
At the conclusion of each training module, assess and document each
participant®s understanding of the module by use of a written performance-
based test.
PART 2  PRODUCTS
2.1  ENVIRONMENTALLY PREFERABLE PRODUCTS
Consider raw materials acquisition, production, manufacturing, packaging,
distribution, reuse, operation, maintenance, and disposal of products, and
provide products and materials with the least effect on the environment,
determined by LCA analysis, released toxins, and other methods.
2.1.1 Prohibited Materials
The use of the following materials is prohibited:
a. Products containing asbestos.
b. Products containing urea formaldehyde.
c. Products containing polychlorinated biphenyls (PCBs).

d. Products containing chlorinated fluorocarbons.

e. Solder or flux containing more than 0.2 percent lead and domestic
water pipe or pipe fittings containing more than 8 percent lead.

f. Paint containing more than 0.06 percent lead.
2.1.2 Packaging
Where Contractor has the option to provide one of the listed products or
equal, preference shall be given to products with minimal packaging and
easily recyclable packaging, and to manufacturers with policies that take
back product packaging.
2.1.2.1 Industrial Paperboard

Minimum 100 percent post-consumer recycled content in accordance with ASTM D
5663.

2.1.2.2 Carrier Board

Minimum 100 percent recycled content with a minimum of 15 percent post-
consumer recycled content in accordance with ASTM D 5663.

2.1.2.3 Brown Papers

Section 01 35 40.00 20 Page 6
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40 percent recycled content with a minimum of 20 percent post-consumer
recycled content in accordance with ASTM D 5663.

2.1.3 Substitutions

Notify the Contracting Officer when Contractor is aware of materials,
equipment, or products that meet the aesthetic and programmatic intent of
Contract Documents, but which are more environmentally responsible than
materials, equipment, or products specified or indicated in the Contract
Documents. Submit the following for initial review by the Contracting
Officer:

a. Product data including manufacturer®s name, address, and phone
number .

b. Description of environmental advantages of proposed substitution
over specified product.

PART 3 EXECUTION
3.1 PROTECTION OF NATURAL RESOURCES

Comply with applicable regulations and these specifications. Preserve the
natural resources within the project boundaries and outside the limits of
permanent work performed under this Contract in their existing condition or
restore to an equivalent or improved condition as approved by the
Contracting Officer. Where violation of environmental procedures
requirements will irreversibly damage the site, documentation of progress at
intervals shall be required.

3.1.1 General Disturbance

Confine demolition and construction activities to work area limits indicated
on the Drawings, 5 feet beyond solid paving, and 25 feet beyond pervious
paving. Remove debris, rubbish, and other waste materials resulting from
demolition and construction operations from site. Transport materials with
appropriate vehicles and dispose of them off site to areas that are approved
for disposal by governing authorities having jurisdiction. Avoid spillage
by covering and securing loads when hauling on or adjacent to public streets
or highways. Remove spillage and sweep, wash, or otherwise clean project
site, streets, or highways. Burning is prohibited.

3.1.2 Water Resources

The Contractor®s NPDES/SWPPP shall comply with requirements of the NPDES and
the applicable State Pollutant Discharge Elimination System (SPDES). In
California this is known as the "State Water Pollution Prevention Plan”
(SWPPP). Prevent oily or other hazardous substances from entering the
ground, drainage areas, or local bodies of water. Store and service
construction equipment at areas designated for collection of oil wastes.
Prevent ponding of stagnant water conducive to mosquito breeding habitat.
Prevent run-off from site during demolition and construction operations.
Equipment will not be permitted to ford live streams.

3.1.3 Land Resources

Section 01 35 40.00 20 Page 7
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Prior to construction, identify land resources to be preserved within the
work area. Do not remove, cut, deface, injure, or destroy land resources
including trees, shrubs, vines, grasses, topsoil, and landforms without
permission from the Contracting Officer. Coordinate protection practices
with work specified in Division 2 SITEWORK.

3.1.3.1 Erodible Soils

Plan and conduct earthwork to minimize the duration of exposure of
unprotected soils, except where the constructed feature obscures borrow
areas, quarries, and waste material areas. Clear areas iIn reasonably sized
increments only as needed to use the areas developed. Form earthwork to
final grade as shown. Immediately protect side slopes and back slopes upon
completion of rough grading.

3.1.3.2 Erosion and Sedimentation Control Devices

Construct or install temporary and permanent erosion and sedimentation
control features as required.

3.1.3.3 Tree and Plant Protection
Protect as specified in Division 2 SITEWORK and as specified. Prior to
start of construction, tag each tree and plant scheduled to remain. In the
event of damage to tree or plant, the Government may, at the Contracting
Officer”s discretion, deduct the indicated value of the damaged tree or
plant from the Contract Sum.

3.1.4  Air Resources
Comply with Indoor Air Quality (1AQ) Management Plan and as follows:

a. Prevent creation of dust, air pollution, and odors.

b. Sequence construction to avoid unnecessary disturbance to site.

c. Use mulch, water sprinkling, temporary enclosures, and other
appropriate methods as needed to limit dust and dirt rising and
scattering in air. Do not use water when it may create hazardous
or other adverse conditions such as flooding and pollution.

d. Store volatile liquids, including fuels and solvents, in closed
containers. Do not store with materials that have a high capacity
to adsorb VOC emissions or in occupied spaces.

e. Properly maintain equipment to reduce gaseous and particulate
pollutant emissions.

3.1.5 Fish and Wildlife Resources
Manage and control construction activities to minimize interference with and
damage to wildlife. Do not disturb wildlife. Do not alter water flows or
otherwise significantly disturb the native habitat related to the project
and critical to the survival of wildlife, except as indicated or specified.

3.2 FIELD QUALITY CONTROL

Section 01 35 40.00 20 Page 8
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Comply with requirements of agencies having jurisdiction and as specified
herein. Provide field practices, shipping, and handling of samples in
accordance with ASTM D 4840. Provide Field Quality Control Reports in
accordance with approved Environmental Protection Plan.

-- End of Section --
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SECTION 01 45 00.10 40

CONTRACTOR QUALITY CONTROL
02710

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.
U.S. ARMY CORPS OF ENGINEERS (USACE)
EM 385-1-1 (2008; Errata 1-2010; Changes 1-3 2010;
Changes 4-6 2011) Safety and Health
Requirements Manual

1.2 SUBMITTALS

The following shall be submitted in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:

SD-01 Preconstruction Submittals
QC Plan; G

Submit a QC plan within 15 calendar days after receipt of Notice to
Proceed (NTP).

1.3 INFORMATION FOR THE CONTRACTING OFFICER (CO)
During construction, report forms to be used include: Contractor Quality
Control (CQC) Report, Preparatory Phase Checklist, Initial Phase Checklist,
Discrepancy List, and Testing Plan and Log.

Deliver the following to the CO:

a. CQC Report: Original and one copy, by 10:00 AM the next
working day after each day that work is performed;

b. Preparatory Phase Checklist: Original attached to the original
CQC Report and one copy attached to each copy;

C. Initial Phase Checklist: Original attached to the original CQC
Report and one copy attached to each copy;

d. Field Test Reports (per the Testing Plan & Log): One copy,
within two working days after the test is performed, attached to
the CQC Report;

e. QC Meeting Minutes: One copy, within two working days after
the meeting; and
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f. QC Certifications: As required by the paragraph entitled "QC
Certifications."

1.4 QC PROGRAM REQUIREMENTS

Establish and maintain a QC program as described in this section. The QC
program consists of a QC Manager, a QC plan, participation in weekly project
meetings, QC meetings, three phases of control, submittal review and
approval, testing, and QC certifications and documentation necessary to
provide materials, equipment, workmanship, fabrication, construction and
operations which comply with the requirements of this contract. The QC
program shall cover on-site and off-site work and shall be keyed to the work
sequence. No work or testing may be performed unless the QC Manager is on
the work site.

1.4.1 Preliminary Work Authorized Prior to Acceptance

The only work that is authorized to proceed prior to the acceptance of the
QC plan is mobilization of storage and office trailers, temporary utilities,
and surveying.

1.4.2 Acceptance

Acceptance of the QC plan is required prior to the start of construction.
The CO reserves the right to require changes in the QC plan and operations
as necessary, including removal of personnel, to ensure the specified
quality of work. The CO reserves the right to interview any member of the
QC organization at any time in order to verify the submitted qualifications.

1.4.3 Notification of Changes

Notify the CO, in writing, of any proposed change, including changes in the
QC organization personnel, a minimum of seven calendar days prior to a
proposed change. Proposed changes shall be subject to the acceptance by the
CO.

1.5 QC ORGANIZATION
1.5.1 QC Manager
1.5.1.1 Duties

Provide a QC Manager at the work site to implement and manage the QC
program. The QC Manager is required to attend the weekly project meetings,
conduct the QC meetings, perform the three phases of control, perform
submittal review and approval, ensure testing is performed and provide QC
certifications and documentation required in this contract. The QC Manager
is responsible for managing and coordinating the three phases of control and
documentation performed by others.

1.5.1.2 Qualifications
An individual with a minimum of 5 years combined experience as a
superintendent, inspector, QC Manager, project manager, or construction

manager on similar size and type construction contracts which included the
major trades that are part of this contract. The individual must be
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familiar with the requirements of the EM 385-1-1 and have experience in the
areas of hazard identification and safety compliance.

1.5.1.3 Construction Quality Management Training

In addition to the above experience and education requirements, the QC
Manager shall have completed the US Army Corps of Engineers course
"Construction Quality Management for Contractors'™ and will have a current
certificate.

1.5.2 Alternate QC Manager Duties and Qualifications

Designate an alternate for the QC Manager to serve iIn the event of the
designated QC Manager®"s absence. The period of absence may not exceed two
weeks at one time, and not more than 30 workdays during a calendar year.
The qualification requirements for the Alternate QC Manager shall be the
same as for the QC Manager.

1.6 QC PLAN
1.6.1 Requirements

Provide, for acceptance by the CO, a QC plan submitted in a three-ring
binder that covers both on-site and off-site work and includes the following
with a table of contents listing the major sections identified with tabs.

1. QC ORGANIZATION: A chart showing the QC organizational structure
and its relationship to the production side of the organization.

11. NAMES AND QUALIFICATIONS: In resume format, for each person in the
QC organization. Include the COM for Contractors course
certification required by the paragraph entitled "Construction
Quality Management Training™.

111. DUTIES, RESPONSIBILITY AND AUTHORITY OF QC PERSONAL: OF each
person in the QC organization.

1V. OUTSIDE ORGANIZATIONS: A listing of outside organizations such as
consulting engineering firms that will be employed by the
Contractor and a description of the services these firms will
provide.

V. APPOINTMENT LETTERS: Letters signed by an officer of the firm
appointing the QC Manager and Alternate QC Manager and stating that
they are responsible for managing and implementing the QC program
as described in this contract. Include in this letter the QC
Manager®s authority to direct the removal and replacement of non-
conforming work.

V1. SUBMITTAL PROCEDURES AND INITIAL SUBMITTAL REGISTER: Procedures
for reviewing, approving and managing submittals. Provide the
name(s) of the person(s) in the QC organization authorized to
review and certify submittals prior to approval.

VII. TESTING LABORATORY INFORMATION: Testing laboratory information

required by the paragraphs "Accredited Laboratories'™ or "Testing
Laboratory Requirements', as applicable.
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1.7

VII1. TESTING PLAN AND LOG: A Testing Plan and Log that includes the
tests required, referenced by the specification paragraph number
requiring the test, the frequency, and the person responsible for
each test.

IX. PROCEDURES TO COMPLETE DISCREPANCY LIST: Procedures to identify,
record, track and complete discrepancies.

X. DOCUMENTATION PROCEDURES: Use Government formats.

X1. LIST OF DEFINABLE FEATURES OF WORK: A Definable Feature of Work
(DFOW) 1is a task, which is separate and distinct from other tasks,
has the same control requirements and work crews. The list shall
be cross-referenced to the Contractor®"s Construction Schedule and
the specification sections. For projects requiring a Progress
Chart, the list of definable features of work shall include but not
be limited to all items of work on the schedule.

X11. PROCEDURES FOR PERFORMING THREE PHASES OF CONTROL: For each DFOW
provide Preparatory and Initial Phase Checklists. Each list shall
include a breakdown of quality checks that will be used when
performing the quality control functions, inspections, and tests
required by the contract documents. The preparatory and initial
phases shall be conducted with a view towards obtaining quality
construction by planning ahead and identifying potential problems.

X111. PROCEDURES FOR COMPLETION INSPECTION: See the paragraph entitled
""COMPLETION INSPECTIONS™.

QC MEETINGS

After the start of construction, during the weekly project meetings Quality
Control shall be addressed at the work site with the superintendent, QC
Manager and the foreman responsible for the ongoing and upcoming work. The
Contractor shall prepare the minutes of the meeting and provide a copy to
the CO within two working days after the meeting. As a minimum, the
following shall be accomplished at each meeting:

1.8

a. Review the minutes of the previous meeting;
b. Review the schedule and the status of work and rework;
c. Review the status of submittals;

d. Review the work to be accomplished in the next two weeks and
documentation required;

e. Resolve QC and production problems (RFls, etc.);
f. Address items that may require revising the QC plan; and
g- Review Accident Prevention Plan (APP).

THREE PHASES OF CONTROL
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The three phases of control shall adequately cover both on-site and off-site
work and shall include the following for each DFOW.

1.8.1

Preparatory Phase

Notify the CO at least five work days in advance of each preparatory phase.
Conduct the preparatory phase with the superintendent and the foreman
responsible for the definable feature of work. Document the results of the
preparatory phase actions in the daily CQC Report and in the QC checklist.
Perform the following prior to beginning work on each definable feature of

work:

1.8.2

Review each paragraph of the applicable specification sections;
Review the contract drawings;

Verify that appropriate shop drawings and submittals for materials
and equipment have been submitted and approved. Verify receipt of
approved factory test results, when required;

Review the testing plan and ensure that provisions have been made
to provide the required QC testing;

Examine the work area to ensure that the required preliminary work
has been completed;

Examine the required materials, equipment and sample work to ensure
that they are on hand and conform to the approved shop drawings and
submitted data;

Review the APP and appropriate Activity Hazard Analysis (AHA) to
ensure that applicable safety requirements are met, and that
required Material Safety Data Sheets (MSDS) are submitted; and

Discuss specific controls used and the construction methods and the
approach that will be used to provide quality construction by
planning ahead and identifying potential problems for each DFOW.

Initial Phase

Notify the CO at least five work days in advance of each initial phase.
When construction crews are ready to start work on a DFOW, conduct the
Initial Phase with the foreman responsible for that DFOW. Observe the
initial segment of the work to ensure that it complies with contract
requirements. Document the results of the Initial Phase in the daily CQC
Report and in the QC checklist. Perform the following for each DFOW:

Establish the quality of workmanship required;

Resolve conflicts;

Ensure that testing is performed by the approved laboratory; and
Check work procedures for compliance with the APP and the

appropriate AHA to ensure that applicable safety requirements are
met.
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1.8.3 Follow-Up Phase
Perform the following for on-going work daily, or more frequently as
necessary, until the completion of each DFOW and document in the daily CQC
Report and in the QC checklist:
a. Ensure the work is in compliance with contract requirements;
b. Maintain the quality of workmanship required;
c. Ensure that testing is performed by the approved laboratory;

d. Ensure that discrepancies are being corrected; and

e. Assure manufacturers®™ representatives have performed necessary
inspections, if required.

1.8.4 Additional Preparatory and Initial Phases

Additional preparatory and initial phases shall be conducted on the same
DFOW if the quality of on-going work is unacceptable, If there are changes
in the applicable QC organization, if there are changes in the on-site
production supervision or work crew, if work on a DFOW is resumed after
substantial period of inactivity, or if other problems develop.

1.8.5 Notification of Three Phases of Control for OffF-Site Work

Notify the CO at least two weeks prior to the start of the preparatory and
initial phases.

1.9 SUBMITTAL REVIEW AND APPROVAL

Procedures for submission, review, and approval of submittals are described
in the submittal section of the specification.

1.10 TESTING

Except as stated otherwise in the specification sections, perform sampling
and testing required under this contract.

1.10.1 Accreditation Requirements

Construction materials testing laboratories must be accredited by a
laboratory accreditation authority and will be required to submit a copy of
the Certificate of Accreditation and Scope of Accreditation. The
laboratory®s scope of accreditation must include the appropriate ASTM
standards (i.e.; E 329, C 1077, D 3666, D 3740, A 880, E 543) listed in the
technical sections of the specifications. Laboratories engaged in Hazardous
Materials Testing shall meet the requirements of OSHA and EPA. The policy
applies to the specific laboratory performing the actual testing, not just
the "Corporate Office."

1.10.2 Laboratory Accreditation Authorities

Laboratory Accreditation Authorities include the National Voluntary
Laboratory Accreditation Program (NVLAP) administered by the National
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Institute of Standards and Technology, the American Association of State
Highway and Transportation Officials (AASHTO), International Accreditation
Services, Inc. (IAS), U. S. Army Corps of Engineers Materials Testing Center
(MTC), and the American Association for Laboratory Accreditation (A2LA).

1.10.3 Capability Check

The CO retains the right to check laboratory equipment in the proposed
laboratory and the laboratory technician®s testing procedures, techniques,
and other items pertinent to testing, for compliance with the standards set
forth in this contract.

1.10.4 Test Results

Cite applicable Contract requirements, tests or analytical procedures used.
Provide actual results and include a statement that the item tested or
analyzed conforms or fails to conform to specified requirements. If the
item fails to conform, notify the CO immediately. Conspicuously stamp the
cover sheet for each report in large red letters "CONFORMS"™ or '""DOES NOT
CONFORM'" to the specification requirements, whichever is applicable. Test
results shall be signed by a testing laboratory representative authorized to
sign certified test reports. Furnish the signed reports, certifications,
and other documentation to the CO.

1.11  QC CERTIFICATIONS
1.11.1 Contractor Quality Control Report Certification

Each CQC Report shall contain the following statement: "On behalf of the
Contractor, 1 certify that this report is complete and correct and equipment
and material used and work performed during this reporting period is in
compliance with the contract drawings and specifications to the best of my
knowledge except as noted in this report.”

1.11.2 Completion Certification

Upon completion of work under this contract, the QC Manager shall furnish a
certificate to the CO attesting that '"the work has been completed,
inspected, tested and is in compliance with the contract."

1.12 COMPLETION INSPECTIONS
1.12.1 GOVERNMENT INSPECTION

Government in-process and end-item inspections will be performed at the
construction site and at the Contractor®s and/or subcontractor(s)”
facilities by a desighated Government representative to assure compliance
with the contract requirements, drawings, and technical specifications. The
extent of such inspection will depend upon the level of quality and
workmanship of the items. The Contractor shall notify the Contracting
Officer of scheduled inspections a minimum of 48 hours prior to such
scheduled inspections.

The Contractor shall give 24-hour advance notice to the Contracting Officer
of the date when the contract work will begin at the site to allow

coordination with the inspection staff. Should the Contractor unexpectedly
suspend work at any time prior to completion of the contract, the Contractor
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shall notify the Contracting Officer as soon as possible. If work is
suspended for 3 days or longer, the Contractor shall not resume work without
notifying the Contracting Officer 24-hours iIn advance.

1.12.2 Discrepancy List Inspection

Near the completion of all work or any increment thereof the CQC Manager
shall conduct an inspection of the work and develop a discrepancy list of
items which do not conform to the approved drawings and specifications. The
discrepancy list shall include the estimated date by which the deficiencies
will be corrected. A copy of the discrepancy list shall be provided to the
Government. The CQC Manager or staff shall make follow-on iInspections to
ascertain that all deficiencies have been corrected. The Contractor shall
then notify the Government that the facility is ready for the Government
inspection.

1.12.3 Pre-Final Inspection

The QC manager will perform this inspection to verify that the facility is
complete and ready to be occupied. The QC Manager shall ensure that all
items on this discrepancy list are corrected prior to notifying the
Government that a "Final™ inspection with the customer can be scheduled.

1.12.4 Final Acceptance Inspection

The QC Manager, the superintendent, or other Contractor management
personnel, COR and the CO will be in attendance at this iInspection.
Additional Government personnel may be in attendance. Notice shall be given
by the CO at least 14 days prior to the Final Punch List inspection. The
Final Punch List inspection will be formally scheduled by the CO. The notice
shall state that all specific items previously identified to the Contractor
as being unacceptable will be complete by the date scheduled for the Final
Punch List inspection.

1.13 DOCUMENTATION

Maintain current and complete records of on-site and off-site QC program
operations and activities. The forms identified under the paragraph
"INFORMATION FOR THE CONTRACTING OFFICER (CO)'" shall be used. Reports are
required for each day work is performed. Account for each calendar day
throughout the life of the contract. The superintendent and the QC Manager
must prepare and sign the Contractor Production and CQC Reports,
respectively. The reporting of work shall be identified by terminology
consistent with the construction schedule. In the "remarks™ section in this
report which will contain pertinent information including directions
received, problems encountered during construction, work progress and
delays, conflicts or errors in the drawings or specifications, field
changes, safety hazards encountered, instructions given and corrective
actions taken, delays encountered and a record of visitors to the work site.
For each remark given, identify the Schedule Activity No. that is associated
with the remark.

1.13.1 Quality Control Validation

Establish and maintain the following in a series of three ring binders.
Binders shall be divided and tabbed as shown below. These binders shall be
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readily available to the Government®s Quality Assurance Team during all
business hours.

a. All completed Preparatory and Initial Phase Checklists, arranged by
specification section.

b. All milestone inspections, arranged by Activity/Event Number.

c. A current up-to-date copy of the Testing and Plan Log with
supporting field test reports, arranged by specification section.

d. Copies of all contract modifications, arranged in numerical order.
Also include documentation that the modified work was accomplished.

e. A current up-to-date copy of the Discrepancy List, corrective
action plan, and documentation of corrections made to defective
work.

f. Maintain up-to-date copies of all punch lists issued by the QC
Staff on the Contractor and Sub-Contractors and all punch lists
issued by the Government.

1.13.2 As-Built Drawings

The QC Manager shall review the as-built drawings, as required in Section 01
78 00 CLOSEOUT SUBMITTALS, to ensure they are kept current on a daily basis
and marked to show deviations from the Contract drawings. Ensure each
deviation has been identified with the appropriate modifying documentation
(e.g. modification number, RFI number, etc.). The QC Manager shall initial
each deviation or revision that was approved by the CO. Upon completion of
work, the QC Manager shall submit a certificate attesting to the accuracy of
the as-built drawings prior to submission to the CO.

The Contractor shall maintain at the jobsite two sets of full-size prints of
the contract drawings, accurately marked in red with adequate dimensions, to
show all variations between the construction actually provided and that
indicated or specified in the contract documents, including buried or
concealed construction. Special attention shall be given to recording the
horizontal and vertical location of all buried utilities that differ from
the contract drawings. Existing utility lines and features revealed during
the course of construction shall also be accurately located and dimensioned.
Variations in the interior utility systems shall be clearly defined and
dimensioned; and coordinated with exterior utility connections at the
building five-foot line, where applicable. Existing topographic features
which differ from those shown on the contract drawings shall also be
accurately located and recorded. Where a choice of materials or methods is
permitted herein, or where variations in scope or character of methods is
permitted herein, or where variations in scope or character of work from
that of the original contract are authorized, the drawings shall be marked
to define the construction actually provided. The representations of such
changes shall conform to standard drafting practice and shall include such
supplementary notes, legends, and details as necessary to clearly portray
the as-built construction. These drawings shall be available for review by
the Contracting Officer at all times. Upon completion of the work, both
sets of the marked up prints shall be certified as correct, signed by the
Contractor, and delivered to the Contracting Officer for his approval before
acceptance.
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1.14 NOTIFICATION OF NON-COMPLIANCE

The CO will notify the Contractor of any detected non-compliance with the
foregoing requirements. The Contractor shall take immediate corrective
action. |If the contractor fails or refuses to correct the non-compliant
work, the CO will issue a non-compliance notice. Such notice, when
delivered to the Contractor at the work site, shall be deemed sufficient for
the purpose of notification. If the Contractor fails or refuses to comply
promptly, the CO may issue an order stopping all or part of the work until
satisfactory corrective action has been taken. The Contractor shall make no
part of the time lost due to such stop orders the subject of claim for
extension of time, for excess costs, or damages.

PART 2 PRODUCTS
Not Used
PART 3 EXECUTION

Not Used

-- End of Section --
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SECTION 08 51 69.10

ALUMINUM STORM WINDOWS
04/06

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.

ALUMINUM ASSOCIATION (AA)

AA DAF45

(2003; Reaffirmed 2009) Designation System
for Aluminum Finishes

AMERICAN ARCHITECTURAL MANUFACTURERS ASSOCIATION (AAMA)

AAMA 1002.10 (1993) Voluntary Specification for Insulating
Storm Products for Windows and Sliding Glass
Doors

AAMA 2603 (2002) Voluntary Specification, Performance

AAMA 611

Requirements and Test Procedures for
Pigmented Organic Coatings on Aluminum
Extrusions and Panels

(1998; R 2004) Voluntary Specification for
Anodized Architectural Aluminum

ASTM INTERNATIONAL (ASTM)

ASTM C920 (2011) Standard Specification for Elastomeric

Joint Sealants

1.2 SUBMITTALS

Government approval is required for submittals with a "G designation;
submittals not having a "G" designation are for Contractor Quality Control

approval

. When used, a designation following the "G" designation identifies

the office that will review the submittal for the Government. The following

shall be

submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings

Storm windows

Submit drawings showing elevations of units, full-sized section,
thicknesses and gages of material, fastenings, methods of
anchorage, size and spacing of anchors, and locations of operating
hardware. Indicate method of glazing, method of attaching and
operating both screen and glass insert panels, and method and
materials for weatherstripping. Include mullion details, details
of installation, and connections with other work, including details
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of existing windows and adjacent construction. Storm window
schedule shall show location of each unit.

SD-03 Product Data
Storm windows
Submit complete descriptive literature for each type of storm
window and accessory. Clearly mark data to indicate which type,
size, model, or item is to be provided. Data shall conform to
specified requirements and shall include instructions for
adjustments, cleaning, and maintenance.

SD-10 Operation and Maintenance Data

Storm windows, Data Package 1; G

Submit data package in accordance with Section 01 78 23 OPERATION
AND MAINTENANCE DATA.

1.3 DELIVERY, STORAGE, AND HANDLING
Deliver products to the project site in undamaged condition. Store products
out of contact with the ground under weathertight covering, and protect
against damage. Do not install damaged units.

1.4  FIELD MEASUREMENT
Dimensions shown are nominal. Field measure openings to obtain exact
dimensions needed for fabrication. Meeting rails or stiles of storm windows
shall align with the meeting rails or stiles of the prime windows.

PART 2 PRODUCTS

2.1 MATERIALS

2.1.1 Aluminum
AAMA 1002.10.

2.1.2 Storm Windows
""MOL'" Magnetic One Lite Allied Window, Inc. 11111 Canal Road Cincinnati,
Ohio 45241 (800)445-5411, www.alliedwindow.com (513)559-1212, (513)559-
1883(FAX), or approved equal.

2.1.3 Sealant
ASTM C920, Type S or M, Grade NS, Class 12.5, use NT, Color to match window
frame. Sealant shall have been tested for use with the materials on which
it will be used in this project.

2.2 FABRICATION

AAMA 1002.10.
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2.2.1 Connections

Rigidly connect frames at corners so as to prevent racking during normal
handling and installation.

2.2.2 Locks or Latches

On vertically operating inserts, locks shall engage round holes or deep
notches in the main frame. On horizontally operating inserts, latches shall
automatically engage a groove or ridge on the main frame or sash.

2.2.3 Access for Cleaning

Inserts, both operating and non-operating, shall be removable for cleaning.
[Where fixed sashes are indicated, the inserts shall be normally fixed but
removable for cleaning.] Where prime windows have only one operating sash,
the operating sash of the storm window shall be in the same position as the
prime window.

2.3 FINISHES

Exposed aluminum surfaces shall be factory finished with anodic coating or
organic coating. New storm windows shall have the same Ffinish.

2.3.1 Anodic Coating

Exposed surfaces of aluminum extrusions and sheet shall be cleaned and given
an anodized finish conforming to AA DAF45. Finish shall be integral color
anodized, designation AA-M10-C22-A32, Architectural Class 11, AAMA 611, or
electrolytically deposited color anodized, designation AA-M10-C22-A34,
Architectural Class 11, AAMA 611. Color shall be as indicated.

2.3.2 Organic Coating

Exposed surfaces of aluminum extrusions and sheet shall be cleaned, primed,
and given a baked enamel finish In accordance with AAMA 2603, with total dry
Ffilm thickness not less than 0.8 mil. The finish color shall be as
indicated.

PART 3  EXECUTION

3.1 PREPARATION
Clean, repair, and paint existing prime windows which are to receive storm
windows before storm windows are installed. Clean glass, and metal surfaces
which will be between the storm and prime windows with appropriate
detergents or cleaning agents. Leave free of dirt, streaks, fingerprints,
and other soil.

3.2 INSTALLATION
Install square, in true plane, level, plumb, in alignment with adjacent
construction, and in accordance with manufacturer®s printed instructions to
ensure proper fit, sealing, and operation.

3.2.1 Sealants
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contraction. Attach units with panhead screws of adequate di nensions for
the particular installation.

3.2.3 Dr ai nage
At the stormwi ndow sill, between main frane and sill, provide weep hol es
of anple size to drain rainwater collecting between a closed prine w ndow
and an open (sunmer position) storm w ndow.

3.3 CLEANI NG
After installation, clean exposed surfaces to renove foreign matter and
surface bl em shes. Renobve units which cannot be cleaned satisfactorily,

and units which are damaged, and provi de new units.

-- End of Section --
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SECTION 08 81 00

GLAZING
08/11

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.
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI 797.1 (2009; Errata 2010) Safety Glazing Materials
Used in Buildings - Safety Performance

Specifications and Methods of Test

ASTM INTERNATIONAL (ASTM)

ASTM C1036 (2010el) Standard Specification for Flat
Glass
ASTM C1048 (2012) Sstandard Specification for Heat-

Treated Flat Glass - Kind HS, Kind FT Coated
and Uncoated Glass

ASTM C1184 (2005) Standard Specification for Structural
Silicone Sealants

ASTM C509 (2006; R 2011) Elastomeric Cellular Preformed
Gasket and Sealing Material

ASTM C864 (2005; R 2011) Dense Elastomeric Compression
Seal Gaskets, Setting Blocks, and Spacers

ASTM C920 (2011) Standard Specification for Elastomeric
Joint Sealants

ASTM D2287 (2011) Nonrigid Vinyl Chloride Polymer and
Copolymer Molding and Extrusion Compounds

ASTM D395 (2003; R 2008) Standard Test Methods for
Rubber Property - Compression Set

ASTM E1300 (2012a) Determining Load Resistance of Glass
in Buildings

GLASS ASSOCIATION OF NORTH AMERICA (GANA)
GANA Glazing Manual (2004) Glazing Manual
GANA Sealant Manual (2008) Sealant Manual

INSULATING GLASS MANUFACTURERS ALLIANCE (I1GMA)
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IGMA TB-3001 (1990) Guidelines for Sloped Glazing

IGMA TM-3000 (1997) Glazing Guidelines for Sealed
Insulating Glass Units

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

Energy Star (1992; R 2006) Energy Star Energy Efficiency
Labeling System

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)

16 CFR 1201 Safety Standard for Architectural Glazing
Materials

1.2  SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. When used, a designation following the "G" designation identifies

the office that will review the submittal for the Government. The following
shall be submitted in accordance with Section 01 33 00 SUBMITTAL PROCEDURES:

SD-02 Shop Drawings
Installation
Drawings showing complete details of the proposed setting methods,
mullion details, edge blocking, size of openings, frame details,
materials, and types and thickness of glass.

SD-03 Product Data
Documentation for Energy Star qualifications.
Glazing Accessories
Manufacturer®™s descriptive product data, handling and storage
recommendations, installation instructions, and cleaning
instructions.

SD-04 Samples
Glazing Compound
Glazing Tape
Sealant

Two 8 by 10 inch samples of each of the following: tempered, Low-E
glass units.

Three samples of each indicated material. Samples of plastic
sheets shall be minimum 5 by 7 inches.

SD-07 Certificates
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Certificates stating that the glass meets the specified
requirements. Labels or manufacturers marking affixed to the glass
will be accepted in lieu of certificates.

SD-08 Manufacturer®s Instructions
Setting and sealing materials
Glass setting

Submit glass manufacturer®s recommendations for setting and sealing
materials and for installation of each type of glazing material
specified.[ Include cleaning instructions for plastic sheets.]

SD-11 Closeout Submittals
1.3 SYSTEM DESCRIPTION

Glazing systems shall be fabricated and installed watertight and airtight to
withstand thermal movement and wind loading without glass breakage, gasket
failure, deterioration of glazing accessories, and defects in the work.
Glazed panels shall comply with the safety standards, as indicated in
accordance with ANSI 797.1. Glazed panels shall comply with indicated
wind/snow loading in accordance with ASTM E1300.

1.4 DELIVERY, STORAGE, AND HANDLING

Deliver products to the site in unopened containers, labeled plainly with
manufacturers® names and brands. Store glass and setting materials in safe,
enclosed dry locations and do not unpack until needed for installation.
Handle and install materials in a manner that will protect them from damage.

1.5 ENVIRONMENTAL REQUIREMENTS

Do not start glazing work until the outdoor temperature is above 40 degrees
F and rising, unless procedures recommended by the glass manufacturer and
approved by the Contracting Officer are made to warm the glass and rabbet
surfaces. Provide ventilation to prevent condensation of moisture on
glazing work during installation. Do not perform glazing work during damp
or rainy weather.

1.6  WARRANTY

1.6.1 WARRANTY FOR TEMPERED LOW-E GLASS UNITS
Warranty glass units against development of material obstruction to vision
caused by failure of other than through glass breakage, for a 10-year period
following acceptance of the work. Provide new units for any units failing
to comply with terms of this warranty within 45 working days after receipt
of notice from the Government.

1.6.2 Monolithic Reflective Glass
Manufacturer shall warrant the monolithic reflective glass to be free of

peeling or deteriorating of coating for a period of 10 years after Date of
Substantial Completion. Warranty shall be signed by manufacturer.
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PART 2 PRODUCTS
2.1 GLASS

ASTM C1036, unless specified otherwise. Provide safety glazing material
conforming to 16 CFR 1201.

2.1.1 Clear Glass

For interior glazing (i.e., pass and observation windows), 3/16 inch thick
glass should be used.

2.1.2 Tempered Glass

ASTM C1048, Kind FT (fully tempered), Condition A (uncoated), Type 1, Class
1 (transparent), Quality g3, 3/16" inch thick, coating Low-E, percent light
transmittance, and percent shading coefficient conforming to ASTM C1048,
GANA Standards Manual and Internation Energy Conservation Code 2009. Color
shall be clear.

2.2 SETTING AND SEALING MATERIALS

The existing window frame putty was tested and verified to contain asbestos
within the existing putty/material. Contractor shall refer to Project
Specification section "Asbestos Removal' for remediation requirements. New
caulking shall be provided as specified in the GANA Glazing Manual, IGMA TM-
3000, IGMA TB-3001, and manufacturer®"s recommendations, unless specified
otherwise herein. Do not use metal sash putty, nonskinning compounds,
nonresilient preformed sealers, or impregnated preformed gaskets. Materials
exposed to view and unpainted shall be gray or neutral color.

2.2.1 PUTTY AND GLAZING COMPOUND
Glazing compound shall be as recommended by manufacturer for face-glazing
metal sash. Putty shall be linseed oil type. Putty and glazing compounds
shall not be used with insulating glass or laminated glass.

2.2.2 GLAZING COMPOUND

Use for face glazing metal sash. Do not use with insulating glass units or
laminated glass.

2.3  SEALANTS
Provide elastomeric and structural sealants.

2.3.1  ELASTOMERIC SEALANT
ASTM C920, Type S, Grade NS, Class 12.5, Use G. Use for channel or stop
glazing metal sash. Sealant shall be chemically compatible with setting
blocks, edge blocks, and sealing tapes, with sealants used in manufacture of
glass units. Color of sealant shall be color of frame.

2.3.2 STRUCTURAL SEALANT

ASTM C1184, Type S.
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2.4 PREFORMED CHANNELS

Neoprene, vinyl, or rubber, as recommended by the glass manufacturer for the
particular condition.

2.5 SEALING TAPES

Preformed, semisolid, PVC-based material of proper size and compressibility
for the particular condition, complying with ASTM D2287. Use only where
glazing rabbet is designed for tape and tape is recommended by the glass or
sealant manufacturer. Provide spacer shims for use with compressible tapes.
Tapes shall be chemically compatible with the product being set.

2.6 SETTING BLOCKS AND EDGE BLOCKS

Closed-cell neoprene setting blocks shall be dense extruded type conforming
to ASTM C509 and ASTM D395, Method B, Shore A durometer between 70 and 90.
Edge blocking shall be Shore A durometer of 50 (plus or minus 5). Silicone
setting blocks shall be required when blocks are in contact with silicone
sealant. Profiles, lengths and locations shall be as required and
recommended in writing by glass manufacturer. Block color shall be black.

2.7 GLAZING GASKETS

Glazing gaskets shall be extruded with continuous integral locking
projection designed to engage into metal glass holding members to provide a
watertight seal during dynamic loading, building movements and thermal
movements. Glazing gaskets for a single glazed opening shall be continuous
one-piece units with factory-fabricated injection-molded corners free of
flashing and burrs. Glazing gaskets shall be in lengths or units
recommended by manufacturer to ensure against pull-back at corners. Glazing
gasket profiles shall be as recommended by the manufacturer for the intended
application.

2.7.1 Fixed Glazing Gaskets
Fixed glazing gaskets shall be closed-cell (sponge) smooth extruded
compression gaskets of cured elastomeric virgin neoprene compounds
conforming to ASTM C509, Type 2, Option 1.

2.7.2 Wedge Glazing Gaskets
Wedge glazing gaskets shall be high-quality extrusions of cured elastomeric
virgin neoprene compounds, ozone resistant, conforming to ASTM C864, Option
1, Shore A durometer between 65 and 75.

2.7.3 Aluminum Framing Glazing Gaskets

Glazing gaskets for aluminum framing shall be permanent, elastic, non-
shrinking, non-migrating, watertight and weathertight.

2.8  ACCESSORIES

Provide as required for a complete installation, including glazing points,
clips, shims, angles, beads, and spacer strips. Provide noncorroding metal
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accessories. Provide primer-sealers and cleaners as recommended by the
glass and sealant manufacturers.

PART 3 EXECUTION
3.1 PREPARATION

Preparation, unless otherwise specified or approved, shall conform to
applicable recommendations in the GANA Glazing Manual, GANA Sealant Manual,
IGMA TB-3001, IGMA TM-3000, and manufacturer®s recommendations. Determine
the sizes to provide the required edge clearances by measuring the actual
opening to receive the glass. Grind smooth in the shop glass edges that
will be exposed in finish work. Leave labels in place until the
installation is approved, except remove applied labels on heat-absorbing
glass and on insulating glass units as soon as glass is installed. Securely
fix movable items or keep in a closed and locked position until glazing
compound has thoroughly set.

3.2 GLASS SETTING

Shop glaze or field glaze items to be glazed using glass of the quality and
thickness specified or indicated. Glazing, unless otherwise specified or
approved, shall conform to applicable recommendations in the GANA Glazing
Manual, GANA Sealant Manual, IGMA TB-3001, IGMA TM-3000, and manufacturer"s
recommendations. Aluminum windows, wood doors, and wood windows may be
glazed in conformance with one of the glazing methods described in the
standards under which they are produced, except that face puttying with no
bedding will not be permitted. Handle and install glazing materials in
accordance with manufacturer®s instructions. Use beads or stops which are
furnished with items to be glazed to secure the glass in place. Verify
products are properly installed, connected, and adjusted.

3.2.1 Sheet Glass
Cut and set with the visible lines or waves horizontal.
3.3 Materials and Methods of Installation

Comply with the manufacturer®s warranty and written instructions, except as
indicated. Install units with the heat-absorbing glass to the exterior.
Secure glass in place with bolts and spring clips. The minimum clearance
between bolts and edge of glass unit shall be 3/16 inch. The glass shall
be edged with 3/16 inch thick continuous neoprene, vinyl, or other approved
material. Trim edging after installation. The channel shapes or strips
shall be Ffirmly held against the glass by the spring action of the extruded
metal moldings. Resilient setting blocks, spacer strips, clips, bolts,
washers, angles, applicable glazing compound, and resilient channels or
cemented-on materials shall be as recommended in the written instructions of
the glass manufacturer, as approved.

3.3.1 Tolerances and Clearances of Units
Design to prevent the transfer of stress in the setting frames to the glass.

Springing, twisting, or forcing of units during setting will not be
permitted.
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3.4  CLEANING

Clean glass surfaces and remove labels, paint spots, putty, and other
defacement as required to prevent staining. Glass shall be clean at the
time the work is accepted.

3.5 PROTECTION

Glass work shall be protected immediately after installation. Glazed
openings shall be identified with suitable warning tapes, cloth or paper
flags, attached with non-staining adhesives. Reflective glass shall be
protected with a protective material to eliminate any contamination of the
reflective coating. Protective material shall be placed far enough away
from the coated glass to allow air to circulate to reduce heat buildup and
moisture accumulation on the glass. Glass units which are broken, chipped,
cracked, abraded, or otherwise damaged during construction activities shall
be removed and replaced with new units.

3.6  WASTE MANAGEMENT
Disposal and recycling of waste materials, including corrugated cardboard
recycling, shall be in accordance with the Waste Management Plan. Separate
tempered glass for use as aggregate or nonstructural Ffill. Close and seal

tightly all partly used sealant containers and store protected in well-
ventilated, fire-safe area at moderate temperature.

-- End of Section --
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SECTION 23 00 00

Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEMS
08/10

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON | NTERNATI ONAL ( AMCA)
AMCA 201 (2002) Fans and Systens

AMCA 210 (2007) Laboratory Methods of Testing Fans
for Aerodynam c Perfornance Rating

AMCA 300 (2008) Reverberant Room Met hod for Sound
Testing of Fans

AMCA 301 (2006; INT 2007; Errata 2008) Methods for
Cal cul ating Fan Sound Ratings from
Laboratory Test Data

AMCA 500-D (2007) Laboratory Methods of Testing
Danmpers for Rating

Al R- CONDI TI ONI NG HEATI NG AND REFRI GERATI ON | NSTI TUTE (AHRI)

AHRI 260 (2001) Sound Rating of Ducted Air Moving
and Condi ti oni ng Equi pnent

AHRI 410 (2001; Addendum 1-2002; Addendum 2-2005)
Forced-Circul ation Air-Cooling and
Air-Heating Coils

AHRI 430 (2009) Central-Station Air-Handling Units
AHRI 880 (2008) Performance Rating of Air Term nals
AHRI 885 (2008) Procedure for Estimating Cccupi ed

Space Sound Levels in the Application of
Air Terminals and Air Qutlets

AHRI DCAACP (Online) Directory of Certified Applied
Ai r-Condi tioning Products

AHRI Cuideline D (1996) Application and Installation of
Central Station Air-Handling Units

AVERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)
ABMVA 11 (1990) Load Ratings and Fatigue Life for

Rol | er Beari ngs
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ABMA 9 (1990; R 2008) Load Ratings and Fatigue
Life for Ball Bearings

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

ASHRAE 52. 2 (2007; Addenda B 2008; Errata 2009, Errata
2010; INT 2010) Method of Testing Ceneral
Ventilation Air-d eaning Devices for
Renmoval Efficiency by Particle Size

ASHRAE 62. 1 (2010; Errata 2011) Ventilation for
Acceptabl e I ndoor Air Quality

ASHRAE 68 (1997) Laboratory Method of Testing to
Det ernmi ne the Sound Power |n a Duct

ASHRAE 70 (2006; R 2011) Method of Testing for
Rating the Performance of Air Qutlets and
Inlets

ASHRAE 90.1 - IP (2010; INT 1 2011; Errata 2011, Errata

2011) Energy Standard for Buil di ngs Except
Low Ri se Residential Buildings

ASME | NTERNATI ONAL ( ASMVE)

ASME Al13.1 (2007) Schene for the Identification of
Pi pi ng Systens

ASTM | NTERNATI ONAL ( ASTM

ASTM A123/ A123M (2009) Standard Specification for Zinc
(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

ASTM Al67 (1999; R 2009) Standard Specification for
Stai nl ess and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A53/ A53M (2010) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Sean ess

ASTM A924/ A924M (2010a) Standard Specification for Ceneral
Requi renments for Steel Sheet,
Metallic-Coated by the Hot-Di p Process

ASTM B117 (2009) Standing Practice for Operating
Salt Spray (Fog) Apparatus

ASTM B152/ B152M (2009) Standard Specification for Copper
Sheet, Strip, Plate, and Rol |l ed Bar

ASTM B209 (2010) Standard Specification for Al um num
and Al um num Al | oy Sheet and Pl ate
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

NEMA

NENA

NENA

NENA

NFPA

B766 (1986; R 2008) Standard Specification for
El ectrodeposi ted Coatings of Cadni um

C1071 (2005e1) Standard Specification for
Fi brous d ass Duct Lining Insulation
(Thermal and Sound Absorbing Material)

C553 (2011) Standard Specification for M neral
Fi ber Bl anket Thermal |nsulation for
Conmmer cial and Industrial Applications

C916 (1985; R 2007) Standard Specification for
Adhesives for Duct Thernmal |nsulation

D 1654 (2008) Eval uation of Painted or Coated
Speci nens Subj ected to Corrosive
Envi ronnent s

D 1785 (2006) Standard Specification for
Pol y(Vinyl Chloride) (PVC), Plastic Pipe,
Schedul es 40, 80, and 120

D 2466 (2006) Standard Specification for
Pol y(Vinyl Chloride) (PVC) Plastic Pipe
Fittings, Schedule 40
D 2564 (2004; R 2009el1) Standard Specification
for Solvent Cenents for Poly(Vinyl
Chloride) (PVC) Plastic Piping Systens
D 3359 (2009e2) Measuring Adhesion by Tape Test
D 520 (2000; R 2011) Zinc Dust Pignent

E 2016 (2006) Standard Specification for
I ndustrial Wven Wre Coth

E 84 (2011a) Standard Test Method for Surface
Burni ng Characteristics of Building
Materi al s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ICS 6 (1993; R 2006) Encl osures

MG 1 (2009) Mdtors and Cenerators

M5 10 (2001; R 2007) Energy Managenent Guide for
Sel ection and Use of Fixed Frequency
Medi um AC Squi rrel - Cage Pol yphase

I nducti on Motors

M5 11 (1977; R 2007) Energy Managenent Guide for
Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
70 (2011; TIA 11-1; Errata 2011) Nationa
El ectrical Code
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NFPA 701 (2010) Standard Methods of Fire Tests for
Fl ame Propagati on of Textiles and Fil ns

NFPA 90A (2009; Errata 09-1) Standard for the
Installation of Air Conditioning and
Ventilating Systens

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSCOCI ATl ON

( SMACNA)

SIVACNA 1143 (1985) HVAC Air Duct Leakage Test Manual,
1st Edition

SIVACNA 1403 (2008) Accepted Industry Practice for
I ndustrial Duct Construction, 2nd Edition

SVACNA 1819 (2002) Fire, Snoke and Radi ati on Danper
Installation Guide for HVAC Systens, 5th
Edition

SIVACNA 1966 (2005) HVAC Duct Construction Standards
Metal and Flexible, 3rd Edition

SMACNA 1981 (2008) Seismic Restraint Manual Guidelines

for Mechani cal Systens, 3rd Edition
U. S. NATI ONAL ARCHI VES AND RECCORDS ADM NI STRATI ON ( NARA)
40 CFR 82 Protection of Stratospheric Ozone

UNDERWRI TERS LABORATORI ES (UL)

UL 181 (2005; Reprint Cct 2008) Factory-Made Air
Ducts and Air Connectors

UL 555 (2006; Reprint May 2011) Standard for Fire
Danpers

UL 5558 (1999; Reprint May 2011) Snoke Danpers

UL 586 (2009) Standard for Hi gh-Efficiency
Particulate, Air Filter Units

UL 6 (2007; reprint Nov 2010) Electrical Rigid
Met al Condui t - St eel

UL 705 (2004; Reprint Apr 2011) Standard for
Power Ventil ators

UL 723 (2008; Reprint Sep 2010) Test for Surface
Burni ng Characteristics of Building
Materi al s

UL 900 (2004; Reprint Nov 2009) Standard for Air

Filter Units

UL Bld Mat Dir (2011) Building Materials Directory
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UL El ectrical Constructn (2009) Electrical Construction Equi pnent
Directory
UL Fire Resistance (2011) Fire Resistance Directory

1.2 SYSTEM DESCRI PTI ON

Furni sh ductwork, piping offsets, fittings, and accessories as required to
provide a conplete installation. Coordinate the work of the different
trades to avoid interference between piping, equipnent, structural, and
electrical work. Provide conplete, in place, all necessary offsets in

pi ping and ductwork, and all fittings, and other conponents, required to
install the work as indicated and specifi ed.

1.2.1 Mechani cal Equi prent Identification

The nunber of charts and di agrans shall be equal to or greater than the
nunber of nechani cal equi pnent roons. Were nore than one chart or di agram
per space is required, nount these in edge pivoted, sw nging |eaf, extruded
al umi num frane hol ders which open to 170 degrees.

1.2.1.1 Charts

Provide chart listing of equipnment by designation nunbers and capacities
such as flow rates, pressure and tenperature differences, heating and
cool i ng capacities, horsepower, pipe sizes, and voltage and current
characteristics.

1.2.1.2 Di agr ans

Submit proposed diagrans, at |least 2 weeks prior to start of related
testing. provide neat mechanical draw ngs provided with extruded al um num
frame under 1/8-inch glass or lamnated plastic, systemdiagrans that show
the layout of equipnent, piping, and ductwork, and typed condensed
operation manual s expl ai ni ng preventative mai ntenance procedures, nethods
of checking the systemfor nornal, safe operation, and procedures for
safely starting and stopping the system After approval, post these itens
wher e directed.

1.2.2 Servi ce Labeling

Label equipnment, including fans, air handlers, termnal units, etc. with
| abel s made of self-sticking, plastic film designed for permanent
installation. Labels shall be in accordance with the typical exanples
bel ow

SERVI CE LABEL AND TAG DESI GNATI ON
Air handling unit Nunmber AHU - A

Control and instrunent air CONTROL AND | NSTR.

Exhaust Fan Nunber EF - [____ 1]

VAV Box Nunber VAV - Al

SECTI ON 23 00 00 Page 5
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SERVI CE LABEL AND TAG DESI GNATI ON
Fan Coil Unit Nunber FC - [____ ]
Term nal Box Nunber ™- ]
Unit Ventilator Nunber w - [___ ]

Identify simlar services with different tenperatures or pressures. \Were
pressures coul d exceed 125 pounds per square inch, gage, include the

maxi mum system pressure in the |abel. Label and arrow piping in accordance
with the follow ng:

a. Each point of entry and exit of pipe passing through walls.

b. Each change in direction, i.e., elbows, tees.

c. In congested or hidden areas and at all access panels at each point
required to clarify service or indicated hazard.

d. In long straight runs, locate |abels at distances wi thin eyesight of
each other not to exceed 75 feet. Al |abels shall be visible and

legible fromthe primary service and operating area.

For Bare or |nsul ated Pipes
for Qutside Dianeters of Lettering
1/2 thru 1-3/8 inch 1/2 inch
1-1/2 thru 2-3/8 inch 3/4 inch
2-1/2 inch and | arger 1-1/4 inch

1.2.3 Col or Codi ng
Col or coding of all piping systems shall be in accordance with ASVE A13.1 .
1.3 SUBM TTALS
CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval . Submit the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Detail Draw ngs; G
SD- 03 Product Data
Metal lic Flexible Duct
I nsul ated Nonnetal lic Flexible Duct Runouts
Duct Connectors
Duct Access Doors; G
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Fi re Danpers

Manual Bal anci ng Danpers; G

Aut omat i ¢ Snoke- Fire Danpers

Sound Attenuation Equi pnent

Acoustical Duct Liner

Di ffusers

Regi sters and Gilles

Louvers

Air Vents, Penthouses, and Goosenecks
Centrifugal Fans

In-Line Centrifugal Fans

Axi al Fl ow Fans

Panel Type Power Vall Ventilators

Centrifugal Type Power VIl Ventilators
Centrifugal Type Power Roof Ventilators

Propel | er Type Power Roof Ventilators
Air-Curtain Fans

Cei l i ng Exhaust Fans

Air Handling Units; G

Room Fan-Coil Units; G

Coil Induction Units; G

Constant Vol une, Single Duct Terminal Units; G
Vari abl e Vol une, Single Duct Terminal Units; G
Vari abl e Vol une, Single Duct, Fan-Powered Terminal Units; G
Dual Duct Terminal Units; G

Ceiling Induction Terminal Units; G

Reheat Units; G

Unit Ventilators

Energy Recovery Devices; G

D agrans; G

SD-06 Test Reports

Perfornmance Tests; G
Danper Acceptance Test; G

SD-07 Certificates
Bolts
SD- 08 Manufacturer's lnstructions

Manuf acturer's Installation Instructions
Qperation and Mai ntenance Traini ng

SD- 10 Operation and Mai ntenance Dat a
Qperation and Mai ntenance Manual s

Fire Danpers; G

Manual Bal anci ng Danpers; G

Aut omati ¢ Snoke-Fire Danpers; G
Centrifugal Fans; G

In-Line Centrifugal Fans; G

Axi al Flow Fans; G

Panel Type Power Wall Ventilators; G
Centrifugal Type Power Wall Ventilators; G
Centrifugal Type Power Roof Ventilators; G
Propel | er Type Power Roof Ventilators; G

SECTI ON 23 00 00 Page 7
Rev. 1



Revitalize M ssion Control EDML715

Air-Curtain Fans; G

Cei ling Exhaust Fans; G

Air Handling Units; G

Room Fan-Coil Units; G

Coil Induction Units; G

Constant Vol une, Single Duct Terminal Units; G
Vari abl e Vol une, Single Duct Terminal Units; G
Vari abl e Vol unme, Single Duct, Fan-Powered Term nal Units; G
Dual Duct Terminal Units; G

Ceiling Induction Termnal Units; G

Reheat Units; G

Unit Ventilators; G

Energy Recovery Devices; G

1.4 QUALI TY ASSURANCE

Except as otherw se specified, approval of materials and equipnent is based
on manufacturer's published data.

a. Were materials and equi prment are specified to conformto the standards
of the Underwriters Laboratories, the |abel of or listing with
reexam nation in UL Bld Mat Dir, and UL 6 is acceptable as sufficient
evidence that the itenms conformto Underwiters Laboratories
requirenents. In lieu of such label or listing, subnmt a witten
certificate fromany nationally recognized testing agency, adequately
equi pped and conpetent to perform such services, stating that the itens
have been tested and that the units conformto the specified
requirenents. Qutline nethods of testing used by the specified
agenci es.

b. Where nmaterials or equipnent are specified to be constructed or tested,
or both, in accordance with the standards of the ASTM Internationa
(ASTM), the ASME International (ASME), or other standards, a
manufacturer's certificate of conpliance of each itemis acceptable as
proof of conpliance.

c. Conformance to such agency requirenents does not relieve the itemfrom
conpliance with other requirements of these specifications.

1.4.1 Preventi on of Corrosion

Protect netallic materials against corrosion. Mnufacturer shall provide
rust-inhibiting treatment and standard finish for the equi pnent

encl osures. Do not use alumi numin contact with earth, and where connected
to dissimlar nmetal. Protect alum num by approved fittings, barrier
material, or treatnment. Ferrous parts such as anchors, bolts, braces,
boxes, bodies, clanmps, fittings, guards, nuts, pins, rods, shins, thinbles,
washers, and m scel | aneous parts not of corrosion-resistant steel or
nonferrous materials shall be hot-dip galvanized in accordance wth

ASTM A123/ A123N for exterior |ocations and cadm um plated in conformance
with ASTM B766 for interior locations. Provide witten certification from
the bolt manufacturer that the bolts furnished conply with the requirenents
of this specification. Include illustrations of product markings, and the
nunber of each type of bolt to be furnished in the certification.

1.4.2 Asbest os Prohi bition

Do not use asbestos and asbest os-cont ai ni ng products.
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1.4.3 Ozone Depl eting Substances Used as Refrigerants

M ni m ze rel eases of Ozone Depleting Substances (ODS) during repair,

mai nt enance, servicing or disposal of appliances containing ODS' s by
complying with all applicable sections of 40 CFR 82 Part 82 Subpart F. Any
person conducting repair, maintenance, servicing or disposal of appliances
owned by NASA shall conply with the foll ow ng:

a. Do not knowi ngly vent or otherw se release into the environnment, C ass
| or Cass Il substances used as a refrigerant.

b. Do not open appliances w thout neeting the requirenents of 40 CFR 82
Part 82.156 Subpart F, regarding required practices for evacuation and
collection of refrigerant, and 40 CFR 82 Part 82.158 Subpart F
regardi ng standards of recycling and recovery equi prent.

c. Only persons who conmply with 40 CFR 82 Part 82.161 Subpart F, regarding
technician certification, can conduct work on appliances containing
refrigerant.

In addition, provide copies of all applicable certifications to the
Contracting Oficer at |east 14 cal endar days prior to initiating

mai nt enance, repair, servicing, dismantling or disposal of appliances,
i ncl udi ng:

a. Proof of Technician Certification

b. Proof of Equipnent Certification for recovery or recycling equi pnent.

c. Proof of availability of certified recovery or recycling equipnent.
1.4.4 Use of Ozone Depl eting Substances, Ot her than Refrigerants

The use of Class | or Class Il ODS's listed as nonessential in 40 CFR 82
Part 82.66 Subpart Cis prohibited. These prohibited materials and uses
i ncl ude:

a. Any plastic party spray streaner or noise horn which is propelled by a
chl or of I uor ocar bon

b. Any cleaning fluid for electronic and photographi c equi pnent which
contai ns a chlorofluorocarbon; including Iiquid packagi ng, solvent
Wi pes, solvent sprays, and gas sprays.

c. Any plastic flexible or packagi ng foam product which is manufactured
with or contains a chlorofluorocarbon, including, open cell foam open
cell rigid polyurethane poured foam closed cell extruded polystyrene
sheet foam closed cell polyethylene foam and cl osed cel |l pol ypropyl ene
foam except for flexible or packaging foamused in coaxial cabling.

d. Any aerosol product or other pressurized di spenser which contains a
chl or of | uorocarbon, except for those listed in 40 CFR 82 Part 82.66
Subpart C.

Request a waiver if a facility requirenent dictates that a prohibited
material is necessary to achieve project goals. Subnmt the waiver request
inwiting to the Contracting Officer. The waiver will be evaluated and
di sposi ti oned.
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.4.5 Detai | Draw ngs

Submit detail draw ngs show ng equi pnent | ayout, including assenbly and
installation details and el ectrical connection diagrans; ductwork |ayout
showi ng the | ocation of all supports and hangers, typical hanger details,
gauge reinforcenment, reinforcenent spacing rigidity classification, and
static pressure and seal classifications. Include any information required
to denonstrate that the system has been coordinated and functions properly
as a unit on the draw ngs and show equi pnent relationship to other parts of
the work, including clearances required for operation and mai ntenance.
Submit drawi ngs show ng bolt-setting i nformation, and foundation bolts
prior to concrete foundation construction for all equi pnment indicated or
required to have concrete foundations. Submt function designation of the
equi prrent and any ot her requirenments specified throughout this Section with
the shop draw ngs.

4.6 Test Procedures

Submit proposed test procedures and test schedul es for the ductwork |eak
test, and perfornmance tests of systenms, at |east 2 weeks prior to the start
of related testing.

5 DELI VERY, STORAGE, AND HANDLI NG
Protect stored equipnment at the jobsite fromthe weather, humdity and

tenperature variations, dirt and dust, or other contani nants.
Additionally, cap or plug all pipes until install ed.

PART 2 PRODUCTS

2.

1 STANDARD PRODUCTS

Provi de conponents and equi pnent that are "standard products" of a

manuf acturer regularly engaged in the manufacturing of products that are of
a simlar material, design and workmanship. "Standard products" is defined
as being in satisfactory comercial or industrial use for 2 years before
bi d opening, including applications of conponents and equi pnent under
simlar circunstances and of simlar size, satisfactorily conpleted by a
product that is sold on the commercial nmarket through advertisenents,

manuf acturers' catal ogs, or brochures. Products having | ess than a 2-year
field service record are acceptable if a certified record of satisfactory
field operation, for not [ess than 6000 hours exclusive of the

manuf acturer's factory tests, can be shown. Provide equipnment itens that
are supported by a service organi zation. \Were applicable, provide

equi prent that is an ENERGY STAR Qualified product or a Federal Energy
Managenent Program ( FEMP) desi gnat ed product.

.2 | DENTI FI CATI ON PLATES

In addition to standard nmanufacturer's identification plates, provide
engraved | am nated phenolic identification plates for each piece of
mechani cal equi pnent. ldentification plates are to designate the function
of the equipnent. Submt designation with the shop draw ngs.
Identification plates shall be three | ayers, black-white-black, engraved to
show white letters on black background. Letters shall be upper case.

I dentification plates 1-1/2-inches high and smaller shall be 1/16-inch
thick, with engraved lettering 1/8-inch high; identification plates |arger
than 1-1/2-inches high shall be 1/8-inch thick, with engraved |l ettering of
suitable height. Ildentification plates 1-1/2-inches high and | arger shal
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2.

have bevel ed edges. Install identification plates using a conpatible
adhesi ve.

.3 EQUI PMENT GUARDS AND ACCESS

Fully enclose or guard belts, pulleys, chains, gears, couplings, projecting
setscrews, keys, and other rotating parts exposed to personnel contact
according to OSHA requirenents. Properly guard or cover with insulation of
a type specified, high tenperature equi prment and pipi ng exposed to contact
by personnel or where it creates a potential fire hazard. The requirenents
for catwal ks, operating platfornms, |adders, and guardrails are specified in
Section 05 50 13 M SCELLANEQUS METAL FABRI CATI ONS.

.4 ELECTRI CAL WORK

a. Provide notors, controllers, integral disconnects, contactors, and
controls with their respective pieces of equipnent, except controllers
i ndi cated as part of notor control centers. Provide electrica
equi prent, including notors and wiring, as specified in Section 26 20 00
| NTERI OR DI STRI BUTI ON SYSTEM  Provi de nanual or automatic control and
protective or signal devices required for the operation specified and
control wiring required for controls and devi ces specified, but not
shown. For packaged equi prent, include nanufacturer provided
controllers with the required nonitors and tinmed restart.

b. For single-phase notors, provide high-efficiency type,
fractional - horsepower alternating-current motors, including notors that
are part of a system in accordance with NEVA Mz 11. Integral size
notors shall be the premiumefficiency type in accordance with NEVA MG 1.

c. For polyphase notors, provide squirrel-cage medi uminduction notors,
including notors that are part of a system, and that neet the
efficiency ratings for premumefficiency notors in accordance with
NEVA MG 1. Sel ect prem um efficiency pol yphase notors in accordance
with NEVA MG 10

d. Provide nmotors in accordance with NEMA Ms 1 and of sufficient size to
drive the |l oad at the specified capacity w thout exceeding the
nanepl ate rating of the motor. Provide notors rated for continuous
duty with the encl osure specified. Provide notor duty that allows for
maxi mum frequency start-stop operation and m ni nrum encountered interva
between start and stop. Provide notor torque capable of accelerating
the connected |load within 20 seconds with 80 percent of the rated
vol tage nmaintained at nmotor term nals during one starting period.
Provide notor starters conplete with thermal overload protection and
ot her necessary appurtenances. Fit notor bearings with grease supply
fittings and grease relief to outside of the enclosure.

e. Provide variable frequency drives for notors as specified in Section
26 29 23 VAR ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.

5 ANCHCOR BOLTS

Provi de anchor bolts for equi pment placed on concrete equi prment pads or on
concrete slabs. Bolts to be of the size and nunmber recommended by the
equi prrent manuf acturer and | ocated by neans of suitable tenplates.
Installati on of anchor bolts shall not degrade the surroundi ng concrete.
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2.6 SEI SM C ANCHORAGE

Anchor equi prent in accordance with applicable seismic criteria for the
area and as defined in SMACNA 1981

2.7 PAI NTI NG

Pai nt equi prent units in accordance with approved equi pnent nmanufacturer's
standards unl ess specified otherwise. Field retouch only if approved.
O herwi se, return equipnent to the factory for refinishing.

2.8 | NDOOR Al R QUALI TY

Provi de equi pnent and components that conply with the requirenents of
ASHRAE 62.1 unless nore stringent requirenents are specified herein.

2.9 DUCT SYSTEMS
2.9.1 Met al Duct wor k

Provi de netal ductwork construction, including all fittings and components,
that conplies with SMACNA 1966, as suppl enmented and nodified by this
specification .

a. Provide radius type elbows with a centerline radius of 1.5 tines the
wi dth or dianeter of the duct where space permts. O herw se, el bows
having a mninumradi us equal to the width or dianeter of the duct or
square el bows with factory fabricated turning vanes are all owed.

b. Provide ductwork that neets the requirenments of Seal Class A Provide
ductwork in VAV systenms upstream of the VAV boxes that neets the
requi renents of Seal C ass A

c. Provide sealants that conformto fire hazard classification specified
in Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS and are
suitable for the range of air distribution and anbient tenperatures to
which it is exposed. Do not use pressure sensitive tape as a seal ant.

d. Make spiral |ock seamduct, and flat oval with duct seal ant and | ock
with not |ess than 3 equally spaced drive screws or other approved
nmet hods indicated in SVACNA 1966. Apply the sealant to the exposed
mal e part of the fitting collar so that the sealer is on the inside of
the joint and fully protected by the netal of the duct fitting. Apply
one brush coat of the sealant over the outside of the joint to at |east
2 inch band wi dth covering all screw heads and joint gap. Dents in the
mal e portion of the slip fitting collar are not acceptable. Fabricate
outdoor air intake ducts and plenuns with watertight sol dered or brazed
joints and searns.

2.9.1.1 Metal lic Flexible Duct

a. Provide duct that conforns to UL 181 and NFPA 90A with factory-applied
i nsul ati on, vapor barrier, and end connections. Provide duct assenbly
t hat does not exceed 25 for flane spread and 50 for snoke devel oped.
Provi de ducts designed for working pressures of two inches water gauge
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positive and 1.5 inches water gauge negative. Provide flexible round
duct length that does not exceed five feet. Secure connections by
appl yi ng adhesive for two inches over rigid duct, apply flexible duct
two inches over rigid duct, apply nmetal clanp, and provi de m ni num of
three No. 8 sheet netal screws through clanmp and rigid duct.

b. Inner duct core: Provide interlocking spiral or helically corrugated
flexible core constructed of zinc-coated steel, alum num or stainless
steel; or constructed of inner liner of continuous galvanized spring
steel wire helix fused to continuous, fire-retardant, flexible vapor
barrier film inner duct core.

c. Insulation: Provide inner duct core that is insulated with mnera
fi ber blanket type flexible insulation, mnimmof one inch thick
Provi de i nsul ati on covered on exterior with manufacturer's standard
fire retardant vapor barrier jacket for flexible round duct.

2.9.1.2 Ceneral Service Duct Connectors

Provide a flexible duct connector approximately 6 inches in w dth where
sheet netal connections are made to fans or where ducts of dissimlar
nmetals are connected. For round/oval ducts, secure the flexible materi al
by stainless steel or zinc-coated, iron clinch-type draw bands. For
rectangul ar ducts, install the flexible nmaterial |ocked to netal collars
usi ng normal duct construction nethods. Provide a conposite connector
systemthat conplies with NFPA 701 and is classified as "flame-retarded
fabrics" in UL Bld Vat Dir.

2.9.1.3 Al unm num Duct s

ASTM B209, alloy 3003-H14 for alum num sheet and alloy 6061-T6 or
equi val ent strength for al um num connectors and bar stock.

2.9.1.4 Copper Sheets
ASTM B152/ B152N, light cold rolled tenper.

2.9.1.5 Corrosion Resisting (Stainless) Steel Sheets
ASTM A167

2.9.2 Duct Access Doors

Provi de hinged access doors conformng to SMACNA 1966 in ductwork and

pl enuns where indicated and at all air flow neasuring prinmaries, automatic
danpers, fire danpers, coils, thernostats, and other apparatus requiring
service and inspection in the duct system Provide access doors upstream
and downstream of air flow neasuring prinmaries and heating and cooling
coils. Provide doors that are a mninmumr 15 by 18 inches, unless otherw se
shown. \Where duct size does not accommpdate this size door, nake the doors
as large as practicable. Equip doors 24 by 24 inches or larger with
fasteners operable frominside and outside the duct. Use insulated type
doors in insul ated ducts.

2.9.3 Fi re Danpers
Use 1.5 hour rated fire danpers unless otherwi se indicated. Provide fire

danpers that conformto the requirenents of NFPA 90A and UL 555. Perform
the fire danper test as outlined in NFPA 90A. Provide a pressure relief
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door upstream of the fire danmper. |If the ductwork connected to the fire
damper is to be insulated then provide a factory installed pressure relief
damper. Provide automatic operating fire danpers with a dynam c rating
suitable for the maximumair velocity and pressure differential to which it
is subjected. Provide fire danpers approved for the specific application,
and install according to their listing. Equip fire danpers with a steel

sl eeve or adequately sized frane installed in such a nanner that disruption
of the attached ductwork, if any, does not inpair the operation of the
damper. Equip sleeves or frames with perinmeter nounting angles attached on
both sides of the wall or floor opening. Construct ductwork in fire-rated
floor-ceiling or roof-ceiling assenbly systens with air ducts that pierce
the ceiling of the assenblies in conformance with UL Fire Resistance.
Provide curtain type with danper blades in the air streamfire danpers.
Install danmpers that do not reduce the duct or the air transfer opening
cross-sectional area. Install danpers so that the centerline of the danper
depth or thickness is located in the centerline of the wall, partition or
floor slab depth or thickness. Unless otherw se indicated, conply with the
installation details given in SVMACNA 1819 and in nanufacturer's
instructions for fire danpers. Perform acceptance testing of fire danpers
according to paragraph Fire Danper Acceptance Test and NFPA 90A.

2.9.4 Manual Bal anci ng Danpers

Furni sh manual bal anci ng danpers with accessi bl e operating nechanisns. Use
chrom um pl ated operators (with all exposed edges rounded) in finished
portions of the building. Provide manual volune control danpers that are
operated by | ocking-type quadrant operators. |Install danpers that are 2
gauges heavier than the duct in which installed. Unless otherw se

i ndi cated, provide opposed bl ade type multileaf danpers wi th nmaxi num bl ade
wi dth of 12 inches. Provide access doors or panels for all conceal ed
danper operators and | ocking setscrews. Provide stand-off nounting
brackets, bases, or adapters not |ess than the thickness of the insulation
when the | ocking-type quadrant operators for danpers are installed on ducts
to be thermally insulated, to provide clearance between the duct surface
and the operator. Stand-off nounting itens shall be integral with the
operator or standard accessory of the danper manufacturer

2.9.5 Aut omat i ¢ Snoke- Fire Danpers

Mul tiple blade type, 180 degrees F fusible fire danmper |ink; snoke danper
assenbly to include pneunmatically powered operator. UL 555 as a 1.5 hour
rated fire danper; further qualified under UL 555S as a | eakage rated
danmper. Provide a | eakage rating under UL 555S that is no higher than
Class Il at an elevated tenmperature Category B ( 250 degrees F for 30
mnutes ). Ensure that pressure drop in the damper open position does not
exceed 0.1 inch water gauge with average duct velocities of 2500 fpm.

2.9.6 Ar Supply And Exhaust Air Danpers
Were outdoor air supply and exhaust air dampers are required they shal
have a maxi mum | eakage rate when tested in accordance with AMCA 500-D as
requi red by ASHRAE 90.1 - [P, including
Maxi mum Danper Leakage for:
1) dimte Zones 1,2,6,7,8 the maxi num danper |eakage at 1.0 inch w. g. for

notori zed danpers is 4 cfm per square foot of danmper area and non-notorized
danpers are not all owed.
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2) Al other dinmate Zones the maxi num danper | eakage at 1.0 inch wg. is
10 cfm per square foot and for non-notorized danpers is 20 cfm per square
foot of danper area

Danpers snaller than 24 inches in either direction may have | eakage of 40
cfm per square foot.

2.9.7 Pl enuns and Casings for Field-Fabricated Units
2.9.7.1 Pl enum and Casi ngs

Fabricate and erect plenuns and casings as shown in SMACNA 1966, as
applicable. Construct system casing of not |ess than 16 gauge gal vani zed
sheet steel. Furnish cooling coil drain pans with 1 inch threaded outl et
to collect condensation fromthe cooling coils. Fabricate drain pans from
not lighter than 16 gauge steel, galvanized after fabrication or of 18 gauge
corrosion-resisting sheet steel confornming to ASTM A167, Type 304, wel ded
and stiffened. Thermally insulate drain pans exposed to the atnosphere to
prevent condensation. Coat insulation with a flanme resistant waterproofing

material. Provide separate drain pans for each vertical coil section, and
a separate drain line for each pan. Size pans to ensure capture of
entrai ned noisture on the downstreantrair side of the coil. Seal openings

in the casing, such as for piping connections, to prevent air |eakage.
Size the water seal for the drain to nmaintain a pressure of at least 2 inch
wat er gauge greater than the naxi mum negative pressure in the coil space.

2.9.7.2 Casi ng

Termi nate casings at the curb line and bolt each to the curb using
gal vani zed angle, as indicated in SVACNA 1966.

2.9.7.3 Access Doors

Provi de access doors in each section of the casing. Wl d doorfranes in

pl ace, gasket each door wi th neoprene, hinge with mninumof two brass

hi nges, and fasten with a nmnimum of two brass tension fasteners operable
frominside and outside of the casing. Were possible, nmake doors 36 by 18
inches and | ocate then 18 inches above the floor. \Where the space
avai | abl e does not accommodat e doors of this size, use doors as |arge as
the space accommpdates. Swi ng doors so that fan suction or pressure hol ds
doors in closed position, airtight. Provide a push-button station, |ocated
inside the casing, to stop the supply.

2.9.7.4 Fact ory- Fabricated | nsul ated Sheet Metal Panels

Factory-fabricated conponents are allowed for field-assenbled units,
provided all requirenents specified for field-fabricated plenuns and
casings are net. Provide panels of nodul ar design, pretested for
structural strength, thermal control, condensation control, and acoustica
control. Seal and insulate panel joints. Provide and gasket access doors
to prevent air |eakage. Provide panel construction that is not |ess than
20 gauge gal vani zed sheet steel, assenbled with fasteners treated agai nst
corrosion. Provide standard |l ength panels that deflect not nore than 1/2
i nch under operation. Construct details, including joint sealing, not
specifically covered, as indicated in SMACNA 1966. Construct the plenuns
and casings to withstand the specified internal pressure of the air systens.
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2.9.7.5 Duct Li ner

2.

Unl ess ot herwi se specified, duct liner is not permtted.

9.

a.

8

Sound Attenuation Equi pnent

For systenms with total pressure above 4 |nches Water CGauge: Provide
sound attenuators on the discharge duct of each fan operating at a
total pressure above 4 inch water gauge, and, when indicated, at the

i ntake of each fan system Provide sound attenuators el sewhere as

i ndicated. Provide factory fabricated sound attenuators, tested by an
i ndependent | aboratory for sound and perfornmance characteristics.
Provide a net sound reduction as indicated. Maxinmm pernissible
pressure drop is not to exceed 0.63 inch water gauge. Construct traps
to be airtight when operating under an internal static pressure of 10
inch water gauge. Provide air-side surface capable of withstanding air
vel ocity of 10,000 fpn. Certify that the equi pnent can obtain the
sound reduction val ues specified after the equipnent is installed in
the system and coordinated with the sound information of the systemfan
to be provided. Provide sound absorbing material conformng to

ASTM C1071, Type | or 1l1. Provide sound absorbing material that neets
the fire hazard rating requirenents for insulation specified in Section
23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS. For connection to
ductwork, provide a duct transition section. Factory fabricated

doubl e-wal l ed internally insulated spiral |ock seam and round duct and
fittings designed for high pressure air system can be provided if
conplying with requirenents specified for factory fabricated sound
attenuators, in lieu of factory fabricated sound attenuators.

Construct the doubl e-walled duct and fittings froman outer netal
pressure shell of zinc-coated steel sheet, 1 inch thick acoustica

bl anket insulation, and an internal perforated zinc-coated neta

l[iner. Provide a sufficient Iength of run to obtain the noise
reduction coefficient specified. Certify that the sound reduction

val ue specified can be obtained within the I ength of duct run

provi ded. Provide welded or spiral |ock seans on the outer sheet netal
of the double-walled duct to prevent water vapor penetration. Provide
duct and fittings with an outer sheet that conforns to the neta

t hi ckness of high-pressure spiral and round ducts and fittings shown in
SMACNA 1966. Provide acoustical insulation with a thermal conductivity
"k" of not nore than 0.27 Btu/inch/square foot/hour/degree F at 75
degrees F nean tenperature. Provide an internal perforated zinc-coated
netal liner that is not |ess than 24 gauge with perforations not |arger
than 1/4 inch in diameter providing a net open area not |ess than 10
percent of the surface.

For systemw th total pressure of 4 Inch Water Gauge and Lower: Use
sound attenuators only where indicated. Provide factory fabricated
sound attenuators that are constructed of gal vani zed steel sheets.
Provi de attenuator with outer casing that is not |ess than 22 gauge.
Provi de fibrous glass acoustical fill. Provide net sound reduction
indicated. Obtain values on a test unit not |less than 24 by 24 inches
out si de di mensions made by a certified nationally recogni zed

i ndependent acoustical |aboratory. Provide air flow capacity as

i ndi cated or required. Provide pressure drop through the attenuator
t hat does not exceed the value indicated, or that is not in excess of
15 percent of the total external static pressure of the air handling
system whichever is less. Acoustically test attenuators with neta
duct inlet and outlet sections while under the rated air flow
conditions. Include with the noise reduction data the effects of
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fl anki ng paths and vibration transm ssion. Construct sound attenuators
to be airtight when operating at the internal static pressure indicated
or specified for the duct system but in no case less than 2 inch water
gauge.

c. For acoustical duct liner: Use fibrous glass designed or flexible
el astoneric duct liner for Iining ductwork and conforming to the
requi renents of ASTM C1071, Type | and Il. Provide uniformdensity,
graduat ed density, or dual density liner conposition, as standard with
the manufacturer. Provide not less than 1 inch thick coated |ining.
Where acoustical duct liner is used, provide the thermal equival ent of
the insulation specified in Section 23 07 00 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS for l|iner or conbination of liner and insulation
applied to the exterior of the ductwork. |ncrease duct sizes shown to
conpensate for the thickness of the |lining used.

2.9.9 Diffusers, Registers, and Gilles

Provide factory-fabricated units of alum numthat distribute the specified
quantity of air evenly over space intended w thout causing noticeable
drafts, air novenent faster than 50 fpm in occupied zone, or dead spots
anywhere in the conditioned area. Provide outlets for diffusion, spread,
throw, and noise | evel as required for specified perfornmance. Certify
performance according to ASHRAE 70. Provide sound rated and certified
inlets and outlets according to ASHRAE 70. Provide sound power |evel as
indicated. Provide diffusers and registers with volunme danmper wth
accessi bl e operator, unless otherwi se indicated; or if standard with the
manuf acturer, an automatically controlled device is acceptable. Provide
opposed bl ade type vol une danpers for all diffusers and registers, except
l'inear slot diffusers. Provide linear slot diffusers with round or

el liptical balancing danpers. Were the inlet and outl et openings are

| ocated | ess than 7 feet above the floor, protect themby a grille or
screen according to NFPA 90A.

2.9.9.1 D ffusers

Provide diffuser types indicated. Furnish ceiling nounted units with
anti-smudge devices, unless the diffuser unit mnimzes ceiling snudging
through design features. Provide diffusers with air deflectors of the type
indicated. Provide air handling troffers or conbination Iight and ceiling
diffusers conforming to the requirenents of UL Electrical Constructn for
the interchangeabl e use as cool ed or heated air supply diffusers or return

air units. Install ceiling mounted units with rinms tight against ceiling.
Provi de sponge rubber gaskets between ceiling and surface nmounted diffusers
for air | eakage control. Provide suitable trimfor flush nounted

diffusers. For connecting the duct to diffuser, provide duct collar that
is airtight and does not interfere with volume controller. Provide return
or exhaust units that are simlar to supply diffusers.

2.9.9.2 Regi sters and Gilles

Provide units that are four-way directional-control type, except provide
return and exhaust registers that are fixed horizontal or vertical |ouver
type simlar in appearance to the supply register face. Furnish registers
wi t h sponge-rubber gasket between flanges and wall or ceiling. Instal

wal | supply registers at |least 6 inches below the ceiling unless otherw se
indicated. Locate return and exhaust registers 6 inches above the fl oor
unl ess otherw se indicated. Achieve four-way directional control by a
grille face which can be rotated in 4 positions or by adjustnment of

SECTI ON 23 00 00 Page 17
Rev. 1



Revitalize M ssion Control EDML715

2.

2.

2.

2.

2.

2.

hori zontal and vertical vanes. Provide grilles as specified for registers,
wi t hout vol ume control danper.

9.10 Louvers

Provide louvers for installation in exterior walls that are associated with
the air supply and distribution system as specified in Section 07 60 00
FLASH NG AND SHEET METAL .

9. 11 Al r Vents, Penthouses, and Goosenecks

Fabricate air vents, penthouses, and goosenecks from gal vani zed stee
sheets with gal vani zed structural shapes. Provide sheet netal thickness,
rei nforcenent, and fabrication that conformto SVMACNA 1966. Accurately fit
and secure |ouver blades to frames. Fold or bead edges of |ouver bl ades
for rigidity and baffle these edges to exclude driving rain. Provide air
vents, penthouses, and goosenecks with bird screen.

9.12 Bird Screens and Franes

Provi de bird screens that conformto ASTM E 2016, No. 2 nesh, al um num or
stainless steel. Provide "nediumlight" rated al um num screens. Provide
"l'ight" rated stainless steel screens. Provide renovable type franes
fabricated fromeither stainless steel or extruded al um num

9.13 Radon Exhaust Ductwor k

Fabricate radon exhaust ductwork installed in or beneath slabs from
Schedul e 40 PVC pipe that conforms to ASTM D 1785. Provide fittings that
conformto ASTM D 2466. Use solvent cenent conforming to ASTM D 2564 to
make joints. Oherw se provide nmetal radon exhaust ductwork as specified
her ei n.

10 Al R SYSTEMS EQUI PMENT
10.1 Fans

Test and rate fans according to AMCA 210. Calculate systemeffect on air
novi ng devices in accordance with AMCA 201 where installed ductwork differs
fromthat indicated on drawings. Install air noving devices to mnimze
fan systemeffect. Were systemeffect is unavoidable, deternm ne the nost
effective way to accomopdate the inefficiencies caused by systemeffect on
the installed air noving device. The sound power |evel of the fans shal

not exceed 85 dBA when tested according to AMCA 300 and rated in accordance
with AMCA 301. Provide all fans with an AMCA seal. Connect fans to the
nmotors either directly or indirectly with V-belt drive. Use V-belt drives
designed for not |ess than 150 percent of the connected driving capacity.
Provi de variable pitch notor sheaves for 15 hp and bel ow, and fixed pitch
as defined by AHRI Guideline D. Select variable pitch sheaves to drive the
fan at a speed which can produce the specified capacity when set at the
approxi mat e midpoint of the sheave adjustnment. Wen fixed pitch sheaves
are furni shed, provide a repl aceabl e sheave when needed to achi eve system
air balance. Provide notors for V-belt drives with adjustable rails or
bases. Provide renpovable netal guards for all exposed V-belt drives, and
provi de speed-test openings at the center of all rotating shafts. Provide
fans with personnel screens or guards on both suction and supply ends,
except that the screens need not be provided, unless otherw se indicated,
where ducts are connected to the fan. Provide fan and notor assenblies
with vibration-isolation supports or nountings as indicated. Use
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vi bration-isolation units that are standard products wi th published | oading
ratings. Select each fan to produce the capacity required at the fan
static pressure indicated. Provide sound power |evel as indicated. Obtain
the sound power |evel values according to AMCA 300. Provide standard AMCA
arrangenent, rotation, and discharge as indicated. Provide power
ventilators that conformto UL 705 and have a UL | abel.

2.10.1.1 Centrifugal Fans

Provide fully enclosed, single-width single-inlet, or double-w dth

doubl e-inlet centrifugal fans, with AMCA Pressure Class I, Il, or IIl as
required or indicated for the design system pressure. Provide inpeller
wheel s that are rigidly constructed and accurately bal anced both statically
and dynamically. Provide forward curved or backward-inclined airfoi

design fan bl ades in wheel sizes up to 30 inches. Provide
backward-inclined airfoil design fan blades for wheels over 30 inches in
di aneter. Provi de fan wheels over 36 inches in dianeter with overhung
pul l eys and a bearing on each side of the wheel. Provide fan wheels 36
inches or less in dianeter that have one or nore extra | ong bearings

bet ween the fan wheel and the drive. Provide sleeve type, self-aligning
and self-oiling bearings with oil reservoirs, or precision self-aligning
roller or ball-type with accessible grease fittings or permanently

[ ubricated type. Connect grease fittings to tubing for serviceability from
a single accessible point. Provide L50 rated bearing life at not |ess than
200, 000 hours as defined by ABVA 9 and ABVA 11. Provide steel, accurately
finished fan shafts, with key seats and keys for inpeller hubs and fan
pul l eys. Provide fan outlets of anple proportions, designed for the
attachnent of angles and bolts for attaching flexible connections. Provide
automatically operated inlet vanes on suction inlets. Provide automatically
operated outlet danpers. Unless otherw se indicated, provide notors that
do not exceed 1800 rpm and have totally encl osed expl osi on- pr oof

encl osures. Provide manual type notor starters wi th weather-resistant

encl osure.

2.10.1.2 Centrifugal Type Power Roof Ventilators

Provide direct or V-belt driven centrifugal type fans with backward

i nclined, non-overloading wheel. Provide hinged or renovable and
weat her proof notor conpartnent housing, constructed of heavy gauge

alum num Provide fans with birdscreen, disconnect switch, notorized
danmpers, roof curb, and extended base. Provide expl osion-proof type notor
encl osure. Provide centrifugal type kitchen exhaust fans according to

UL 705, fitted with V-belt drive, round hood, and w ndband upbl ast

di scharge configuration, integral residue trough and collection device,

wi th notor and power transm ssion conponents |ocated in outside positively
air ventilated conpartnent. Use only lubricated bearings.

2.10.1.3 Propel | er Type Power Roof Ventilators

Provide direct or V-belt driven fans. Provide hinged or renovable

weat hertight fan housing, fitted with framed rectangul ar base constructed
of alum num or gal vani zed steel. Provide expl osi on-proof type notors.
Furni sh notors with nonfusible, horsepower rated, manual di sconnect nount
on unit. Furnish fans with notor operated danpers, roof curb. Use only
[ ubricated bearings.

2.10.1. 4 Cei l i ng Exhaust Fans
Provide centrifugal type, direct driven suspended cabi net-type ceiling
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exhaust fans. Provide fans with acoustically insulated housing. Provide
chatter-proof backdraft danmper. Provide egg-crate design or |ouver design
integral face grille. Munt fan notors on vibration isolators. Furnish
unit with nounting flange for hanging unit fromabove. Provide U L. listed
fans.

2.10.2 Coils

Provi de fin-and-tube type coils constructed of seam ess copper tubes and
al um num or copper fins nechanically bonded or soldered to the tubes.
Provi de copper tube wall thickness that is a m ninumof 0.024 inches..
Provide aluminumfins that are 0.0075 inch mnimumthickness. Provide
copper fins that are 0.0045 inch mnimumthickness. Provide casing and
tube support sheets that are not lighter than 16 gauge gal vani zed steel,
fornmed to provide structural strength. Wen required, provide nultiple
tube supports to prevent tube sag. Test each coil at the factory under
water at not |ess than 400 psi air pressure and nake suitable for 200 ps
wor ki ng pressure and 300 degrees F operating tenperature unless otherw se
stated. Munt coils for counterflow service. Rate and certify coils to
neet the requirements of AHRI 410.

2.10.2. 1 Water Coils

Install water coils with a pitch of not less than 1/8 inch/foot of the tube
length toward the drain end. Use headers constructed of cast iron, welded
steel or copper. Furnish each coil with a plugged vent and drain
connection extending through the unit casing. Provide renovable water
coils with drain pans.

2.10.3 Air Filters

List air filters according to requirenents of UL 900, except list high
efficiency particulate air filters of 99.97 percent efficiency by the DOP
Test nethod under the Label Service to neet the requirenents of UL 586.

2.10.3.1 Ext ended Surface Pleated Panel Filters

Provide 2 inch depth, sectional, disposable type filters of the size
indicated with a MERV of 8 when tested according to ASHRAE 52.2. Provide
initial resistance at 500 fpn that does not exceed 0.36 inches water gauge.
Provide UL Class 2 filters, and nonwoven cotton and synthetic fiber mat
nedia. Attach a wire support grid bonded to the nedia to a noisture

resi stant fiberboard frame. Bond all four edges of the filter nmedia to the
inside of the frane to prevent air bypass and increase rigidity.

2.10.3.2 Repl aceabl e Media Filters

Provide the dry-nmedia type replaceable nedia filters, of the size required
to suit the application. Provide filtering nmedia that is not |less than 2
inches thick fibrous glass nmedia pad supported by a structural wire grid or
woven wire nesh. Enclose pad in a holding frame of not |ess than 16 gauge
gal vani zed steel, equipped with quick-opening nmechani smfor changing filter
nedia. Base the air flow capacity of the filter on net filter face

vel ocity not exceeding 300 fpm, with initial resistance of 0.13 inches

wat er gauge. Provide MERV that is not less than 5 when tested according to
ASHRAE 52. 2.
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2.10.3.3 Aut omati ¢ Renewable Media Filters

Provi de the foll ow ng:

a.

Automatic, renewable nedia filters consisting of a horizontal or
vertical traveling curtain of adhesive-coated bonded fibrous gl ass
supplied in convenient roll form and filter that does not require
wat er supply, sewer connections, adhesive reservoir, or sprinkler
equi prent as part of the operation and mai ntenance requirenents.

Basic frame that is fabricated of not |ess than 14 gauge gal vani zed
steel, and sectional design filters with each section of each filter
fully factory assenbled, requiring no field assenbly other than setting
in place next to any adjacent sections and the installation of media in
roll form

Each filter conplete with initial |oading of filter nedia drive notor
adequate to handl e the nunber of sections involved, and painted stee
control box containing a warning light to indicate nedia runout, a
runout switch, and a Hand-Of-Auto sel ector switch.

Medi a feed across the filter face in full-face increnents autonatically
controlled as determined by filter pressure differential to provide
substantially constant operating resistance to airflow and varyi ng not
nore than plus or minus 10 percent. Roll or enclose nedia in such a
way that collected particul ates can not re-entrain.

Rolls of clean nedia, no less than 65 feet long, rerolled on disposable
spools in the rewind section of the filter after the nedia has

accunul ated its design dirt load. Equip rewind section with a
conpressi on panel to tightly rewi nd used nedia for ease of handling.
Medi a shall be of continuous, bonded fibrous glass material, UL O ass
2, that does not conpress nore than 1/4 inch when subjected to air flow
at 500 fpn. Factory charge nedia with an odorless and flane retardant
adhesi ve which does not flow while in storage nor when subjected to
tenperatures up to 175 degrees F. Support nedia on both the |eaving
and entering air faces. Cean nedia shall have initial resistance that
does not exceed 0.18 inch water gauge at its rated velocity of 500 fpm
Set control so that the resistance to air flow is between 0.40-and 0.50
i nch wat er gauge unl ess ot herw se indi cat ed.

Dust hol di ng capacity, of 80 percent average arrestance under these
operating conditions, when operating at a steady state with an upper
operating resistance of 0.50 inch water gauge, that is at |east 592
(55) grams of ASHRAE Standard Test Dust per square foot of nedia area,
when tested according to the dynam c testing provisions of ASHRAE 52. 2.

The horizontal type autonmatic renewable nedia filters, when used in
conjunction with factory fabricated air handling units, that are

di rensionally conpatible with the connecting air handling units, and
hori zontal type filter housings with all exposed surfaces factory
insulated internally with 1 inch, 1-1/2 pound density neoprene coated
fibrous glass with thernmal conductivity not greater than 0.27

Bt u/ hour/ degree F/ square foot/inch of thickness.

Access doors for horizontal filters with double wall construction as
specified for plenuns and casings for field-fabricated units in
par agr aph DUCT SYSTEMS
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2.10.3.4 Hol di ng Framnes

Fabricate franes fromnot lighter than 16 gauge sheet steel wth
rust-inhibitor coating. Equip each holding frane with suitable filter
hol di ng devi ces. Provide gasketed holding frane seats. Mke all joints
airtight.

2.10.3.5 Filter Gauges

Provide dial type filter gauges, diaphragmactuated draft for all filter
stations, including those filters which are furnished as integral parts of
factory fabricated air handling units. Gauges shall be at |east 3-7/8
inches in dianeter, with white dials with black figures, and graduated in
0.01 inch of water, with a m ninmumrange of 1 inch of water beyond the
specified final resistance for the filter bank on which each gauge is
applied. Provide each gauge with a screw operated zero adjustnment and two
static pressure tips with integral conpression fittings, tw nolded plastic
vent valves, two 5 foot mninmum |l engths of 1/4 inch dianeter alum num
tubing, and all hardware and accessories for gauge nounti ng.

2.11 AR HANDLI NG UNI TS
2.11.1 Fi el d-Fabricated Air Handling Units

Provide built-up units as specified in paragraph DUCT SYSTEMS. Provide
fans, coils spray-coil dehumdifiers, and air filters as specified in
par agr aph Al R SYSTEMS EQUI PMENT for types indicated.

2.11.2 Factory- Fabricated Air Handling Units

Provi de singl e-zone bl owthrough type or nmultizone bl owthrough type units
as indicated. Units shall include fans, coils, airtight insulated casing,
prefilters, and diffuser sections where indicated, air blender adjustable
V-belt drives, belt guards for externally nounted notors, access sections
where indicated, m xing box conbination sectional filter-m xing box,

vi bration-isolators, and appurtenances required for specified operation
Provide vibration isolators as indicated. Physical dinensions of each air
handling unit shall be suitable to fit space allotted to the unit with the
capacity indicated. Provide air handling unit that is rated in accordance
with AHRI 430 and AHRI certified for cooling.

2.11.2.1 Casi ngs
Provi de the foll ow ng:

a. Casing sections 2 inch double wall type , constructed of a m ninun 18
gauge gal vani zed steel, or 18 gauge corrosion-resisting sheet stee
conform ng to ASTM A167, Type 304. Design and construct casing with an
integral insulated structural galvanized steel frame such that exterior
panel s are non-|oad beari ng.

b. Individually renpovable exterior panels with standard tools. Renbva
shal |l not affect the structural integrity of the unit. Furnish casings
wi th access sections, according to paragraph AR HANDLI NG UNI TS,

i nspection doors, and access doors, all capabl e of opening a m ni num of
90 degrees, as indicated.

c. Insulated, fully gasketed, double-wall type inspection and access
doors, of a mninmumr 18 gauge outer and 20 gauge inner panels nade of
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ei ther gal vani zed steel or corrosion-resisting sheet steel conformng
to ASTM A167, Type 304. Doors shall be rigid and provided with heavy
duty hinges and | atches. |Inspection doors shall be a mnimumr 12 inches
wi de by 12 inches high. Access doors shall be a mninunm 24 inches

wi de, the full height of the unit casing or a mninumof 6 foot,

whi chever is |ess.

d. Double-wall insulated type drain pan (thickness equal to exterior
casing) constructed of 16 gauge gal vani zed steel , conformng to
ASHRAE 62.1. Construct drain pans water tight, treated to prevent
corrosion, and designed for positive condensate drainage. Wen 2 or
nore cooling coils are used, with one stacked above the ot her
condensate fromthe upper coils shall not flow across the face of | ower
coils. Provide intermedi ate drain pans or condensate collection
channel s and downspouts, as required to carry condensate to the unit
drain pan out of the air stream and w t hout npisture carryover.
Construct drain pan to allow for easy visual inspection, including
underneath the coil wi thout renmoval of the coil and to allow conplete
and easy physical cleaning of the pan underneath the coil without
renoval of the coil. Coils shall be individually renpovable fromthe
casi ng.

e. Casing insulation that conforns to NFPA 90A. Single-wall casing
sections handling conditioned air shall be insulated with not |ess than
1 inch thick, 1-1/2 pound density coated fibrous glass material having
a thermal conductivity not greater than 0.23 Btu/hr-sf-F. Doubl e-wal
casing sections handling conditioned air shall be insulated with not
| ess than 2 inches of the sane insulation specified for single-wal
casings. Foil-faced insulation is not an acceptable substitute for use
wi th double wall casing. Double wall insulation shall be conpletely
seal ed by inner and outer panels.

f. Factory applied fibrous glass insulation that conforns to ASTM C1071
except that the mninumthickness and density requirenents do not
apply, and that neets the requirenents of NFPA 90A. Make air handling
unit casing insulation uniformover the entire casing. Foil-faced
insulation is not an acceptabl e substitute for use on doubl e-wal
access doors and inspections doors and casing sections.

g. Duct liner material, coating, and adhesive that confornms to fire-hazard
requi renents specified in Section 23 07 00 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. Protect exposed insulation edges and joints where
i nsul ation panels are butted with a netal nosing strip or coat to neet
erosion resistance requirenments of ASTM CL071

h. A latched and hinged inspection door, in the fan and coil sections.
Pl us additional inspection doors, access doors and access sections
wher e i ndi cat ed.

2.11.2.2 Heating and Cooling Coils
Provide coils as specified in paragraph AIR SYSTEMS EQUI PMVENT.
2.11. 2.3 Air Filters

Provide air filters as specified in paragraph AlR SYSTEMS EQUI PVENT f or
types and thickness indicated.
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2.11.2. 4 Fans
Provi de the foll ow ng:

a. Fans that are double-inlet, centrifugal type with each fan in a
separate scroll. Dynanmically balance fans and shafts prior to
installation into air handling unit, then after it has been installed
inthe air handling unit, statically and dynami cally bal ance the entire
fan assenmbly. Mount fans on steel shafts, accurately ground and
fini shed.

b. Fan bearings that are seal ed against dust and dirt and are precision
self-aligning ball or roller type, with L50 rated bearing life at not
| ess than 200,000 hours as defined by ABVA 9 and ABNVA 11. Bearings
shal | be permanently lubricated or lubricated type with |ubrication
fittings readily accessible at the drive side of the unit. Support
bearings by structural shapes, or die forned sheet structural nenbers,
or support plates securely attached to the unit casing. Do not fasten
bearings directly to the unit sheet netal casing. Furnish fans and
scrolls with coating indicated.

c. Fans that are driven by a unit-nounted, or a floor-nounted notor
connected to fans by V-belt drive conplete with belt guard for
externally mounted nmotors. Furnish belt guards that are the
t hree-si ded encl osed type with solid or expanded netal face. Belt
drives shall be designed for not less than a 1.3 service factor based
on notor naneplate rating.

d. Where fixed sheaves are required, the use of variable pitch sheaves
is allowed during air balance, but replace themw th an appropriate
fixed sheave after air balance is conpleted. Select variable pitch
sheaves to drive the fan at a speed that produces the specified
capacity when set at the approximate m dpoint of the sheave
adjustment. Furnish notors for V-belt drives w th adjustable bases,
and with totally encl osed encl osures.

e. Mtor starters of reduced-voltage-start type w th weat her-resistant
encl osure. Select unit fan or fans to produce the required capacity at
the fan static pressure with sound power |evel as indicated. Obtain
the sound power | evel values according to AMCA 300, ASHRAE 68, or
AHRI 260.

2.11.2.5 Access Sections and Filter/M xi ng Boxes

Provi de access sections where indicated and furnish with access doors as
shown. Construct access sections and filter/m xing boxes in a manner
identical to the renmmi nder of the unit casing and equip with access doors.
Desi gn m xing boxes to mnimze air stratification and to pronote thorough
m xi ng of the air streans.

2.11.2.6 Di f fuser Sections

Furni sh diffuser sections between the discharge of all housed supply fans .
Provide diffuser sections that are fabricated by the unit manufacturer in a
manner identical to the renmainder of the unit casing, designed to be
airtight under positive static pressures up to 8 inches water gauge and
with an access door on each side for inspection purposes. Provide a

di ffuser section that contains a perforated diffusion plate, fabricated of
gal vani zed steel, Type 316 stainless steel, alumnum or steel treated for
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corrosion wi th manufacturer's standard corrosion-resisting finish, and
designed to acconplish uniformair flow across the down-streamcoil while
reduci ng the higher fan outlet velocity to within plus or mnus 5 percent
of the required face velocity of the downstream conponent.

2.12 TERM NAL UNITS
2.12.1 Variable Air Volunme (VAV) and Dual Duct Terminal Units

a. Provide VAV and dual duct terminal units that are the type, size, and
capacity shown, nounted in the ceiling or wall cavity, plus units that
are suitable for single or dual duct system applications. Provide
actuators and controls as specified in paragraph SUPPLEVENTAL
COVPONENTS/ SERVI CES, subpar agraph CONTROLS.

b. Provide unit enclosures that are constructed of gal vani zed steel not
lighter than 22 gauge or al um num sheet not |ighter than 18 gauge.
Provide single or nultiple discharge outlets as required. Units with
flow limters are not acceptable. Provide unit air volume that is
factory preset and readily field adjustable w thout special tools.
Provi de reheat coils as indicated.

c. Attach a flow chart to each unit. Base acoustic perfornmance of the
termnal units upon units tested according to AHRI 880 with the
cal cul ations prepared in accordance with AHR 885. Provide sound power
| evel as indicated. Show di scharge sound power for mninmmand 1-1/2
inches water gauge inlet static pressure. Provide acoustical |ining
accordi ng to NFPA 90A.

2.12.1.1 Constant Vol unme, Single Duct Terminal Units

Provi de constant volune, single duct, termnal units that contain within
the casing, a constant volune regulator. Provide volune regul ators that
control air delivery to within plus or mnus 5 percent of specified air
flow subjected to inlet pressure from 3/4 to 6 inch water gauge

2.12. 1.2 Vari abl e Vol urme, Single Duct Terminal Units

Provi de vari abl e volune, single duct, termnal units with a calibrated air
vol une sensing device, air valve or danper, actuator, and accessory
relays. Provide units that control air volune to within plus or mnus 5
percent of each air set point volune as determned by the thernbstat with
variations in inlet pressures from 3/4 to 6 inch water gauge. Provide
units with an internal resistance not exceeding 0.4 inch water gauge at
maxi mum fl ow range. Provide external differential pressure taps separate
fromthe control pressure taps for air flow neasurenment with a 0 to 1 inch
wat er gauge range.

2.12.1.3 Vari abl e Vol une, Single Duct, Fan-Powered Terminal Units

Provi de vari abl e vol une, single duct, fan-powered terminal units with a
calibrated air volunme sensing device, air valve or danper, actuator, fan
and notor, and accessory relays. Provide units that control primary air
volunme to within plus or minus 5 percent of each air set point as
determned by the thernpstat with variations in inlet pressure from 3/4 to
6 inch water gauge. Provide unit fan that is centrifugal, direct-driven,
doubl e-inlet type with forward curved bl ades. Provide either single speed
W th speed controller or three-speed, permanently |ubricated, permnent
split-capacitor type fan notor. |Isolate fan/notor assenbly fromthe casing
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to mnimze vibration transm ssion. Provide factory furnished fan contro
that is wired into the unit control system Provide a factory-nounted
pressure switch to operate the unit fan whenever pressure exists at the
unit primary air inlet or when the control systemfan operates.

2.12.1. 4 Series Fan Powered Variable Air Volune (VAV) Termnals

Provide units factory assenbl ed, designed, tested, rated in accordance wth
AHRI 880, that are AHRI certified, listed in the AHRI DCAACP and that
produce a supply air discharge m x by nodul ation of conditioned prinmary air
and recirculating of return air. Provide units that include casing,
centrifugal fan and notor, prinary VAV danper or valve, el ectronic volune
regul ator, discharge air danper, primary air inlet cone with high and | ow
pressure flow sensors, recirculating air filter franes, filter, and

el ectrical disconnect. Provide hot water heating coils integral to the
termnal, or provide insulated hot water coil section attached to the

di scharge of the term nal

a. Casing: Provide renpvable full bottom access panels for servicing
i nternal components without disturbing duct connections. |Insulate
i nside of casing with manufacturer's standard insulation. Provide
units that have recirculating air inlet equipped with filter frane,
round primary danper or valve, and unit nounting brackets.

b. Fans and notors: Provide centrifugal, forward curved, multiblade, fan
wheels with direct-drive notors. Provide notors that are the high
efficiency permanent-split capacitor type with thernmal overl oad
protection, permanently |ubricated bearings, and have three speeds or
are equi pped with solid state speed controllers. Provide isolation
bet ween fan notor assenbly and unit casing. Provide fan and notor that
i s renpvabl e t hrough casi ng access panel

c. Flow sensor: Provide ring or cross type sensor with m ni mum of two
pi ckup points which average the velocity across the inlet. Gbtain flow
neasurenent within plus or mnus 5 percent of rated airflowwith 1.5
di aneters of straight duct upstreamof unit and inlet static variation
of 0.5 to 5.0 inches water gauge. Supply flow nmeasuring taps and
calibration flowhart with each unit for field balancing airflows.

d. Primary VAV danper or valve: Provide gal vani zed steel danper bl ade that
cl oses agai nst gasket inside unit. Connect danper to operating shaft
with a positive nechani cal connection. Provide nylon bearing for
danper shaft. Cylindrical die cast alum numvalve inlet tapered to fit
round flexible ducts with integral flow diffuser and bevel ed
self-centering disc. Provide danper or val ve | eakage at shutoff that
does not exceed 2 percent of capacity at 1 inch water gauge pressure.

e. Regulator: Provide electronic volunme regulator. Electronic controls
contained in NEVA | CS 6, Type 1 enclosure sealed fromairflow. Provide
unit with controls nmounted on side or on air valve. System powered
regul ators are not permitted. Provide volunme regul ator that resets
primary air volunme as determ ned by thernpstat, within upstreamstatic
pressure variation noted in paragraph titled "Fl ow Sensor." Vol une
regul ators shall be field adjustable, factory set and calibrated to
i ndi cated nmaxi mum and mininum primary airflows, direct acting and
normal |y open upon | oss of pneumatic pressure.

f. Electrical: Provide unit that incorporates single point electrica
connection with electrical disconnect. Electrical conponents shall be
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2.

2.

UL or ETL listed, installed in accordance with NFPA 70 and nounted in
control box. Units UL or ETL listed as an assenbly do not require
airflow switch interlock with electric heating coil, when factory
assenbl ed.

g. Filters: Provide UL listed throwaway one inch thick fiberglass filters,
standard dust-hol di ng capacity.

12.1.5 Reheat Units

a. Hot Water Coils: Provide fin-and-tube type hot-water coils
constructed of seanl ess copper tubes and copper or alunm numfins
nmechani cal |y bonded or soldered to the tubes. Provide headers
that are constructed of cast iron, welded steel or copper
Provi de casing and tube support sheets that are 16 gauge,
gal vani zed steel, forned to provide structural strength. Provide
tubes that are correctly circuited for proper water velocity
wi t hout excessive pressure drop and are drai nabl e where required
or indicated. At the factory, test each coil at not |ess than 250
psi air pressure and provide coils suitable for 200 psi worKking
pressure. Install drainable coils in the air handling units with
a pitch of not less than 1/8 inch per foot of tube length toward
the drain end. Coils shall conformto the provisions of AHR 410.

c. FElectric Resistance Heaters: Provide the duct-nounting type
el ectric resistance heaters consisting of a nickel-chrom um
resi stor mounted on refractory naterial and a steel or alum num
frame for attachment to ductwork. Provide electric duct heater
that nmeets the requirenent of Underwriters Laboratories and NFPA 70

and is provided with a built-in or surface-nounted high-limt

thernmostat. Interlock electric duct heaters electrically so that
t hey cannot be energi zed unless the fan is running.

13 FACTORY PAI NTI NG

Factory paint new equi pnent, which are not of gal vanized constructi on.
Paint with a corrosion resisting paint finish according to ASTM A123/ A123N
or ASTM A924/ A924lN. O ean, phosphatize and coat internal and externa
ferrous netal surfaces with a paint finish which has been tested according
to ASTM B117, ASTM D 1654, and ASTM D 3359. Subnit evi dence of
satisfactory paint performance for a mnimum of 125 hours for units to be
installed indoors and 500 hours for units to be installed outdoors.
Provide rating of failure at the scribe mark that is not |ess than 6,
average creepage not greater than 1/8 inch. Provide rating of the
inscribed area that is not less than 10, no failure. On units constructed
of gal vani zed steel that have been wel ded, provide a final shop docket of
zinc-rich protective paint on exterior surfaces of welds or welds that have
burned through fromthe interior according to ASTM D 520 Type |.

Factory painting that has been damaged prior to acceptance by the
Contracting O ficer shall be field painted in conpliance with the
requi renents of paragraph FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT
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2.14  SUPPLEMENTAL COVPONENTS/ SERVI CES

2.14.1 Chill ed, Condenser, or Dual Service Water Piping
The requirenents for chilled, condenser, or dual service water piping and
accessories are specified in Section 23 64 26 CH LLED, CHI LLED HOT, AND
CONDENSER WATER PI PI NG SYSTENS

2.14.2 Ref ri gerant Pi ping

The requirenents for refrigerant piping are specified in Section 23 23 00
REFRI GERANT PI PI NG

2.14.3 Wat er or Steam Heating System Accessories

The requirenents for water or steam heating accessories such as expansi on
tanks and steamtraps are specified in Section .

2.14. 4 Condensat e Drain Lines
Provide and install condensate drainage for each item of equipnent that
generates condensate in accordance with Section 23 64 26 CHI LLED,
CHI LLED- HOT, AND CONDENSER WATER PI PI NG SYSTEMS except as nodi fied herein
2.14.5 Backfl ow Preventers

The requirenents for backflow preventers are specified in Section 22 00 00
PLUMBI NG GENERAL PURPOSE

2.14.6 I nsul ation

The requirenents for shop and field applied insulation are specified in
Section 23 07 00 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS.

2.14.7 Controls

The requirenents for controls are specified in Section 23 05 93 TESTI NG
ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMSSection 23 09 23 LONWORKS DI RECT

DI G TAL CONTROL FOR HVAC AND OTHER LOCAL BUI LDI NG SYSTEMSSecti on

23 09 53.00 20 SPACE TEMPERATURE CONTRCOL SYSTEMS and 23 09 23 BACnet DI RECT
DI G TAL CONTROL SYSTEMS FOR HVAC.

PART 3 EXECUTI ON
3.1 EXAM NATI ON
After becoming famliar with all details of the work, verify all dinensions
inthe field, and advise the Contracting O ficer of any discrepancy before
perform ng the work.
3.2 | NSTALLATI ON
a. Install naterials and equi pnment in accordance with the requirenents of
the contract drawi ngs and approved nanufacturer's installation
instructions. Acconplish installation by workers skilled in this type
of work. Performinstallation so that there is no degradation of the
designed fire ratings of walls, partitions, ceilings, and floors.

b. No installation is pernitted to bl ock or otherw se inpede access to any
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3.

exi sting machine or system Install all hinged doors to sw ng open a
m ni mum of 120 degrees. Provide an area in front of all access doors
that clears a minimumof 3 feet. |In front of all access doors to
electrical circuits, clear the area the m ni nrum di stance to energi zed
circuits as specified in OSHA Standards, part 1910. 333

(Electrical -Safety Rel ated work practices)and an additional 3 feet.

c. Except as otherwi se indicated, install emergency switches and alarns in
conspi cuous locations. Munt all indicators, to include gauges,
neters, and alarns in order to be easily visible by people in the area.

2.1 Condensate Drain Lines

Provide water seals in the condensate drain fromall units . Provide a
depth of each seal of 2 inches plus the nunber of inches, nmeasured in water
gauge, of the total static pressure rating of the unit to which the drain
is connected. Provide water seals that are constructed of 2 tees and an
appropriate U-bend with the open end of each tee plugged. Provide pipe cap
or plug cleanouts where indicated. Connect drains indicated to connect to
the sanitary waste systemusing an indirect waste fitting. |Insulate air
conditioner drain lines as specified in Section 23 07 00 THERVAL | NSULATI ON
FOR MECHANI CAL SYSTEMS.

. 2.2 Equi prent and I nstallation

Provi de frames and supports for tanks, conpressors, punps, valves, air
handl ing units, fans, coils, danpers, and other simlar itens requiring
supports. Floor nount or ceiling hang air handling units as indicated.
Anchor and fasten as detailed. Set floor-nounted equi pnent on not |ess than
6 inch concrete pads or curbs dowel ed in place unless otherw se
i ndi cated. Make concrete foundations heavy enough to mninmnize the
intensity of the vibrations transmtted to the piping, duct work and the
surroundi ng structure, as reconmended in witing by the equipnent
manufacturer. In lieu of a concrete pad foundation, build a concrete
pedestal block with isolators placed between the pedestal block and the
floor. Make the concrete foundation or concrete pedestal bl ock a nass not
| ess than three tines the weight of the conponents to be supported.
Provide the lines connected to the punp nounted on pedestal blocks with
flexi ble connectors. Submit foundation drawi ngs as specified in paragraph
DETAI L DRAW NGS. Provide concrete for foundations as specified in Section
03 30 00 CAST-I N PLACE CONCRETE

.2.3 Access Panel s

Install access panels for conceal ed val ves, vents, controls, danpers, and
itenms requiring inspection or naintenance of sufficient size, and |ocate
them so that the concealed itens are easily serviced and nai ntai ned or
conpl etely renoved and replaced. Provide access panels as specified in
Section 05 50 13 M SCELLANEQUS METAL FABRI CATI ONS.

.2.4 Fl exi bl e Duct

Install pre-insulated flexible duct in accordance with the |latest printed
instructions of the manufacturer to ensure a vapor tight joint. Provide
hangers, when required to suspend the duct, of the type reconmended by the
duct manufacturer and set at the intervals reconmended.
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3.2.5 Met al Duct wor k

Install according to SMACNA 1966 unl ess otherw se indicated. Install duct
supports for sheet netal ductwork according to SVMACNA 1966, unl ess

ot herwi se specified. Do not use friction beamclanps indicated in

SIVACNA 1966. Anchor risers on high velocity ducts in the center of the
vertical run to allow ends of riser to nove due to thermal expansion.
Erect supports on the risers that allow free vertical novenment of the
duct. Attach supports only to structural fram ng nenbers and concrete
slabs. Do not anchor supports to netal decking unless a neans is provided
and approved for preventing the anchor from puncturing the netal decking.
Where supports are required between structural fram ng nenbers, provide
suitable internediate netal framing. Were Cclanps are used, provide
retainer clips.

3.2.6 FRP Duct wor k

Provide fibrous glass reinforced plastic ducting and rel ated structures
that conformto SVACNA 1403. Provide flanged joints where indicated.
Crevice-free butt lay-up joints are acceptable where flanged joints are not
indi cated. Wen anbient tenperatures are | ower than 50 degrees F, heat
cure joints by exotherm c reaction heat packs.

3.2.7 Acousti cal Duct Lining

Apply lining in cut-to-size pieces attached to the interior of the duct

wi th nonfl anmable fire resistant adhesive conformng to ASTM C916, Type |
NFPA 90A, UL 723, and ASTM E 84. Provide top and bottom pieces that |ap
the side pieces and are secured with wel ded pins, adhered clips of netal,
nyl on, or high inpact plastic, and speed washers or wel di ng cup-head pins
installed according to SMACNA 1966. Provide wel ded pins, cup-head pins, or
adhered clips that do not distort the duct, burn through, nor mar the
finish or the surface of the duct. Make pins and washers flush with the
surfaces of the duct liner and seal all breaks and punctures of the duct
liner coating with the nonflanmable, fire resistant adhesive. Coat exposed
edges of the liner at the duct ends and at other joints where the lining is
subject to erosion with a heavy brush coat of the nonflammable, fire

resi stant adhesive, to prevent del am nation of glass fibers. Apply duct
liner to flat sheet netal prior to form ng duct through the sheet neta
brake. Additionally secure lining at the top and bottom surfaces of the
duct by wel ded pins or adhered clips as specified for cut-to-size pieces.

O her nmethods indicated in SVACNA 1966 to obtain proper installation of
duct liners in sheet netal ducts, including adhesives and fasteners, are
accept abl e.

3.2.8 Dust Control

To prevent the accunul ation of dust, debris and foreign nmaterial during
construction, performtenporary dust control protection. Protect the
distribution system (supply and return) with tenporary seal -offs at al
inlets and outlets at the end of each day's work. Keep temporary
protection in place until systemis ready for startup.

3.2.9 I nsul ation

Provi de thickness and application of insulation materials for ductwork,

pi pi ng, and equi pnent according to Section 23 07 00 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. Externally insulate outdoor air intake ducts and

pl enuns up to the point where the outdoor air reaches the conditioning unit.
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3.

3.

3.

3.

2.10 Duct Test Hol es

Provide holes with closures or threaded holes with plugs in ducts and

pl enuns as indicated or where necessary for the use of pitot tube in

bal ancing the air system Plug insulated duct at the duct surface, patched
over with insulation and then nmarked to indicate |location of test hole if
needed for future use.

3 EQUI PMENT PADS

Provi de equi pnent pads to the dinmensions shown or, if not shown, to conform
to the shape of each piece of equi pnent served with a mninumr 3-inch nmargin
around the equi prent and supports. Allow equi pment bases and foundati ons,
when constructed of concrete or grout, to cure a mnimum of 14 cal endar
days before being | oaded.

4 CUTTI NG AND PATCHI NG

Install work in such a manner and at such time that a mninumof cutting
and patching of the building structure is required. Mke holes in exposed
| ocations, in or through existing floors, by drilling and snooth by
sanding. Use of a jackhanmer is permtted only where specifically
approved. Make hol es through nasonry walls to accommpdat e sl eeves with an
iron pipe nmasonry core saw.

5 CLEANI NG

Thor oughly cl ean surfaces of piping and equi pnent that have beconme covered
with dirt, plaster, or other nmaterial during handling and construction
before such surfaces are prepared for final finish painting or are encl osed
within the building structure. Before final acceptance, clean nechanica
equi prent, including piping, ducting, and fixtures, and free fromdirt,
grease, and finger marks. Wen the work area is in an occupi ed space such
as office, |laboratory or warehouse protect all furniture and equi pnent
fromdirt and debris. |Incorporate housekeeping for field construction work
which leaves all furniture and equipnment in the affected area free of
construction generated dust and debris; and, all floor surfaces

vacuum swept cl ean.

.6 PENETRATI ONS

Provi de sl eeves and prepared openings for duct mains, branches, and ot her
penetrating itens, and install during the construction of the surface to be
penetrated. Cut sleeves flush with each surface. Place sleeves for round
duct 15 inches and snaller. Build framed, prepared openings for round duct
| arger than 15 inches and square, rectangular or oval ducts. Sleeves and
franmed openings are also required where grilles, registers, and diffusers
are installed at the openings. Provide one inch clearance between
penetrating and penetrated surfaces except at grilles, registers, and

di ffusers. Pack spaces between sleeve or opening and duct or duct
insulation with mneral fiber conformng with ASTM C553, Type 1, Cass B-2.

a. Sleeves: Fabricate sleeves, except as otherw se specified or indicated,
from 20 gauge thick mill galvani zed sheet netal. Were sleeves are
installed in bearing walls or partitions, provide black steel pipe
conformng with ASTM A53/ A53l, Schedul e 20.

b. Franed Prepared Openings: Fabricate framed prepared openings fron 20
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gauge gal vani zed steel, unless otherw se indicated.

c. Insulation: Provide duct insulation in accordance with Section 23 07 00
THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS conti nuous through sl eeves
and prepared openings except firewall penetrations. Term nate duct
insulation at fire danpers and flexi bl e connections. For duct handling
air at or below 60 degrees F, provide insulation continuous over the
danper collar and retaining angle of fire danpers, which are exposed to
uncondi ti oned air

d. Cdosure Collars: Provide closure collars of a mininum 4 inches w de,

unl ess ot herwi se indicated, for exposed ducts and itens on each side of
penetrated surface, except where equipnent is installed. Instal

collar tight against the surface and fit snugly around the duct or
insulation. Gind sharp edges smooth to prevent damage to penetrating

surface. Fabricate collars for round ducts 15 inches in dianmeter or

| ess from 20 gauge gal vani zed steel. Fabricate collars for square and
rectangul ar ducts, or round ducts wi th ninimum di nensi on over 15 inches

from 18 gauge gal vani zed steel. Fabricate collars for square and
rectangul ar ducts with a maxi mum side of 15 inches or less from 20 gauge
gal vani zed steel. Install collars with fasteners a maxi num of 6 inches
on center. Attach to collars a mninmmof 4 fasteners where the
opening is 12 inches in dianmeter or less, and a mnimumof 8 fasteners

where the opening is 20 inches in dianeter or |ess.

e. Firestopping: Were ducts pass through fire-rated walls, fire
partitions, and fire rated chase walls, seal the penetration with fire
stopping nmaterials as specified in Section 07 84 00 FI RESTOPPI NG

3.7 FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT

Clean, pretreat, prine and paint netal surfaces; except alum num surfaces
need not be painted. Apply coatings to clean dry surfaces. Cean the
surfaces to renove dust, dirt, rust, oil and grease by wi re brushing and
sol vent degreasing prior to application of paint, except clean to bare
netal on netal surfaces subject to tenperatures in excess of 120 degrees F
Where nore 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. Provide alum numor |ight
gray finish coat.

a. Tenperatures |less than 120 degrees F:. |Inmrediately after cleaning, apply
one coat of pretreatnment prinmer applied to a minimumdry filmthickness
of 0.3 ml, one coat of primer applied to a minimumdry filmthickness
of one nml; and two coats of enanel applied to a mininmumdry film
t hi ckness of one m| per coat to netal surfaces subject to tenperatures
| ess than 120 degrees F

b. Tenperatures between 120 and 400 degrees F: Apply two coats of 400
degrees F heat-resisting enanel applied to a total m nimumthickness of
two mls to netal surfaces subject to tenperatures between 120 and 400
degrees F.

c. Tenperatures greater than 400 degrees F. Apply two coats of 315
degrees C 600 degrees F heat-resisting paint applied to a total m ninmm
dry filmthickness of two mls to nmetal surfaces subject to
tenmperatures greater than 400 degrees F
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3.7.1 Fi ni sh Pai nting

The requirenents for finish painting of itens only prinmed at the factory,
and surfaces not specifically noted otherw se, are specified in Section
09 90 00 PAINTS AND COATI NGS

3.7.2 Col or Codi ng Schene for Locating Hi dden Utility Conmponents

Use schene in buildings having suspended grid ceilings. Provide color
codi ng schene that identifies points of access for naintenance and
operation of conponents and equi pnent that are not visible fromthe
finished space and are accessible fromthe ceiling grid, consisting of a
col or code board and col ored netal disks. Mke each colored netal disk
approximately 3/8 inch diameter and secure to renovable ceiling panels with
fasteners. Insert each fastener into the ceiling panel so as to be
conceal ed fromview. Provide fasteners that are nanually renovabl e wi t hout
the use of tools and that do not separate fromthe ceiling panels when the
panel s are dropped fromceiling height. Mke installation of colored netal
di sks follow conpletion of the finished surface on which the disks are to
be fastened. Provide color code board that is approximately 3 foot w de,
30 inches high, and 1/2 inches thick. Mke the board of wood fiberboard
and frane under glass or 1/16 inch transparent plastic cover. Make the

col or code synbols approximately 3/4 inch in dianeter and the rel ated
lettering in 1/2 inch high capital letters. Mount the color code board in
t he mechani cal or equipnent room Make the col or code system as indicated
bel ow.

Col or System Item Locati on

[ 1] G [ 1] G

3.8 | DENTI FI CATI ON SYSTEMS

Provide identification tags nade of brass, engraved |am nated plastic, or
engraved anodi zed al umi num indicating service and item nunber on all

val ves and danpers. Provide tags that are 1-3/8 inch mnimmdianeter with
stanped or engraved markings. Make indentations black for reading

clarity. Attach tags to valves with No. 12 AW: 0. 0808-inch di aneter
corrosion-resistant steel wire, copper wire, chromne-plated beaded chain or
pl astic straps designed for that purpose.

3.9 DUCTWORK LEAK TEST

Perform ductwork | eak test for the entire air distribution and exhaust
system including fans, coils, filters, etc. Provide test procedure,
apparatus, and report that conformto SMACNA 1143. The maxi num al | owabl e
| eakage rate is 1% of total cfrm. Conplete ductwork leak test with
satisfactory results prior to applying insulation to ductwork exterior

3.10 DAVMPER ACCEPTANCE TEST

Submit the proposed schedule, at |east 2 weeks prior to the start of test.
Qperate all fire danpers and snoke danpers under nornal operating
conditions, prior to the occupancy of a building to determi ne that they
function properly. Test each fire danper equipped with fusible Iink by
having the fusible link cut in place. Test dynanmic fire danpers with the

SECTI ON 23 00 00 Page 33
Rev. 1



Revitalize M ssion Control EDML715

air handling and distribution systemrunning. Reset all fire danpers with
the fusible links replaced after acceptance testing. To ensure optinum
operation and performance, install the damper so it is square and free from
racki ng.

3.11 TESTI NG, ADJUSTI NG, AND BALANCI NG

The requirenents for testing, adjusting, and balancing are specified in
Section 23 05 93 TESTI NG ADJUSTI NG AND BALANCI NG FOR HVAC. Begin testing,
adj usting, and bal ancing only when the air supply and distribution,
including controls, has been conpleted, with the exception of performance
tests.

3.12 PERFORMANCE TESTS

After testing, adjusting, and balancing is conplete as specified, test each
systemas a whole to see that all itens performas integral parts of the
system and tenperatures and conditions are evenly controlled throughout the
buil ding. Record the testing during the applicable season. Mke
corrections and adjustnents as necessary to produce the conditions

i ndi cated or specified. Conduct capacity tests and general operating tests
by an experienced engineer. Provide tests that cover a period of not |ess
than 7 days for each system and denonstrate that the entire systemis
functioning according to the specifications. Make coincidental chart
recordi ngs at points indicated on the drawings for the duration of the tine
period and record the tenperature at space thernpstats or space sensors,
the hum dity at space humidistats or space sensors and the anbient
tenmperature and humdity in a shaded and weat her protected area.

Subnmit test reports for the ductwork | eak test, and performance tests in
bookl et form upon conpletion of testing. Docunment phases of tests
performed including initial test summary, repairs/adjustments nade, and
final test results in the reports.

3.13 CLEANI NG AND ADJUSTI NG

Provide a tenporary bypass for water coils to prevent flushing water from
passing through coils. Inside of air term nal units, thoroughly clean
ducts, plenuns, and casing of debris and blow free of small particles of
rubbi sh and dust and then vacuum cl ean before installing outlet faces.

W pe equi prnent clean, with no traces of oil, dust, dirt, or paint spots.
Provide tenporary filters prior to startup of all fans that are operated
during construction, and install new filters after all construction dirt
has been rempoved fromthe buil ding, and the ducts, plenuns, casings, and
other itens specified have been vacuum cl eaned. Miintain systemin this
clean condition until final acceptance. Properly lubricate bearings with
oil or grease as recomended by the manufacturer. Tighten belts to proper
tension. Adjust control valves and other m scell aneous equi pnent requiring
adjustnment to setting indicated or directed. Adjust fans to the speed

i ndi cated by the manufacturer to neet specified conditions. Mintain al
equi prent installed under the contract until close out docunentation is
received, the project is conpleted and the building has been docunented as
beneficially occupi ed.

3.14 OPERATI ON AND NAI NTENANCE
3.14.1 Qperation and Mai nt enance Manual s
Subnmit six manuals at |east 2 weeks prior to field training. Submt data
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complying with the requirenents specified in Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA. Subnmit Data Package 3 for the itens/units |isted under
SD-10 Operation and Mi ntenance Data

3.14.2 Operation And Mai ntenance Trai ning

Conduct a training course for the menbers of the operating staff as
designated by the Contracting Oficer. Make the training period consist
of a total of 8 hours of normal working time and start it after all work
specified herein is functionally conpleted and the Performance Tests have
been approved. Conduct field instruction that covers all of the itens
contained in the Operation and Mai ntenance Manuals as well as
denmonstrations of routine nmaintenance operations. Submt the proposed
On-site Training schedul e concurrently with the Operation and Mi ntenance
Manual s and at |east 14 days prior to conducting the training course.

-- End of Section --
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SECTI ON 23 01 30.41

HVAC SYSTEM CLEANI NG
08/10

PART 1 GENERAL

1.1 REFERENCES
The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the

basi c designation only.

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

ASHRAE 62. 1 (2010; Errata 2011) Ventilation for
Acceptabl e I ndoor Air Quality

NATI ONAL Al R DUCT CLEANERS ASSOCI ATI ON ( NADCA)

ACR (2006) Standard for Assessnent, C eaning,
and Restoration of HVAC Systens

NADCA HVAC | nspecti on Manual (2005) Procedures for Assessing the
O eanl i ness of Conmercial HVAC Systens

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATl ON
( SMACNA)

SIVACNA 1966 (2005) HVAC Duct Construction Standards
Metal and Flexible, 3rd Edition

U S. ARMY CORPS OF ENG NEERS ( USACE)
EM 385-1-1 (2008; FErrata 1-2010; Changes 1-3 2010;
Changes 4-6 2011) Safety and Health
Requi renment s Manual

U. S. ENVI RONMVENTAL PROTECTI ON AGENCY ( EPA)

EPA 402- C-01-001 (2001) I AQ Building Education and
Assessnment Tool (I-BEAM

EPA 402-F-91-102 (1991) Building Air Quality: A Quide for
Bui I di ng Owners and Facility Managers

1.2 DEFI NI TI ONS

1.2.1 NADCA St andar ds
Performthe services specified here in accordance with the current
publ i shed standards of the National Air Duct C eaners Association (ACR and
NADCA HVAC | nspection Manual).

a. Al ternms in this specification are defined as stated in the NADCA
St andar ds.
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1.

1.

1.

b.

3

Fol | ow NADCA St andards w t hout nodification or deviation.

SUBM TTALS

Covernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval. Subnmit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

4

4.

SD-01 Preconstruction Submttals
Record of Existing Conditions; G
Coordi nation Plan; G
NADCA Firm G
Desi gnati on of NADCA Team Assi stants; G
Desi gnati on of NADCA Air System Cl eaning Specialist (ASCS); G
Desi gnati on of NADCA Supervisor Qualifications; G
Records of Experience in the Field of HVAC System Cl eaning; G
NADCA Wor k Execution Schedule; G
SD-06 Test Reports
Testing Procedures Summary; G
Gravinmetric Analysis; G
Post - Proj ect Report; G
QUALI TY ASSURANCE

NADCA Firm

To secure approval for the proposed agency, submt information certifying
that the NADCA firmis a first tier subcontractor who is not affiliated
with any other conpany participating in work on this contract, including
furnishing equi pment. Further, subnit the following, for the firm to
Contracting Oficer for approval:

a.

I ndependent NADCA firm

NADCA Firm NADCA registration nunber and expiration date of current
certification;

NADCA Supervi sor Qualifications: Nane and copy of NADCA supervi sor
certificate and expiration date of current certification.

NADCA Air System Cl eani ng Specialist (ASCS): Name and docunent ed

evi dence that the teamfield | eader has satisfactorily performed
full-time supervision of HVAC cl eaning work in the field for not |ess
than 3 years inmediately preceding this contract's bid opening date.

NADCA Team Assi stants: Nanmes and docunented evi dence that each field
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technici an has satisfactorily assisted a NADCA teamfield | eader in
performance of HVAC cleaning work in the field for not |ess than one
year inmmedi ately preceding this contract's bid openi ng date.

Current Certificates: Registrations and certifications are current,
and valid for the duration of this contract. Renew Certifications

whi ch expire prior to conpletion of the HVAC cleaning work, in a tinmely
manner so that there is no lapse in registration or certification
NADCA agency or NADCA team personnel w thout a current registration or
current certification are not to perform HVAC cl eaning work on this
contract.

b. TAB Team Menbers: NADCA team approved to acconplish work on this
contract are full-tine enployees of the NADCA firm No ot her personne
is allowed to do HVAC cl eaning work on this contract.

c. Replacenment of NADCA Team Menbers: Replacenent of nenbers may occur if
each new nenber conplies with the applicable personnel qualifications
and each is approved by the Contracting O ficer

1.4.2 Experi ence

Submit records of experience in the field of HVAC system cl eaning. Bids
will only be considered fromfirns which are regularly engaged in HVAC
system mai nt enance wi th an enphasis on HVAC system cl eani ng and
decont am nati on.

1.4.3 Equi pnent, Materials and Labor

Possess and furnish all necessary equi pnent, materials and | abor to
adequately performthe specified services and conply with the applicable
provi sions of NADCA General Specifications for the C eaning of Comrerci al
HVAC Systens and ASHRAE 62.1

a. Assure that all enpl oyees have received safety equi pnent training,
nedi cal surveillance prograns, individual health protection neasures,
and manufacturer's product and Material Safety Data Sheets (MSDS) as
required for the work by the U S. Occupational Safety and Health
Admi ni stration, and as described by this specification. For work
performed in countries outside of the U S A, conply with applicable
nati onal safety codes and standards.

b. Miintain a copy of all current MSDS docunentation and safety
certifications at the site at all tines, as well as conply with al
ot her site docunentation requirenments of applicable OSHA prograns and
this specification.

c. Subnit all Material Safety Data Sheets (MSDS) for all chem cal products
proposed to be used in the cleaning process, including all VOC ratings.

1.4.4 Li censi ng
Provi de proof of maintaining the proper license(s), if any, as required to

do work in the state of California. Conply with all Federal, state and
| ocal rules, regulations, and |icensing requirenents.
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5 STANDARDS

5.1 NADCA St andar ds

Performthe services specified here in accordance with the current
publ i shed standards of the National Air Duct Cl eaners Association (ACR and
NADCA HVAC | nspection Manual).

a. Al terms in this specification have their meaning defined as stated in
t he NADCA St andards.

b. Foll ow NADCA Standards with no nodifications or deviations being
al | owed.

6 DOCUMENTS

6.1 Mechani cal Draw ngs

ot ai n one copy of the foll owi ng docunents:

a. Project drawings and specifications

b. Approved construction revisions pertaining to the HVAC system

c. Any existing indoor air quality (1 AQ assessments or environnenta
reports prepared for the facility.

Submit a NADCA Work Execution Schedule to the Contracting Officer within 10
wor ki ng days of the contract award.

PART 2 PRODUCTS

Not Used

PART 3 EXECUTI ON

3.

3.

1 SCOPE OF WORK
1.1 Scope

This section defines the minimum requirenments necessary to render HVAC
conponents clean, and to verify the cleanliness through inspection and/or
testing in accordance with itens specified herein and applicabl e NADCA
Standards. Conformall inspection work to NADCA HVAC | nspection Manual

Renove vi sible surface contam nants and deposits fromw thin the HVAC
systemin strict accordance with these specifications.

The HVAC systemincludes any interior surface of the facility's air
distribution systemfor conditioned spaces and/or occupied zones. This
includes the entire heating, air-conditioning and ventilation system from
the points where the air enters the systemto the points where the air is
di scharged fromthe system The return air grilles, return air ducts
(except ceiling plenuns and nechanical room) to the air handling unit
(AHU), the interior surfaces of the AHU, m xing box, coil conpartnent,
condensate drain pans, hunmidifiers and dehunidifiers, supply air ducts,
fans, fan housing, fan bl ades, air wash systens, spray elimnators, turning
vanes, filters, filter housings, reheat coils, and supply diffusers are al
consi dered part of the HVAC system The HVAC system may al so incl ude ot her
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components such as dedi cated exhaust and ventilation conponents and make-up
air systens.

3.2 HVAC SYSTEM | NSPECTI ONS AND S| TE PREPARATI ONS
3.2.1 HVAC Syst em Eval uati on

Prior to the comencenent of any cleaning work, performa visual inspection
of the HVAC systemin the presence of the Contracting Oficer to determ ne
appropriate nmethods, tools, and equipnent required to satisfactorily
complete this project. Notify the Contracting O ficer 10 days prior to the
pl anned i nspecti on.

Docurent damaged system conponents found during the inspection and submt
to the Contracting Oficer, clearly |abeled "Record of Existing Conditions."

3.2.2 Site Eval uation and Preparations

Conduct a site evaluation, and establish a specific, coordination plan
whi ch details how each area of the building will be protected during the
various phases of the project.

3.3 GENERAL HVAC SYSTEM CLEANI NG REQUI REMENTS
3.3.1 Cont ai nnent

Col | ect debris renoved during cleaning and take precautions to ensure that
debris is not otherw se dispersed outside the HVAC system during the
cl eani ng process.

3.3.2 Particul ate Col |l ecti on

VWere the Particul ate Collection Equi pment (PCE) is exhausting inside the
buil ding, use HEPA filtration with 99.97 percent collection efficiency for
0.3-micron size (or greater). Wen the PCE is exhausting outside the
bui | di ng, undertake Mechani cal C eaning operations only with PCE, including
adequate filtration to contain Debris renmoved fromthe HVAC system \Wen
the PCE is exhausting outside the building, take precautions to | ocate the
equi prrent down wi nd and away fromall air intakes and other points of entry
into the building.

3.3.3 Control Iing Odors

Take all reasonable nmeasures to control offensive odors and/or m st vapors
during the cleaning process.

3.3. 4 Conponent Cl eani ng
Enpl oy cl eani ng nethods such that all HVAC system conponents are Visibly
Clean as defined in applicable standards. Upon conpletion, return al
components to those settings recorded just prior to cleaning operations.
3.3.5 Air-Volune Control Devices
Mark the position of danpers and any air-directional mechanical devices

inside the HVAC system prior to cleaning and, upon conpletion, restore to
their marked position.
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3.3.6 Servi ce Openi ngs

Utilize service openings, as required for proper cleaning, at various

poi nts of the HVAC system for physical and nechanical entry, and

i nspection. Utilize the existing service openings already installed in the
HVAC syst em wher e possi bl e.

Create other openings where needed, created and reseal ed i n conformance

wi th NADCA Standard 05. Place closures so they do not significantly

hi nder, restrict, alter the air-flowwithin the system or conpronise the
structural integrity of the system Properly insulate closures to prevent
heat | oss/gain or condensation on surfaces within the system Conform
construction techniques used in the creation of openings to requirements of
applicable building and fire codes, and applicable NFPA, SMACNA and NADCA
Standards. Cutting service openings into flexible duct is not permtted.
Di sconnect flexible duct at the ends as needed for proper cleaning and

i nspection.

Clearly mark all service openings, capable of being re-opened for future
i nspection or renmediation, and report their location in project report
docunent s.

3.3.7 Ceiling Sections (Tile)
Carefully renove and reinstall ceiling sections to gain access to HVAC
systens during the cleaning process. Replace any damaged ceiling sections
caused by the renoval at no cost to the Governnent.

3.3.8 Air Distribution Devices (Registers, Gilles and Diffusers)
Clean all air distribution devices.

3.3.9 Air Handling Units, Terminal Units, Blowers and Exhaust Fans
I nsure that supply, return, and exhaust fans are thoroughly cl eaned.
Areas to be cl eaned include blowers, fan housings, plenuns (except ceiling
supply and return plenuns), scrolls, blades, or vanes, shafts, baffles,
danpers and drive assenblies. Renove all visible surface contam nation
deposits in accordance with NADCA Standards.

a. Cean all air handling unit (AHU) internal surfaces, conponents and
condensate coll ectors and drains.

b. Assure that a suitable operative drainage systemis in place prior to
begi nni ng wash down procedures.

c. Cean all coils and rel ated conponents, including evaporator fins.
3.3.10 Duct Systens

a. Create service openings in the systemas necessary in order to
accomodat e cl eani ng of otherw se i naccessible areas.

b. Mechanically clean all duct systenms to renmpove all visible contam nants,
such that the systens are capable of passing Ceaning Verification
Testings NADCA St andards.

SECTI ON 23 01 30.41 Page 6
Rev. 1



Revitalize M ssion Control EDML715

3.

3.

3.

3.

3.

3.

4  HEALTH AND SAFETY
4.1 Saf ety Standards

Conply with all applicable federal, state, and | ocal requirenents for
protecting the safety of the contractors' enployees, building occupants,
and the environnent. |In particular, follow all applicable standards of the
Qccupational Safety and Heal th Adm nistration (OSHA) when working in
accordance with this specification, and EM 385-1-1

4.2 Cccupant Safety

Enpl oy no processes or materials in such a manner that they will introduce
addi ti onal hazards into occupi ed spaces.

4.3 Di sposal of Debris

Di spose of all debris renmoved fromthe HVAC Systemin accordance with
applicabl e federal, state and | ocal requirenents.

5 MECHANI CAL CLEANI NG METHODOLOGY
5.1 Sour ce Renoval C eaning Methods

Cl ean the HVAC system using Source Renoval nechanical cleaning methods
designed to extract contanminants fromw thin the HVAC system and safely
renove contam nants fromthe facility. Select Source Renoval nethods which
will render the HVAC System Visibly C ean and capabl e of passing cl eaning
verification nethods NADCA Standards and ot her specified standards and
tests, in accordance with all general requirenents. Use no cleaning

nmet hod, or conbi nati on of nethods, which could potentially damage
components of the HVAC system or negatively alter the integrity of the
system

I ncorporate the use of vacuum col |l ection devices that are operated
continuously during cleaning for all nmethods used. Connect a vacuum device
to the downstream end of the section being cleaned through a predetern ned
opening. Use a vacuum col |l ection device of sufficient power to render al
areas being cl eaned under negative pressure, such that contai nnent of
debris and the protection of the indoor environnment is assured.

Equi p all vacuum devi ces exhausting air inside the building, including
hand- hel d vacuuns and wet-vacuuns, with HEPA filters (mininmum efficiency).

Equi p all vacuum devi ces exhausting air outside the facility with
Particul ate Collection including adequate filtration to contain Debris
renoved fromthe HVAC system in a nmanner that will not allow contam nants
to re-enter the facility. Release of debris outdoors which viol ates any
out door environmental standards, codes or regulations is not allowed.

Al'l methods require mechani cal agitation devices to dislodge debris adhered
to interior HVAC system surfaces, such that debris may be safely conveyed
to vacuum col | ecti on devices. Acceptable nethods will include those which
will not potentially damage the integrity of the ductwork, nor damage
porous surface materials such as liners inside the ductwork or system
conponents.
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3.5.2 Met hods of O eaning Fibrous d ass Insul ated Conponents

Thoroughly clean glass thernmal or acoustical insulation elements present in
any equi pnent or ductwork w th HEPA vacuum ng equi pnent, while the HVAC
systemis under constant negative pressure, and not permitted to get wet in
accordance with applicabl e NADCA and NAI MA standards and reconmrendati ons.

Do not use cl eani ng nmet hods which cause danage to fibrous glass components
or which will render the system capable of passing C eaning Verification
Tests NADCA St andards).

3.5.3 Danmaged Fi brous G ass Materia

If there is any evidence of dammge, deterioration, delam nation, friable
material, nold or fungus growth, or noisture such that fibrous glass
materials cannot be restored by cleaning or resurfacing with an acceptable
insulation repair coating, identify themfor replacenent.

When requested or specified, be capable of renediating exposed danaged
insulation in air handl ers and/or ductwork requiring replacenent.

3.5.4 Repl acenent Materia

I f replacenment of fiber glass materials is required, conformall materials
to applicable industry codes and standards, including those of UL and
SMACNA 1966.

Repl acement of damaged insulation is not covered by this specification.
3.5.5 Cl eaning of Coils

Use any cl eaning nmethod which will render the Coil Visibly Cean and
capabl e of passing Coil C eaning Verification applicable NADCA Standards.
Coil drain pans are subject to Non-Porous Surfaces C eaning Verification.
Mai ntain operability of the drain for the condensate at all tines. Do not
damage, displace, inhibit heat transfer, or cause erosion of the coi
surface or fins, and conformto coil manufacturer recomendati ons when
avai l able. Thoroughly rinse coils with clean water to renove any | atent
resi dues.

3.5.6 Anti m crobial Agents and Coati ngs

Only apply antinmicrobial agents if active fungal growh is reasonably
suspected, or where unacceptable | evels of fungal contam nati on have been
verified through testing.

Perform application of any antim crobial agents used to control the growth
of fungal or bacteriological contam nants after the renpoval of surface
deposits and debris.

Use only antimicrobial agents registered by the U. S. Environnenta
Protection Agency (EPA 402-F-91-102)( EPA 402-C-01-001) specifically for use
wi t hi n HVAC system

Apply antimcrobial agents in strict accordance with nmanufacturer's
instructions.

Use only antimcrobial coating products, for both porous and non-porous
surfaces, which are EPA registered, water soluble solutions with supporting
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efficacy data and MSDS records.

Apply antimcrobial coatings according to manufacturer's instructions.
Spray coatings directly onto interior ductwork surfaces, rather than "fog"
downstream onto surfaces. Achieve a continuous filmon the surface to be
treated by the coating application, and apply in strict accordance with
manufacturer's mnimumm ||l age surface application rate standards for

ef fecti veness.

3.6 CLEANLI NESS VERI FI CATI ON
3.6.1 Cener a

Verification of HVAC System cleanliness will be determ ned after nechanica
cl eaning and before the application of any treatnent or introduction of any
treatnent-rel ated substance to the HVAC system including antimcrobia
agents and coati ngs.

3.6.2 Vi sual | nspection

Visual ly inspect the HVAC systemto ensure that no visible contam nants are
present.

If no contaninants are evident through visual inspection, consider the HVAC
system cl ean; however, further verification of the system cleanliness
through gravinetric or wipe testing analysis testing nay be requested at
the discretion of the Contracting O ficer, as specified herein.

If visible contam nants are evident through visual inspection, re-clean
those portions of the system where contam nants are visible, and subject to
re-inspection for cleanliness.

3.6.3 Verification of Coil C eaning

Cleaning is to restore the coil pressure drop to within 10 percent of the

pressure drop neasured when the coil was first installed. |If the origina
pressure drop is not known, the coil will be considered clean only if the
coil is free of foreign matter and chenical residue, based on a thorough

vi sual inspection (see NADCA HVAC | nspection Manual Standards).
3.7 POST- PROJECT REPORT

At the conclusion of the project, provide a Testing Procedures Sumary and
Post - Proj ect Report indicating the follow ng:

a. Success of the cleaning project, as verified through visual inspection
and/ or gravinetric anal ysis.

b. Areas of the systemfound to be damaged and/or in need of repair

-- BEnd of Section --
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SECTI ON 23 03 00.00 20

BASI C MECHANI CAL MATERI ALS AND METHCDS
08/10

PART 1 GENERAL
1.1 REFERENCES

The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

ASTM | NTERNATI ONAL ( ASTM

ASTM B117 (2009) Standing Practice for Operating
Salt Spray (Fog) Apparatus

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGQ NEERS (| EEE)
| EEE C2 (2012) National Electrical Safety Code
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEVA MG 11 (1977; R 2007) Energy Managenent Cuide for
Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 70 (2011; TIA 11-1; Errata 2011) Nationa
El ectrical Code

1.2 RELATED REQUI REMENTS

This section applies to all sections of Divisions: 21, FIRE SUPPRESSI ON
22, PLUMBI NG and 23, HEATI NG, VENTILATING AND AIR CONDI TIONING of this
proj ect specification, unless specified otherwi se in the individual section.

1.3  QUALITY ASSURANCE
1.3.1 Mat eri al and Equi pnent Qualifications

Provide material s and equi pment that are standard products of manufacturers
regul arly engaged in the manufacture of such products, which are of a
simlar material, design and workmanshi p. Standard products shall have
been in satisfactory comercial or industrial use for 2 years prior to bid
openi ng. The 2-year use shall include applications of equipnment and
materials under simlar circunstances and of sinilar size. The product
shal | have been for sale on the commercial nmarket through advertisenents,
manuf acturers' catal ogs, or brochures during the 2 year period.

1.3.2 Alternative Qualifications

Products having less than a two-year field service record will be
acceptable if a certified record of satisfactory field operation for not

| ess than 6000 hours, exclusive of the manufacturer's factory or |aboratory
tests, can be shown.
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3.3 Servi ce Support

The equi pnent itens shall be supported by service organizations. Subnit a
certified list of qualified permanent service organi zations for support of
the equi pnment which includes their addresses and qualifications. These
service organi zati ons shall be reasonably convenient to the equi pnent
installation and able to render satisfactory service to the equipnent on a
regul ar and emergency basis during the warranty period of the contract.

3.4 Manuf acturer's Nanepl ate

Each item of equi pnent shall have a nanepl ate bearing the manufacturer's
name, address, nodel nunmber, and serial nunber securely affixed in a
conspi cuous place; the nanmeplate of the distributing agent will not be
accept abl e.

3.5 Modi ficati on of References

In each of the publications referred to herein, consider the advisory
provi sions to be mandatory, as though the word, "shall" had been
substituted for "shoul d' wherever it appears. Interpret references in
these publications to the "authority having jurisdiction", or words of
simlar nmeaning, to nmean the Contracting Oficer.

3.5.1 Definitions

For the International Code Council (ICC) Codes referenced in the contract
docunents, advisory provisions shall be considered nandatory, the word

"shoul d" shall be interpreted as "shall." Reference to the "code official"
shall be interpreted to nean the "Contracting Oficer." For Navy owned
property, references to the "owner" shall be interpreted to nmean the
"Contracting Oficer." For leased facilities, references to the "owner"
shall be interpreted to nean the "lessor." References to the "permt

hol der” shall be interpreted to nean the "Contractor."

.3.5.2 Admi ni strative Interpretations

For |1 CC Codes referenced in the contract docunments, the provisions of
Chapter 1, "Administrator,"” do not apply. These adm nistrative

requi renents are covered by the applicable Federal Acquisition Regulations
(FAR) included in this contract and by the authority granted to the O ficer
in Charge of Construction to adm nister the construction of this project.
Ref erences in the | CC Codes to sections of Chapter 1, shall be applied
appropriately by the Contracting Oficer as authorized by his

admi ni strative cogni zance and the FAR

.4 DELI VERY, STORAGE, AND HANDLI NG

Handl e, store, and protect equipment and materials to prevent damage before
and during installation in accordance with the manufacturer's
recommendati ons, and as approved by the Contracting Oficer. Replace
damaged or defective itens.

.5 ELECTRI CAL REQUI REMENTS

Furni sh notors, controllers, disconnects and contactors with their
respective pieces of equipnent. Mtors, controllers, disconnects and
contactors shall conformto and have el ectrical connections provided under
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Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM  Furni sh internal wiring for
component s of packaged equi pment as an integral part of the equipnent.

Ext ended vol tage range notors will not be permtted. Controllers and
contactors shall have a maxi num of 120 volt control circuits, and shal

have auxiliary contacts for use with the controls furnished. Wen notors
and equi pnent furnished are | arger than sizes indicated, the cost of
additional electrical service and related work shall be included under the
section that specified that nmotor or equipnent. Power wiring and conduit
for field installed equi pment shall be provided under and conformto the
requirenents of Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

1.6 ELECTRI CAL | NSTALLATI ON REQUI REMENTS

El ectrical installations shall conformto | EEE C2, NFPA 70, and
requi renents specified herein

1.6.1 New Wor k

Provide el ectrical conponents of mechanical equipnent, such as notors,

notor starters (except starters/controllers which are indicated as part of
a notor control center), control or push-button stations, float or pressure
swi tches, solenoid val ves, integral disconnects, and other devices
functioning to control mnechanical equipnent, as well as control wring and
conduit for circuits rated 100 volts or less, to conformwith the

requi renents of the section covering the nechanical equipnent. Extended
vol tage range nmotors shall not be pernmitted. The interconnecting power

wi ring and conduit, control wiring rated 120 volts (nomnal) and conduit,
the notor control equipnment formng a part of notor control centers, and
the electrical power circuits shall be provided under Division 26, except
internal wiring for conponents of package equi pnment shall be provided as an
integral part of the equipnent. Wen notors and equi pnent furnished are

| arger than sizes indicated, provide any required changes to the electrica
service as may be necessary and related work as a part of the work for the
section specifying that notor or equi pnent.

1.6.2 Modi fications to Existing Systens

VWer e existing mechani cal systenms and notor-operated equi pnent require
nodi fications, provide electrical conponents under Division 26.

1.6.3 Hi gh Efficiency Mtors

1.6.3.1 Hi gh Efficiency Single-Phase Mtors
Unl ess ot herwi se specified, single-phase fractional -horsepower
alternating-current notors shall be high efficiency types corresponding to
the applications listed in NEVA MG 11

1.6.4  Three-Phase Mdtor Protection
Provide controllers for nmotors rated one 1 horsepower and larger with
el ectroni c phase-voltage nonitors designed to protect notors from
phase-1 oss, undervoltage, and overvoltage. Provide protection for notors
frominrediate restart by a tinme adjustable restart rel ay.

1.7 | NSTRUCTI ON TO GOVERNVENT PERSONNEL
When specified in other sections, furnish the services of conpetent
instructors to give full instruction to the designated Governnent personne
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in the adjustnent, operation, and naintenance, including pertinent safety
requirenents, of the specified equi pnent or system Instructors shall be
thoroughly famliar with all parts of the installation and shall be trained
in operating theory as well as practical operation and mai nt enance worKk.

Instruction shall be given during the first regular work week after the
equi prent or system has been accepted and turned over to the Governnent for
regul ar operation. The nunber of man-days (8 hours per day) of instruction
furni shed shall be as specified in the individual section. Wen nore than
4 man-days of instruction are specified, use approximately half of the tine
for classroominstruction. Use other time for instruction with the

equi pnent or system

Wen significant changes or nodifications in the equipnment or systemare
made under the terns of the contract, provide additional instruction to
acquai nt the operating personnel with the changes or nodifications.

8  ACCESSI BI LITY

Install all work so that parts requiring periodic inspection, operation,
mai nt enance, and repair are readily accessible. Install conceal ed val ves,
expansion joints, controls, danpers, and equi pnent requiring access, in

| ocations freely accessible through access doors.

PART 2 PRODUCTS

Not Used

PART 3 EXECUTI ON

3.

3.

1 PAI NTI NG OF NEW EQUI PMENT

New equi prrent painting shall be factory applied or shop applied, and shal
be as specified herein, and provided under each individual section.

1.1 Factory Painting Systens

Manuf acturer's standard factory painting systems may be provided subject to
certification that the factory painting systemapplied will wthstand 125
hours in a salt-spray fog test, except that equi pnent | ocated outdoors
shal | withstand 500 hours in a salt-spray fog test. Salt-spray fog test
shal |l be in accordance with ASTM B117, and for that test the acceptance
criteria shall be as follows: imrediately after conpletion of the test,
the paint shall show no signs of blistering, winkling, or cracking, and no
| oss of adhesion; and the specinen shall show no signs of rust creepage
beyond 0. 125 inch on either side of the scratch mark.

The filmthickness of the factory painting systemapplied on the equi pnent
shall not be less than the filmthickness used on the test specinmen. |If
manuf acturer's standard factory painting systemis being proposed for use
on surfaces subject to tenperatures above 120 degrees F, the factory

pai nting systemshall be designed for the tenperature service.

1.2 Shop Pai nting Systens for Metal Surfaces

Clean, pretreat, prine and paint netal surfaces; except alum num surfaces
need not be painted. Apply coatings to clean dry surfaces. Cean the
surfaces to renove dust, dirt, rust, oil and grease by wire brushing and
sol vent degreasing prior to application of paint, except nmetal surfaces
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subject to tenperatures in excess of 120 degrees F shall be cleaned to bare
net al .

Where nore than one coat of paint is specified, apply the second coat after
the preceding coat is thoroughly dry. Lightly sand danaged painting and
retouch before applying the succeeding coat. Color of finish coat shall be
al um num or |ight gray.

a. Tenperatures Less Than 120 Degrees F: Imedi ately after cleaning, the
netal surfaces subject to tenperatures |ess than 120 degrees F shal
recei ve one coat of pretreatnent priner applied to a mininumdry film
thi ckness of 0.3 m |, one coat of priner applied to a mninumdry film
t hi ckness of 1 nmil; and two coats of enanel applied to a mninumdry
filmthickness of 1 m| per coat.

b. Tenperatures Between 120 and 400 Degrees F. Metal surfaces subject to
tenperatures between 120 and 400 degrees F shall receive two coats of
400 degrees F heat-resisting enanel applied to a total m ninmum
thi ckness of 2 mils

c. Tenperatures Geater Than 400 Degrees F: Metal surfaces subject to
tenperatures greater than 400 degrees F shall receive two coats of 600
degrees F heat-resisting paint applied to a total mninumdry film
t hi ckness of 2 mls

-- BEnd of Section --
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SECTION 23 05 15

COMMON PI PI NG FOR HVAC
02/09

PART 1 GENERAL

1

1 REFERENCES
The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

AMERI CAN | NSTI TUTE OF STEEL CONSTRUCTI ON (Al SC)
Al SC 325 (2011) Steel Construction Manua

AVERI CAN VELDI NG SOCI ETY ( AWB)

AWS A5. 8/ A5. 8M (2004) Specification for Filler Metals for
Brazi ng and Braze Wl di ng

AVS VWHB- 2. 9 (2004) Wl di ng Handbook; Vol unme 2, Wl ding
Processes, Part 1

ASME | NTERNATI ONAL ( ASMVE)

ASME B16. 1 (2010) Gray Iron Threaded Fittings;
Cl asses 25, 125 and 250

ASME B16. 22 (2001; R 2010) Standard for Wought Copper
and Copper Alloy Sol der Joint Pressure
Fittings

ASME B16. 25 (2007) Standard for Buttwel ding Ends

ASME B16. 3 (2010) Malleable Iron Threaded Fittings,
Cl asses 150 and 300

ASME B16. 5 (2009) Pipe Flanges and Fl anged Fittings:
NPS 1/2 Through NPS 24 Metric/lnch Standard

ASME B16. 9 (2007) Standard for Factory-Made W ought
Steel Buttwelding Fittings

ASME B31. 3 (2010) Process Piping

ASME B36. 10M (2004; R 2010) Standard for Wl ded and
Seanl ess Wought Steel Pipe

ASME B40. 100 (2005) Pressure Gauges and CGauge
Attachnments

ASME BPVC SEC I X (2010) BPVC Section | X-Wl ding and Brazing
Qualifications

ASMVE BPVC SEC VI D1 (2007; Addenda 2008; Addenda 2009) BPVC
Section VII1-Rules for Construction of
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Pressure Vessels Division 1

ASTM | NTERNATI ONAL ( ASTM

ASTM A106/ ALO6M (2010) Standard Specification for Seanl ess
Carbon Steel Pipe for Hi gh-Tenperature
Servi ce

ASTM A126 (2004; R 2009) Standard Specification for

Gray lron Castings for Valves, Flanges,
and Pipe Fittings

ASTM A183 (2003; R 2009) Standard Specification for
Carbon Steel Track Bolts and Nuts

ASTM A197/ A197M (2000; R 2006) Standard Specification for
Cupol a Mal |l eabl e Iron

ASTM A234/ A234M (2011) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Moderate and H gh Tenperature
Servi ce

ASTM A276 (2010) Standard Specification for
Stainl ess Steel Bars and Shapes

ASTM A278/ A278M (2001; R 2006) Standard Specification for
Gray lron Castings for Pressure-Containing
Parts for Tenperatures Up to 650 degrees F
(350 degrees Q)

ASTM A307 (2010) Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile
Strength

ASTM A312/ A312M (2011) Standard Specification for

Seanl ess, Wl ded, and Heavily Col d Wrked
Austenitic Stainless Steel Pipes

ASTM A53/ A53M (2010) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc- Coated,
Wl ded and Seanl ess

ASTM A563 (2007a) Standard Specification for Carbon
and Alloy Steel Nuts

ASTM A6/ A6M (2011) Standard Specification for General
Requirements for Rolled Structural Steel
Bars, Plates, Shapes, and Sheet Piling

ASTM B117 (2009) Standing Practice for Operating
Salt Spray (Fog) Apparatus

ASTM B370 (2011) Standard Specification for Copper
Sheet and Strip for Building Construction

ASTM B749 (2003; R 2009) Standard Specification for
Lead and Lead Alloy Strip, Sheet and Pl ate
Product s
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ASTM B88 (2009) Standard Specification for Seam ess
Copper Water Tube

ASTM C109/ C109M (2011) Standard Test Method for
Conpressive Strength of Hydraulic Cenent
Mortars (Using 2-in. or (50-m) Cube
Speci mens)

ASTM C404 (2011) Standard Specification for
Aggregates for Masonry G out

ASTM C476 (2010) Standard Specification for G out
for Masonry

ASTM C553 (2011) Standard Specification for M neral

Fi ber Bl anket Thernmal |nsulation for
Conmmer ci al and Industrial Applications

ASTM C67 (2011) Standard Test Methods for Sanpling
and Testing Brick and Structural Cay Tile

ASTM C920 (2011) Standard Specification for
El astoneric Joint Seal ants

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

ASTM E 1 (2007) Standard Specification for ASTM
Li qui d-in-d ass Thernoneters

ASTM E 814 (2011a) Standard Test Method for Fire
Tests of Through-Penetration Fire Stops

ASTM F 104 (2011) Standard Cassification Systemfor
Nonnet al | i c Gasket Materials

FLU D SEALI NG ASSOCI ATI ON ( FSA)
FSA- 0017 (1995e6) Standard for Non-Metallic
Expansi on Joints and Fl exi bl e Pi pe
Connectors Techni cal Handbook
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C2 (2012) National Electrical Safety Code

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)

MBS SP-125 (2010) Gray Iron and Ductile Iron In-Line,
Spring- Loaded, Center-Guided Check Val ves

MBS SP-58 (2009) Pipe Hangers and Supports -
Mat eri al s, Design and Manuf act ure,
Sel ection, Application, and Installation

MSS SP- 67 (2002a) Butterfly Val ves
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MBS SP- 69 (2003) Pipe Hangers and Supports -
Sel ection and Application (ANSI Approved
Ameri can National Standard)

MBS SP-70 (2006) Gray Iron Gate Val ves, Flanged and
Thr eaded Ends

MBS SP-71 (2005) Gray Iron Swing Check Val ves,
Fl anged and Threaded Ends

MBS SP-72 (2010) Ball Valves with Flanged or
Butt-Wel di ng Ends for General Service

MBS SP- 85 (2002) Gray Iron dobe & Angle Val ves
Fl anged and Threaded Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
NEVA MG 1 (2009) Mdtors and Generators
NEMA MG 10 (2001; R 2007) Energy Managenent Cuide for
Sel ection and Use of Fixed Frequency
Medi um AC Squi rrel - Cage Pol yphase
I nducti on Motors

NEVA MG 11 (1977; R 2007) Energy Managenent Cuide for
Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 70 (2011; TIA 11-1; Errata 2011) Nati onal
El ectrical Code

U. S. DEPARTMENT OF DEFENSE ( DCD)

M L- C- 18480 (1992; Rev B; Notice 2 2009) Coating
Conpound, Bitum nous, Solvent, Coal-Tar
Base

M L- DTL- 17813 (2009; Rev H, Supp 1 2009) Expansion

Joints, Pipe, Metallic Bellows, General
Speci fication for

U.S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

CID A-A-1922 (Rev A; Notice 2) Shield, Expansion
(Caul ki ng Anchors, Single Lead)

CID A-A-1923 (Rev A; Notice 2) Shield, Expansion (Lag,
Machi ne and Externally Threaded Wedge Bol t
Anchor s)

CID A-A-1924 (Rev A; Notice 2) Shield, Expansion (Self
Drilling Tubul ar Expansion Shell Bolt
Anchor s

CID A-A- 1925 (Rev A; Notice 2) Shield Expansion (Nail
Anchors)
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Cl D A-A-55614 (Basic; Notice 2) Shield, Expansion
(Non-Drilling Expansion Anchors)

Cl D A- A-55615 (Basic; Notice 2) Shield, Expansion (Wod
Screw and Lag Bolt Sel f-Threadi ng Anchors

UNDERWRI TERS LABORATORI ES (UL)

UL 1479 (2003; Reprint Mar 2010) Fire Tests of
Thr ough- Penetrati on Firestops

1.2 GENERAL REQUI REMENTS

Section 23 00 00 Al R SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND EXHAUST SYSTEMS
applies to work specified in this section.

Section 23 05 48.00 40 VI BRATI ON AND SEI SM C CONTROLS FOR HVAC PI PI NG AND
EQUI PMENT applies to work specified in this section.

Submit Records of Existing Conditions consisting of the results of
Contractor's survey of work area conditions and features of existing
structures and facilities within and adjacent to the jobsite. Comencenent
of work constitutes Contractor's acceptance of the existing conditions.

I ncl ude wi th Equi prent Foundation Data for piping systens all plan
di mensi ons of foundations and rel ative el evati ons, equi pnent wei ght and
operating | oads, horizontal and vertical |oads, horizontal and vertica
clearances for installation, and size and | ocation of anchor bolts.

Submit Fabrication Draw ngs for pipes, valves and specialties consisting of
fabrication and assenbly details to be perforned in the factory.

Submit Material, Equipnent, and Fixture Lists for pipes, valves and
specialties including nanufacturer's style or catal og nunbers,
specification and draw ng reference nunbers, warranty information, and
fabrication site information. Provide a conmplete list of construction
equi prent to be used.

Submit Manufacturer's Standard Col or Charts for pipes, valves and
speci alties showi ng the manufacturer's recommended col or and finish
sel ecti ons.

Include with Listing of Product Installations for piping systens
identification of at least 5 units, simlar to those proposed for use, that
have been in successful service for a mninmmperiod of 5 years. |nclude
in the list purchaser, address of installation, service organization, and
date of installation.

Submit Record Draw ngs for pipes, valves and accessories providing current
factual information including deviations and anendnents to the draw ngs,
and conceal ed and vi si bl e changes in the work.

Submit Connection Diagrans for pipes, valves and specialties indicating the
rel ati ons and connections of devices and apparatus by show ng the genera
physi cal layout of all controls, the interconnection of one system (or
portion of system) with another, and internal tubing, wring, and other

devi ces.
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Submit Coordination Drawi ngs for pipes, valves and specialties show ng
coordi nati on of work between different trades and with the structural and
architectural elenents of work. Detail all draw ngs sufficiently to show
overal | dinensions of related items, clearances, and relative |ocations of
work in allotted spaces. Indicate on draw ngs where conflicts or clearance
probl enms exi st between various trades.

1.3 SUBM TTALS

Covernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval. Subnmit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 01 Preconstruction Submttals

Submit Material, Equipnent, and Fixture Lists for construction
equi pment to be used.

SD- 02 Shop Drawi ngs

Submit the follow ng for pipes, valves and specialties show ng
conformance with the referenced standards contained within this
section.

Record Draw ngs
Connection Di agrans
Coor di nati on Draw ngs
Fabrication Draw ngs

Submit Installation Drawings for pipes, valves and specialties in
accordance with the paragraph entitled, "Pipe Installation," of
this section.

SD- 03 Product Data

Submit equi pnent and performance data for the following itens
consi sting of corrosion resistance, |ife expectancy, gage
tol erances, and grade |line analysis.

Submit Manufacturer's catalog data for the followi ng itens:
Pi pe and Fittings

Pi pi ng Specialties

Val ves

M scel | aneous Materials

Supporting El enents

Equi pnent Foundati on Data shall be in accordance with paragraph
entitled, "CGeneral Requirements," of this section.

SD- 04 Sanpl es
Subnmit Manufacturer's Standard Col or Charts in accordance with
par agraph entitled, "General Requirenents," of this section.

SD- 05 Design Data
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Submit design anal ysis and cal cul ations for the following itens
consi sting of surface resistance, rates of flow, head | osses,
inlet and outlet design, required radius of bend, and pressure
calculations. Also include in data pipe size, shape, and

di mensions, as well as tenperature ratings, vibration and thrust
[imtations mninmmburst pressures, shut-off and non-shock
pressures and wel d characteristics.

Pi pe and Fittings
Pi ping Specialties
Val ves

SD-06 Test Reports

Submit test reports on the following tests in accordance with
paragraph entitled, "Piping Installation,” of this section

Hydrostatic Tests

Air Tests

Val ve- Operating Tests

Drai nage Tests

Pneunatic Tests

Non- Destructive Electric Tests
System Operation Tests

SD-07 Certificates

Submit Listing of Product Installations for piping systens
verifying proper qualifications.

Submit Records of Existing Conditions by the Contractor prior to
start.

Submit Certificates for the follow ng in accordance w th paragraph
entitled, "Pipe Installation," of this section

Sur face Resi stance

Shear and Tensile Strengths
Tenperature Ratings

Bendi ng Tests

Fl atteni ng Tests

Transverse CGuided Wl d Bend Tests

SD-10 Operation and Mai ntenance Data

Submit Operation and Mai ntenance Manual s in accordance wth
paragraph entitled, "Operation and Mai ntenance," of this section

1.4 QUALI TY ASSURANCE
1.4.1 Mat eri al and Equi prrent Qualifications

Provide materials and equi pnment that are standard products of manufacturers
regul arly engaged in the manufacture of such products, which are of a
simlar material, design and workmanship. Standard products shall have
been in satisfactory commercial or industrial use for 2 years prior to bid
opening. The 2-year use shall include applications of equipnent and
materials under simlar circunstances and of simlar size. The product
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shal | have been for sale on the comercial narket through advertisenents,
manuf acturers' catal ogs, or brochures during the 2 year period.

1.4.2 Al ternative Qualifications

Products having less than a two-year field service record will be
acceptable if a certified record of satisfactory field operation for not

| ess than 6000 hours, exclusive of the manufacturer's factory or |aboratory
tests, can be shown.

1.4.3 Servi ce Support

The equi pnent itens shall be supported by service organizations. Subnit a
certified list of qualified permanent service organi zations for support of
the equi prent which includes their addresses and qualifications. These
service organi zati ons shall be reasonably convenient to the equi pnent
installation and able to render satisfactory service to the equi pnent on a
regul ar and energency basis during the warranty period of the contract.

1.4.4 Manuf acturer's Nanepl ate

Each item of equi pnent shall have a nanepl ate bearing the manufacturer's
nane, address, nodel nunber, and serial nunber securely affixed in a
conspi cuous place; the nameplate of the distributing agent will not be
accept abl e.

1.4.5 Modi fi cati on of References

In each of the publications referred to herein, consider the advisory
provi sions to be nmandatory, as though the word, "shall" had been
substituted for "should" wherever it appears. |Interpret references in
these publications to the "authority having jurisdiction", or words of
simlar meaning, to nmean the Contracting O ficer.

1.4.5.1 Definitions

For the International Code Council (ICC) Codes referenced in the contract
docunents, advisory provisions shall be considered nandatory, the word

"shoul d* shall be interpreted as "shall." Reference to the "code official”
shall be interpreted to nmean the "Contracting O ficer.” For Navy owned
property, references to the "owner" shall be interpreted to nean the
"Contracting Oficer." For leased facilities, references to the "owner"
shall be interpreted to nmean the "lessor." References to the "pernit

hol der” shall be interpreted to mean the "Contractor."
1.4.5.2 Admi nistrative Interpretations

For | CC Codes referenced in the contract docunments, the provisions of
Chapter 1, "Administrator," do not apply. These adm nistrative
requirenents are covered by the applicable Federal Acquisition Regul ations
(FAR) included in this contract and by the authority granted to the O ficer
in Charge of Construction to adm nister the construction of this project.
Ref erences in the | CC Codes to sections of Chapter 1, shall be applied
appropriately by the Contracting Oficer as authorized by his

admi ni strative cogni zance and the FAR

1.5 DELI VERY, STORAGE, AND HANDLI NG
Handl e, store, and protect equipnment and materials to prevent damage before
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and during installation in accordance with the manufacturer's
recomrendat i ons, and as approved by the Contracting Oficer. Replace
damaged or defective itens.

1.6 ELECTRI CAL REQUI REMENTS

Furni sh notors, controllers, disconnects and contactors with their
respective pieces of equipnment. Mtors, controllers, disconnects and
contactors shall conformto and have el ectrical connections provided under
Section 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM  Furnish internal wiring for
conponents of packaged equi pnent as an integral part of the equipnent.

Ext ended vol tage range notors will not be permtted. Controllers and
contactors shall have a maxi mnum of 120 volt control circuits, and shal
have auxiliary contacts for use with the controls furnished. Wen notors
and equi pnent furnished are larger than sizes indicated, the cost of

addi tional electrical service and related work shall be included under the
section that specified that notor or equipnent. Power wiring and conduit
for field installed equi pnent shall be provided under and conformto the
requi renents of Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM

1.7 ELECTRI CAL | NSTALLATI ON REQUI REMENTS

El ectrical installations shall conformto | EEE C2, NFPA 70, and
requi renents specified herein

1.7.1 New Wor k

Provide el ectrical conponents of mechanical equipnent, such as notors,
notor starters , control or push-button stations, float or pressure

swi tches, sol enoid val ves, integral disconnects, and other devices
functioning to control mechanical equipnment, as well as control wring and
conduit for circuits rated 100 volts or less, to conformwth the
requirenents of the section covering the nechanical equi pnent. Extended
vol tage range notors are not pernmitted. The interconnecting power wring
and conduit, control wiring rated 120 volts (nominal) and conduit, and the
el ectrical power circuits shall be provided under Division 26, except
internal wiring for conponents of package equi pnment shall be provided as an
integral part of the equipment. Wen notors and equi pnent furni shed are

| arger than sizes indicated, provide any required changes to the electrica
service as may be necessary and related work as a part of the work for the
section specifying that notor or equi pnent.

1.7.2 Modi fications to Existing Systens

VWer e existing mechani cal systenms and notor-operated equi pnent require
nodi fications, provide electrical conponents under Division 26.

1.7.3 Hi gh Efficiency Mtors

1.7.3.1 Hi gh Efficiency Single-Phase Mdtors
Unl ess ot herw se specified, single-phase fractional -horsepower
alternating-current notors shall be high efficiency types corresponding to
the applications listed in NEVA MG 11

1.7.3.2 Hi gh Efficiency Pol yphase Mdtors
Unl ess ot herw se specified, select polyphase notors based on high

efficiency characteristics relative to the applications as listed in
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NEMA M5 10.  Additionally, polyphase squirrel-cage nedi uminduction notors
wi th continuous ratings shall meet or exceed energy efficient ratings in
accordance with Table 12-6C of NEVA MG 1.

1.7. 4 Thr ee- Phase Mbt or Protection

Provide controllers for notors rated one one horsepower and |arger with
el ectroni ¢ phase-voltage nonitors designed to protect nmotors from

phase-1 oss, undervoltage, and overvoltage. Provide protection for notors
frominredi ate restart by a tinme adjustable restart rel ay.

1.8 I NSTRUCTI ON TO GOVERNVENT PERSONNEL

When specified in other sections, furnish the services of conpetent
instructors to give full instruction to the designated Governnent personne
in the adjustnment, operation, and nmi ntenance, including pertinent safety
requirenents, of the specified equi pnent or system |Instructors shall be
thoroughly famliar with all parts of the installation and trained in
operating theory as well as practical operation and nai nt enance work.

G ve instruction during the first regular work week after the equipnent or
system has been accepted and turned over to the Governnment for regular
operation. The nunber of man-days (8 hours per day) of instruction

furni shed shall be as specified in the individual section. Wen nore than
4 man-days of instruction are specified, use approximately half of the tine
for classroominstruction. Use other tine for instruction with the

equi pnent or system

When significant changes or nodifications in the equipnent or systemare
nmade under the terns of the contract, provide additional instruction to
acquai nt the operating personnel with the changes or nodifications.

1.9 ACCESSIBILITY
Install all work so that parts requiring periodic inspection, operation,
mai nt enance, and repair are readily accessible. Install conceal ed val ves,
expansion joints, controls, danpers, and equi pnent requiring access, in
| ocations freely accessible through access doors.

PART 2 PRODUCTS

2.1 Pl PE AND FI TTI NGS

2.1.1 Type BCS, Bl ack Carbon Steel

Pipe 1/8 through 12 inches shall be Schedul e 40 bl ack carbon steel,
conform ng to ASTM A53/ A53N

Fittings 2 inches and under shall be 150-pounds per square inch, gage (psiQg)
wor ki ng steam pressure (wsp) banded bl ack nall eable iron screwed,
conformng to ASTM A197/ A197N and ASME B16. 3.

Fittings 2-1/2 inches and over shall be Steel butt weld, conformng to
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ASTM A234/ A234N and ASMVE B16.9 to match pipe wall thickness.

Fl anges 2-1/2 inches and over shall be 150-pound forged-steel conformng to
ASME B16.5, welding neck to match pipe wall thickness.

2.1.2 Type BCS- 125, 125-psi Service

Pipe 1/8 through 1-1/2 inches shall be Schedul e 40 steam Schedul e 80
condensate, furnace butt weld, black carbon steel, conformng to
ASTM A53/ A53N, Type F (furnace butt wel ded, continuous wel ded) and
ASME B36. 10N

Pi pe 2 through 10 inches shall be Schedule 40 steam Schedul e 80

condensat e, seanl ess or electric-resistance wel ded bl ack carbon steel,
conform ng to ASTM A53/ A53v Type S (seam ess) and ASNME B36. 10NV

Fittings 2 inches and under shall be 150-psig wsp banded bl ack nall eabl e
iron screwed, conform ng to ASTM A197/ A197N and ASME B16. 3.

2.1.3 Type CCS, al vani zed Carbon Steel
Pi pe 1/2 through 10 inches, and where indicated shall be Schedul e 40
seanm ess or electric-resistance wel ded gal vani zed steel conforming to

ASTM A53/ A53l, Type E, Grade B (electric-resistance welded) or Type S
(sean ess) .

Fittings 2 inches and under shall be 150-psi gwsp banded gal vani zed
mal | eabl e iron screwed, conforming to ASTM A197/ A197NV and ASVE B16. 3.

Uni ons 2 inches and under shall be 150-psig wsp femal e, screwed, gal vanized
mal | eable iron with brass-to-iron seat and ground joint.

Fittings 2-1/2 inches and over shall be 125-psig wsp cast-iron flanges and
flanged fittings, conformng to ASTM A126, C ass A and ASME B16. 1

Conf orm grooved pi pe couplings and fittings shall conformto paragraph
entitled, "G ooved Pipe Couplings and Fittings."

Contractor has the option of using 150-psig wsp banded gal vani zed nal | eabl e
iron screwed fittings, conformng to ASTM A197/ A197N and ASMVE B16. 3.

2.1.4 Type CPR, Copper

2.1.4.1 Type CPR-A, Copper Above G ound
Tubing 2 inches and under shall be seanl ess copper tubing, conforming to
ASTM B88, Type L (hard-drawn for all horizontal and all exposed vertica
l'ines, anneal ed for conceal ed vertical |ines).
Fittings 2 inches and under shall be 150-psi gwsp w ought - copper sol der
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joint fittings confornm ng to ASVE B16. 22.

Uni ons 2 inches and under shall be 150-psig wsp w ought-copper sol der
joint, conformng to ASVE B16. 22.

Provide brazing rod with Cassification BCuP-5, conformng to AWS A5. 8/ A5. 8N
2.1.5 Grooved Pipe Couplings and Fittings

Provi de housing for all couplings, fabricated in two or nore parts, of
bl ack, ungal vani zed nal | eabl e iron castings. Coupling gasket shall be
nol ded synthetic rubber, conform ng to ASTM D 2000. Coupling bolts shal
be oval -neck, track-head type, wth hexagonal heavy nuts conforming to
ASTM A183.

Fabricate all pipe fittings used with couplings of black, ungal vani zed
mal | eable iron castings. Were a manufacturer's standard-size nall eabl e
iron fitting pattern is not avail able, approved fabricated fittings nmay be
used.

Fabricate fittings from Schedule 40 or 0.75-inch wall ASTM A53/ A53l, G ade
B seanml ess steel pipe; long radius seam ess welding fittings with wall
thi ckness to match pipe, conformng to ASTM A234/ A234N and ASME B16. 9.

2.2 Pl PI NG SPECI ALTI ES
2.2.1 Ai r Separ at or

Air separated from converter discharge water shall be ejected by a
reduced-vel ocity device vented to the conpression tank.

Air separator shall be carbon steel, designed, fabricated, tested, and
stanped in conformance with ASVE BPVC SEC VI Dl for service pressures not
| ess than 125 psi.

2.2.2 Ar Vents
Manual air vents shall be 3/8-inch gl obe val ves.

Autonmatic air vents on punps, mains, and where indicated shall be of
bal | -float construction. Vent inlet shall be not |less than 3/4-inch ips
and the outlet not less than 1/4-inch ips. Oifice shall be 1/8 inch
Provi de corrosion-resistant steel trimconformng to ASTM A276 . Vent

shall be fitted with try-cock. Vent shall discharge air at any pressure up
to 150 psi. CQutlet shall be copper tube routed.

2.2.3 Di el ectric Connections

Di ssimlar pipe netals shall be electrically insulated fromeach other by
couplings, unions, or flanges comrercially manufactured for that purpose
and rated for the service pressure and tenperature.

2.2. 4 Expansi on Vibration Isolation Joints

Single or nmultiple arch-flanged expansion vibration isolation joints shal
be constructed of steel-ring reinforced chl oroprene-inpregnated cloth
materials. Design joint to absorb the novenent of the pipe sections in
which installed with no detrinental effect on the pipe or connected

equi pnent. Back flanges with ferrous-netal backing rings. Provide contro
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rod assenblies to restrict joint novenent. All nonnetallic exterior
surfaces of the joint shall be coated wi th chl orosul phinated pol yet hyl ene.
Provide gromrets in limt bolt hole to absorb noise transmtted through the
bol ts.

Joints shall be suitable for continuous-duty working tenperature of at
| east 250 degrees F.

Fill arches with soft chl oroprene.

Joint, single-arch, novenent linmtations and size-rel ated, pressure
characteristics shall conformto FSA-0017.

2.2.5 Fl exi bl e Pi pe

Fl exi bl e pipe vibration and pi pe-noise elimnators shall be constructed of
wi re-reinforced, rubber-inpregnated cloth and cord nmaterials and shall be
flanged. Flanges shall be backed with ferrous-netal backing rings.
Service pressure-rating shall be mnimum 1.5 tinmes actual service. Surge
pressure shall be at 180 degrees F.

Fl exi bl e pipe vibration and pipe noise elimnators shall be constructed of
wi re-reinforced chl oroprene-inpregnated cloth and cord materials and they
shal |l be flanged. Provide all flanges backed with ferrous-netal backing
rings. Nonmetallic exterior surfaces of the flexible pipe shall be coated
with an acid- and oxi dation-resistant chlorosul phinated pol yet hyl ene.

Fl exi bl e pipe shall be rated for continuous duty at 130 psi and 250 degrees
F

Unit pipe lengths, face-to-face, shall be not |less than the foll ow ng:

I NSI DE DI AMETER UNI T Pl PE LENGTH
To 2-1/2 inches, inclusive 12 inches
3 to 4 inches, inclusive 18 inches
5 to 12 inches, inclusive 24 inches
To 3 inches, inclusive 18 inches
4 to 10 inches, inclusive 24 inches
12 inches and | arger 36 inches

2.2.6 Fl exi bl e Metal lic Pipe

Fl exi bl e pipe shall be the bellows-type with wire braid cover and desi gned,
constructed, and rated in accordance with the applicable requirenents of
ASME B31. 3.

Wor ki ng pressure mninumrating shall be 100 psi at 300 degrees F

M ni mum bur st pressure shall be four tines working pressure at 300 degrees F
Bel | ows material shall be Al SI Type 316L corrosion-resistant steel. Braid
shall be AI'SI 300 series corrosion-resistant steel wre.

Wl ded end connections shall be Schedul e 80 carbon steel pipe, conform ng

to ASTM AL106/ A106l, Grade B .
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Thr eaded end connections shall be hex-collared Schedule 40, AI'SI Type 316L
corrosion-resistant steel, conformng to ASTM A312/ A312l

Fl anged end connection rating and naterials shall conformto specifications
for system primary-pressure rating.

2.2.7 Metal I i ¢ Expansion Joints
Expansi on joints shall be netallic-bellows-type, conforming to M L-DTL-17813.

Desi gn and construct joints to absorb all of the novenents of the pipe
sections in which installed, with no detrinmental effect on pipe or
supporting structure.

Rate, design, and construct joints for pressures to 125 psig and
tenmperatures to 500 degrees F

Joints shall have a designed bursting strength in excess of four tines
their rated pressure.

Joints shall be capable of withstanding a hydrostatic test of 1.5 tines
their rated pressure while held at their unconpressed | ength w thout
| eakage or distortion that may adversely affect their life cycle.

Li fe expectancy shall be not |ess than 10,000 cycles.

Moverent capability of each joint shall exceed cal cul ated novenent of
pi ping by 100 percent.

Bel l ows and internal sleeve material shall be Al SI Type 304, 304L, or 321
corrosion-resi stant steel.

End connections shall require no field preparation other than cleaning.

Butt weld end preparation of expansion joints shall conformto the sane
codes and standards requirenments as applicable to the piping system
materials at the indicated joint |ocation.

Fl anges of flanged-end expansion joints shall conformto the sane codes and
standard requirenents as are applicable to conpani on flanges specified for
the given piping systemat the indicated joint |ocation.

Joints, 2-1/2 inches and snaller, shall have internal guides and limt
st ops.

Joints, 3 inches and larger, shall be provided with renovabl e externa
covers, internal sleeves, and purging connection. Sleeves shall be sized
to accommpdate |ateral clearance required, with mninumreduction of flow
area, and with oversized bell ows where necessary. Wen a sleeve requires a
gasket as part of a | ocking arrangenent, the gasket shall be provi ded by
the manufacturer. Joints w thout purging connection may be provi ded;
however, renpove these fromthe line prior to, or not installed until,

cl eani ng operations are conpl ete.

Cylindrical end portion of the reinforced bellows el ement shall be provided
with a thrust sleeve of sufficient thickness to bring that portion wthin
applicabl e code-all owabl e stress. Sleeve shall provide 360 degrees support
for the el enent and end-reinforcing ring.
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Expansi on joints shall have four, equidistant, permanent tram points
clearly marked on each joint end. Locate points to prevent obliteration
during installation. Distance between tram points indicating installed

| engths shall be included in shop drawings. Overall dinension after joint
installation shall be subject to approval.

Each expansion joint shall have adjustable clanps or yokes provided at
quarter points, straddling the bellows. Overall joint length shall be set
by the nmanufacturer to maintain joints in manufacturer's recomended
position during installation.

Permanently and |l egibly mark each joint with the manufacturer's name or
trademark and serial nunber; the size, series, or catal og nunmber; bell ows
material; and directional-flow arrow.

2.2.8 Pressure Gages

Pressure gages shall conformto ASVE B40. 100 and to requirenments specified
herein. Pressure-gage size shall be 3-1/2 inches noninal dianeter. Case
shal | be corrosion-resistant steel, conformng to any of the AI'SI 300
series of ASTM A6/ A6V, with an ASM No. 4 standard commercial polish or
better. Equip gages with adjustable red narking pointer and danper-screw
adjustnent in inlet connection. Service-pressure reading shall be at

m dpoi nt of gage range. All gages shall be G ade B or better and be

equi pped wi th gage isol ators.

2.2.9 Si ght - Fl ow | ndi cators

Sight-flow indicators for pressure service on 3-inch ips and snaller shal
be constructed of bronze with specially treated single- or double-glass

si ght wi ndows and have a bronze, nylon, or tetrafluoroethylene rotating
flow indicator nmounted on an AlSI Type 304 corrosion-resistant stee

shaft. Body nmay have screwed or flanged end. Assenbly shall be pressure-
and tenperature-rated for the applied service. Flapper flowtype

i ndi cators are not acceptabl e.

2.2.10 Sl eeve Couplings

Sl eeve couplings for plain-end pipe shall consist of one steel mddle ring,
two steel followers, two chloroprene or Buna-N el astoner gaskets, and the
necessary steel bolts and nuts.

2.2.11 Ther nonet er s

Thernoneters shall conformto ASTM E 1, except for being filled with a red
organic liquid. Thernmoneters shall be an industrial pattern arnored gl ass
nodel , (well-threaded and seal -wel ded). Thernoneters installed 6 feet or

hi gher above the floor shall have an adjustabl e angle body. Scale shall be
not less than 7 inches long. Case face shall be nmanufactured from

manuf acturer's standard polished al um numor Al SI 300 series polished
corrosion-resistant steel. Thernoneter range shall be 100 degree m ni nmumn.
Provide thernmoneters with nonferrous separable wells. Provide |agging
extension to accomodat e insul ation thickness.

2.2.12 Punp Suction Strainers
Strai ner body shall be cast iron, rated for not less than 25 psig at 100
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degrees F, with flanges conforning to ASVE B16.1, Cass 125. Strainer
construction shall be such that there is a nachined surface joint between
body and basket that is normal to the centerline of the basket.

Mnimumrati o of open area of each basket to pipe area shall be 3 to 1
Basket shall be AI'SI 300 series corrosion-resistant steel wire mesh with
per forated backing.

Mesh shall be capable of retaining all particles |arger than 1,000
mcroneter, with a pressure drop across the strainer body of not nore than
0.5 psi when the basket is two-thirds dirty at maxi num system flow rate.
Reducing fittings fromstrai ner-flange size to pipe size shall be provided.

A differential -pressure gage fitted with a two-way brass cock shall be
provi ded across the strainer.

Provi de manual air vent cocks in cap of each strainer.
2.2.13 Line Strainers, Water Service

Strainers shall be Y-type with renovabl e basket. Strainers in sizes 2-inch
ips and snaller shall have screwed ends. In sizes 2-1/2-inch ips and

| arger, strainers shall have flanged ends. Body working-pressure rating
shal | exceed maxi num service pressure of systemin which installed by at

| east 50 percent. Body shall have cast-in arrows to indicate direction of
flow Al strainer bodies fitted with screwed screen retainers shall have
straight threads and gasketed with nonferrous netal. Strainer bodies
2-1/2-inches and larger, fitted with bolted-on screen retainers, shall have
of fset bl owdown holes. Al strainers |arger than2-1/2-inches shall be
fitted with manufacturer's standard ball-type bl omdown val ve. Body
material shall be cast iron confornming to Cass 30 ASTM A278/ A278v. \Where
systemmaterial is nonferrous, metal strainer body material shall be

nonf errous netal .

M ni mum free-hol e area of strainer elenment shall be equal to not |ess than
3.4 tines the internal area of connecting piping. Strainer screens shal
have perforations not to exceed 0.045-inch. Strainer screens shall have
finished ends fitted to nmachi ned screen chanber surfaces to preclude bypass
flow Strainer elenent material shall be AISI Type 304 corrosion-resistant
st ee

2.3 VALVES
2.3.1 Ball and Butterfly Val ves

Bal| val ves shall conformto MSS SP-72 for Figure [1A], 1 piece body [1B],
vertically split body [1C], top entry [1D], three piece body and shall be
rated for service at not less than 175 psig at 200 degrees F. Val ve bodies
in sizes 2 inches and snaller shall be screwed-end connection-type
constructed of Class A copper alloy. Valve bodies in sizes 2-1/2 inches
and | arger shall be flanged-end connection type, constructed of Cass [D]
[E] [F] material. Balls and stens of valves 2 inches and snaller shall be
manufacturer's standard with hard chronme plating finish. Balls and stens
of valves 2-1/2 inches and | arger shall be nanufacturer's standard Class C
corrosion-resistant steel alloy with hard chrone plating. Balls of valves
6 inches and | arger may be Class Dwith 900 Brinell hard chronme plating.

Val ves shall be suitable for flow fromeither direction and shall sea
equally tight in either direction. Valves with ball seals held in place by
spring washers are not acceptable. Al valves shall have adjustable
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packi ng gl ands. Seats and seals shall be tetrafl uoroethyl ene.

Butterfly valves shall conformto M5S SP-67. Valves shall be wafer type
for mounting between specified flanges and shall be rated for 150-psig
shut of f and nonshock working pressure. Bodies shall be cast ferrous neta
conform ng to ASTM A126, Class B, and to ASMVE B16.1 for body wal
thickness. Seats and seals shall be of the resilient elastoner type
designed for field renmoval and repl acenent.

2.3.2 Gate Val ves (GAV)

Gate valves 2 inches and snmaller shall conformto MSS SP-72. Val ves

| ocated in tunnels, equiprment roons, factory-assenbled equi pnent, and where
i ndi cated shall be union-ring bonnet, screwed-end type. Make packing of
non- asbestos type materials. Valves shall be rising stemtype.

Gate valves 2-1/2 inches and |l arger, shall be Type I, (solid wedge disc,
tapered seats, steamrated); Cass 125 (125-psig steamworking pressure at
353 degrees F saturation); and 200-psig, wog (nonshock), conformng to
VMBS SP-70 and to requirements specified herein. Valves shall be flanged,
with bronze trimand outside screw and yoke (OS&Y) construction. Mke
packi ng of non-asbestos type materials.

2.3.3 d obe and Angl e Val ves (GLV- ANV)

G obe and angl e valves 2 inches and snaller, shall be 125-pound, 125-psi
conform ng to M5S SP-85 and to requirenents specified herein. Valves

| ocated in tunnels, equipnment roons, factory-assenbled equi pnent, and where
i ndi cated shall be union-ring bonnet, screwed-end type. Disc shall be free
to swivel on the stemin all valve sizes. Conposition seating-surface disc
construction may be substituted for all netal-disc construction. Mke
packi ng of non-asbestos type materials. D sk and packing shall be suitable
for pipe service installed.

A obe and angl e valves 2-1/2 inches and larger, shall be cast iron with
bronze trim Val ve bodies shall be cast iron conformng to ASTM A126
Class A as specified for Class 1 valves under MSS SP-70. Val ve ends shal
be flanged in conformance with ASVE B16.1. Val ve construction shall be
out si de screw and yoke (OS&Y) type. Make packi ng of non-asbestos type

mat eri al s.

2.3. 4 St andard Check Val ves (SCV)

Standard check valves in sizes 2 inches and smaller shall be 125-psi sw ng
check conformng to MSS SP-71, except as otherw se specified. Provide lift
checks where indicated. Sw ng-check pins shall be nonferrous and suitably
hard for the service. Discs shall be conposition type. Sw ng-check angle
of closure shall be manufacturer's standard unless a specific angle is
needed.

Check valves in sizes 2-1/2 inches and | arger shall be cast iron, bronze
trim swing type. Valve bodies shall be cast iron, conformng to ASTM A126,
Class A Valve ends shall be flanged in conformance with ASVE B16. 1

Swi ng-check pin shall be AISI Type or approved equal corrosion-resistant
steel. Angle of closure shall be manufacturer's standard unless a specific
angl e is needed. Valves shall have bolted and gasketed covers.

Provi de check valves with external spring-loaded , positive-closure devices
and val ve ends shall be flanged.
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2.3.5 Nonsl am Check Val ves (NSV)

Check val ves at punp discharges in sizes 2 inches and | arger shall be
nonsl am or silent-check type conformng to M5SS SP-125. Valve disc or plate
shall close before Iine flow can reverse to elimnate slam and wat er - hamrer
due to check-valve closure. Valve shall be Cass 125 rated for 200-ps

maxi mum nonshock pressure at 150 degrees F in sizes to 12 inches. Valves
shal |l be wafer type to fit between flanges conformng to ASVE B16. 1 .

Val ve body may be cast iron, conformng to ASTM A278/ A278l, C ass 40 or

equi val ent strength ductile iron. Disks shall be manufacturer's standard

bronze, al um num bronze, or corrosion-resistant steel. Pins, springs, and
m scel | aneous trimshall be nmanufacturer's standard corrosion-resistant
steel. Disk and shaft seals shall be Buna-N el astoner tetrafl uoroethylene.

2.4 M SCELLANEQUS MATERI ALS
2.4.1 Bi t um nous Coati ng

Bi tum nous coating shall be a solvent cutback, heavy-bodied material to
produce not less than a 12-m | dry-filmthickness in one coat, and shall be
as recommended by the nmanufacturer to be conpatible with factory-applied
coating and rubber joints.

For previously coal -tar coated and uncoated ferrous surfaces underground,

bi t um nous coating shall be solvent cutback coal-tar type, confornming to
M L- C- 18480.

2.4.2 Bol ti ng
FIl ange and general purpose bolting shall be hex-head and nmust conformto
ASTM A307, Grade B (bolts, for flanged joints in piping systens where one
or both flanges are cast iron). Heavy hex-nuts shall conformto ASTM A563.
Squar e- head bolts and nuts are not acceptable. Threads shall be
coarse-thread series.

2.4.3 El ast omer Caul k

Pol ysul fi de- or pol yurethane-base el astomer caul king material shall be
t wo- conponent type, conformng to ASTM C920.

2.4.4 Fl ashi ng
Sheet lead shall conformto ASTM B749, UNS Al l oy Nunber L51121 (for use
where | ead sheet of high purity and inproved structural strength is

i ndi cated).

Sheet copper shall conformto ASTM B370 and be of not |ess than 16 ounces
per square foot weight.

2.4.5 Fl ange Gaskets
Conpressed non-asbestos sheet, confornming to ASTM F 104, coated on both
sides with graphite or simlar lubricant, with nitrile conposition, binder
rated to 750 degrees F.

2.4.6 G out
Shrink-resistant grout shall be a prem xed and packaged netal lic-aggregate,
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nortar-grouting conpound conform ng to ASTM C404 and ASTM CA76.

Shrink-resistant grout shall be a conbination of premeasured and packaged
epoxy pol yam de or am ne resins and sel ected aggregate nortar grouting
conmpound conformng to the followi ng requirenents:

Tensil e strength 1,900 psi, mnimm

Conpressive strength ASTM CL09/ CL0O9N 14,000 psi, m ninmum

Shrinkage, |inear 0.00012 i nch per inch, nmaximm

Wat er absorption ASTM C67 0.1 percent, maximum

Bond strength to 1,000 psi, mnimm steel in shear
m ni mum

2.4.7 Pi pe Thread Conpounds

2.

Use tetrafl uoroethyl ene tape not less than 2 to 3 mls thick in potable and
process water and in chemical systens for pipe sizes to and including
1-inch ips. Tetrafluoroethyl ene dispersions and other suitable conpounds
shal | be used for all other applications upon approval by the Contracting
O ficer; however, no | ead-containing conmpounds shall be used in potable
wat er systens.

5 SUPPORTI NG ELEMENTS

Provide all necessary piping systens and equi pnent supporting el enents,
including but not Ilimted to: building structure attachnents;

suppl enentary steel; hanger rods, stanchions, and fixtures; vertical pipe
attachnents; horizontal pipe attachnents; anchors; guides; and
spring-cushion, variable, or constant supports. All supporting el enents
shal |l be suitable for stresses inposed by systens pressures and
tenperatures and natural and other external forces nornmal to this facility
wi t hout damage to supporting el enent systemor to work being supported.

Supporting el ements shall conformto requirenments of ASME B31.3, MSS SP-58
and M5S SP-69 except as noted.

Attachnents wel ded to pipe shall be nmade of materials identical to that of
pi pe or materials accepted as pernmi ssible raw naterials by referenced code
or standard specification.

Supporting el ements exposed to weather shall be hot-di p gal vani zed or
stainless steel. Materials shall be of such a nature that their apparent
and | atent-strength characteristics are not reduced due to gal vani zi ng
process. Supporting elenments in contact with copper tubing shall be

el ectropl ated with copper.

Type designations specified herein are based on M5S SP-58 and MSS SP-69.
Masonry anchor group-, type-, and styl e-conbination designations shall be
in accordance with CID A-A-1922, CID A-A-1923, CID A-A-1924, CID A-A-1925
Cl D A-A-55614, and CI D A-A-55615. Support el enents, except for

suppl enentary steel, shall be catal oged, |oad rated, comercially
manuf act ured products.
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2.5.1 Buil ding Structure Attachments
2.5.1.1 Anchor Devices, Concrete and Masonry

Anchor devices shall conformto CID A-A-1922, CID A-A-1923, CID A-A-1924
CID A-A-1925 , CID A-A-55614, and Cl D A- A-55615

Cast-in, floor nounted, equipment anchor devices shall provide adjustable
posi tions.

Masonry anchor devices shall be built-in.

Powder - act uat ed anchoring devi ces shall not be used to support any
mechani cal systenms components.

2.5.1.2 Beam Cl anps

Beam cl anps shall be center-loading M5S SP-58 Type [20] [21] [28] [29] [30]

[When it is not possible to use center-I|oadi ng beam cl anps,
eccentric-1oadi ng beam cl anps, MSS SP-58 Type [19] [20] [25] [27] may be
used for piping sizes 2 inches and less and for piping sizes 2 through 10
i nches provided two counterbal anci ng cl anps are used per point of pipe
support. Were nore than one rod is used per point of pipe support, rod
di aneter shall be determ ned in accordance with referenced standards.]

2.5.1.3 C- Cd anps
Do not use C-clanps.
2.5.1. 4 I nserts, Concrete
Concrete inserts shall be MSS SP-58 Type 18 . Wen applied to piping in
sizes 2 inches ips and |l arger and where otherw se required by inposed
| oads, insert and wire a 1-foot length of 1/2-inch reinforcing rod through
wing slots. Submt proprietary-type continuous inserts for approval.
2.5.2 Hori zontal Pipe Attachments
2.5.2.1 Si ngl e Pi pes
Support piping in sizes to and including 2-inch ips by M5S SP-58 Type 6
solid nalleable iron pipe rings, except that split-band-type rings shall be

used in sizes up to 1-inch ips.

Support piping in sizes through 8-inch ips inclusive by M5SS SP-58 Type [1]
[3] [4] attachnents.

VMBS SP-58 Type 1 and Type 6 assenblies shall be used on vapor-seal ed
i nsul ated piping and shall have an inside dianmeter |arger than pipe being
supported to provi de adequate cl earance during pipe novenent.

Where thermal novenent of a point in a piping system 4 inches and | arger
woul d cause a hanger rod to deflect nore than 4 degrees fromthe vertica
or where a horizontal point nmovenent exceeds 1/2 inch, NMSS SP-58 Type [41]
[44 through 46] [49] pipe rolls shall be used.

Support piping in sizes larger than 8-inch ips with VSS SP-58 Type [41] [44
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through 46] [49] pipe rolls.

VES SP-58 Type 40 shields shall be used on all insulated piping. Area of
the supporting surface shall be such that conpression deformation of

i nsul ated surfaces does not occur. Longitudinal and transverse shield
edges shall be rolled away fromthe insul ation.

Provi de insul ated piping wthout vapor barrier on roll supports with
VMBS SP-58 Type 39 saddl es.

Spring supports shall be as indicated.
2.5.2.2 Paral | el Pipes

Trapeze hangers fabricated fromstructural steel shapes, with U bolts,
shal | be used in congested areas and where nultiple pipe runs occur.
Structural steel shapes shall conformto supplenmentary steel requirenents

2.5.3 Vertical Pipe Attachnents
Vertical pipe attachnments shall be M5S SP-58 Type 8.

Shop drawi ng data shall include conplete fabrication and attachnment details
of any spring supports.

2.5.4 Hanger Rods and Fi xtures

Only circular cross section rod hangers shall be used to connect building
structure attachnments to pipe support devices. Pipe, straps, or bars of

equi val ent strength shall be used for hangers only where approved by the

Contracting O ficer.

Tur nbuckl es, swi ng eyes, and clevises shall be provided as required by
support systemto accommpdate tenperature change, pipe accessibility, and
adj ustnent for |oad and pitch. Rod couplings are not acceptable.

2.5.5 Suppl enentary Stee

VWhere it is necessary to frame structural nenbers between existing menbers
or where structural nenbers are used in lieu of comrercially rated
supports, design and fabricate such supplenentary steel in accordance with
Al SC 325.

PART 3 EXECUTI ON
3.1 Pl PE | NSTALLATI ON

Submit certificates for pipes, valves and specialties show ng conformance
with test requirements as contained in the reference standards contained in
this section. Certificates shall verify Surface Resistance, Shear and
Tensile Strengths, Tenperature Ratings, Bending Tests, Flattening Tests and
Transverse Cui ded Weld Bend Tests.

Test reports for Hydrostatic Tests, Air Tests, Valve-Operating Tests,

Dr ai nage Tests, Pneunmatic Tests, Non-Destructive Electric Tests and System
Operation Tests shall be provided by the Contractor, in conpliance with
ref erenced standards contained within this section.

Fabricate and install piping systens in accordance with ASVE B31. 3,
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MSS SP-69, and AWS VWHB- 2. 9.

Submit Installation Drawings for pipes, valves and specialties. Draw ngs
shal | include the manufacturer's design and construction cal cul ations,
forces required to obtain rated axial, lateral, or angular novenents,
installation criteria, anchor and guide requirenments for equipnent, and
equi prrent room | ayout and design. Drawi ngs shall specifically advise on
procedures to be foll owed and provisions required to protect expansion
joints during specified hydrostatic testing operations.

Connections between steel piping and copper piping shall be electrically
i solated fromeach other with dielectric couplings (or unions) rated for
the service.

Make final connections to equipnent with unions provided every 100 feet of
straight run. Provide unions in the |ine downstream of screwed- and
wel ded- end val ves.

Ream al | pipe ends before joint connections are nade.

Screwed joints shall be made up with specified joint conmpound and not nore
than three threads shall show after joint is nade up

Apply joint conpounds to the nale thread only and exercise care to prevent
conpound fromreaching the unthreaded interior of the pipe.

Provi de screwed unions, welded unions, or bolted flanges wherever required
to permt convenient renoval of equipnent, valves, and piping accessories
fromthe piping systemfor maintenance.

Securely support piping systens with due allowance for thrust forces,
thermal expansi on and contraction, and shall not be subjected to
nmechani cal, chem cal, vibrational or other damage as specified in ASVE B31. 3.

Field wel ded joints shall conformto the requirenents of the AW VWHB- 2.9,
ASME B31. 3, and ASME BPVC SEC | X.

Make piping systens butt weld joints with backing rings. Backing ring
materials shall be conpatible with materials being joined. Joint
configuration shall conformto ASVE B16. 25.

Take all necessary precautions during installation of flexible pipe and
hose including flushing and purging with water, steam and conpressed air
to preclude bellows failure due to pipe line debris |odged in bell ows.
Installation shall conformto manufacturer's instructions.

3.2 VALVES

Provi de val ves in piping mains and all branches and at equi pnent where
i ndi cated and as specifi ed.

Provide valves to pernit isolation of branch piping and each equi pnment item
fromthe bal ance of the system

Ri ser and downconer drains above piping shutoff valves in piping 2-1/2
inches and | arger shall be provided. Tap and fit shutoff valve body with a
1/ 2-inch plugged gl obe val ve.
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Val ves unavoi dably located in furred or other normally inaccessible places
shal | be provided with access panels adequately sized for the |ocation and
| ocated so that concealed itens may be serviced, naintained, or replaced.

3.3 SUPPORTI NG ELEMENTS | NSTALLATI ON

Provi de supporting elenments in accordance with the referenced codes and
st andar ds.

Support piping frombuilding structure. No piping shall be supported from
roof deck or from other pipe.

Pi ping shall run parallel with the lines of the building. Space and
install piping and components so that a threaded pipe fitting may be
renoved between adjacent pipes and so that there shall be no less than 1/2
inch of clear space between the finished surface and ot her work and between
the finished surface of parallel adjacent piping. Hangers on different

adj acent service lines running parallel with each other shall be arranged
to be inline with each other and parallel to the Iines of the building.

Install piping support elenents at intervals specified hereinafter, at
| ocations not nore than 3 feet fromthe ends of each runout, and not over 1
foot fromeach change in direction of piping.

Load rating for all pipe-hanger supports shall be based on insul ated wei ght
of lines filled with water and forces inposed. Deflection per span shal
not exceed sl ope gradient of pipe. Supports shall be in accordance wth
the following mninmumrod size and maxi num al | owabl e hanger spacing for
specified pipe. For concentrated | oads such as val ves, the all owabl e span
nust be reduced proportionately:

Pl PE SI ZE ROD SI ZE STEEL PI PE COPPER PI PE
| NCHES INCHES  FEET FEET
1 and snaller 3/8 8 6
1-1/4 to 1-1/2 3/8 10 8
2 3/8 10 8
2-1/2 to 3-1/2 1/2 12 12
4 to 5 5/ 8 16 14
6 34 16 16
8 to 12 718 20 20
14 to 18 1 20 20
20 and over 1-1/4 20 20

Provide vibration isolation supports where needed. Refer to Section
23 05 48.00 40 VI BRATI ON AND SEI SM C CONTROLS FOR HVAC PI PI NG AND EQUI PMENT
where A/ C equi prment and piping is install ed.

Vertical risers shall be supported independently of connected horizonta
pi pi ng, whenever practicable, with fixed or spring supports at the base and
at intervals to accommpdate systemrange of thermal conditions. R sers
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shall be guided for lateral stability. For risers subject to expansion,
provide only one rigid support at a point approximtely one-third down from
the top. Place clanps under fittings unless otherw se specified. Support
carbon-steel pipe at each floor and at not nore than 15-footintervals for

pi pe 2 inches and smaller and at not nore than 20-footintervals for pipe
2-1/2 inches and | arger.

3.4 PENETRATI ONS

Ef fective sound stopping and adequate operating cl earance shall be provided
to prevent structure contact where piping penetrates walls, floors, or
ceilings into occupi ed spaces adjacent to equi pnment roons; where simlar
penetrations occur between occupi ed spaces; and where penetrations occur
from pi pe chases into occupi ed spaces. COccupied spaces shall include space
above ceilings where no special acoustic treatnent of ceiling is provided.
Penetrations shall be finished to be conpatible with surface being
penetr at ed.

Sound stopping and vapor-barrier sealing of pipe shafts and |arge floor and
wal | openi ngs shall be acconplished by packing to high density with
properly supported fibrous-glass insulation or, where amnbient or surface
tenperatures do not exceed 120 degrees F, by foam ng-in-place with

sel f-extingui shing, 2-pound density pol yurethane foamto a depth not |ess
than 6 inches. Foamshall be finished with a rasp. Vapor barrier shall be
not less than 1/8-inch thick vinyl coating applied to visible and
accessi bl e surfaces. \Were high tenperatures and fire stopping are a

consi deration, only mneral wool shall be used and openi ngs nust al so be
covered with 16-gage sheet netal.

3.5 SLEEVES

Provi de sl eeves where piping passes through roofs, masonry, concrete walls
and floors.

Sl eeves passing through steel decks shall be continuously wel ded to the
deck.

Sl eeves that extend through floors, roofs, load bearing walls, and fire
barriers shall be continuous and fabricated from Schedul e 40 steel pipe,
wi th wel ded anchor lugs. All other sleeves shall be forned by nol ded

i near polyethylene liners or simlar materials that are renovable.

Di amet er of sleeves shall be | arge enough to accommmobdate pipe, insulation,
and jacketing without touching the sleeve and shall provide a nininmumr

3/ 8-inch clearance. Sleeve size nust accommopdat e nmechani cal and thernma
noti on of pipe to preclude transm ssion of vibration to walls and the
generation of noi se.

Space between a pipe, bare or insulated, and the inside of a pipe sleeve or
a construction surface penetration shall be packed solid with a minera
fiber conformng to ASTM C553 Type V (flexible blanket), (to 1,000 degrees
F). Provide this packing wherever the piping passes through firewalls,
equi pmrent roomwalls, floors, and ceilings connected to occupi ed spaces,
and ot her |ocations where sleeves or construction-surface penetrations
occur between occupi ed spaces. Were sleeves or construction surface
penetrations occur between conditioned and unconditioned spaces, the space
between a pipe, bare or insulated, and the inside of a pipe sleeve or
construction surface penetration shall be filled with an el astomer caulk to
a depth of 1/2 inch. Al surfaces to be cal ked shall be oil- and
grease-free.
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Thr ough- Penetration fire stop materials and met hods shall be in accordance
with ASTM E 814 and UL 1479.

Exterior wall sleeves shall be cal ked watertight with | ead and oakum or
nechani cal | y expandabl e chl oroprene inserts with nmastic-seal ed netal
component s.

Sl eeve hei ght above roof surface shall be a mninmumof 12 and a naxi mum of
18 i nches.

3.6 ESCUTCHEONS

Provi de escutcheons at all penetrations of piping into finished areas.
Were finished areas are separated by partitions through which piping
passes, provide escutcheons on both sides of the partition. Were
suspended ceilings are installed, provide plates at the underside only of
such ceilings. For insulated pipes, the plates shall be |large enough to
fit around the insulation. Escutcheons shall be chronme-plated in al
occupi ed spaces and of size sufficient to effectively conceal openings in
buil ding construction. Firmy attach escutcheons with setscrews.

3.7 FLASHI NGS

Provi de flashings at penetrations of building boundari es by nechanica
systens and rel ated work.

3.8 DI SI NFECTI ON

Flush piping with potable water until visible grease, dirt and ot her
contami nants are renoved (visual inspection).

3.9 OPERATI ON AND MAI NTENANCE

Qperation and Mai ntenance Manual s shall be consistent with nmanufacturer's
standard brochures, schematics, printed instructions, general operating
procedures and safety precautions. Test data shall be clear and readily
| egi bl e.

3.10 PAI NTI NG OF NEW EQUI PMENT

New equi pnent painting shall be factory applied or shop applied, and shal
be as specified herein, and provided under each individual section.

3.10.1 Factory Painting Systens

Manuf acturer's standard factory painting systens nay be provided subject to
certification that the factory painting systemapplied will wthstand 125
hours in a salt-spray fog test, except that equipnent |ocated outdoors
shal | withstand 500 hours in a salt-spray fog test. Salt-spray fog test
shal |l be in accordance with ASTM B117, and for that test the acceptance
criteria shall be as follows: imediately after conpletion of the test,
the paint shall show no signs of blistering, winkling, or cracking, and no
| oss of adhesion; and the specinen shall show no signs of rust creepage
beyond 0.125 inch on either side of the scratch mark.

The filmthickness of the factory painting system applied on the equi pnent
shall not be less than the filmthickness used on the test specinen. |If
manuf acturer's standard factory painting systemis being proposed for use
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on surfaces subject to tenperatures above 120 degrees F, design the factory
pai nting systemfor the tenperature service.

3.10.2 Shop Painting Systens for Metal Surfaces

Clean, pretreat, prine and paint netal surfaces; except alum num surfaces
need not be painted. Apply coatings to clean dry surfaces. Cean the
surfaces to renove dust, dirt, rust, oil and grease by w re brushing and
sol vent degreasing prior to application of paint, except metal surfaces
subject to tenperatures in excess of 120 degrees F shall be cleaned to bare
nmet al .

Where nore 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 shall be
al um num or |ight gray.

a. Tenperatures Less Than 120 Degrees F. Immediately after cleaning,
the nmetal surfaces subject to tenperatures less than 120 degrees F
shall receive one coat of pretreatnment prinmer applied to a m ninmum
dry filmthickness of 0.3 mil, one coat of priner applied to a
mnimmdry filmthickness of one ml; and two coats of enanel
applied to a mininumdry filmthickness of one ml| per coat.

b. Tenperatures Between 120 and 400 Degrees F: Metal surfaces
subject to tenperatures betweenl20 and 400 degrees F shall receive
two coats of 400 degrees F heat-resisting enanel applied to a
total mninmumthickness of 2 mls

c. Tenperatures Greater Than 400 Degrees F. Metal surfaces subject
to tenperatures greater than 400 degrees F shall receive two coats
of 600 degrees F heat-resisting paint applied to a total m ninmum
dry filmthickness of 2 mls.

-- End of Section --
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SECTI ON 23 05 48.00 40

VI BRATI ON AND SEI SM C CONTROLS FOR HVAC Pl PI NG AND EQUI PMENT
02/11

PART 1 GENERAL
1.1 REFERENCES

The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

ACOUSTI CAL SOCI ETY OF AMERI CA (ASA)

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

NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB PROCEDURAL STANDARDS (2005) Procedural Standards for TAB
(Testing, Adjusting and Bal anci ng)
Envi ronnment al Systens

1.2 GENERAL REQUI REMENTS

Section 23 00 00 AIR SUPPLY, DI STRIBUTI ON, VENTILATI ON, AND EXHAUST SYSTEMS
applies to work specified in this section to the extent applicable.

Section 23 05 15 COVMON Pl PI NG FOR HVAC applies to work specified in this
section to the extent applicable.

Al'l vibration-control apparatus nust be the product of a single
manuf acturing source, where possible. Human exposure |evels should be
consi dered using ASA S2.71 and NEBB PROCEDURAL STANDARDS

Schedul ed isolation nounting is in inches and is a mnimumstatic
defl ecti on.

Spans referred to in Part 2, "Vibration-Isolation Systens Application,"
nmust nean | ongest bay di nensi on.

Det ermi ne exact nounting sizes and nunber of isolators by the isolator
manuf act urer based on equi prment that will be installed. Check equi prment
revolutions per mnute (rpn) and spring deflections to verify that
resonance cannot occur.

Five working days prior to commrencenent of installation, subnit
installation drawings for vibration isolator systens including equi pnent
and performance requirenents.

I ndicate within outline drawings for vibration isolator systens, overal
physi cal features, dinensions, ratings, service requirenents, and wei ghts
of equi pment.

Wthin ten working days of Contract Award, submt equi pnment and
performance data for vibration isolator systens including equipnent base
design; inertia-block nass relative to support equi pnment weight; spring
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| oads and free, operating, and solid heights of spring; spring dianeters;
nonnetal lic isolator |oading and deflection; disturbing frequency; natura
frequency of nounts; deflection of working nmenber; and antici pated anount
of physical novenent at the reference points.
Ensure data includes the follow ng:
a. Mountings
b. Bases
c. Isolators
d. Fl oor-Munted Piping
e. Vertical Piping
1.3 SUBM TTALS
Covernment approval is required for submttals with a "G designation
submittals not having a "G' designation are for Contractor Quality Contro
approval. Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES
SD- 02 Shop Drawi ngs
Install ati on Draw ngs
Qutline Draw ngs
SD- 03 Product Data
Equi pnent and Performance Dat a
| sol ators
SD- 06 Test Reports
Type of Isol ator
Type of Base
Al | owabl e Defl ection
Measured Defl ection
PART 2 PRODUCTS
2.1 TYPE OF VI BRATI ON- | SOLATI ON PROVI SI ONS

Design for vibration isolation using NEBB PROCEDURAL STANDARDS as
applicable to the follow ng sections.

Subnmit test reports for testing vibration isolation for each type of

i sol ator and each type of base, and neet referenced standards contained
within this section. Include in test reports allowable deflection and
neasured deflection also neeting referenced standards within this section.
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2.

2.

1.1 Mat eri al s

Rubber must be natural rubber. El astomer nust be chloroprene. Shore A
dur onet er neasurenent of both nmaterials and range between 40 and 60.

Inorganic materials such as preconpressed, high-density, fibrous glass
encased in a resilient nmoisture-inpervious nmenbrane may be used in |ieu of
speci fied natural rubber and el astoners. Where this substitution is nade,
ensure specified deflections are nodified by the manufacturing source to
accommodat e physical characteristics of inorganic materials and to provide
equal or better vibration isolation.

Ensure weat her-exposed netal vibration-isolator parts are corrosion
protected. Chl oroprene coat springs.

1.2 Mount i ngs

Provi de the follow ng nmountings:

Type A: Conposite pad, with 0.25-inch thick elastonmer top and bottom

| ayers, nolded to contain a pattern with nonslip characteristics in al
hori zontal directions. Elastonmer |oading nust not exceed 40 pounds per
square inch (psi). Mninmumoverall thickness nmust be 1 inch. Maxinmum
deflections up to 0.25-inch are all owed.

Type B: Doubl e rubber-in-shear with nolded-in steel reinforcement in
top and bottom  Maxi mum defl ections up to 0.50 inch are all owed.

Type C.  Free-standing laterally stable open-spring type for

defl ections over 0.50 inch, with built-in bearing and | eveling

provi sions, 0.25-inch thick Type A base el astoner pads, and
accessories. Qutside dianeter of each spring nust be equal to or
greater than 0.9 tinmes the operating height of the spring under rated
| oad.

Type D. Partially housed type, containing one or nore vertically
restrained springs with at |east 0.50 inch clearance maintained around
springs, with adjustable Iimt stops, 0.25-inch thick Type A base

el ast omer pads, and accessories.

Type E: Pendul um suspensi on configuration with free-standing stable
spring with resilient horizontal and vertical restraints to allow

maxi mum novenments of 0.25 inch in each direction, 0.25-inch thick Type
A base el astoner pads.

Type F: Conbination spring and rubber-in-shear steel framed for
hanger-rod nmounting. Mninumtotal static deflection nust be 1 inch

Type G Air spring with body constructed of reinforced el astomner
specifically suitable for application environnent. Select air spring
to provide a natural frequency equal to 5 inches of deflection of
conventional specified steel springs. Provide facilities for
dead- | evel adjustnent and hei ght-control of supported equi pnent.

1.3 Bases

Provi de the foll ow ng bases:

Type U Unit isolators without rails, structural-steel bases, or
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2.

2.

inertia bl ocks.

Type R Rails, connected mll-rolled structural steel, of sufficient
di rension to preclude deflection at m dpoint of unsupported span in
excess of 1/1,440th of the span between isolators, power transnission,
conponent m salignment, and any overhung wei ght. Were Type R bases
are specified and the equi pment proposed requires additional base
support, use a Type S base.

Type S: Structural -steel bases commbn to a supported assenbly, nade
fromwel ded-joint mll-rolled structural steel with cl osed-perineter
configuration, isolators attached to outrigger supports.

Hei ght of steel menbers nmust be sufficient to provide stiffness
required to maintain equi pnent manufacturer's recommended al i gnment and
duty efficiency of power-transm ssion conponents. Height of stee
nmenber nust not result in nenber deflection at nmidpoint of unsupported
span of nmore than 1/1,440th of the span between isolators. M ninum

hei ght nust be 5 inches.

Configuration of inertia bases must be rectangul ar to accommodat e
equi pnent supported.

M ni mum t hi ckness of inertia base, in addition to providing suitable
mass, nust be sufficient to provide stiffness to maintain equi pnent
manuf acturer's recommended al i gnment and duty efficiency of

power -transm ssion conponents. M ninumthickness nmust be sufficient to
result in base deflection at m dpoint of unsupported span of not nore
than 1/1,440th of the span between isolators. M ninmmthickness, the
precedi ng requi rements not w thstandi ng, nust be 8 percent of the

| ongest base di nensi on.

Punps with flexible couplings nmust not have inertia bases |ess than 8 inches

t hi ck.
M ni mum nmass of concrete inertia block nust be equal in weight to supported
equi prent .

2 VI BRATI ON- | SOLATI ON SYSTEMS APPLI CATI ON

Vi bration isolation design per NEBB PROCEDURAL STANDARDS .

2.

1

Centrifugal Water Chiller Package Locations

ON GRADE ON GRADE ON GRADE
BASEMENT 20- FOOT 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS*  PROVI SI ONS* PROVI SI ONS* - PROVI SI ONS*

Hernetic A-U-0. 25 B-U-0. 50 D-S-1.75 D-S-2.5
Qoen Type B-U-0. 38 D-U1.0 D-adB-1.75 DCdB-2.5

*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON I N | NCHES
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2.2.2 Reci procating Water Chiller Package Locations
ON GRADE ON GRADE ON GRADE
BASEVENT 20- FOOor 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS* PROVI SI ONS* PROVI SI ONS* - PROVI SI ONS*
500 to
750 rpm DU 1.0 DU 1.5 DS 2.5 D-CIB-2.75
750 rpm
and over DU1.0 DU1.0 DR 2.0 D-CIB-2.5
*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.2.3 Absorption Water Chiller Package Locations
ON GRADE ON GRADE ON GRADE
BASEMENT 20- FOOoT 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS* PROVI SI ONS*  PROVI SI ONS*  PROVI SI ONS*
St andard A-U-0. 25 DU1.0 DU1.5 D U275
*TYPE OF MOUNTI NG, BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.2. 4 Centrifugal Punp Locations
ON GRADE ON GRADE ON GRADE
BASENVENT 20- FOor 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS* PROVI SI ONS*  PROVI SI ONS* PROVI SI ONS*
Cl ose-
coupl e
t hr ough
5 hp None -R-0.35 CSs1.0 CSs1.0
Bedpl at e-
nount ed
t hr ough
5 hp None CCdB1.0 CddB1.5 CCB-1.75
7-1/2 hp None CdB 1.0 CdB1.75 CddB-2.5
*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON I N | NCHES
2.2.5 Low Pressure Suspended Air-Handling Unit (AHU) Locations
Vi bration-isolation provisions apply to ceiling-suspended Air Mving and

Condi tioni ng Associ ati on C ass A packaged central -station units.

20- FOOT 30- FOOT 40- FOOT

ROCF- SPAN ROCF- SPAN ROCF- SPAN
TYPE EQUI PMENT  PROVI SI ONS* PROVI SI ONS* PROVI SI ONS*
Through 5 hp F-U-1.0 F-U-1.0 F-U-1.0

7-1/2 hp and over
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20- FOOT 30- FOOT 40- FOOT

ROOF- SPAN ROOF- SPAN ROOF- SPAN
TYPE EQUI PMENT  PROVI SI ONS* PROVI SI ONS* PROVI SI ONS*
250 to 500 rpm F-U-1.75 F-U-1.75 F-U-1.75
500 rpm and over F-U1.0 F-U1.25 F-U1.55

*TYPE OF MOUNTI NG, BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.6 Low Pressure AHU Locati ons

Vi bration-isolation provisions apply to floor-munted Air Myving and
Condi tioni ng Associ ati on C ass A packaged central -station units.

ON GRADE ON GRADE ON GRADE
BASEVENT 20- FOOT 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS* PROVI SI ONS*  PROVI SI ONS* - PROVI SI ONS*

Thr ough
5 hp B- U-0.35 CU1.0 CU1.0 CU1.0

7-1/2 hp

and over

250 to

500 rpm B-U-0. 35 CU1.75 CU1.75 CU1.75

500 rpm B- U- 0. 35 CU1.0 CU1.5

*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.7 Ai r-Mvi ng Device Locations
Vi bration-isolation provisions apply to housed free-standing fans of any
pressure rating, located in field-erected factory- fabricated
central -station units .

ON GRADE ON GRADE ON GRADE
BASEVENT 20- FOOor 30- FOOT 40- FOOT

TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS* PROVI SI ONS* PROVI SI ONS* - PROVI SI ONS*

Thr ough

20 hp

200 to

300 rpm B-U-0.35 CSs25 CSs25 C S 3.5

300 to
500 rpm B-U-0. 35 CS1.75 CS1.75 CS-2.5

500 rpm
and over B- U- 0. 35 CS-1.0 CS- 1.5 CS-1.75

Over 20 hp
250 to
300 rpm B- U-0. 35 CS2.75 C-CB3.5 GCddB-5.0

300 to
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ON GRADE ON GRADE ON GRADE
BASENMENT 20- FOOT 30- FOOT 40- FOOT
TYPE BELOW GRADE FLOOR- SPAN FLOOR- SPAN FLOOR- SPAN
EQUI PMENT PROVI SI ONS*  PROVI SI ONS*  PROVI SI ONS* - PROVI SI ONS*

500 rpm B-U-0. 35 C-S-1.75 CCB-2.5 C-CB-3.5
500 rpm
and over B- U-0. 35 CS-1.0 CCB-1.75 CCB-2.5

*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.2.8 Cross- Fl ow Cool i ng Tower Locations
20- FOOT 30- FOOT 40- FOOT

ROOF- SPAN ROOF- SPAN ROOF- SPAN
TYPE EQUI PMENT  PROVI SI ONS* PROVI SI ONS* PROVI SI ONS*

Package under
t ower base
to 500 rpm B- U-0. 35 DU2.0 DU2.5

500 rpm and over B-U- 0. 35 DU1.0 DU1.75

Field erected

under tower

base; all rpm

Under mechani cal -

equi pnent

supporting

frame to 500 rpm

500 rpm and over

*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.2.9 Bl ow Thr ough Cool i ng Tower Locati ons

20- FOOor 30- FOOT 40- FOOT

ROCF- SPAN ROCF- SPAN ROCF- SPAN
TYPE EQUI PMENT  PROVI SI ONS* PROVI SI ONS* PROVI SI ONS*

Under tower base
to 500 rpm B- U-0. 35 CS-2.5 C-S-3.5

500 rpm and over B-U-0. 35 CS 1.0 CS-1.75
*TYPE OF MOUNTI NG BASE, AND M NI MUM DEFLECTI ON | N | NCHES
2.3 Pl PE AND DUCT VI BRATI ON | SOLATI ON

Type G Provide isolators with in-series contained steel springs and
prefornmed fibrous-glass or chloroprene-el astoner el enents for
connecting to building-structure attachments. Load devices by
supported system during operating conditions to produce a m ni mum
spring and el astoner static deflection of 1 inch and 3/8 inch,
respectively.

SECTI ON 23 05 48.00 40 Page 7
Rev. 1



Revitalize M ssion Control EDML715

Type H: Provide isolators with contained chl oroprene-el ast ormer

el ements for connecting to building-structure attachnments. Load
devi ces by supported system during operating conditions to produce a
m ni mum el astomer static deflection of 3/8 inch.

Type J: Provide isolators with el astonmers nounted on fl oor-supported
colums or directly on the floor. Load devices by supported system
during operating conditions to produce a m ni mum el astomer static
defl ection of 3/8 inch.

2.3.1 Fl oor - Mount ed Pi pi ng

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

2.3.2 Vertical Piping

Type L: Provide isolators which are pipe base-support devices with one
or nore contai ned steel springs. Load devices by supported system
during operating conditions to produce a mininmumstatic deflection of 1
inch. Equip devices with preconpression and vertical-limt features,
as well as a mininumr 1/4-inch thick elastonmer sound pad and isol ation
washers, for nounting to floor

Type M Isolators nust be el astomer nounted baseplate and ri ser

pi pe-gui de devices. Elastoner el enents nust be contai ned double
acting, and el astonmers under rated | oad nust have a mininumstatic
defl ection of 3/8 inch. Size isolator to accommodate thernal
insulation within the stationary guide ring.

PART 3  EXECUTI ON
3.1 | NSTALLATI ON
Install equipnent in accordance with nmanufacturer's recomendati ons.

Rails, structural steel bases, and concrete inertia blocks nust be raised
not less than 1 inch above the floor and be | evel when equi pnment supported
i s under operating | oad.

Ensure vibration-isolation installation and deflection testing after
equi prent start-up is directed by a conpetent representative of the
manuf act urer.

3.2 TESTS AND REPORTS

Ensure vibration-isolation devices are deflection tested. Subnmit test
reports in accordance with paragraph entitled, "Submttal Procedures,"”
substantiating that all equipnent has been isol ated as specified and that
m ni mum speci fi ed defl ecti ons have been net. Make all neasurenents in the
presence of the Contracting Oficer.

-- End of Section --
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SECTION 23 05 93

TESTI NG, ADJUSTI NG AND BALANCI NG FOR HVAC
08/09

PART 1 GENERAL
1.1 REFERENCES
The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.
ACOUSTI CAL SOCI ETY OF AMERI CA (ASA)
ASA S1.11 (2004; Errata 2005; R 2009) Specification
for Cctave- Band and

Fractional - Cct ave- Band Anal og and Digita
Filters (ASA 65)

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

Al R MOVEMENT AND CONTROL ASSQOCI ATI ON | NTERNATI ONAL ( AMCA)

AMCA 203 (1990) Field Perfornmance Measurenents of
Fan Systens

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

ASHRAE 62. 1 (2010; Errata 2011) Ventilation for
Acceptabl e I ndoor Air Quality

ASHRAE HVAC APP | P HDBK (2011) HVAC Appl i cations Handbook, |-P
Edition

ASSOCI ATED Al R BALANCE COUNCI L ( AABC)

AABC MN-1 (2002; 6th ed) National Standards for
Total System Bal ance

AABC MN-4 (1996) Test and Bal ance Procedures
NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON ( NASA)

RCBEA GUI DE (2004) NASA Reliability Centered Buil ding
and Equi pnent Acceptance Guide

NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB NMASV (2006) Procedural Standards for
Measurenments and Assessnent of Sound and
Vi bration

NEBB PROCEDURAL STANDARDS (2005) Procedural Standards for TAB

(Testing, Adjusting and Bal anci ng)
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Envi ronnment al Syst ens

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSCOCI ATl ON

( SMACNA)
SIVACNA 1143 (1985) HVAC Air Duct Leakage Test Manual
1st Edition
SIVACNA 1780 (2002) HVAC Systens - Testing, Adjusting
and Bal ancing, 3rd Edition
SIVACNA 1858 (2004) HVAC Sound And Vi bration Manual -

First Edition

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

40 CFR 82 Protection of Stratospheric Ozone
1.2 DEFI NI TI ONS

a. AABC. Associated Air Bal ance Council

b. COIR Contracting Oficer's Technical Representative.

c. DALT: Duct air |eakage test

d. DALT' d: Duct air |eakage tested

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

f. NEBB: National Environnental Bal ancing Bureau

g. Qut-of-tolerance data: Pertains only to field acceptance testing of
Final DALT or TAB report. Wen applied to DALT work, this phase neans
"a | eakage rate nmeasured during DALT field acceptance testing which
exceeds the | eakage rate allowed by SMACNA Leak Test Manual for an
i ndi cated duct construction and seal ant class.” When applied to TAB
work this phase neans "a measurenent taken during TAB field acceptance
testing which does not fall within the range of plus 5 to mnus 5
percent of the original nmeasurenent reported on the TAB Report for a
specific paraneter."

h. Season of maxi num heating load: The tinme of year when the outdoor
tenmperature at the project site remains within plus or mnus 30 degrees
Fahrenheit of the project site's winter outdoor design tenperature,

t hr oughout the period of TAB data recording.

i. Season of maximum cooling |load: The time of year when the outdoor
tenmperature at the project site remains within plus or mnus 5 degrees
Fahrenheit of the project site's sumer outdoor design tenperature,

t hroughout the period of TAB data recording.

j. Season 1, Season 2: Depending upon when the project HVAC is conpleted
and ready for TAB, Season 1 is defined, thereby defining Season 2.
Season 1 coul d be the season of maxi num heating | oad, or the season of
maxi mum cool i ng | oad.

k. Sound neasurenents terninology: Defined in AABC M\-1, NEBB NASY, or
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SMACNA 1858 ( TABB).
. TAB: Testing, adjusting, and bal ancing (of HVAC systens).
m TAB d: HVAC Testing/ Adj usti ng/ Bal anci ng procedures perforned.
n. TAB Agency: TAB Firm
0. TAB teamfield |eader: TAB teamfield |eader
p. TAB team supervisor: TAB team engi neer
g. TAB teamtechnicians: TAB team assistants.

r. TABB: Testing Adjusting and Bal anci ng Bureau.

. 2.1 Simlar Terns

In sone instances, term nology differs between the Contract and the TAB
Standard primarily because the intent of this Section is to use the

i ndustry standards specified, along with additional requirenents |isted
herein to produce optinmal results.

The following table of simlar ternms is provided for clarification only.
Contract requirements take precedent over the correspondi ng AABC, NEBB, or
TABB requi rements where differences exist.

SI M LAR TERMS

Contract Term AABC NEBB TABB
Term Term Term
TAB St andard Nat i onal St andards Procedural Standards I nternationa
for for St andards for
Testing and Bal ancing Testing, Adjusting Envi ronnent a
Heating, Ventilating, and Balancing of Systens Bal ance
and Air Conditioning Envi ronnental Systens
Syst ens
TAB Speci al i st TAB Engi neer TAB Super vi sor TAB Super vi sor
Syst ens Construction Phase Fi el d Readi ness Field
Readi ness I nspection Check & Prelimnary Readi ness
Check Fi el d Procedures. Check &
Prelim
Field

1

Pr ocedur es
3 WORK DESCRI PTI ON

The work includes duct air |eakage testing (DALT) and testing, adjusting,

and bal ancing (TAB) of new and existing heating, ventilating, and cooling
(HVAC) air and water distribution systens including equi pnent and
performance data, ducts, and piping which are |located within, on, under,

bet ween, and adjacent to buildings, including records of existing conditions.

Perform TAB i n accordance with the requirenents of the TAB procedura
standard recommended by the TAB trade association that approved the TAB
Firms qualifications. Conply with requirenments of AABC W\-1
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NEBB PROCEDURAL STANDARDS, or SMACNA 1780 (TABB) as suppl enented and

modi fied by this specification section. Al recommendati ons and suggested
practices contained in the TAB procedural standards are considered

mandat ory.

Conduct DALT and TAB of the indicated existing systens and equi prent and
submit the specified DALT and TAB reports for approval. Conduct DALT
testing in conpliance with the requirenents specified in SVACNA 1143,
except as suppl enented and nodified by this section. Conduct DALT and TAB
work in accordance with the requirenments of this section.

1.3.1 Air Distribution Systens

Test, adjust, and bal ance systens (TAB) in conpliance with this section.
otain Contracting Officer's witten approval before applying insulation to
exterior of air distribution systens as specified under Section 23 07 00
THERMAL | NSULATI ON FOR MECHANI CAL SYSTENS.

1.3.2 Water Distribution Systens

TAB systens in conpliance with this section. Obtain Contracting Oficer's
witten approval before applying insulation to water distribution systens
as specified under Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL
SYSTEMS. At Contractor's option and with Contracting Officer's witten
approval , the piping systens may be insul ated before systens are TAB d.

Termi nate piping insulation i mediately adjacent to each flow control
val ve, autonmatic control valve, or device. Seal the ends of pipe
insulation and the space between ends of pipe insulation and piping, with
wat er pr oof vapor barrier coating.
After conpletion of work under this section, insulate the flow contro
val ves and devi ces as specified under Section 23 07 00 THERVAL | NSULATI ON
FOR MECHANI CAL SYSTEMS.
1.3.3 TAB SCHENATI C DRAW NGS
Show the followi ng information on TAB Schemati c Draw ngs
1. A unique nunber or nmark for each piece of equipnment or term nal
2. Air quantities at air termnals.

3. Air quantities and tenperatures in air handling unit schedul es.

4. Water quantities and tenperatures in thernal energy transfer equi pnent
schedul es.

5. Water quantities and heads in punp schedul es.
6. Water flow neasurenent fittings and bal ancing fittings.

7. Ductwork Construction and Leakage Testing Table that defines the DALT
test requirenments, including each applicable HVAC duct systemID or
mar k, duct pressure class, duct seal class, and duct |eakage test
pressure. This table is included in the file for Graphics for Unified
Facilities CGuide Specifications:
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htt p: / / www. wbdg. or g/ ccb/ NAVGRAPH gr apht oc. pdf

The Testing, Adjusting, and Bal ancing (TAB) Specialist nmust reviewthe
Contract Plans and Specifications and advise the Contracting O ficer of any
deficiencies that would prevent the effective and accurate TAB of the
system including records of existing conditions, and systens readi ness
check. The TAB Specialist nust provide a Design Review Report individually
listing each deficiency and the correspondi ng proposed corrective action
necessary for proper system operation.
Submit three copies of the TAB Schematic Drawi ngs and Report Forns to the
Contracting Oficer, no later than 21 days prior to the start of TAB field
measur enent s.

1.3.4 Rel at ed Requirenents

Section 23 00 00 AIR SUPPLY, DI STRIBUTI ON, VENTILATI ON, AND EXHAUST SYSTEMS
applies to work specified in this section.

Specific requirenents relating to Reliability Centered M ntenance (RCM
principals and Predictive Testing and Inspection (PTl), by the construction
contractor to detect |latent manufacturing and installation defects nust be
followed as part of the Contractor's Quality Control program Refer to the
paragraph titled "Sustainability" for detailed requirenents.
1.4 SUBM TTALS
Covernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval. Subnmit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
SD-01 Preconstruction Submttals
Records of Existing Conditions; G
TAB Firm G
Desi gnati on of TAB team assistants; G
Desi gnati on of TAB team engi neer; Cor TAB Specialist; G
Desi gnation of TAB teamfield | eader; G
SD- 02 Shop Drawi ngs
TAB Schematic Drawi ngs and Report Forns; G
SD- 03 Product Data
Equi prrent and Performance Data; G

TAB Rel ated HVAC Submttals; G

A list of the TAB Rel ated HVAC Submittals, no |later than 7 days
after the approval of the TAB team engi neer

TAB Procedures; G
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Proposed procedures for TAB, subnmitted with the TAB Schematic
Drawi ngs and Report Forns.

Calibration; G
Systens Readi ness Check; G
TAB Execution; G
TAB Verification; G
SD- 06 Test Reports
DALT and TAB Work Execution Schedule; G
DALT and TAB Procedures Summary; G
Design review report; G
Pre-Final DALT report; G
Fi nal DALT report; G
TAB report for Season 1; G

TAB report for Season 2; G

TAB Firm G
I ndependent TAB Agency and Personnel Qualifications; G
DALT and TAB Submittal and Wrk Schedule; G
Design review report; G
Pre-field DALT prelimnary notification; G
Pre-field TAB engi neering report; G
Advanced notice for Season 1 TAB field work; G
Prerequi site HVAC Wrk Check Qut List For Season 1; G
Advanced notice for Season 2 TAB field work; G
Prerequi site HVAC Work Check Qut List For Season 2; G
1.5 QUALI TY ASSURANCE
1.5.1 | ndependent TAB Agency and Personnel Qualifications
To secure approval for the proposed agency, subnmit information certifying
that the TAB agency is a first tier subcontractor who is not affiliated
with any ot her company participating in work on this contract, including

desi gn, furnishing equipnment, or construction. Further, subnmit the
follow ng, for the agency, to Contracting O ficer for approval:
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a. Independent AABC or NEBB or TABB TAB agency:

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

TAB t eam supervi sor: Nane and copy of AABC or NEBB or TABB TAB
supervi sor certificate and expiration date of current
certification.

TAB team field | eader: Nanme and docunented evidence that the team
field | eader has satisfactorily perfornmed full-tinme supervision of
TAB work in the field for not Iess than 3 years i mediately
preceding this contract's bid opening date.

TAB team field technicians: Names and docunented evi dence that each
field technician has satisfactorily assisted a TAB teamfield
| eader in performance of TAB work in the field for not |ess than
one year imediately preceding this contract's bid opening date.

Current certificates: Registrations and certifications are current,
and valid for the duration of this contract. Renew Certifications
whi ch expire prior to conpletion of the TAB work, in a tinely
manner so that there is no lapse in registration or
certification. TAB agency or TAB team personnel w thout a current
registration or current certification are not to perform TAB work
on this contract.

b. TAB Team Menbers: TAB team approved to acconplish work on this
contract are full-time enployees of the TAB agency. No other personne
is allowed to do TAB work on this contract.

c. Replacenent of TAB team nenbers: Replacenent of nenbers may occur if
each new nenber conplies with the applicable personnel qualifications
and each is approved by the Contracting O ficer.

1.5.2 TAB St andard

Perform TAB i n accordance with the requirenents of the standard under which
the TAB Firm s qualifications are approved, i.e., AABC M\-1

NEBB PROCEDURAL STANDARDS, or SMACNA 1780 unl ess ot herwi se specified
herein. Al recomendati ons and suggested practices contained in the TAB
Standard are consi dered mandatory. Use the provisions of the TAB Standard
i ncludi ng 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 instrunments. Were the instrunment manufacturer
calibration recormendati ons are nore stringent than those listed in the TAB
St andard, adhere to the manufacturer's recomendati ons.

Al'l quality assurance provisions of the TAB Standard such as perfornance
guarantees are part of this contract. For systens or system conponents not
covered in the TAB Standard, TAB procedures must be devel oped by the TAB
Speci alist. Were new procedures, requirements, etc., applicable to the
Contract requirements have been published or adopted by the body
responsi ble for the TAB Standard used (AABC, NEBB, or TABB), the

requi renents and reconmendati ons contained in these procedures and

requi renents are considered mandatory, including the |atest requirenments of
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ASHRAE 62. 1.
1.5.3 Sustainability

Contractor nust submit the following as part of the Quality Control Plan
for acceptance testing:

a. VList all test equipnent to be used, including its nmanufacturer, node
nunber, calibration date, and serial nunber.

b. Certificates of test personnel qualifications and certifications.
Provide certification of conpliance with 40 CFR 82.

c. Proof of equivalency if the contractor desires to substitute a test
requi renent.

Performthe followi ng PTI as an integral part of the TAB process per the
nost recent edition of the NASA RCBEA GUI DE

Conpr essors:

Vi bration Anal ysis

Bal ance Test and Measurenent
Alignment (laser preferred)
Lubricating O Test

Ther modynani ¢ Per f ormance Test

Pooow

Fans:

Vi bration Anal ysis

Bal ance Test and Measurenent
Alignment (laser preferred)
Lubricating O Test

Ther nodynamni ¢ Perf or mance Test

Paocop

Heat Exchangers (Condenser Water Cool ed):
a. Hydrostatic Test
b. Thernodynamni c Performance Test

Heat Exchange Cooling Tower:

Vi bration Anal ysis

Bal ance Test and Measurenent
Alignnent (laser preferred)
Lubricating QI Test

Per f or mance Test

Paoop

HVAC Duct s:
a. Operational Test
b. Ductwork Leak Testing (DALT); Pre-Final DALT report, Fina
DALT report

Pi pi ng Systens:
a. Vibration Analysis
b. Infrared Thernography

Val ves:
a. Hydrostatic Test
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1

1

b. Airborne Utrasonic Test (optional)
c. Thernodynam c Performance Test (optional)

5.4 Qualifications

5.4.1 TAB Firm

The TAB Firm nust be either a nenber of AABC or certified by the NEBB or
the TABB and certified in all categories and functions where neasurenents
or performance are specified on the plans and specifications, including
bui | di ng systens comi ssioning and the nmeasuring of sound and vibration in
envi ronnmental systens.

Certification nust be maintained for the entire duration of duties

specified herein. |[If, for any reason, the firmloses subject certification
during this period, the Contractor nust immediately notify the Contracting
O ficer and subnmt another TAB Firm for approval. Any firmthat has been

the subject of disciplinary action by either the AABC, the NEBB, or the
TABB within the five years preceding Contract Award is not be eligible to
performany duties related to the HVAC systens, including TAB. Al work
specified in this Section and in other related Sections to be perforned by
the TAB Firmwi |l be considered invalid if the TAB Firmloses its
certification prior to Contract conpletion and nust be perforned by an
approved successor.

These TAB services are to assist the prine Contractor in performng the
quality oversight for which it is responsible. The TAB Firm nust be a
prime subcontractor of the Contractor and be financially and corporately

i ndependent of the nmechanical subcontractor, reporting directly to and paid
by the Contractor.

.5.4.2 TAB Speci al i st

The TAB Speci ali st nust be either a nmenber of AABC, an experienced
technician of the Firmcertified by the NEBB, or a Supervisor certified by
the TABB. The certification nust be maintained for the entire duration of
duties specified herein. [|f, for any reason, the Specialist |oses subject
certification during this period, inmediately notify the Contracting

O ficer and subnmit another TAB Specialist for approval. Any individua
that has been the subject of disciplinary action by either the AABC, the
NEBB, or the TABB within the five years preceding Contract Award is not
eligible to performany duties related to the HVAC systens, including TAB.
Al'l work specified in this Section and in other related Sections perforned
by the TAB Specialist will be considered invalid if the TAB Speci al i st
loses its certification prior to Contract conpletion and nust be perforned
by the approved successor.

.5.4.3 TAB Speci al i st Responsibilities

TAB Specialist responsibilities include all TAB work specified herein and
in related sections under his direct guidance. The TAB specialist is
required to be onsite on a daily basis to direct TAB efforts. The TAB
Speci al i st nmust participate in the conm ssioning process.

.5.4. 4 TAB Rel ated HVAC Subm ttals

The TAB Specialist nust prepare a list of the submittals fromthe Contract
Submittal Register that relate to the successful acconplishnent of all HVAC
TAB. Acconpany the submttals identified on this list with a letter of
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approval signed and dated by the TAB Specialist when subnmitted to the
Covernment. Ensure that the |location and details of ports, termnals,
connections, etc., necessary to perform TAB are identified on the
subnmittals.

1.5.5 Responsibilities

The Contractor is responsible for ensuring conpliance with the requirements
of this section. The follow ng delineation of specific work
responsibilities is specified to facilitate TAB execution of the various
work efforts by personnel from separate organizations. This breakdown of
specific duties is specified to facilitate adherence to the schedule |isted
in paragraph entitled "TAB Submttal and Wrk Schedul e.”

1.5.5.1 Cont ract or

a. TAB personnel: Ensure that the DALT work and the TAB work is
acconpl i shed by a group neeting the requirenents specified in paragraph
entitled "TAB Personnel Qualification Requirenments."

b. Pre-DALT/ TAB neeting: Attend the nmeeting with the TAB Supervisor, and
ensure that a representative is present for the sheetnetal contractor
nechani cal contractor, electrical contractor, and automatic tenperature
control s contractor

c. HVAC documentation: Furnish one conplete set of the follow ng
HVAC-r el at ed docunentation to the TAB agency:

(1) Contract drawi ngs and specifications
(2) Approved subnmittal data for equipnent
(3) Construction work schedul e

(4) Up-to-date revisions and change orders for the previously listed
itens

d. Submttal and work schedul es: Ensure that the schedule for submttals
and work required by this section and specified in paragraph entitled
"TAB Submittal and Work Schedule,” is net.

e. Coordination of supporting personnel

Provi de the technical personnel, such as factory representatives or
HVAC controls installer required by the TAB field teamto support the
DALT and the TAB field neasurenent worKk.

Provi de equi pnent nechani cs to operate HVAC equi pnent and ductwork
nechani cs to provide the field designated test ports to enable TAB
field teamto acconplish the DALT and the TAB field measurenment work.
Ensure these support personnel are present at the tines required by the
TAB team and cause no delay in the DALT and the TAB field worKk.

Conversely, ensure that the HVAC controls installer has required
support fromthe TAB teamfield | eader to conplete the controls check
out .

f. Deficiencies: Ensure that the TAB Agency supervi sor submts al
Desi gn/ Construction deficiency notifications directly to the
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Contracting officer within 3 days after the deficiency is encountered.
Further, ensure that all such notification submttals are conplete
wi t h expl anation, including docunentation, detailing deficiencies.

g. Prerequisite HVAC work: Conplete check out and debuggi ng of HVAC
equi pnment, ducts, and controls prior to the TAB engi neer arriving at
the project site to begin the TAB work. Debuggi ng includes searching
for and elimnating malfunctioning elenments in the HVAC system
installations, and verifying all adjustable devices are functioning as
designed. |Include as prerequisite work itens, the deficiencies pointed
out by the TAB team supervisor in the design review report.

h. Prior tothe TAB field teams arrival, ensure conpletion of the
applicabl e inspections and work itens listed in the TAB t eam
supervisor's pre-field engineering report. Do not allow the TAB team
to commence TAB field work until all of the follow ng are conpl et ed.

(1) HVAC systeminstallations are fully conplete.

(2) HVAC prerequisite checkout work lists specified in the paragraph
"Pre-Field TAB Engi neering Report" are conpleted, submtted, and
approved. Ensure that the TAB Agency gets a copy of the approved
prerequi site HVAC work checkl i st.

(3) DALT field checks for all systens are conpl et ed.

(4) HVAC systemfilters are clean for both Season 1 and Season 2 TAB
field work.

i. Advance notice: Furnish to the Contracting O ficer with advance
witten notice for the comencenent of the DALT field work and for the
commencenent of the TAB field work.

j. Insulation work: For required DALT work , ensure that insulation is
not installed on ducts to be DALT' d until DALT work on the subject
ducts is conplete. Later, ensure that openings in duct and nmachinery
i nsul ation coverings for TAB test ports are marked, closed and seal ed.

.5.5.2 TAB Agency

Provide the services of a TAB team which conplies with the requirenments of
par agraph entitled "I ndependent TAB Agency Personnel Qualifications". The
work to be performed by the TAB agency is limted to testing, adjusting,
and bal anci ng of HVAC air and water systens to satisfy the requirenments of
this specification section.

.5.5.3 TAB Team Super vi sor

a. Overall nanagenent: Supervise and nmanage the overall TAB team work
effort, including prelimnary and technical DALT and TAB procedures and
TAB team field work.

b. Pre-DALT/ TAB neeting: Attend neeting with Contractor

c. Design reviewreport: Review project specifications and acconpanyi ng
drawi ngs to verify that the air systens and water systens are desi gnhed
in such a way that the TAB engi neer can acconplish the work in
conpliance with the requirenents of this section. Verify the presence
and | ocation of permanently installed test ports and ot her devices
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needed, including gauge cocks, thermonmeter wells, flow control devices,
circuit setters, balancing valves, and manual vol ume danpers.

d. Support required: Specify the technical support personnel required
fromthe Contractor other than the TAB agency; such as factory
representatives for tenperature controls or for conplex equipnent.
Informthe Contractor in witing of the support personnel needed and
when they are needed. Furnish the notice as soon as the need is
anticipated, either with the design review report, or the pre-field
engi neering report, the during the DALT or TAB field work.

e. Pre-field DALT prelimnary notification: Mnitor the conpletion of the
duct installation of each system and provi de the necessary witten
notification to the Contracting Oficer

f. Pre-field engineering report: Utilizing the follow ng HVAC-rel at ed
docunent ati on; contract drawi ngs and specifications, approved subnitta
data for equipnent, up-to-date revisions and change orders; prepare
this report.

g. Prerequisite HVAC work checklist: Ensure the Contractor gets a copy of
this checklist at the sane tinme as the pre-field engineering report is
submitted.

h. Techni cal assistance for DALT worKk.

(1) Technical assistance: Provide imediate technical assistance to
TAB field team

(2) DALT field visit: Near the end of the DALT field work effort,
visit the contract site to inspect the HVAC installation and the
progress of the DALT field work. Conduct a site visit to the
extent necessary to verify correct procedures are being
i npl enented and to confirmthe accuracy of the Pre-final DALT
Report data whi ch has been reported. Al so, performsufficient
evaluation to allow the TAB supervisor to issue certification of
the final report. Conduct the site visit full-tinme for a m ninmum
of one 8 hour workday duration

i. Final DALT report: Certify the DALT report. This certification
i ncludes the foll owi ng work:

(1) Review Reviewthe Pre-final DALT report data. Fromthese field
reports, prepare the Certified Final DALT report.

(2) TAB Verification: Verify adherence, by the TAB field team to
the procedures specified in this section

j. Technical Assistance for TAB Work: Provide i medi ate technica
assistance to the TAB field teamfor the TAB worKk.

(1) TAB field visit: At the m dpoint of the Season 1 and Season 2 TAB
field work effort, visit the contract site to i nspect the HVAC
installation and the progress of the TAB field work. Conduct site
visit full-time for a mininmum of two 8 hour workdays duration

(1) TAB field visit: Near the end of the TAB field work effort, visit
the contract site to inspect the HVAC installation and the
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1.5.

1.5.

5.

6

progress of the TAB field work. Conduct site visit full-tinme for
a mni mum of two 8 hour workdays duration. Review the TAB fina
report data and certify the TAB final report.

Certified TAB report: Certify the TAB report. This certification
i ncludes the foll owi ng work:

(1) Review Reviewthe TAB field data report. Fromthis field
report, prepare the certified TAB report.

(2) Verification: Verify adherence, by the TAB field team to the
TAB pl an prescribed by the pre-field engineering report and verify
adherence to the procedures specified in this section

Desi gn/ Construction deficiencies: Wthin 3 working days after the TAB
Agency has encountered any design or construction deficiencies, the TAB
Supervi sor must submit witten notification directly to the Contracting
Oficer, with a separate copy to the Contractor, of all such
deficiencies. Provide in this subnmittal a conplete explanation

i ncl udi ng supporting docunentation, detailing deficiencies. Were
deficiencies are encountered that are believed to adversely inpact
successful conpletion of TAB, the TAB Agency nust issue notice and
request direction in the notification submttal

TAB Fiel d Check: The TAB team supervi sor nmust attend and supervise
Season 1 and Season 2 TAB field check

4 TAB Team Fi el d Leader

Fiel d manager: Manage, in the field, the acconplishnent of the work
specified in Part 3, "Execution."

Full tine: 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 acconplishnments are in conpliance with this section

Prerequi site HVAC work: Do not bring the TAB teamto the contract site
until a copy of the prerequisite HVAC Checklist, with all work itens
certified by the Contractor to be working as designed, reaches the

of fice of the TAB Agency.

Test Reports

1.5.6.1 Data from DALT Field Wrk

Report the data for the Pre-final DALT Report and Certified Final DALT
Report in conpliance the follow ng requirenents:

a.

Report format: Submit report data on Air Duct Leakage Test Summary
Report Forns as shown on Page 6-2 of SMACNA 1143. In addition, submt
in the report, a marked duct shop drawi ng which identifies each section
of duct tested with assigned node nunbers for each section. Include
node nunbers in the conpleted report forns to identify each duct
section. The TAB supervisor nust review and certify the report.

The TAB supervisor nust include a copy of all calculations prepared in
determ ning the duct surface area of each duct test section. In

addi tion, provide the ductwork air leak testing (DALT) reports with a
copy(s) of the calibration curve for each of the DALT test orifices
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used for testing.

Instrunments: List the types of instruments actually used to neasure

the data. Include in the listing each instrunent's uni que
identification number, calibration date, and calibration expiration
date. Instrunents nust have been calibrated within one year of the
date of use in the field. |Instrunent calibration nust be traceable to

t he neasuring standards of the National Institute of Standards and
Technol ogy.

Certification: |Include the typed name of the TAB supervisor and the
dat ed signature of the TAB supervisor.

1.5.6.2 Certified TAB Reports

Submit: TAB Report for Season 1 and TAB Report for Season 2 in the
fol | owi ng manner:

a.

C.

Report format: Submit the conpleted pre-field data forns approved in
the pre-field TAB Engi neering Report conpleted by TAB field team
reviewed and certified by the TAB supervisor. Bind the report with a
wat er proof front and back cover. Include a table of contents

i dentifying by page nunmber the l|ocation of each report. Report forns
and report data nust be typewitten. Handwitten report forns or
report data are not acceptable.

Tenmperatures: On each TAB report formreporting TAB work acconpl i shed
on HVAC thernmal energy transfer equi pnent, include the indoor and

out door dry bulb tenperature range and i ndoor and outdoor wet bulb
tenperature range within which the TAB data was recorded. Include in
the TAB report continuous tinme versus tenperature recording data of wet
and dry bulb tenperatures for the roons, or zones, as designated in the
followi ng list:

(1) Al affected systens:. Measure and conpile data on a continuous
basis for the period in which TAB work affecting those roons is
bei ng done.

(2) Measure and record data only after the HVAC systens installations
are conplete, the systens fully bal anced and t he HVAC systens
controls operating in fully automati c node.

(3) Data nay be conpiled using direct digital controls trend | ogging
where available. Qherwi se, tenporarily install calibrated tine
versus tenperature/humdity recorders for this purpose. The HVAC
systens and controls nust be fully operational a mninum of 24
hours in advance of comencing data conpilation. |I|nclude the
specified data in the Season | and Season 2 TAB Report.

System Di agranms: Provi de updated diagrams with final installed

| ocations of all term nals and devices, any nunbering changes, and
actual test locations. Use a key nunbering system on the diagram which
identifies each outlet contained in the outlet airflow report sheets.

Static Pressure Profiles: Report static pressure profiles for air duct

systens including: | ]. Report static pressure data for al
supply, return, relief, exhaust and outside air ducts for the systens
listed. Include the following in the static pressure report data, in

addi ti on to AABC/ NEBB/ TABB requi red dat a:
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(1) Report supply fan, return fan, relief fan, and exhaust fan inlet
and di scharge static pressures.

(2) Report static pressure drop across chilled water coils, DX coils,
hot water coils, steamcoils, electric resistance heating coils
and heat reclaimdevices installed in unit cabinetry or the system
duct wor k.

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

(4) Report static pressure drop across air filters, acoustic
silencers, noisture elimnators, air flow straighteners, air flow
nmeasuring stations or other pressure drop producing specialty
itens installed in unit cabinetry, or in the system ductwork
Exanpl es of these specialty itens are snoke detectors, white sound
generators, RF shielding, wave guides, security bars, blast
val ves, small pipes passing through ductwork, and duct nounted
hum di fi ers.

Do not report static pressure drop across duct fittings provided
for the sole purpose of conveying air, such as el bows,
transitions, offsets, plenuns, manual danpers, and branch

t akes- of f s.

(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
t hese ducts connect to each air noving unit.and also at the
followi ng | ocations:

Mai n Duct: Take readings at four locations along the full length
of the main duct, 25 percent, 50 percent, 75 percent, and 100
percent of the total duct |ength.

Fl oor Branch Mai ns: Take readings at floor branch nai ns served by
a main duct vertical riser.

Branch Main Ducts: Take readings at branch main ducts.

VAV Term nal s: Take readings at inlet static pressure at VAV
term nal box primary air branch ducts.

VAV Ternmi nals, Fan Powered: Take readings at fan discharge and
inlet static pressures for series and parallel fan powered VAV
term nal boxes.

e. Duct Traverses: Report duct traverses for nain and branch main supply,
return, exhaust, relief and outside air ducts. This includes al
ducts, including those which lack 7 1/2 duct dianeters upstream and 2
1/ 2 duct dianeters downstream of straight duct unobstructed by duct
fittings/offsets/elbows. The TAB Agency mnust eval uate and report
findings on the duct traverses taken. Evaluate the suitability of the
duct traverse neasurenent based on satisfying the qualifications for a
pilot traverse plane as defined by AMCA 203, "Field Measurenents"”,
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Section 8, paragraph 8.3, "Location of Traverse Pl ane."

f. Instruments: List the types of instruments actually used to neasure
the tab data. Include in the listing each instrunent's uni que
identification number, calibration date, and calibration expiration
dat e.

Instrunmentation, used for taking wet bulb tenperature readings nust
provi de accuracy of plus or mnus 5 percent at the nmeasured face
velocities. Submt instrument manufacturer's literature to docunent
i nstrument accuracy performance is in conpliance with that specified.

g. Certification: Include the typed name of the TAB supervisor and the
dat ed signature of the TAB supervisor.

h. Performance Curves: The TAB Supervi sor nmust include, in the TAB
Reports, factory punp curves and fan curves for punps and fans TAB d on
t he j ob.

i. Calibration Curves: The TAB Supervisor nust include, in the TAB
Reports, a factory calibration curve for installed flow contro
bal anci ng val ves, flow venturi's and flow orifices TAB' d on the job.

1.6 PRQIECT/ SI TE CONDI Tl ONS

1.6.1 DALT and TAB Services to Cbtain Existing Conditions

Conduct DALT and TAB of the indicated existing systens and equi prent and
submit the specified DALT and TAB reports for approval. Conduct this DALT
and TAB work in accordance with the requirenents of this section.

1.7  SEQUENCI NG AND SCHEDULI NG
1.7.1 Projects with Phased Construction

Thi s specification section is structured as though the HVAC constructi on,
and thereby the TAB work, will be conmpleted in a single phase. Wen the
construction is conpleted in phases, the DALT work and TAB work nust be
pl anned, conpl eted, and accepted for each construction phase.

1.7.1.1 Phasi ng of Work

Thi s specification section is structured as though the HVAC construction,
and thereby the TAB work, is going to be conpleted in a single phase. All
el enents of the TAB work are addressed on this premse. Wen a contract is
to be conpleted in construction phases, including the TAB work, and the
DALT work, the TAB work and DALT work rust be planned for, conpleted and
approved by the Contracting Oficer with each phase. An exanple of this
case woul d be one contract that requires the rehabilitation of the HVAC in
each of several separated buildings. At the conpletion of the final phase,
conpile all approved reports and subnmt as one docunent.

1.8 WARRANTY
Furni sh wor kmanshi p and performance warranty for the DALT and TAB system

work performed for a period not less than 3 years fromthe date of
CGovernment acceptance of the work; issued directly to the Governnent.
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I nclude provisions that if within the warranty period the system shows

evi dence of nmjor performance deterioration, or is significantly out of

tol erance, resulting fromdefective TAB or DALT wor kmanshi p, the corrective
repair or replacenent of the defective materials and correction of the
defective workmanship is the responsibility of the TAB firm Perform
corrective action that becones necessary because of defective naterials and
wor kmanshi p whil e system TAB and DALT is under warranty 7 days after
notification, unless additional tine is approved by the Contracting
Oficer. Failure to performrepairs within the specified period of tine
constitutes grounds for having the corrective action and repairs perfornmed
by others and the cost billed to the TAB firm The Contractor nust also
provide a 1 year contractor installation warranty.

PART 2 PRODUCTS
Not Used

PART 3 EXECUTI ON

3.1 WORK DESCRI PTI ONS OF PARTI ClI PANTS
Conply with requirenments of this section.

3.2 PRE- DALT/ TAB MEETI NG
Meet with the Contracting Oficer's technical representative (COIR) to
devel op a mutual understanding relative to the details of the DALT work and
TAB work requirenents. Ensure that the TAB supervisor is present at this
neeting. Requirenents to be discussed include required submttals, work
schedul e, and field quality control.

3.3 DALT PROCEDURES

3.3.1 I nstruments, Consumabl es and Personne
Provi de instrunents, consunabl es and personnel required to acconplish the
DALT field work. Follow the sane basic procedure specified below for TAB
Field Work, including nmaintenance and calibration of instruments, accuracy
of measurements, prelimnary procedures, field work, workmanship and
treatment of deficiencies. Calibrate and maintain instrunents in
accordance with manufacturer's witten procedures.

3.3.2 Advance Notice of Pre-Final DALT Field Wrk
On conmpletion of the installation of each duct systemindicated to be
DALT d, notify the Contracting Oficer in witing prior to the COTR s duct
selection field visit.

3.3.3 Ductwork To Be DALT' d

From each duct systemindicated as subject to DALT, the COTR will randomy
sel ect sections of each conpl eted duct systemfor testing by the

Contractor's TAB Firm The sections selected will not exceed 20 percent of
the total neasured |inear footage of duct systens indicated as subject to
DALT. Sections of duct systens subject to DALT will include 20 percent of

mai n ducts, branch main ducts, branch ducts and plenuns for supply, return,
exhaust, and pl enum duct wor k.

It is acceptable for an entire duct systemto be DALT d instead of

SECTI ON 23 05 93 Page 17
Rev. 1



Revitalize M ssion Control EDML715

di sassenbling that systemin order to DALT only the 20 percent portion
speci fied above.

3.3.4 DALT Testing

Perform DALT on the HVAC duct sections of each system as selected by the
COTR. Use the duct class, seal class, |eakage class and the |eak test
pressure data indicated on the drawings, to conply with the procedures
specified in SVACNA 1143.

In spite of specifications of SVACNA 1143 to the contrary, DALT ductwork of
construction class of 3-inch water gauge static pressure and bel ow if
indicated to be DALT d. Conplete DALT work on the COIR sel ected ductwork
within 48 hours after the particular ductwork was sel ected for DALT.
Separately conduct DALT work for |arge duct systens to enable the DALT work
to be conpleted in 48 hours.

3.3.5 Pre-final DALT Report

After conpletion of the DALT work, prepare a Pre-final DALT Report using
the reporting forns specified. TAB teamto furnish data required by those
data report forns . Prepare the report neatly and legibly; the Pre-fina
DALT report is the basis for the Final DALT Report. TAB supervisor nust
review and certify the Pre-final DALT Report and subnmit this report within
one day of completion of DALT field work. Verbally notify the COTR t hat
the field check of the Pre-final DALT Report data can commence

3.3.6 Qual ity Assurance - COTR DALT Field Acceptance Testing

In the presence of the COIR and TAB teamfield | eader, verify for accuracy
Pre-final DALT Report data selected by the COTR For each duct system
this acceptance testing shall be conducted on a maxi num of 50 percent of
the duct sections DALT d.

Further, if any data on the Pre-final DALT report formfor a given duct
section is out-of-tolerance, then field acceptance testing shall be
conducted on data for one additional duct section, preferably in the sane
duct system in the presence of the COTR

3.3.7 Addi tional COTR Fi el d Acceptance Testing

I f any of the duct sections checked for a given systemare determined to
have a | eakage rate neasured that exceeds the | eakage rate all owed by
SMACNA Leak Test Manual for an indicated duct construction class and

seal ant class, term nate data checking for that section. The associated
Pre-final DALT Report data for the given duct systemw || 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 COIR

3.3.8 Certified Final DALT Report
On successful conpletion of all field checks of the Pre-final DALT Report
data for all systens, the TAB Supervisor is to assenble, review, certify
and submt the Final DALT Report to the Contracting Oficer for approval
3.3.9 Prerequisite for TAB Field Wrk

Do not commence TAB field work prior to the conpletion and approval, for
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all systenms, of the Final DALT Report.
3.4  TAB PROCEDURES
3.4.1 TAB Field Wrk

Test, adjust, and bal ance the HVAC systens wuntil neasured flow rates (air
and water flow) are within plus or minus 5 percent of the design flow rates
as specified or indicated on the contract docunents.

That is, conply with the the requirenents of AABC WN-1 ,
NEBB PROCEDURAL STANDARDS, NEBB MASV, or SMACNA 1780 (TABB) and SMACNA 1858
(TABB), except as suppl enented and nodified by this section.

Provi de instruments and consumabl es required to acconplish the TAB worKk.
Calibrate and maintain instruments in accordance wth manufacturer's
witten procedures.

Test, adjust, and bal ance the HVAC systens wuntil neasured flow rates (air
and water flow) are within plus or minus 5 percent of the design flow rates
as specified or indicated on the contract docunents. Conduct TAB work,

i ncl udi ng neasurenent accuracy, and sound neasurenent work in conformance
with the AABC MN-1 and AABC MN-4, or NEBB TABES and NEBB MASV, or SMACNA
1780 (used by TABB) and SMACNA 1858 sound neasurenent procedures, except
as suppl enented and nodified by this section. The only water flow and air
flow reporting which can be deferred until the Season 2 is that data which
woul d be affected in terns of accuracy due to outside anbient conditions.

3.4.2 Prelimnary Procedures

Use the approved pre-field engineering report as instructions and
procedures for acconplishing TAB field work. TAB engineer is to locate, in
the field, test ports required for testing. It is the responsibility of
the sheet nmetal contractor to provide and install test ports as required by
the TAB engi neer.

3.4.3 TAB Air Distribution Systens
3.4.3.1 Units Wth Coils

Report heating and cooling performance capacity tests for hot water,
chilled water, DX and steamcoils for the purpose of verifying that the
coils neet the indicated design capacity. Subnit the follow ng data and
calculations with the coil test reports:

a. For air handlers with capacities greater than 7.5 tons (90,000 Btu)
cooling, such as factory nanufactured units, central built-up units and
rooftop units, conduct capacity tests in accordance with AABC M\ 4,
procedure 3.5, "Coil Capacity Testing."

Do not determne entering and | eaving wet and dry bul b tenperatures by
singl e point nmeasurenent, but by the average of nultiple readings in
conpliance with paragraph 3.5-5, "Procedures", (in subparagraph d.) of
AABC MN-4, Procedure 3.5, "Coil Capacity Testing."

Submit part-load coil performance data fromthe coil manufacturer
converting test conditions to design conditions; use the data for the
pur pose of verifying that the coils neet the indicated design capacity
in conpliance with AABC M\-4, Procedure 3.5, "Coil Capacity Testing,"

SECTI ON 23 05 93 Page 19
Rev. 1



Revitalize M ssion Control EDML715
paragraph 3.5.7, "Actual Capacity Vs. Design Capacity" (in subparagraph
c.).

b. For units with capacities of 7.5 tons (90,000 Btu) or |ess, such as fan
coil units, duct nmounted reheat coils associated with VAV term na
units, and unitary units, such as through-the-wall heat punps:

Deternmi ne the apparent coil capacity by cal cul ati ons using single point
nmeasur enent of entering and | eaving wet and dry bul b tenperatures;
submt the calculations with the coil reports.
3.4.3.2 Air Handling Units
Air handling unit systens including fans (air handling unit fans, exhaust
fans and winter ventilation fans), coils, ducts, plenuns, nixing boxes,

termnal units, variable air volune boxes, and air distribution devices for
supply air, return air, outside air, mxed air relief air, and makeup air.

3.4.3.3 Roof top Air Conditioning

Rooftop air conditioning systens including fans, coils, ducts, plenuns, and
air distribution devices for supply air, return air, and outside air.

For refrigerati on conpressors/condensers/condensi ng units/evaporators,
report data as required by NEBB, AABC, and TABB standard procedures,
including refrigeration operational data.

3.4.3.4 Heating and Ventilating Units
Heating and ventilating unit systens including fans, coils, ducts, plenuns,
roof vents, registers, diffusers, grilles, and |ouvers for supply air,
return air, outside air, and mxed air.

3.4.3.5 Return Air Fans

Return air fan systemincluding fan ducts, plenuns, registers, diffusers,
grilles, and louvers for supply air, return air, outside air, and m xed air.

3.4.3.6 Exhaust Fans

Exhaust fan systens including fans, ducts, plenuns, grilles, and hoods for
exhaust air.

3.4.4 TAB Water Distribution Systens
3.4.4.1 Chilled Vater

Chilled water systens including chillers, condensers, cooling towers,
punps, coils, system bal ance val ves and fl ow neasuring devices.

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

3.4.4.2 Heating Hot Water
Heating hot water systens including boilers, hot water converters (e.g.,

heat exchangers), punps, coils, system bal anci ng val ves and fl ow neasuri ng
devi ces.
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3.4.5 Sound Measur enent Wor k
3.4.5.1 Areas To Be Sound Measur ed

In the follow ng spaces, neasure and record the sound power |evel for each
octave band listed in ASHRAE HVAC APP | P HDBK Noise Criteria:

a. Al HVAC mechanical roomns, including nmachinery spaces and ot her spaces
cont ai ni ng HVAC power drivers and power driven equi pnment.

b. Al spaces sharing a common barrier with each nmechani cal room
i ncl udi ng roons overhead, roons on the other side of side walls, and
roons beneath the nechani cal room fl oor

3.4.5.2 Pr ocedur e

Measure sound | evels in each room when unoccupi ed except for the TAB team
with all HVAC systens that woul d cause sound readings in the room operating
in their noisiest node. Record the sound |level in each octave band.
Attenmpt to mitigate the sound | evel and bring the level to within the
speci fi ed ASHRAE HVAC APP | P HDBK noise criteria goals, if such mtigation
is within the TAB teanis control. State in the report the

ASHRAE HVAC APP | P HDBK noise criteria goals. |If sound |evel cannot be
brought into conpliance, provide witten notice of the deficiency to the
Contractor for resolution or correction.

3.4.5.3 Ti m ng
Measure sound | evels at tines prescribed by AABC or NEBB or TABB.

3.4.5. 4 Meters
Measure sound levels with a sound neter conplying with ASA Sl1.4, Type 1 or
2, and an octave band filter set conplying with ASA S1.11. Use neasurenent
met hods for overall sound |levels and for octave band sound | evels as
prescri bed by NEBB

3.4.5.5 Calibration
Calibrate sound |levels as prescribed by AABC or NEBB or TABB, except that
calibrators emtting a sound pressure |evel tone of 94 dB at 1000 hertz
(Hz) are al so acceptable.

3.4.5.6 Background Noi se Correction

Det er mi ne background noi se conponent of room sound (noise) levels for each
(of eight) octave bands as prescribed by AABC or NEBB or TABB.

3.4.6 TAB Work on Perfornmance Tests Wthout Seasonal Limtations

3.4.6.1 Performance Tests
In addition to the TAB proportionate bal ancing work on the air distribution
systens and the water distribution systens, acconplish TAB work on the HVAC

systens which directly transfer thermal energy. TAB the operationa
performance of the heating systems and cooling systens.
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3.4.6.2 Anbi ent Tenper at ures

On each tab report formused for recording data, record the outdoor and

i ndoor anbient dry bulb tenperature range and the outdoor and indoor

anbi ent wet bulb tenperature range within which the report fornis data was
recorded. Record these tenperatures at beginning and at the end of data

t aki ng.

3.4.6.3 Sound Measurenents

Conply with paragraph entitled "Sound Measurenment Work," specifically, the
requirenent that a room nust be operating in its noisiest node at the tine
of sound neasurenents in the room The maxi num noi se | evel neasurements
coul d depend on seasonally related heat or cooling transfer equipnent.

3.4.6.4 Water Chillers

For water chillers, report data as required by NEBB Form TAB 15- 83,
NEBB PROCEDURAL STANDARDS, including refrigeration operational data.

3.4.6.5 Coils

Report heating and cooling performance capacity tests for , chilled water,
for the purpose of verifying that the coils neet the indicated design
capacity. Submit the follow ng data and calculations with the coil test
reports:

a. For Central station air handlers with capacities greater than 7.5 tons
(90,000 Btu) cooling, such as factory manufactured units, centra
built-up units and rooftop units, conduct capacity tests in accordance
with AABC MN-4, procedure 3.5, "Coil Capacity Testing".

Entering and | eaving wet and dry bulb tenperatures are not determ ned
by single point neasurenent, but the average of nultiple readings in
conpliance with paragraph 3.5-5, "Procedures", (in subparagraph d.) of
AABC MN-4, Procedure 3.5, "Coil Capacity Testing."

Submit part-load coil perfornmance data fromthe coil manufacturer
converting test conditions to design conditions; use the data for the
pur pose of verifying that the coils neet the indicated design capacity
in conpliance with AABC MN-4, Procedure 3.5, "Coil Capacity Testing,"
paragraph 3.5.7, "Actual Capacity Vs. Design Capacity" (in subparagraph
c.).

b. For units with capacities of 7.5 tons (90,000 Btu) or |ess, such as fan
coil units, duct nounted reheat coils associated with VAV term na
units, and unitary units, such as through-the-wall heat punps:

Deternine the apparent coil capacity by cal cul ations using single point
nmeasur enent of entering and | eaving wet and dry bul b tenperatures;
submt the calculations with the coil reports.
13.4.7 TAB Work on Performance Tests Wth Seasonal Limtations
3.4.7.1 Per f or mance Tests
Accompl i sh proportionate bal ancing TAB work on the air distribution systens

and water distribution systens, in other words, acconplish adjusting and
bal ancing of the air flows and water flows, any tinme during the duration of
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this contract, subject to the lintations specified el sewhere in this
section. However, accomplish, within the follow ng seasonal limtations,
TAB work on HVAC systens which directly transfer thernmal energy.

3.4.7.2 Season Of Maxi num Load

Visit the contract site for at |east two TAB work sessions for TAB field
measurenents. Visit the contract site during the season of maxi num heating
|l oad and visit the contract site during the season of naxi mum cooling | oad,

the goal being to TAB the operational performance of the heating systens and
cool ing systens under their respective nmaxi num out door environnent-caused

| oading. During the seasonal limtations, TAB the operational perfornance
of the heating systens and cooling systens.

3.4.7.3 Anbi ent Tenper at ur es

On each tab report formused for recording data, record the outdoor and

i ndoor anbient dry bulb tenperature range and t he outdoor and indoor

anbi ent wet bulb tenperature range within which the report fornm s data was
recorded. Record these tenperatures at beginning and at the end of data

t aki ng.

3.4.7.4 Sound Measur enents

Conply with paragraph entitled "Sound Measurenment Work," specifically, the
requi renent that a room nust be operating in its noisiest node at the tine
of sound neasurenents in the room The maxi mum noi se | evel measurenents
coul d depend on seasonally related heat or cooling transfer equipnent.

3.4.7.5 Water Chillers

Water chillers: For water chillers,report data as required by NEBB Form
TAB 15-83, NEBB PROCEDURAL STANDARDS, including refrigeration operationa
dat a

3.4.7.6 Coils

Report heating and cooling performance capacity tests for , chilled water,
for the purpose of verifying that the coils neet the indicated design
capacity. Submt the follow ng data and cal cul ations with the coil test
reports:

a. For Central station air handlers with capacities greater than 7.5 tons
(90,000 Btu) cooling, such as factory manufactured units, centra
built-up units and rooftop units, conduct capacity tests in accordance
with AABC M\-4, procedure 3.5, "Coil Capacity Testing."

Entering and | eaving wet and dry bulb tenperatures are not deternined
by single point nmeasurenent, but by the average of nultiple readings in
conpliance with paragraph 3.5-5, "Procedures", (in subparagraph d.) of
AABC WMN-4, Procedure 3.5, "Coil Capacity Testing."

Submit part-load coil perfornance data fromthe coil manufacturer
converting test conditions to design conditions; use the data for the
pur pose of verifying that the coils neet the indicated design capacity
in conpliance with AABC M\-4, Procedure 3.5, "Coil Capacity Testing,"
paragraph 3.5.7, "Actual Capacity Vs. Design Capacity" (in subparagraph
c.).
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b. For units with capacities of 7.5 tons (90,000 Btu) or |ess, such as fan
coil units, duct nounted reheat coils associated with VAV term na
units, and unitary units, such as through-the-wall heat punps:

Deternine the apparent coil capacity by cal cul ations using single point
neasur enent of entering and | eaving wet and dry bul b tenperatures;
submit the calculations with the coil reports.

3.4.8 Wor krmanshi p

Conduct TAB work on the HVAC systens until neasured flow rates are within
plus or minus 5 percent of the design flow rates as specified or indicated
on the contract docunments. This TAB work includes adjustment of bal ancing
val ves, bal anci ng danpers, and sheaves. Further, this TAB work includes
changi ng out fan sheaves and punp inpellers if required to obtain air and
water flow rates specified or indicated. If, with these adjustnents and
equi pnment changes, the specified or indicated design flow rates cannot be
attained, contact the Contracting O ficer for direction.

3.4.9 Defi ci enci es

Strive to neet the intent of this section to maxi mze the perfornmance of
the equi pnment as designed and installed. However, if deficiencies in

equi pnent design or installation prevent TAB work from bei ng acconpli shed
within the range of design values specified in the paragraph entitled

"Wor kmanshi p, " provide witten notice as soon as possible to the Contractor
and the Contracting Oficer describing the deficiency and recommended
correction.

Responsi bility for correction of installation deficiencies is the
Contractor's. |If a deficiency is in equipnment design, call the TAB team
supervi sor for technical assistance. Responsibility for reporting design
deficiencies to Contractor is the TAB team supervi sor's.

3.4.10 TAB Reports

After conpletion of the TAB field work, prepare the TAB field data for TAB
supervisor's review and certification, using the reporting forns approved
in the pre-field engineering report. Data required by those approved data
report forms is to be furnished by the TAB team Except as approved
otherwise in witing by the Contracting Oficer, the TAB work and thereby
the TAB report is considered inconplete until the TAB work i s acconplished
to within the accuracy range specified in the paragraph entitled

"Wor kmanshi p. "

3.4.11 Qual ity Assurance - COTR TAB Field Acceptance Testing
3.4.11.1 TAB Field Acceptance Testing

During the field acceptance testing, verify, in the presence of the COIR,
random sel ections of data (water, air quantities, air notion, sound | eve
readi ngs) recorded in the TAB Report. Points and areas for field
acceptance testing are to be selected by the COTR  Measurenent and test
procedures are the same as approved for TAB work for the TAB Report.

Fi el d acceptance testing includes verification of TAB Report data recorded
for the followi ng equi pnent groups:
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Goup 1: Al chillers, boilers, return fans, conmputer roomunits, and air
handl i ng units (rooftop and central stations).

Group 2: 25 percent of the VAV term nal boxes and associated di ffusers and
registers.

Group 3: 25 percent of the supply diffusers, registers, grilles associated
with constant volune air handling units.

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

Group 5: 25 percent of the supply fans, exhaust fans, and punps.

Further, if any data on the TAB Report for Goups 2 through 5 is found not
to fall within the range of plus 5 to mnus 5 percent of the TAB Report
data, additional group data verification is required in the presence of the
COTR. Verify TAB Report data for one additional piece of equipnment in
that group. Continue this additional group data verification unti

out -of -tol erance data ceases to be found.

3.4.11.2 Addi tional COTR TAB Field Acceptance Testing

I f any of the acceptance testing neasurenents for a given equi pnent group
is found not to fall within the range of plus 5 to mnus 5 percent of the
TAB Report data, term nate 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 revi sed TAB Report. Reschedul e
acceptance testing of the revised report data with the COTR

Further, if any data on the TAB Report for a given field acceptance test
group is out-of-tolerance, then field test data for one additional field
test group as specified herein. Continue this increase field test work
until out-of-tolerance data ceases to to be found. This additional field
testing is up and above the original 25 percent of the of reported data
entries to be field tested

If there are no nore simlar field test groups fromwhich to choose
additional field testing fromanother, but different, type of field testing
group nmust be tested

3.4.11.3 Prerequisite for Approval

Conpliance with the field acceptance testing requirements of this section
is a prerequisite for the final Contracting O ficer approval of the TAB
Report subm tted.

3.5 MARKI NG OF SETTI NGS

Upon the final TAB work approval, permanently mark the settings of HVAC

adj ust nent devi ces including val ves, gauges, splitters, and dampers so that
adj ustnent can be restored if disturbed at any time. Provide permanent
mar ki ngs clearly indicating the settings on the adjustment devices which
result in the data reported on the submtted TAB report.

3.6 MARKI NG OF TEST PORTS
The TAB teamis to pernmanently and legibly nmark and identify the | ocation

points of the duct test ports. |If the ducts have exterior insulation, make
these markings on the exterior side of the duct insulation. Showthe
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| ocation of test ports on the as-built nechanical draw ngs with di nmensions
given where the test port is covered by exterior insulation.

-- End of Section --
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SECTION 23 07 00

THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS
08/10

PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only. At the discretion of the Governnment, the

manuf acturer of any material supplied will be required to furnish test
reports pertaining to any of the tests necessary to assure conpliance with
the standard or standards referenced in this specification.

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

ASHRAE 90.1 - IP (2010; INT 1 2011; Errata 2011, Errata
2011) Energy Standard for Buil di ngs Except
Low Ri se Residential Buildings

ASTM | NTERNATI ONAL ( ASTM

ASTM Al67 (1999; R 2009) Standard Specification for
Stai nl ess and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A580/ A580M (2008) Standard Specification for
Stainless Steel Wre

ASTM B209 (2010) Standard Specification for Al um num
and Al unmi num Al Il oy Sheet and Pl ate

ASTM C1136 (2010) Standard Specification for
Fl exi bl e, Low Perneance Vapor Retarders
for Thermal Insulation

ASTM C195 (2007) Standard Specification for M neral
Fi ber Thermal |nsul ating Cenent

ASTM C449 (2007) Standard Specification for M neral
Fi ber Hydraulic-Setting Thermal |nsulating
and Fi ni shing Cenent

ASTM C534/ C534M (2008) Standard Specification for
Preforned Fl exi ble El astoneric Cellul ar
Thermal I nsul ation in Sheet and Tubul ar
Form

ASTM C647 (2008) Properties and Tests of Mastics and
Coating Finishes for Thernal |nsulation

ASTM C795 (2008) Standard Specification for Thernal
Insulation for Use in Contact with
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Austenitic Stainless Steel

ASTM C916 (1985; R 2007) Standard Specification for
Adhesi ves for Duct Thermal [|nsulation

ASTM C920 (2011) Standard Specification for
El astoneric Joint Seal ants

ASTM C921 (2010) Standard Practice for Determ ning
the Properties of Jacketing Materials for
Thermal |nsulation

ASTM D 882 (2010) Tensile Properties of Thin Plastic
Sheet i ng
ASTM E 2231 (2009) Specinen Preparation and Mounting

of Pipe and Duct Insulation Materials to
Assess Surface Burning Characteristics

ASTM E 84 (2011a) Standard Test Method for Surface
Burni ng Characteristics of Building
Material s

ASTM E 96/ E 96M (2010) Standard Test Methods for Water

Vapor Transmi ssion of Materials
FM GLOBAL (FM

FM APP GUI DE (updat ed on-1ine) Approval Cuide
http://ww. approval gui de. com

M DWEST | NSULATI ON CONTRACTCORS ASSOCI ATI ON (M CA)

M CA Insul ation Stds (1999) National Commercial & Industrial
I nsul ation Standards

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 90A (2009; Errata 09-1) Standard for the

Installation of Air Conditioning and
Ventilating Systens

NFPA 90B (2012) Standard for the Installation of
Warm Air Heating and Air Conditioning
Syst ens

TECHNI CAL ASSOCI ATI ON OF THE PULP AND PAPER | NDUSTRY ( TAPPI)
TAPPI T403 OV (2010) Bursting Strength of Paper
U. S. DEPARTMENT OF DEFENSE ( DCD)
M L- A-24179 (1969; Rev A; Am 2 1980; Notice 1 1987)
Adhesi ve, Flexible Unicellular-Plastic

Thermal | nsul ati on

M L- A- 3316 (1987; Rev C;, Am 2 1990) Adhesi ves,
Fire-Resistant, Thermal |nsul ation
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UNDERWRI TERS LABORATORI ES (UL)

UL 723 (2008; Reprint Sep 2010) Test for Surface
Burni ng Characteristics of Building
Materi al s

UL 94 (1996; Reprint GCct 2010) Standard for

Tests for Flammability of Plastic
Materials for Parts in Devices and
Appl i ances

1.2 SYSTEM DESCRI PTI ON
1.2.1 CGener a

Provide field-applied insulation and accessories on nechanical systens as
specified herein; factory-applied insulation is specified under the piping,
duct or equipnment to be insulated. Insulation of heat distribution systens
and chilled water systens outside of buildings shall be as specified in
Section 33 61 13 PRE- ENG NEERED UNDERGROUND HEAT DI STRI BUTI ON SYSTEM
Section 33 61 15 HEAT DI STRI BUTI ON SYSTEMS | N CONCRETE TRENCHES, Section

33 60 02ABOVEGROUND HEAT DI STRI BUTI ON SYSTEM and Section 33 61 00

PREFABRI CATED UNDERGROUND HEATI NG COOLI NG DI STRI BUTI ON SYSTEM  Fiel d
applied insulation materials required for use on Governnent-furnished itens
as listed in the SPECI AL CONTRACT REQUI REMENTS shall be furni shed and
installed by the Contractor.

1.2.2 Surface Burning Characteristics

Unl ess ot herwi se specified, insulation shall have a naxi mum fl anme spread

i ndex of 25 and a maxi mum snoke devel oped i ndex of 50 when tested in
accordance with ASTM E 84. Flanme spread, and smoke devel oped i ndexes,
shal | be determ ned by ASTM E 84 or UL 723. Insulation shall be tested in
the sane density and installed thickness as the material to be used in the
actual construction. Test specinens shall be prepared and nounted
according to ASTM E 2231. Insulation materials |ocated exterior to the
buil ding perimeter are not required to be fire rated.

1.2.3 Recycl ed Materials

Provide thermal insulation containing recycled materials to the extent
practicable, provided that the materials neets all other requirenents of
this section. The mininmumrecycled material content of the follow ng

i nsul ation are:

Rock Wool 75 percent slag of weight

Fi ber gl ass 20- 25 percent glass cullet by weight

Ri gid Foam 9 percent recovered materia

1.3 SUBM TTALS

Governnment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Contro
approval. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:
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1

1

1

Submit the three SD types, SD 02 Shop Draw ngs, SD 03 Product Data, and
SD- 08 Manufacturer's Instructions at the sane tine for each system

SD- 02 Shop Draw ngs

M CA Plates; G
Pi pe Insul ation Systens and Associ ated Accessories
Duct Insulation Systens and Associ ated Accessories

SD- 03 Product Data

Pi pe Insul ation Systems; G
Duct Insulation Systens; G

SD- 04 Sanpl es
Thermal Insulation; G
SD- 08 Manufacturer's |Instructions

Pi pe Insul ation Systens; G
Duct Insulation Systens; G

4 QUALI TY ASSURANCE
4.1 Installer Qualification

Qualified installers shall have successfully conpleted three or nore
simlar type jobs within the last 5 years.

5 DELI VERY, STORAGE, AND HANDLI NG

Materials shall be delivered in the manufacturer's unopened contai ners.
Materials delivered and placed in storage shall be provided with protection
fromweather, humdity, dirt, dust and other contam nants. The Contracting
Oficer may reject insulation material and supplies that becone dirty,
dusty, wet, or contam nated by sone other neans. Packages or standard
containers of insulation, jacket material, cenents, adhesives, and coatings
delivered for use, and sanples required for approval shall have

manuf acturer's stanp or | abel attached giving the nane of the nanufacturer
and brand, and a description of the material. |Insulation packages and
contai ners shall be asbestos free.

PART 2 PRODUCTS

2.

1 STANDARD PRODUCTS

Provide materials which are the standard products of manufacturers

regul arly engaged in the manufacture of such products and that essentially
duplicate itens that have been in satisfactory use for at least 2 years
prior to bid opening. Submt a conplete list of materials, including
manuf acturer's descriptive technical literature, perfornmance data, catal og
cuts, and installation instructions. The product number, k-val ue,

thi ckness and furni shed accessories including adhesives, seal ants and

j ackets for each nechanical systemrequiring insulation shall be included.
The product data nust be copyrighted, have an identifying or publication

SECTI ON 23 07 00 Page 4
Rev. 1



Revitalize M ssion Control EDML715

nunber, and shall have been published prior to the issuance date of this
solicitation. Materials furnished under this section shall be submtted
together in a booklet. Provide insulation systens in accordance with the
approved M CA National Insulation Standards plates as supplenented by this
specification. Provide field-applied insulation for heating, ventilating,
and cooling (HVAC) air distribution systens and pi pi ng systens which are

| ocated wi thin, on, under, and adjacent to buildings; and for plunbing
systens. Insulation shall be CFC and HCFC free.

2.2 MATERI ALS

Provide insulation that nmeets or exceed the requirenents of ASHRAE 90.1 - |P
I nsul ation exterior shall be cleanable, grease resistant, non-flaking and
non-peeling. Materials shall be conpatible and shall not contribute to
corrosion, soften, or otherw se attack surfaces to which applied in either
wet or dry state. Materials to be used on stainless steel surfaces shal

neet ASTM C795 requirenents. Calciumsilicate shall not be used on chilled
or cold water systens. Materials shall be asbestos free and conformto the

follow ng: Flexi ble El astoneric: C osed-cell, foam or expanded-rubber
material s containing anti-mcrobial additive. Conply with ASTM C534/ C534l,
Type |, Grade 1, for tubular materials and Type I, Grade 1, for sheet

materials. Provide product recognized under UL 94 and listed in
FM APP GUI DE

2.2.1 Adhesives
2.2.1.1 Acousti cal Lining Insulation Adhesive

Adhesi ve shall be a nonflammabl e, fire-resistant adhesive confornming to
ASTM C916, Type |

2.2.1.2 M neral Fiber |nsul ation Cement
Cenent shall be in accordance with ASTM C195.
2.2.1.3 Laggi ng Adhesi ve

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. Lagging adhesives shall be

nonfl ammabl e and fire-resistant and shall have a nmaxi mum fl ane spread i ndex
of 25 and a nmaxi mum snoke devel oped i ndex of 50 when tested in accordance
with ASTM E 84. Adhesive shall be ML-A-3316, Cass 1, pignmented white and
be suitable for bonding fibrous glass cloth to faced and unfaced fi brous
gl ass insul ation board; for bonding cotton brattice cloth to faced and
unfaced fibrous glass insulation board; for sealing edges of and bondi ng
glass tape to joints of fibrous glass board; for bonding |lagging cloth to
thermal insulation; or Class 2 for attaching fibrous glass insulation to
netal surfaces. Lagging adhesives shall be applied in strict accordance
with the manufacturer's recommendati ons for pipe and duct insulation.
Submit and display, after approval of materials, actual sections of
installed systens, properly insulated in accordance with the specification
requi renents. Such actual sections nust remain accessible to inspection
throughout the job and will be reviewed fromtine to tine for controlling
the quality of the work throughout the construction site. Each materi al
used shall be identified, by indicating on an attached sheet the
specification requirement for the material and the material by each

manuf acturer intended to neet the requirenment. The Contracting O ficer

wi Il inspect display sanple sections at the jobsite. Approved display
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sanmpl e sections shall remain on display at the jobsite during the
construction period. Upon conpletion of construction, the display sanple
sections will be closed and seal ed.

a.
b
2.2.2 Cont act Adhesi ve

Adhesi ves may be any of, but not limted to, the neoprene based, rubber
based, or elastoneric type that have a maxi num fl ane spread i ndex of 25 and
a maxi mum snoke devel oped i ndex of 50 when tested in accordance with

ASTM E 84. 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 netal to which it is applied. Any solvent dispersing
nmedi um or vol atil e conponent of the adhesive shall have no objectionable
odor and shall not contain any benzene or carbon tetrachloride. The dried
adhesive shall not emt nauseous, irritating, or toxic volatile natters or
aerosol s when the adhesive is heated to any tenperature up to 212 degrees F
The dried adhesive shall be nonflammable and fire resistant. Natura
cross-ventilation, |ocal (mechanical) pickup, and/or general area
(mechanical) ventilation shall be used to prevent an accunul ati on of

sol vent vapors, keeping in mnd the ventilation pattern nust renove any
heavi er-than-air solvent vapors fromlower |evels of the workspaces.

G oves and spectacl e-type safety gl asses are reconmmended i n accordance with
safe installation practices. Flexible Elastoneric and Pol yol efin Adhesi ve:
Conply with M L-A-24179, Type Il, Cass |I. Provide product recognized
under UL 94 and listed in FM APP GUI DE

2.2.3 Caul ki ng

ASTM C920, Type S, Grade NS, Cass 25, Use A
2.2. 4 Cor ner Angl es
2.2.4.1 Gener al

Nom nal 0.016 inch aluminunm 1 by 1 inch with factory applied kraft
backi ng. Al um num shall be ASTM B209, Alloy 3003, 3105, or 5005.

2.2.4.2 Fittings

Fabricated Fittings are the prefabricated fittings for flexible elastoneric
pi pe insul ation systems. Together with the flexible elastoneric tubes,
they provide conplete systemintegrity for retarding heat gain and
controlling condensation drip fromchilled-water and refrigeration systens.
Fl exi bl e el astoneric, fabricated fittings provide thermal protection (0.25
k) and condensation resistance (0.05 Water Vapor Transm ssion factor).

2.2.5 Fi ni shi ng Cenent
ASTM C449: M neral fiber hydraulic-setting thermal insulating and finishing
cement. All cenments that nmay cone in contact with Austenitic stainless
steel nust conmply with ASTM C795.

2.2.6 Fi brous @ ass Coth and d ass Tape
Fi brous glass cloth, with 20X20 nmaxi num nesh si ze, and gl ass tape shal

SECTI ON 23 07 00 Page 6
Rev. 1



Revitalize M ssion Control EDML715

2.

2.

2.

have maxi mum fl ane spread i ndex of 25 and a naxi num snoke devel oped i ndex
of 50 when tested in accordance with ASTM E 84. Tape shall be 4 inch w de
rolls. Class 3 tape shall be 4.5 ounces/square yard. El astonmeric Foam
Tape: Bl ack vapor-retarder foamtape with acrylic adhesive containing an
anti-mcrobial additive.

2.7 St apl es

Qutward clinching type ASTM A167, Type 304 or 316 stainless steel.

2.8 Jackets

2.8.1 Alum num Jackets

Al um num j ackets shall be corrugated, enbossed or smooth sheet, 0.016 inch
nom nal thickness; ASTM B209, Tenper H14, Tenper H16, Alloy 3003, 5005, or

3105. Corrugated al um num jacket shall not be used outdoors. . Al um num
jacket circunferential seam bands shall be 2 by 0.016 inch al um num
mat chi ng 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 "Z" type longitudinal joint. Wen the "Z" joint
is used, the bands at the circunferential joints shall be designed by the
manuf acturer to seal the joints and hold the jacket in place.

.2.8.2 Pol yvi nyl Chl oride (PVC) Jackets

Pol yvinyl chloride (PVC) jacket and fitting covers shall have high inpact
strength, WV resistant rating or treatnent and noderate chenical resistance
with m nimumthi ckness 0.030 inch

.2.8.3 Vapor Barrier/\Wat her proofing Jacket

Vapor barrier/weat herproofing jacket shall be | am nated sel f-adhesi ve,
greater than 3 plies standard grade, silver, white, black and enbossed or
greater than 8 ply (mninmunm 2.9 mls adhesive); with 0.0000 perneability
when tested in accordance with ASTM E 96/ E 96lv; heavy duty, white or
natural; and UV resistant. Flexible Elastonmeric exterior foamw th factory
applied, UV Jacket made with a cold weather acrylic adhesive. Construction
of lam nate designed to provide UV resistance, high puncture, tear

resi stance and excel | ent WT.

.2.9 Vapor Retarder Required

ASTM C921, Type |, mnimum puncture resistance 50 Beach units on al
surfaces where a mninmum puncture resistance of 25 Beach units is
acceptable. Mninumtensile strength, 35 pounds/inch width. ASTM C921
Type |1, mnimum puncture resistance 25 Beach units, tensile strength

m ni murr 20 pounds/inch wi dth. Jackets used on insulation exposed in
finished areas shall have white finish suitable for painting wthout
sizing. Based on the application, insulation materials that require
factory applied jackets are mneral fiber, cellular glass,

pol yi socyanurate, and phenolic foam |Insulation naterials that do not
require jacketing are flexible elastonmerics. Al non-netallic jackets
shal | have a maxi mum fl ame spread index of 25 and a maxi num snoke devel oped
i ndex of 50 when tested in accordance with ASTM E 84.
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2.2.9.1 Wi te Vapor Retarder Al Service Jacket (ASJ)

Standard reinforced fire retardant jacket for use on, or . Vapor
retarder jackets used on insulation exposed in finished areas shall have
white finish suitable for painting wthout sizing.

2.2.9.2 Vapor Retarder/Vapor Barrier Mastic Coatings

a. The vapor barrier shall be self adhesive (mnimunr 2 mls adhesive, 3
m|s enbossed) greater than 3 plies standard grade, silver, white,
bl ack and enbossed white jacket for use on hot/cold pipes. Less than
0.02 perneability when tested in accordance with ASTM E 96/ E 96N
Meeting UL 723 or ASTM E 84 flame and snoke requirenments; UV resistant.

b. The vapor retarder coating shall be fire and water resistant and
appropriately selected for either outdoor or indoor service. Color
shal |l be white. The water vapor perneance of the conpound shall be
det erm ned according to procedure B of ASTM E 96/ E 96l utili zing
apparatus described in ASTM E 96/ E 96N. The coating shall be a
nonfl ammabl e, fire resistant type. Al other application and service
properties shall be in accordance with ASTM C647.

2.2.9.3 Lam nated Fi |l m Vapor Retarder

ASTM C1136, Type |, maxi mum noi sture vapor transm ssion 0.02 perms, mnimum
puncture resistance 50 Beach units on all surfaces except conceal ed
ductwork, where Type |1, maxi mum noi sture vapor transm ssion 0.02 perns, a

m ni mum puncture resi stance of 25 Beach units is acceptable. Vapor
retarder shall have a nmaxi mum fl ane spread i ndex of 25 and a nmaxi mum snoke
devel oped i ndex of 50 when tested in accordance with ASTM E 84. Flexible
El astomeric exterior foamw th factory applied UV Jacket. Construction of
| am nate designed to provide WV resistance, high puncture, tear resistance
and excel | ent WT.

2.2.9.4 Pol yvi nyl i dene Chl oride (PVDC) Fil m Vapor Retarder

The PVDC fil mvapor retarder shall have a naxi num noi sture vapor

transm ssion of 0.02 perns, mninmum puncture resistance of 150 Beach units,

a mninumtensile strength in any direction of 30 I b/inch when tested in
accordance with ASTM D 882, and a maxi mum fl ame spread i ndex of 25 and a
maxi mum snoke devel oped i ndex of 50 when tested in accordance with ASTM E 84.

2.2.9.5 Pol yvi nyl i dene Chl ori de Vapor Retarder Adhesive Tape

Requi renents nust neet the sanme as specified for Lami nated Fil m Vapor
Ret ar der above.

2.2.9.6 Vapor Barrier

The vapor barrier shall be greater than 3 ply self adhesive lan nate -white
vapor barrier jacket- superior perfornmance (less than 0.0000 perneability
when tested in accordance with ASTM E 96/ E 96N). Vapor barrier shall neet
UL 723 or ASTM E 84 25 flane and 50 snoke requirenents; and UV resistant.

M ni mum burst strength 185 psi in accordance with TAPPI T403 Ov . Tensile
strength 68 I b/inch width (PSTC-1000). Tape shall be as specified for

| am nated fil mvapor barrier above.
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2.

2.10 Vapor Retarder Not Required

ASTM €921, Type Il, Cdass D, m nimum puncture resistance 50 Beach units on
al |l surfaces except ductwork, where Type |V, nmaxi num noi sture vapor

transm ssion 0.10, a m ni mum puncture resistance of 25 Beach units is
acceptable. Jacket shall have a maxi mum flame spread index of 25 and a
maxi mum snoke devel oped i ndex of 50 when tested in accordance with ASTM E 84.

.2.11 Wre

Soft anneal ed ASTM A580/ A580N Type 302, 304 or 316 stainless steel, 16 or
18 gauge.

.2.12 I nsul ati on Bands
I nsul ati on bands shall be 1/2 inch w de; 26 gauge stainless steel.
.2.13 Seal ant s

Seal ants shall be chosen fromthe butyl polymer type, the styrene-butadi ene
rubber type, or the butyl type of sealants. Sealants shall have a nmaxi mum
noi sture vapor transm ssion of 0.02 perns, and a maxi mum fl ane spread i ndex
of 25 and a maxi mum snoke devel oped i ndex of 50 when tested in accordance
with ASTM E 84.

PART 3 EXECUTI ON

3.

3.

1 APPL| CATI ON - GENERAL

I nsul ation shall only be applied to unheated and uncool ed pi pi ng and

equi prent. Flexible elastoneric cellular insulation shall not be
compressed at joists, studs, columms, ducts, hangers, etc. The insulation
shall not pull apart after a one hour period; any insulation found to pul
apart after one hour, shall be replaced.

1.1 Install ation

Except as otherw se specified, material shall be installed in accordance
with the manufacturer's witten instructions. |Insulation materials shal

not be applied until tests specified in other sections of this
specification are conpleted. Material such as rust, scale, dirt and

nmoi sture shall be renoved from surfaces to receive insulation. Insulation
shal | be kept clean and dry. Insulation shall not be renmoved fromits

shi pping containers until the day it is ready to use and shall be returned
to like containers or equally protected fromdirt and noisture at the end
of each workday. Insulation that becones dirty shall be thoroughly cleaned
prior to use. If insulation becones wet or if cleaning does not restore
the surfaces to |ike new condition, the insulation will be rejected, and
shal |l be imediately removed fromthe jobsite. Joints shall be staggered
on multi layer insulation. Mneral fiber thermal insulating cenent shal

be mixed with demi neralized water when used on stainless steel surfaces.

I nsul ation, jacketing and accessories shall be installed in accordance with
M CA I nsulation Stds plates except where nodified herein or on the draw ngs.

1.2 Fi rest oppi ng

VWere and pass through fire walls, fire partitions, above grade floors,
and fire rated chase walls, the penetration shall be sealed with fire
stopping naterials as specified in Section 07 84 00 FI RESTOPPI NG  The
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protection of ducts at point of passage through firewalls nmust be in
accordance with NFPA 90A and/or NFPA 90B. All other penetrations, such as
pi ping, conduit, and wiring, through firewalls nmust be protected with a
material or systemof the sane hourly rating that is listed by U,, FM or a
NRTL.

3.1.3 Pai nting and Fi ni shing
Pai nting shall be as specified in Section 09 90 00 PAI NTS AND COATI NGS.
3.1. 4 Installation of Flexible Elastonmeric Cellular |nsulation

Fl exi bl e el astoneric cellular insulation shall be installed with seans and
joints sealed with rubberized contact adhesive. Flexible elastoneric
cellular insulation shall not be used on surfaces greater than 220 degrees F
Seans shall be staggered when applying nmultiple layers of insulation.

I nsul ati on exposed to weather and not shown to have jacketing shall be
protected with two coats of UV resistant finish or PVC or netal jacketing
as reconmended by the manufacturer after the adhesive is dry and cured. A
brush coating of adhesive shall be applied to both butt ends to be joined
and to both slit surfaces to be sealed. The adhesive shall be allowed to
set until dry to touch but tacky under slight pressure before joining the
surfaces. Insulation seals at seans and joints shall not be capabl e of
bei ng pull ed apart one hour after application. Insulation that can be

pul  ed apart one hour after installation shall be replaced.

3.1.5 Vel di ng

No wel di ng shall be done on or wthout witten approval of the
Contracting Oficer.

3.1.6 Itens which Require Insulation
Insulation is required on all or except for omtted itens, as specified.

-- End of Section --
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SECTION 23 08 00.00 10

COW SSI ONI NG OF HVAC SYSTEMS
01/08

PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASSOCI ATED Al R BALANCE COUNCI L (AABO)
ACG Conmi ssi oni ng Cui del i ne (2005) Comi ssi oni ng Gui del i ne
NATI ONAL ENVI RONVENTAL BALANCI NG BUREAU ( NEBB)

NEBB Commi ssi oni ng St andard (2009) Procedural Standards for Wole
Bui | di ng Systens Conmi ssioni ng of New
Construction; 3rd Edition

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOC! ATI ON
( SMACNA)

SIVACNA 1429 (1994) HVAC Systens Comi ssi oni ng Manual ,
1st Edition

U.S. GREEN BU LDI NG COUNCI L (USGBC)

LEED (2002; R 2005) Leadership in Energy and
Envi ronmental Design(tm G een Building
Rating System for New Construction
( LEED- NC)

1.2 DEFI NI TI ONS

In sone instances, term nology differs between the Contract and the

Conmi ssi oning Standard primarily because the intent of this Section is to
use the industry standards specified, along with additional requirenents
listed herein to produce optimal results. The following table of simlar
terns is provided for clarification only. Contract requirements take
precedent over the corresponding ACG NEBB, or TABB requirenents where

di fferences exist.

SI'M LAR TERMS

Contract Term ACG NEBB TABB
Conmi ssi oni ng ACG Commi ssi oni ng |Procedural SMACNA HVAC
St andard Cui del i ne St andards for Conmmi ssi oni ng

Bui | di ng Systens |CGuidelines
Conmi ssi oni ng
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SI M LAR TERVS

Contract Term ACG NEBB TABB

Conmmi ssi oni ng ACG Certified NEBB Qualified TABB Certified

Speci al i st Conmi ssi oni ng Conmi ssi oni ng Conmi ssi oni ng
Agent Admi ni strat or Super vi sor

1.3 SYSTEM DESCRI PTI ON
1.3.1 Cener al

Per f orm Conmi ssioning in accordance with the requirenents of the standard
under which the Commi ssioning Firmis qualifications are approved, i.e.,
ACG Commi ssi oni ng Gui del i ne, NEBB Comm ssioning Standard, or SMACNA 1429
unl ess otherw se stated herein. Consider nmandatory all recommendations and
suggested practices contained in the Comm ssioning Standard. Use the
Conmi ssi oni ng Standard for all aspects of Comm ssioning, including
qualifications for the Comm ssioning Firmand Specialist and calibration of
Conmi ssioning instrunents. Were the instrunment manufacturer calibration
recomendations are nore stringent than those listed in the Comm ssioning
St andard, the manufacturer's recommendati ons shall be adhered to. Al

qual ity assurance provisions of the Comm ssioning Standard such as
performance guarantees shall be part of this contract. For systens or
system conponents not covered in the Comm ssioning Standard, Conmnm ssioning
procedures shall be devel oped by the Comm ssioning Specialist. Were new
procedures, requirenments, etc., applicable to the Contract requirenents
have been published or adopted by the body responsible for the
Commi ssi oni ng Standard used (ACG NEBB, or TABB), the requirements and
recomrendat i ons contai ned in these procedures and requirenents shall be
consi dered mandat ory.

1.3.2 Ener gy

Formal LEED certification is not required; however, the Contractor is
required to provide docunentation that neets the LEED Energy & At nosphere
(EA) Prerequisite 1, Fundamental Conmi ssioning. For New Construction and
Maj or Revi sions provide, also, docunmentation that neets EA Credit 3;
Enhanced Commi ssioning. Provide docunentation for as many LEED credits as
possi ble to support LEED Silver certification of the project.

1.4 SUBM TTALS
Governnment approval is required for submttals with a "G' designati on;
submittals not having a "G' designation are for Contractor Quality Contro
approval . Wen used, a designation followi ng the "G' designation identifies
the office that will review the submttal for the Government. Subnit the
followi ng in accordance with Section 01 33 00 SUBM TTAL PROCEDURES
SD- 02 Shop Drawi ngs
Conmmi ssi oning Plan; G
SD- 03 Product Data
Pre-Functional Performance Test Checklists; G
Functi onal Performance Tests; G
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SD-06 Test Reports
Commi ssi oni ng Report; G
SD- 07 Certificates

Commi ssioning Firm G
Conmmi ssi oning Specialist; G

1.5 QUALITY ASSURANCE
1.5.1 Conmi ssioning Firm

Submit certification of the proposed Comm ssioning Firms qualifications to
performthe duties specified herein and in other related Sections, no |ater
than 21 days after the Notice to Proceed. Include in the docunentation the
date that the Certification was initially granted and the date when the
current Certification expires. The firmis either a nenber of ACG or
certified by the NEBB or the TABB and certified in all categories and
functions where neasurenents or performance are specified on the plans and
specifications. Any lapses in Certification of the proposed Conm ssi oni ng
Firmor disciplinary action taken by ACG NEBB, or TABB agai nst the

proposed Comm ssioning Firmshall be described in detail. The
certification shall be maintained for the entire duration of duties
specified herein. |[If, for any reason, the firmloses subject certification
during this period, imediately notify the Contracting O ficer and submt
anot her Conmmi ssioning Firmfor approval. Any firmthat has been the

subj ect of disciplinary action by the ACG the NEBB, or the TABB within the
five years preceding Contract Award is not eligible to performany duties
related to the HVAC systens, including Conm ssioning. Al work specified
inthis Section and in other related Sections to be performed by the

Conmi ssioning Firmshall be considered invalid if the Commi ssioning Firm

| oses its certification prior to Contract conpletion and nust be perforned
by an approved successor. These Commi ssioning services are to assist the
prinme Contractor in performng the quality oversight for which it is
responsi ble. The Commi ssioning Firmshall be a subcontractor of the prine
Contractor and shall be financially and corporately independent of al

ot her subContractors. The Commi ssioning Firmshall report to and be paid
by the prinme Contractor.

1.5.2 Conmi ssi oni ng Speci al i st
1.5.2.1 Cenera

Submit certification of the proposed Comm ssioning Specialist's
qualifications to performthe duties specified herein and in other related
Sections, no later than 21 days after the Notice to Proceed. The
docunentation shall include the date that the Certification was initially
granted and the date when the current Certification expires. The
Conmi ssi oni ng Specialist shall be an ACG Certified Commi ssioning Agent, a
NEBB Qual i fied Conm ssioning Administrator, or a TABB Certified
Conmi ssi oni ng Supervi sor and shall be an enpl oyee of the approved

Conmi ssioning Firm Any lapses in Certification of the proposed
Conmi ssi oni ng Specialist or disciplinary action taken by ACG NEBB, or TABB
agai nst the proposed Conmi ssioning Specialist shall be described in
detail. The certification shall be maintained for the entire duration of
duties specified herein. 1f, for any reason, the Comm ssioning Specialist
| oses subject certification during this period, imediately notify the
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Contracting O ficer and submt another Conmi ssioning Specialist for
approval . Any individual that has been the subject of disciplinary action
by the ACG the NEBB, or the TABB within the five years precedi ng Contract
Award is not eligible to performany duties related to the HVAC systens,

i ncludi ng Commi ssioning. All work specified in this Section and in other
rel ated Sections perforned by the Conm ssioning Specialist shall be
considered invalid if the Conm ssioning Specialist |oses certification
prior to Contract conpletion and nust be performed by the approved
successor.

1.5.2.2 Responsibilities

Performall Conmm ssioning work specified herein and in related sections
under the direct guidance of the Commi ssioning Specialist. The
Conmi ssi oni ng Speci alist shall prepare, no later than 28 days after the
approval of the Conmm ssioning Specialist, the Commi ssioning Plan which wll
be a conprehensive schedule and will include all submttal requirenents for
procedures, notifications, reports and the Comm ssioning Report. After
approval of the Comm ssioning Plan, revise the Contract NAS schedule to
reflect the schedul e requirenents in the Conm ssioning Plan.

1.6 SEQUENCI NG AND SCHEDULI NG

Begin the work described in this Section only after all work required in
rel ated Sections has been successfully conpleted, and all test and

i nspection reports and operati on and mai ntenance nanual s required in these
Sections have been submitted and approved. Pre-Functional Performance Test
Checklists shall be perfornmed at appropriate tinmes during the construction
phase of the Contract.

PART 2 PRODUCTS
Not Used

PART 3 EXECUTI ON

3.1 COWM SSI ONI NG TEAM AND TEST FORMS AND CHECKLI STS
Desi gnate Contractor team nenbers to participate in the Pre- Functiona
Performance Test Checklists and the Functional Performance Tests specified
herein. In addition, the Governnent team nmenbers will include a
representative of the Contracting O ficer, the Design Agent's

Representative, and the Using Agency's Representative. The team nenbers
shall be as foll ows:

Desi gnati on Functi on
A Contractor's Conm ssioni ng Special i st
M Contractor's Mechani cal Representative
E Contractor's Electrical Representative
T Contractor's Testing, Adjusting, and Bal anci ng
(TAB) Speci ali st
C Contractor's Controls Representative
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Desi gnati on Functi on
D Desi gn Agency Representative
@] Contracting Oficer's Representative
U Usi ng Agency's Representative

Appendi ces A and B shall be conpleted by the comm ssioning team

Accept ance by each conmi ssioning team nenber of each Pre- Functiona
Performance Test Checklist itemshall be indicated by initials and date
unl ess an "X" is shown indicating that participation by that individual is
not required. Acceptance by each conm ssioning team nenber of each
functional performance test itemshall be indicated by signature and date.

3.2 TESTS

Performthe pre-functional performance test checklists and functiona
performance tests in a manner that essentially duplicates the checking,
testing, and inspection nethods established in the related Sections. Were
checking, testing, and inspection nethods are not specified in other
Sections, establish methods which will provide the information required.
Testing and verification required by this section shall be performed during
the Conmi ssioni ng phase. Requirements in related Sections are independent
fromthe requirenents of this Section and shall not be used to satisfy any
of the requirenents specified in this Section. Provide all materials,
services, and | abor required to performthe pre- functional perfornmance
tests checks and functional performance tests. A functional performance
test shall be aborted if any system deficiency prevents the successfu
completion of the test or if any participating non-Governnment conm Ssioning
team nenber of which participation is specified is not present for the test.

3.2.1 Pre- Functi onal Performance Test Checklists

Perform Pre-Functional Performance Test Checklists, for the itens indicated
in Appendi x A, at |east 28 days prior to the start of Pre-Functiona
Performance Test Checks.. Correct and re-inspect deficiencies discovered
during these checks in accordance with the applicable contract

requirenents. Submt the schedule for the test checks at |east 14 days
prior to the start of Pre-Functional Perfornmance Test Checks.

3.2.2 Functi onal Perfornance Tests

Submit test procedures at |east 28 days prior to the start of Functiona
Performance Tests. Submt the schedule for the tests at |east 14 days
prior to the start of Functional Performance Tests. Perform Functiona
Performance Tests for the itens indicated in Appendix B. Begin Functiona
Performance Tests only after all Pre-Functional Performance Test Checklists
have been successfully conpleted. Tests shall prove all nobdes of the
sequences of operation, and shall verify all other relevant contract
requirenents. Begin Tests with equi pment or conponents and progress

t hrough subsystens to conplete systenms. Upon failure of any Functiona
Performance Test item correct all deficiencies in accordance with the
applicabl e contract requirenments. The itemshall then be retested until it
has been conpleted with no errors.
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3.3 COW SSI ONI NG REPORT

Submit the Comm ssioning Report, no later than 14 days after conpletion of
Functional Performance Tests, consisting of conpleted Pre- Functiona

Per f ormance Test Checklists and conpl eted Functional Perfornmance Tests
organi zed by system and by subsystem and subnitted as one package. The
Commi ssioning Report shall also include all HVAC systens test reports,
inspection reports (Preparatory, Initial and Foll ow up inspections),
start-up reports, TAB report, TAB verification report, Controls start-up
test reports and Controls Perfornmance Verification Test (PVT) report. The
results of failed tests shall be included along with a description of the

corrective action taken.
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APPENDI X A

PRE- FUNCTI ONAL PERFORMANCE TEST CHECKLI STS
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Pre- Functi onal Performance Test Checklist -

For Air Handling Unit: [__ ]

Checklist Item

I nstal |l ati on

a. lnspection and access doors are operable
and seal ed.

b. Condensate drai nage i s unobstructed.
(Visually verify pan drains conpletely by
pouring a cup of water into drain pan.)

c. Fan belt adjusted.

El ectrica

a. Power available to unit disconnect.

b. Power available to unit control panel.

c. Proper notor rotation verified.

d. Verify that power disconnect is |ocated
within sight of the unit it controls.

e. Power available to electric heating coil

Coil's

a. Chilled water piping properly connected.

a. Refrigerant piping properly connected.

b. Hot water piping properly connected.

b. Steam and condensate piping properly

connect ed.

Control s

a. Control valves/actuators properly
i nstall ed.

b. Control val ves/actuators operable.

c. O A danpers/actuators properly install ed.

d. O A danpers/actuators operable.

Pre- Functional Performance Test Checklist -
(cont)

Mul ti zone

EDML715

Mul tizone Air Handling Unit

______ X __ X __
______ X X X ___
______ X -
A M E T C O
X XX
X XX
— X X
- — X -
— — X —
A M E T C O
______ X X X ___
______ X X X __
______ X X X ___
X X X

X X X

X

5JE><><><><

r ndling Unit

A M E T C O

SECTION 23 08 00.00 10 Page 8

Rev. 1



Revitalize M ssion Control EDML715

e. Zone danpers/actuators properly

install ed & danpers | eak checked. X X X
f. Zone danpers/actuators operable. X X x
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. Construction filters renoved and

replaced. X __ X ___
b. TAB report approved. X X ___ X
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Pre- Functional Performance Test Checklist - Variable Volune Air Handling
Uni t

For Air Handling Unit:
Checklist Item A M E T C (@]
Install ation

a. Inspection and access doors are operable
and seal ed. X X

b. Condensate drai nage is unobstructed.
(Visually verify drainage by pouring a

cup of water into drain pan.) X X X ___
c. Fan belt adjusted. X ___ _
El ectri cal A M E T C O
a. Power available to unit disconnect. X X X
b. Power available to unit control panel. X X X _
c. Proper notor rotation verified. o x X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X X .
e. Power available to electric heating coil. L _ ]
Coils A M E T cC O
a. Chilled water piping properly connected. X X X _ ]
a. Refrigerant piping properly connected. X X X _ ]
b. Hot water piping properly connected. X X X _ ]
b. Steam and condensate piping properly

connected. X X X _ ]
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Pre- Functional Performance Test Checklist - Variable Volune Air Handling
Uni t

Controls A M E T C O
a. Control valves/actuators properly

i nstall ed. X X X __ _
b. Control val ves/actuators operable. X X x
c. Danpers/actuators properly installed. X X x
d. Danpers/actuators operable. X o ox o ox
e. Verify proper location, installation and

calibration of duct static pressure

sensor. X X X
f. Fan air volune controller operable. X o ox o ox
g. Air handler controls system operational. X X x
Testing, Adjusting, and Bal anci ng ( TAB) A M E T C O
a. Construction filters renoved and

repl aced. x
b. TAB report approved. X X X
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Pre- Functional Performance Test Checklist - VAV Ternm na

For VAV Termi nal :

Checklist Item A M E T C O
Install ation

a. Reheat coil connected to hot water pipe. X X

b. Electric reheat coil connected to |oca

di sconnect . X __ X
Control s A M E T C O
a. Cooling only VAV terminal controls set. X X X __
b. Cooling only VAV controls verified. X X X _
c. Reheat VAV terminal controls set. X X X __ _
d. Reheat termnal/coil controls verified. X X X

Testing, Adjusting, and Bal ancing (TAB) A M E T C O

a. TAB report approved. X X
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Pre- Functional Performance Test Checklist - DX Air Cool ed Condensing Unit
For Condensing Unit:
Checklist Item A M E T C O

Install ation

a. Check condenser fans for proper rotation. X X
El ectri cal A M E T c O
a. Power available to unit disconnect. X XX
b. Power available to unit control panel. X X

c. Verify that power disconnect is |ocated

within sight of the unit it controls X ox
Controls A M E T C O
a. Unit safety/protection devices tested. X X
b. Control systemand interlocks installed. X x

c. Control systemand interl ocks
operational . X X
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Pre-Functional Performance Test Checklist - Punps
For Punp:
Checklist Item A M E T C O

Install ation

a. Piping systeminstalled. X X X
El ectri cal A M E T c O
a. Power available to punp di sconnect. X XX
b. Punmp rotation verified. X X X
c. Control systeminterlocks functional. X X
Testing, Adjusting, and Bal ancing (TAB) A M E T C O
a. Pressure/tenperature gauges installed. X X
b. TAB Report approved. x X
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Pr e- Functi on

EDML715

al Performance Test Checklist - Packaged Air Cooled Chiller

For Chiller:
Checklist Item A M E
I nstallation
a. Chiller properly piped. X
El ectri cal A M E
a. Power available to unit disconnect. X
b. Power available to unit control panel. X
c. Separate power is supplied to electric

heati ng tape. X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X
Control s A M E
a. Factory startup and checkout conplete. X
b. Chiller safety/protection devices tested. X
c. Chilled water flow switch installed. X
d. Chilled water flow switch tested. X
e. Chilled water punp interlock installed. X
f. Chilled water punp interlock tested.

SECTION 23 08 00.00 10 Page 15
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Pre- Functional Performance Test Checklist -

For Chiller:

Checklist Item

Install ation

a. Chilled water connections properly piped.

b. Condenser water connections properly
pi ped

c. Refrigerant |leak detector install ed.

[d. Oxygen sensor installed and tested.

e. Mechanical roomventilation installed as
speci fi ed.

El ectrica

a. Power available to unit starter.

b. Power available to unit control panel.

c. Verify that power disconnect is |ocated
within sight of the unit it controls.

Control s

a. Factory startup and checkout conpl ete.

b. Chiller safety/protection devices tested.

c. Chilled water flow switch installed and
test ed.

e. Chilled water punp interlock installed
and tested.

g. Condenser water flow switch installed

and tested.

Condenser water punp interlock installed
and tested.

SECTI ON 23 08 00.00 10

EDML715

Centrifugal Chiller

— X X
- X __ X _____
X X

Page 16
Rev. 1



Revitalize M ssion Control EDML715

Pre-Functional Performance Test Checklist - Cooling Tower
For Cool i ng Tower:
Checklist Item
Install ation A M E T C O
a. Cooling tower properly piped. X X
b. Cooling tower fan drive adjusted. . G
c. Cooling tower makeup water supply piped. X x
d. Verify makeup control valve shutoff. X X
e. Fan lubricated and bl ade pitch adjusted. X X
El ectri cal A M E T C O
a. Power available to tower disconnect. X X
b. Power available to electric sunmp heater. = X X
c. Control systeminterlocks functional. x
d. Mdttor and fan rotation checked. X X
e. Verify that power disconnect is |ocated

within sight of the unit is controls. X ox
Pi pi ng A M E T C O
a. Condenser water treatnent functional. X X X
b. Al required tenperature sensing wells,

pressure ports and fl ow sensors have

been installed for perfornmance tests. o
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O

a. TAB report approved. X X
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Pre- Functional Performance Test Checklist - Hot Water Boil er
For Boil er:

Checklist Item

I nstallation A M E T cC O
a. Boiler hot water piping installed. x
b. Boiler nmakeup water piping installed. x
c. Boiler fuel oil piping installed. X X X
d. Boiler gas piping installed. X X X
Startup A M E T cC O
a. Boiler safety/protection devices,

i ncludi ng high tenperature burner shut-off,

| ow water cutoff, flane failure, pre- and

post - purge, have been tested. X
b. Verify that PRV rating conforns to boiler

rating. X
c. Boiler water treatnent systemfunctional. X x
d. Boiler startup and checkout conplete. X X
e. Conbustion efficiency denonstrated. x X
El ectri cal A M E T C O
a. Verify that power disconnect is |ocated

within sight of the unit served. X ox
Controls A M E T C O
a. Hot water pump interlock installed

and tested. X
b. Hot water proof-of-flow swtch

installed and tested X x
c. Hot water heating controls operational. X x
Testing, Adjusting, and Bal ancing (TAB) A M E T C O
a. TAB report approved. X X
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Pre- Functional Performance Test Checklist -

For

Boi | er:

Checklist Item

Install ation

a. Boiler steam piping installed.

b. Boiler makeup water piping installed.

c. Boiler fuel oil piping install ed.

d. Boiler gas piping install ed.

Startup

a. Boiler safety/protection devices,
i ncluding high tenperature burner shut-
off, low water cutoff, flanme failure,
pre and post purge, have been tested.

b. Vér!fy that PRV rating confornms to boiler
rating.

c. Boiler feed water system operational.

d. Boiler water treatnent systemfunctional.

e. Boiler startup and checkout conpl ete.

f. Al steamtraps operational.

g. Al condensate return punps operational.

h. Combustion efficiency denonstrated.

El ectrica

a. Verify that power disconnect is |ocated

within sight of the unit served.

Testing, Adjusting, and Bal ancing (TAB)

a.

TAB report approved.

SECTI ON 23 08 00.00 10
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Pre- Functional Performance Test Checklist - Steam Hot Water Converter
For Converter:

Checklist Item

I nstallation A M E T cC O
a. Converter steampiping installed. X X
b. Hot water piping installed. x
c. Makeup water piping installed. X X X
d. Vacuum breaker installed on shell of

shell and tube vpit. .~~~ X X X
Startup A M E T c O
a. Al steamtraps operational. X X X
b. Al condensate return punps operational. X
c. Converter safety/protection devices

tested. X X X ___
d. Converter startup and checkout conplete. X X X
Control s A M E T cC O
a. Control valves/actuators properly

installed. X
b. Control valves/actuators operable. X __
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Pre- Functional Performance Test Checklist - Fan Coil Unit
For Fan Coil Unit:

Checklist Item

I nstallation A M E T cC O
a. Access doors/renovabl e panels are operable

and sealed. X ___ X ___
b. Condensate drainage is unobstructed. X X X _
c. Fan belt adjusted. X ___ X ___
El ectri cal A M E T C O
a. Power available to unit disconnect. x
b. Power available to unit control panel. X
c. Proper notor rotation verified. - X

d. Verify that power disconnect is |ocated
within sight of the unit it controls. X

e. Power available to electric heating

coil. X X ___
Coil's A M E T c O
a. Dual tenperature piping properly

connected. X
b. Chilled water piping properly connected. X X X
c. Hot water piping properly connected. X
Control s A M E T C O
a. Control valves/actuators properly

installed. X
b. Control val ves/actuators operable. X X

c. Verify proper location and installation

of thernmstat. X
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB Report approved. X ___ X ___
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Pre- Functional Performance Test Checklist - Unit Heater

For Unit Heater:

Checklist Item

Install ation A M E T C O
a. Hot water piping properly connected. X

a. Steam and condensate piping properly

connected. X X X
El ectri cal A M E T C O
a. Power available to unit disconnect. X
b. Proper notor rotation verified. X X

c. Verify that power disconnect is |ocated

within sight of the unit it controls. X
d. Power available to electric heating coil. X
Controls A M E T cC O
a. Control valves properly installed. x _
b. Control valves operable. X X __

c. Verify proper location and installation of

t her rostat. X ___
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB Report approved. X __ X ___
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Pre- Functional Performance Test Checklist - Exhaust Fan
For Exhaust Fan:

Checklist Item

Install ation A M E T
a. Fan belt adjusted. X
El ectri cal A M E T
a. Power available to fan di sconnect. X

b. Proper notor rotation verified.

c. Verify that power disconnect is |ocated

wi thin sight of the unit it controls. X
Control s A M E T
a. Control interlocks properly installed. X
b. Control interlocks operable. X
c. Danpers/actuators properly installed. X
d. Danpers/actuators operable. X
e. Verify proper location and installation of

t her ppstat. X ___
Testing, Adjusting, and Bal anci ng ( TAB) A M E T
a. TAB Report approved. X
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Pre- Functional Performance Test Checklist - Conmputer Room Unit

For Conputer Room Unit:

Checklist Item

Install ation A M E T C O
a. Access doors are operable and seal ed. X X

b. Condensate drainage is unobstructed and

routed to fIloor drain. X X X
c. Fan belt adjusted. X ___ -
El ectri cal A M E T C O
a. Power available to unit disconnect. X XX
b. Proper notor rotation verified. X X
c. Proper notor rotation verified. X X
d. Verify that power disconnect is |ocated

within sight of the unit it controls. X ox
e. Power available to reheat coils. X X ]
Coi | s/ Hum di fi er A M E T cC O
a. Chilled water piping properly connected. x
a. Refrigerant piping properly connected. X X X
b. Hot water piping properly connected. x
b. Steam piping properly connected. X X X
c. Hum difier nmakeup water connected. X X X
Control s A M E T cC O
a. Control valves operable. X x
b. Unit control system operable and

verified. X ___
c. Verify proper location and installation of

t her ppstat. X
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB Report subnitted. X ___ X __
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Pre- Functional Performance Test Checklist - HVAC System Control s

For HVAC System

Checklist Item

Install ation A M E T C O

a. Layout of control panel matches drawings. X x
b. Franed instructions nmounted in or near

control panel. .~ X x
c. Conponents properly |labeled (on inside and

out si de of panel). . X x
d. Control conponents piped and/or wired to

each | abeled termnal strip. X x
e. EMCS connection nade to each | abel ed

termnpal strip as shon. X x
f. Control wiring and tubing | abeled at all

term nations, splices, and junctions. X X

Mai n Power and Control Air

a. 120 volt AC power available to panel. X
b. 20 psig

compressed air available to panel. x x
Testing, Adjusting, and Bal ancing ( TAB) A M E T C O
a. TAB Report submitted. X __ X ___
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Pre- Functional Performance Test Checklist - Single Zone Air Handling Unit

For Air Handling Unit:

Checklist Item

I nstallation A M E T
a. Inspection and access doors are operable

and sealed. X ___
b. Condensate drainage is unobstructed. X X
c. Fan belt adjusted. X ___
El ectri cal A M E T
a. Power available to unit disconnect. X
b. Power available to unit control panel. X

c. Proper notor rotation verified.

d. Verify that power disconnect is |ocated

cC O
X ___
X
X
cC O
X
X ___
cC O
X ___
X
cC O
cC O

within sight of the unit it controls. X
e. Power available to electric heating coil. X
Coil s A M E T
a. Chilled water piping properly connected. x
b. Refrigerant piping properly connected. X X
c. Hot water piping properly connected. x
c. Steam and condensate piping properly

connected. X X

Control s A M E T
a. Control valves/actuators properly

installed. X
b. Control valves/actuators operable. X
c. Danpers/actuators properly installed. X
d. Danpers/actuators operable. X
e. Verify proper location and installation

of therpmostat. X ___
Testing, Adjusting, and Bal ancing (TAB) A M E T
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a. TAB Report approved. X X
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Pre- Functional Performance Test Checklist - Energy Recovery System
For Energy Recovery System

Checklist Item

Installation A M E T cC O
a. Recovery system piping installed. X X
Startup A M E T c O
a. Startup and checkout complete. X X X
Control s A M E T C O
a. Control valves/actuators properly

installed. x
b. Control valves/actuators operable. x
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- End of Appendix A -
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APPENDI X B

FUNCTI ONAL PERFORVANCE TESTS CHECKLI STS
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Functional Performance Test - Pump

NOTE: Prior to performng this test, for closed | oop systens ensure that
the systemis pressurized and the nake-up water systemis operational, or
for open | oop systens ensure that the sunps are filled to the proper |evel.
1. Activate punp start using control system commands.

a. Verify correct operation in:

b. Verify pressure drop across strainer:
Strainer inlet pressure
Strainer outlet pressure
c. Verify punp inlet/outlet pressure reading, conpare to Testing,
Adj usting, and Bal ancing (TAB) Report and punp design conditions.

DESI GN TAB ACTUAL

Punp inlet pressure psig

Punp outl et pressure psig

d. Operate punp at shutoff and at 100 percent of designed fl ow when al
conponents are in full flow Plot test readings on punp curve and
conpare results against readi ngs taken from fl ow nmeasuring devi ces.

SHUTCFF 100 percent
Punp inlet pressure psig
Punp outl et pressure psig
Punp flow rate gpmr

SETPO NT

Differential Pressure Transmitter
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Functional Performance Test (cont) - Pump

e. For variable speed punps, operate punp at shutoff (shutoff to be done in
manual on variabl e speed drive at the mininumrpmthat the systemis being
controlled at) and at mninmum fl ow or when all conponents are in full
by-pass. Plot test readings on punp curve and conpare results agai nst
readi ngs taken from fl ow neasuring devi ces.

SHUTOFF 100 percent
Punp inlet pressure psig
Punp outl et pressure psig
Punp flow rate gpm
SETPO NT
Differential Pressure Transmitter
2. Measur e notor anperage each phase and vol tage phase to phase and phase

to ground for both the full flow and the mninumflow conditions. Conpare
anperage to nanepl ate FLA

a. Full flow

Nanepl ate FLA

Amperage Phase 1 Phase 2.~ Phase 3.
Vol t age Phi1-Ph2 Ph1-Ph3_ Ph2-Ph3_
Vol t age Ph1-gnd Ph2-gnd_ Ph3-gnd_
b. M nimum fl ow
Amperage Phase 1 Phase 2.~ Phase 3.
Vol t age Ph1-Ph2 Ph1-Ph3_ Ph2-Ph3_
Vol t age Phl-gnd Ph2-gnd_ Ph3-gnd_
3. Not e unusual vibration, noise, etc.
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Functional Performance Test (cont) - Pump

4. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the perfornance
requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting OFficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functional Performance Test - Centrifugal Chiller

Note: If water-cooled chiller performin conjunction with Cooling Tower
test.

1. Denonstrate operation of chilled water systemin accordance with
specifications including the following: Start building air handler to
provide load for chiller. Activate controls systemchiller start sequence
as follows:

a. Tine of day startup programinitiates chiller start:

b. Record outdoor air tenperature: _
c. Start condenser water punp and establish condenser water flow.
Verify chiller condenser water proof-of-flow switch operation.
d. Start chilled water punp and establish chilled water flow
Verify chiller chilled water proof-of-flow switch operation

e. Verify control systemenergizes chiller start sequence.

f. Verify chiller senses chilled water tenperature above set point
and control systemactivates chiller start.

g. Verify functioning of "soft start" sequence.

h. Record data in 2, 3 and 4 below on fully load chiller.

i. Shut off air handling equipnent to renove |oad on chilled water
system Verify chiller shutdown sequence is initiated and
acconpl i shed after load is renoved.

j- Restart air-handling equi pnent one minute after chiller shut
down. Verify condenser water punp, cooling tower, and chiller restart
sequence.

2. Verify chiller inlet/outlet pressure and flow readi ng, conpare to
Testing, Adjusting, and Bal ancing (TAB) Report, chiller design conditions,
and chiller manufacturer's performance data.

DESI GN TAB REPORT  ACTUAL

Chiller inlet pressure psig

Chiller outlet pressure psig

Chiller flow GPNV

3. Measure chiller anperage each phase and vol tage phase to phase and
phase to ground for both the fully | oaded condition.

Mot or F/ L AMPS
Amperage Phase 1 Phase 2 Phase 3

Vol tage Phl-Ph2 Ph1- Ph3 Ph2- Ph3
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Vol tage Phl-gnd
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Functional Performance Test (cont) - Centrifugal Chiller

4. a. Record the followi ng information: Desi gn
Qut door air tenperature deg F
Anbi ent dry bulb tenperature deg F
Entering chilled water tenperature deg F
Leaving chilled water tenperature deg F

b. Calculate chiller |load at anbi ent conditions and conpare to chiller

rated capacity frommanufacturer's literature. Calculated = Ton
Rated Ton.

5. Unusual vi bration, noise, etc.

6. Certification: W the undersigned have w tnessed the above functiona

performance tests and certify that the itemtested has net the perfornance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functional Performance Test - Cooling Tower

1. Denonstrate operation of the cooling tower in accordance with
specification and the foll ow ng:

a. Activate cooling tower fan start using control system comrand.
This should first start condenser water punp, establish flow, delay fan
start, as specified, to equalize flow in distribution basin and sunp.
Verify fan start after tinmed del ay.

b. After chiller startup, control system should nodul ate bypass
val ve and two-speed fan notor to nmaintain condenser water set point.
Verify function of bypass val ve under varying | oads.

c. Verify cooling tower interlock with chiller

d. Verify makeup water float valve is functioning.

e. Activate chem cal treatnment feed valve, verify nmakeup of chem ca
treatnent system punp, and controls.

f. Record the follow ng:

Entering water tenperature
Leaving water tenperature: __
Measured water flow gpm

Entering air wet bulb tenperature: deg F
2. Conpare results with test results fromcooling tower specification
test.
3.

a. Stop all building cooling equi pnent so that cooling tower punps

stop. Observe tower for at |east 15 minutes and verify no overfl ow
occurs___ .

b. Start cooling tower punps in hand and observe punps for air
bi ndi ng/ cavitation , none allowed
4. Certification: W the undersigned have w tnessed the above functiona
performance tests and certify that the itemtested has net the perfornance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - VAV Terminals

The Contracting officer will select VAV termnals to be spot-checked during
the functional performance test. The nunber of term nals sel ected shal
not exceed 10 percent.

1. Functional Performance Test: Contractor shall denonstrate operation
of sel ected VAV boxes in accordance with specifications including the
fol | owi ng:

a. Cooling only VAV boxes:

(1) Verify VAV box response to roomtenperature set point adjustnent.
Turn thernostat to 5 degrees F bel ow anbi ent and nmeasure maxi mum airfl ow.
Turn thernostat to 5 degrees F above anbi ent and measure mini num airfl ow.
Setting Measur ed Desi gn
Maxi mum f 1 ow [ ] [ ] [
M ni mum f | ow [ ] [ ] [

b. Cooling with reheat VAV boxes:

(1) Verify VAV box response to roomtenperature set point adjustnent.
Turn thernpstat to 5 degrees F above anbi ent and measure maxi num airfl ow.
Turn thernostat to 5 degrees F bel ow anbi ent and measure m ni num airfl ow.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ | [
M ni mum f 1 ow [ ] [ ] [

(2) Verify reheat coil operation range (full closed to full open) by
turning roomthernostat 5 degrees F above anbient =

Wth heating water system and boiler in operation providing design
supply hot water tenperature record the follow ng:

Desi gn HW supply tenmperature deg F
Actual HWsupply tenperature_ deg F
AHU supply air tenperature deg F
VAV supply air tenperature deg F

Cal cul ate coil capacity and conpare to design:
Desi gn BTU hr Act ual BTU hr
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Functional Performance Test Checklist (cont)- VAV Terminals

c. Parallel Fan powered VAV boxes:

(1) Verify VAV box responses to call for heating via set point
adj ustnent. Change fromcooling set point to heating set point. Verify
cool i ng damper cl oses to ninimum position, blower fan energizes according
to sequence of operation, and upon further drop in space tenperature,
heating coil activation.
Wth heating water systemin operation providing design supply hot water
tenmperature record the follow ng

Desi gn HW supply tenmperature deg F
Actual HWsupply tenperature deg F
AHU supply air tenperature deg F
VAV supply air tenperature deg F

Cal cul ate coil capacity and conpare to design:
Design BTU hr Actual BTU hr
(2) Check primary air danper maxi mum mni num flow settings and
conpare to actual neasured fl ows.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [
M ni mum f 1 ow [ ] [ ] [

(3) Check blower fan flow |

(4) Verify free operation of fan backdraft danper (insure no
primary air is being discharged into plenum space).

d. Series Fan Powered VAV boxes
(1) Ensure VAV fan starts prior to AHU fan

(2) Verify VAV box response to sensor call for heating via set point

adj ustnment. Change fromcooling set point to heating set point. Verify
cool i ng danper closes to mnimum position and upon further drop in space
tenperature, heating coil activation. Wth heating water system and boiler
in operation providing design supply hot water tenperature record the
foll owi ng:

Desi gn HW supply tenperature deg F
Actual HWsupply tenperature deg F
AHU supply air temperature deg F
VAV supply air temperature deg F

Cal cul ate coil capacity and conpare to design
Design BTU hr Actual BTU hr
(3) Check primary air danper maxi mum mini num flow settings and conpare to
actual neasured fl ows.

Setting Measur ed Desi gn
Maxi mum f | ow [ ] [ ] [
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M ni mum f | ow [ ] [ ] [
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Functional Performance Test Checklist (cont)- VAV Terminals

(4) Verify that mininmal primary air is discharging into the plenum space
when in full cooling node.

(5) Verify that no plenumair is being induced fromthe plenum space into
the supply air during full cooling by measuring supply air tenperature and
conparing to primary air tenperature

Primary air temp
Supply air temp deg F

2. Certification: W the undersigned have w tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date
Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Contracting Oficer's Representative

Desi gn Agency Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Variable Volume Air Handling Unit

For Air Handling Unit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side of
the outside air danpers throughout the operation of the danpers. Mdul ate
OA, RA, and EA danpers fromfully open to fully closed positions_

b. The follow ng shall be verified [supply fan operating][supply and
return fans operating] node is initiated:

(1) Al danpers in normal position prior to fan start

(2) Al valves in normal position prior to fan start

(3) Systemsafeties allow start if safety conditions are net. _

(4) VAV fan controller shall "soft-start" fan.

(5) Modul ate all VAV boxes to minimumair flow and verify that
the static pressure does not exceed the high static pressure shutdown
set poi nt

(6) Return all VAV boxes to auto

c. Cccupied node of operation - econonizer de-energized.

(1) Qutside air danper at m ninum position.

(2) Return air danper open.

(3) Relief air danper [at m ninumposition] [closed]. =
(4) Chilled water control valve nodulating to nmaintain |eaving
air tenperature set point. Setpoint deg F Actual

(5) Fan VAV controller receiving signal fromduct static pressure
sensor and nodul ating fan to maintain supply duct static pressure set
poi nt .

Set poi nt i nches-wg Act ual

d. Cccupi ed node of operation - econonizer energized.

(1) Qutside air danper nodul ated to naintain mxed air
tenperature set point. Setpoint deg F, Actual deg F, Qutside
air danper position %

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation. Relief air danper position %

(3) Chilled water control valve nodul ating to nmaintain |eaving
air tenperature set point. Setpoint deg F Act ual

(4) Hot water control valve nodulating to naintain |eaving air
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tenperature set point. Setpoint
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Functional Performance Test Checklist (cont) - Variable Volume Air Handling
Unit

(5) Fan VAV controller receives signal fromduct static pressure
sensor and nodul ates fan to mmintain supply duct static pressure set
point. Setpoint inches-wy Actual inches-wgy

e. Unoccupi ed node of operation

(1) bserve fan starts when space tenperature calls for heating and/or
cooling. Not e: This does not apply to series boxes.

(2) Al'l dampers in normal position.
(3) Verify space tenperature is nmaintained as specified in sequence of

operati on.

f. The followi ng shall be verified when the [supply fan of f][supply
and return fans off] node is initiated:

(1) Al danpers in normal position.

(2) Al valves in nornmal position.

(3) Fan de-energizes.

Verify the chilled water coil control valve operation by setting
al | VAV's to maxi mum and m ni mrum cool i ng.

Max Cool i ng

Supply air temp. deg F Verify cooling valve operation

M n cooling

Supply air temp. deg F Verify cooling valve operation
h. Verify safety shut down initiated by | ow tenperature protection
thermostat.
i. Verify occupancy schedule is programmed into tine
clock/UMCS__

2. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative
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Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Single Zone Air Handling Unit

For Air Handling Unit: [

1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side of the
outside air danpers throughout the operation of the danpers. Modul ate QA
RA, and EA danpers fromfully open to fully cl osed positions.

a. The follow ng shall be verified when the [supply fan operating]
[supply and return fans operating] node is initiated:

(1) Al danpers in normal position prior to fan start

(2) Al valves in normal position prior to fan start
(3) Systemsafeties allow start if safety conditions are net.
b. Occupi ed node of operation - econom zer de-energized.

(1) Qutside air danmper at mnimum position.

(2) Return air danper open.

(3) Relief air danper [at m ninumposition][closed].
(4) Chilled water control valve nodul ating to naintain space
cool ing temperature set point. Setpoint deg F Actua

(5) Hot water control valve nobdulating to mmintain space heating
tenperature set point input fromoutside air tenperature controller

c. Cccupied node of operation - econonizer energized.

(1) Qut side air danper nodulated to maintain nmixed air
tenperature set point. Setpoint deg F Actual deg F O A danper
position _ deg F Qutside Air
Tenperat ure

_______ deg F S

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation. Relief air danper position | %

(3) Chilled water control valve nodulating to naintain space
cooling tenperature set point. Setpoint = deg F Actua
Return sensor overrides to normal operation.

d. Unoccupi ed node of operation.
(D (bserve fan starts when space tenperature calls for
heating/cooling .
(2) Al'l danpers in nornmal position.
(3) Verify lowlimt space tenperature i s maintained as
specified in sequence of operation.
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Functional Performance Test Checklist (cont) - Single Zone Air Handling Unit

e. The follow ng shall be verified when the [supply fan of f][supply
and return fans off] node is initiated:

(1) Al danpers in normal position.

(2) Al valves in normal position.

(3) Fan de-energizes.

f. Verify cooling coil and heating coil operation by varying
thernmostat set point fromcooling set point to heating set point and
returning to cooling set point

g. Verify safety shut down initiated by | ow tenperature protection
thermostat

h. Verify occupancy schedule is progranmed into tine
cl ock/ UMCS

2. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Multi-zone Air Handling Unit

For Air Handling Unit: [__ ]
1. Functional Performance Test: Contractor shall verify operation of air
handling unit in accordance with specification including the follow ng:

a. Ensure that a slight negative pressure exists on inboard side
of the outside air danmpers throughout the operation of the danpers.

Modul ate OA, RA, and EA danpers fromfully open to fully cl osed positions.

b. The followi ng shall be verified when the supply and return fans
operating node is initiated:

(1) Al danpers in nornmal position.

(2) Al valves in normal position.

(3) Systemsafeties allow start if safety conditions are net.
b. Occupi ed node of operation - econom zer de-energized.

(1) Qutside air danmper at mnimum position.

(2) Return air danper open.

(3) Relief air danper [at m ninumposition] [closed].
(4) Chilled water control valve nmodulating to naintain cold deck
supply air tenperature set point. Setpoint deg F Act ual

(5) Hot water control valve nodulating to nmaintain hot deck
supply air tenperature set point input fromoutside air tenperature
controll er. Setpoint deg F Act ual

c. Occupied node of operation - econonizer energized. Note outside
air and return air temperature sensors may need to be sinulated.

(1) Qutside air danper nodulates to naintain mxed air
tenperature set point. Setpoint deg F Act ual
Tenper ature deg F Qutside Air Tenperature

(2) Relief air danper nodul ates with outside air danper according
to sequence of operation.

(3)Chilled water control valve nodulating to nmaintain cold deck supply
air tenperature set point. Setpoint deg F Act ual

(4) Hot water control valve nodulating to maintain hot deck supply
air tenperature set point input fromoutside air tenperature controller.
Setpoint deg F Act ual deg F A deg F
Return tenperature sensors to normal operation.
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Functional Performance Test Checklist (cont) - Multi-zone Air Handling Unit

d. Unoccupi ed node of operation note tine clock and space
tenperature sensor nay require sinulation
(4) bserve fan starts when space tenperature calls for heating/cooling.
(5) Al'l danpers in normal position.
(6) Verify lowlimt space tenperature is maintained as specified in
sequence of operation.

e. The followi ng shall be verified when the supply and return fans
off node is initiated:

(1) Al danpers in normal position.

(2) Al valves in nornmal position.

(3) Fan de-energizes.
Note: return tine clock and space tenperature sensors to nornal operation.

f. Verify zone danper operation by varying zone thernostat set
points fromcooling set point to heating set point and returning to cooling
set point.

g. Verify safety shut down initiated by |ow tenperature protection
t her nost at .

h. Index roomthernostats to full cooling then to full heating.
Measure and record col d deck, hot deck, and supply air tenperatures and
det erm ne danper | eakage for a mininumof 2 zones.

Col d deck tenperature degrees F

Hot deck temperature degrees F

Zone

Zone __ Supply Air Tenperature at Max Cooling = deg F

Zone __ Supply Air Tenperature at Max Heating = deg F

Zone __ Hot Deck Damper |eakage at Max cooling _ CFM

Zone __ Cold Deck Danper |eakage at Max heating CFM

Zone

Zone __ Supply Air Tenperature at Max Cooling = deg F

Zone __ Supply Air Tenperature at Max Heating = deg F

Zone __ Hot Deck Damper |eakage at Max cooling _ CFM

Zone __ Cold Deck Danper |eakage at Max heating CFM
i. Verify occupancy schedule is programmed into tine

cl ock/ UMCS

SECTI ON 23 08 00.00 10 Page 51
Rev. 1



Revitalize M ssion Control EDML715

Functional Performance Test Checklist (cont) - Multi-zone Air Handling Unit

2. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Packaged Air Cooled Chiller

For Chiller: [

1. Functional Performance Test: Contractor shall denonstrate operation
of chilled water systemin accordance with specifications including the
following: Start building air handler to provide |load for chiller.
Activate controls systemchiller start sequence as follows.

a. Start chilled water punp and establish chilled water flow.
Verify chiller-chilled water proof-of-flow switch operation.
Record outdoor air tenperature.

b. Verify control system energizes chiller start sequence.

c. Verify chiller senses chilled water tenperature above set point
and control systemactivates chiller start. Setpoint deg F Actua
deg F

d. Verify functioning of "soft start" sequence.

e. Verify and record chiller data in accordance with 2, 3 and 4
bel ow on fully | oaded chiller.

f. Shut off air handling equipnment to renove | oad on chilled water
system Verify chiller shutdown sequence is initiated and acconplished
after load is renoved.

g. Restart air handling equi pnent one nminute after chiller shut
down. Verify chiller restart sequence.

2. Verify chiller inlet/outlet pressure reading, compare to Testing,
Adj usting, and Bal ancing (TAB) Report, chiller design conditions, and
chiller manufacturer's performance data.

DESI GN TAB TEST ACTUAL

Chiller inlet pressure (psig)

Chiller outlet pressure (psig)

Chiller flow GPN

3. Verify chiller anperage each phase and vol t age phase-to-phase and
phase-t o- ground.
Mot or F/ L AMPS
Amperage Phase 1 Phase 2 Phase 3

Vol t age Ph1- Ph2 Ph1- Ph3 Ph2- Ph3

Vol t age Phl-gnd
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Functional Performance Test Checklist (cont) - Packaged Air Cooled Chiller
4.
a. Record the follow ng information
Desi gn

Qut door air tenperature degrees F

Anbi ent dry bulb tenperature degrees F degrees F

Entering chilled water tenperature degrees F degrees F

Leaving chilled water tenperature degrees F degrees F

b. Calculate chiller |load at anbient conditions and conpare to chiller
rated capacity frommanufacturer's literature. Calculated = Ton
Rat ed Ton.

5. Unusual vibration, noise, etc.

6. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has nmet the
performance requirements in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Air Cooled Condensing Unit

For Condensing Unit: [ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of refrigeration systemin accordance wi th specifications including the
following: Start building air handler to provide |oad for condensing
unit. Activate controls systemstart sequence as follows.

a. Start air handling unit. Verify control system energizes
condensing unit start sequence.

b. Verify and record data in 2 and 3 bel ow
c. Shut off air handling equipnment to verify condensing unit
de- energi zes.

d. Restart air handling equi pnent one minute after condensing unit
shut down. Verify condensing unit restart sequence.

2. Verify condensing unit anperage each phase and vol tage phase to phase
and phase to ground.
Mot or Ful | - Load Anps

Anperage Phase 1 _ Phase 2__ = Phase 3__ =
Vol t age Ph1-Ph2 Ph1-Ph3__ Ph2-Ph3__
Vol t age Phl-gnd __ Ph2-gnd___ Ph3-gnd___
3. Record the follow ng infornmation:

Anbi ent dry bulb tenperature degrees F

Suction pressure
Di scharge pressure

4. Unusual vibration, noise, etc.

5. Certification: W the undersigned have w tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date
Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative
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Usi ng Agency's Representative
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Functi onal Performance Test Checklist - Hot Water Boil er
For Boiler: |

1. Functional Performance Test: Contractor shall denonstrate operation
of hot water systemin accordance with specifications including the
followi ng: Start building heating equi prent to provide |oad for boiler
Activate controls systemboiler start sequence as foll ows.

a. Start hot water punp and establish hot water flow. Verify boiler
hot wat er proof-of-flow switch operation.
Record outdoor air tenperature.

b. Verify control system energizes boiler start sequence.
c. Verify boiler senses hot water tenperature bel ow set point and
control system activates boiler start. Setpoint

2. Verify boiler inlet/outlet pressure reading, conpare to Test and
Bal ance (TAB) Report, boiler design conditions, and boiler manufacturer's
performance dat a.

DESI GN SYSTEM TEST ACTUAL
Boiler inlet water tenperature deg F
Boiler outlet water tenperature deg F
Boil er outlet pressure psig
Boiler flow rate gpn
Fl ue-gas tenperature at boiler outlet deg F
Percent carbon dioxide in flue-gas
Draft at boiler flue-gas exit inches-wy
Stack emi ssion pollutants concentration
Fuel type
Conbustion efficiency

3. Record the follow ng information

Ambi ent dry bulb tenperature to determ ne reset schedule degrees F
Buil ding Entering hot water tenperature degrees F
Bui | di ng Leavi ng hot water tenperature _ degrees F

4. Verify tenperatures in item3 are in accordance with the reset
schedul e.

5. Verify proper operation of boiler safeties.
Low water

Water flow

Flame failure

Pilot failure

Pre and Post Purge failure__
Pressure relief

H gh tenperature_

Q 0O Q0O Tw

6. Shut of f buil di ng heating equi prent to renove | oad on hot water
system Verify boiler shutdown sequence is initiated and acconplished after
| oad is renoved.
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Functional Performance Test Checklist (cont) - Hot Water Boiler

7. Unusual vibration, noise, etc.

8. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Steam Boiler

For Boiler: [ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of steam heating systemin accordance with specifications including the
followi ng: Start building heating equi prent to provide |oad for boiler
Activate controls systemboiler start sequence as foll ows.

a. Start steam heating system Verify control system energizes
boil er start sequence.
Record the outdoor air tenperature.

b. Verify boiler senses steam pressure bel ow set point and contro
system activates boiler start.

c. Shut off building heating equi pnent to renove | oad on steam
heating system Verify boiler shutdown sequence is initiated and
acconpl i shed after load is renoved.

d. Verify that water |evel and makeup water system are operational.

2. Verify boiler inlet/outlet pressure reading, conpare to boiler design
condi tions and manufacturer's performance data.

DESI GN SYSTEM TEST ACTUAL
Boiler inlet feedwater tenp deg F
Boil er outlet pressure psig
Fl ue-gas tenperature at boiler outlet deg F
Percent carbon dioxide in flue-gas
Draft at boiler flue-gas exit inches-wy
Stack enmission pollutants concentration
Fuel type
Conbustion efficiency

3. Record the follow ng information
Anbi ent tenperature

4. Verify proper operation of boiler safeties.

5. Unusual vibration, noise, etc.

6. Visually check refractory for cracks or spalling and refractory and
tubes for flane inpingenent.
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Functional Performance Test Checklist (cont) - Steam Boiler

7. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Fan Coil Units

The Contracting Officer will select fan coil units to be spot-checked
during the functional performance test. The nunber of term nals shall not
exceed 10 percent. Hot water and chilled water systens nust be in
operation providing desi gn water tenperatures.

1. Functional Performance Test: Contractor shall denonstrate operation
of selected fan coils in accordance with specifications including the
fol | owi ng:

a. Cooling only fan coils:

(1) Verify fan coil unit response to roomtenp set point
adj ust nent .

1. Check blower fan airflow. cfm
2. Check cooling coil water flow gpm
3. Verify proper operation of cooling water contro
valve.
4, Cooling nmode inlet air tenperature deg F
5. Cooling node outlet air tenperature deg F
6. Cal cul ate coil sensible capacity and conpare to design:
Calculated BTU hr Design__ BTU hr

b. Cooling/heating fan coils:

(1) Verify fan coil unit response to roomtenp set point
adj ust nent .

1. Check blower fan airflow. cfm
2. Check cooling coil water flow _ gpm
3. Verify proper operation of cooling water control valve. _
4. Check cooling node inlet air tenperature. deg F
5. Check cooling node outlet air tenperature. deg F
6. Calculate cooling coil sensible capacity and conpare to
desi gn:
7. Calculated BTU hr Design__ BTU hr
8. Check heating coil water flow _ gpm
9. Verify proper operation of heating water control valve.

10. Check heating node inlet air tenperature.

11. Check heating node outlet air tenperature.

12. Calculate heating coil capacity and conpare to design:
Cal cul at ed BTU hr design BTU hr

2. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative
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Desi gn Agency Representative

Contracting OFficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Unit Heaters

The Contracting Oficer will select unit heaters to be spot-checked
during the functional performance test. The nunber of term nals shall not
exceed 10 percent. Hot water systens {for hot water unit heaters} nust be
in operation and supplying design hot water supply tenperature water.

1. Functional Performance Test: Contractor shall denonstrate operation
of selected unit heaters:

a. Verify unit heater response to roomtenperature set point
adj ust nment .

b. Check heating node inlet air tenperature. deg F

c. Check heating node outlet air tenperature. deg F

d. Record manufacturer's submitted fan capacity cfm

e. Cal cul ate unit heater capacity using manufacturer's fan capacity
and recorded tenperatures and conpare to design.

f. Calculated BTU hr Design__ BTU hr

2. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Officer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Steam Hot Water Converter
For Converter: [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of heating systemin accordance with specifications including the

followi ng: Start building heating equi pnent to provide | oad for converter

a. Verify control system energizes.

b. Verify converter senses hot water tenperature bel ow set point and
control system nodul ates steam val ve.

c. Shut off building heating equipnent to renove | oad on heating
system Verify converter steamvalve closes after load is renoved.
2. Verify converter inlet/outlet pressure reading, conpare to converter

design conditions and nmanufacturer's perfornance data.

DESI GN ACTUAL
Converter inlet water tenp deg F
Converter outlet water tenp deg F
Converter inlet steam pressure psig
Determ ne water flow rate based
on pressure drop through converter (GPN)
Determine water flowrate with flow
nmeasuri ng device GPNV
Verify that tenperature of water Current Act ua
is in accordance with outdoor air Set poi nt Tenperature
reset schedul e

3. Verify proper operation of converter safeties.

4. Check and report unusual vibration, noise, etc.

5. Certification: W the undersigned have w tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Comm ssi oni ng Speci al i st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting O ficer's Representative
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Usi ng Agency's Representative
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Functional Performance Test Checklist - Computer Room Unit

For Conputer RoomUnit: [__ ]

1. Functional Performance Test: Contractor shall verify operation of
conputer roomunit in accordance with specification including the foll ow ng:

a. Systemsafeties allow start if safety conditions are net.
b. Verify cooling and heating operation by varying thernostat set

poi nt from space set point to space set point plus 10 degrees, space set

poi nt mnus 10 degrees, and returning to space set point.

c. Verify humdifier operation by varying hum distat set point from
space set point to space set point plus 20 percent RH, and returning to
space set point.

d. Verify that airflowis within tol erance specified in Section
23 05 93 TESTI NG, ADJUSTI NG AND BALANCI NG OF HVAC SYSTEMS.

2. Certification: W the undersigned have wi tnessed the above
functional performance tests and certify that the itemtested has net the
performance requirenments in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contracting Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - HVAC Controls

For HVAC System [__ ]

The Contracting Oficer will select HVAC control systens to undergo
functional performance testing. The nunber of systens shall not exceed 10
percent. Performthis test simultaneously with FPT for AHU or other
control | ed equi prent .

1. Functional Performance Test: Contractor shall verify operation of
HVAC controls by perform ng the Performance Verification Test {PVT} test
for that system Contractor to provide blank PVT test procedures previously
done by the controls Contractor.

2. Verify interlock with UMCS system

3. Verify all required I/0O points function fromthe UMCS system

4. Certification: W the undersigned have w tnessed the Performance
Verification Test and certify that the itemtested has net the performance
requirenents in this section of the specifications.

Si gnature and Date

Contractor's Conmi ssioning Speciali st

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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Functional Performance Test Checklist - Energy Recovery System

For Energy Recovery System [__ ]

1. Functional Performance Test: Contractor shall denonstrate operation
of energy recovery systemin accordance with specifications including the
followi ng: Start equipnment to provide energy source for recovery system

a. Verify energy source is providing recoverabl e energy.

b. Verify recovery system senses avail able energy and activates.

2. Verify recovery systeminlet/outlet readings, compare to design
conditions and manufacturer's performance data.

Desi gn Act ua
Primary loop inlet tenp (degrees F)
Primary | oop outlet tenmp (degrees F)
Primary loop flow rate [gpn][cfn]
Secondary loop inlet tenp (degrees F)
Secondary | oop outlet tenp (degrees F)
Secondary loop flow rate [gpn]|[cfn]
Primary | oop energy BTU hr
Secondary | oop energy BTU hr

3. Verify that recovery system deactivates when recoverable energy is no
| onger avail abl e.

4. Check and report unusual vibration, noise, etc.

5. Certification: W the undersigned have wi tnessed t he above
functional performance tests and certify that the itemtested has nmet the
performance requirenments in this section of the specifications.

Si gnhature and Date

Contractor's Conmi ssioning Specialist

Contractor's Mechani cal Representative

Contractor's Electrical Representative

Contractor's TAB Representative

Contractor's Controls Representative

Desi gn Agency Representative

Contractor's Oficer's Representative

Usi ng Agency's Representative
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- End of Appendix B -
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-End of document
-- BEnd of Section --
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SECTION 23 09 13.34 40

CONTROL VALVES, SELF- CONTAI NED
02/11

PART 1 GENERAL

1.1 REFERENCES
The publications |isted below forma part of this specification to the
extent referenced. The publications are referred to within the text by the

basi c designation only.

ASME | NTERNATI ONAL ( ASME)

ASME B16. 1 (2010) Gray Iron Threaded Fittings;
Cl asses 25, 125 and 250

ASME BPVC SEC VI (2010) BPVC Section VI-Recommended Rul es
for the Care and Operation of Heating
Boi l ers

ASTM | NTERNATI ONAL ( ASTM

ASTM A48/ AA8M (2003; R 2008) Standard Specification for
Gray lron Castings

ASTM B61 (2008) Standard Specification for Steam or
Val ve Bronze Castings

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP- 86 (2009; Errata 2011) Quidelines for Metric
Data in Standards for Val ves, Flanges,
Fittings and Actuators
1.2 SUBM TTALS
CGovernnment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval. Subnmit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
Fabrication Draw ngs
Installati on Draw ngs
SD- 03 Product Data
Sel f - Cont ai ned Tenperature Control Valves

Sel f - Cont ai ned Tenper at ur e- Regul at or Val ves

Rat e- of - Fl ow Control | er
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Nonnmodul ati ng Fl oat Val ve
Wat er Pressure Regul ating Val vee
Water Pressure Relief Valve
Pi |l ot-Operated Pressure-Relief Valve
Relief Valves for Electric Water Heaters
Sanpl e Varranty

SD-07 Certificates
Li sting of Product Installation
Certificates of Confornance
Manuf acturer's Warranty

SD-06 Test Reports
Test Reports

1.3 GENERAL REQUI REMENTS

Section 23 00 00 AR SUPPLY, DI STRIBUTI ON, VENTI LATI ON, AND EXHAUST SYSTEMS
applies to work specified in this section.

Subnmit fabrication drawi ngs for self-contained control and relief valves,
i ncluding part nunbers and expl oded vi ews.

Submit listing of product installation for self-contained control and
relief valves, identifying a mninumof five installed units, simlar to
those proposed for use, that have been in successful service for a mninum
period of five years.

1.4  QUALITY ASSURANCE

Submit certificates of conformance for the follow ng itenms show ng
conformance with the referenced standards contained in this section:

a. Self-Contained Tenperature Control Val ves
b. Self-Contai ned Tenperature-Regul at or Val ves
c. Rate-of-Flow Controller

d. Nonnodul ati ng Fl oat Val ve

e. Water Pressure Regul ating Val ve

f. Water Pressure Relief Valve

g. Pilot-Operated Pressure-Relief Valve

Submit copy of nanufacturer's sanple warranty, to the Contracting O ficer
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for review
PART 2 PRODUCTS
2.1 SELF- CONTAI NED TEMPERATURE CONTROL VALVES

Provi de sel f-contained tenperature-control valves conforning to M5S SP-86
and the follow ng requirenents:.

a. Type |, Cass Il (integral tenperature-sensing units for very hot
wat er) .
b. Type Il, Cass 2, Style A (renpte tenperature-sensing units for very

hot water with a single tenperature-sensing control elenent).

Mount set-point adjustnent on the cabinet of the convector; ensure the
control knob is accessible on the cabinet surface.

Wal | - mount set-point adjustnent and thernostat for finned-tube radiation.
Provi de nickel -plated brass thernmpstat surfaces.

Provide with arnored capillary tubing, with renote el enent not be | ess than
18 inches long and contained within a guard.

Provi de with renewabl e val ve di sks.
2.2 SELF- CONTAI NED TEMPERATURE- REGULATOR VALVES

Provi de direct-operated, self-contained type valve, with ASTM B61, (bronze)
body rated not |ess than 125-pounds per square inch (psi) saturated working
steam pressure. Provide with screwed type body end connections. Ensure
trimis corrosion-resistant AlISI Type 300 Series steel. Provide with

har dened repl aceabl e seat and plug, or faced with a

cobal t-chrom umtungsten alloy to produce a surface with resistance to

i npact, wire-drawing, and with a Brinell hardness of not |ess than 450.

Fit packed steamval ves with tetrafluoroethyl ene packing, spring-Iload, and
self-adjust. Ensure valve is single-seated, suitable for dead-end service,
and fail-safe. Munt renote Class | or Cass IlIl filled-bulb element in a
nonf errous separabl e socket. Ensure valve naintains set-point tenperature,
plus or mnus 5 degrees F, with the set point at or near mdpoint of the
adj ust abl e el enent range.

2.3 RATE- OF- FLOW CONTROLLER

Provide a hydraulically operated, pilot-controlled di aphragmtype gl obe
valve for a rate of flow controller, with pilot control configured to
actuate by differential pressure produced across an orifice installed at
the inlet. Adjust rate of flow by varying spring | oading on the pilot.
Provide with cast iron valve body conform ng to ASTM A48/ A48l, with

125- pound ASME B16.1 flanges. Ensure valve trimis nmanufacturer's standard
bronze or AISI 18-8 corrosion-resistant steel, orifice plate of Al SI Type
303 corrosion-resistant steel, and di aphragm and seal are Buna-N. Ensure
maxi mum servi ce-pressure rating is not |less than 175 psi at 180 degrees F

2.4 NONMODULATI NG FLOAT VALVE
Provi de nonnmodul ating float valve, pilot-controlled, diaphragm actuated,

spring-1 oaded, single-seated, hydraulically operated type. Mount pil ot
val ve on the main valve or renotely nmount within the cooling tower basin.
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Ensure main valve body is cast iron conformng to ASTM A48/ A48N with
screwed ends for sizes smaller than 2-inch iron pipe size (ips) and flanges
conform ng to ASME B16.1, for sizes 2-inch ips and larger, with brass or
bronze pilot valve body, with main and pilot valve trim including |inkage
and float, nmade of the manufacturer's standard bronze-copper or Al Sl Type
300 series corrosion-resistant steel. Ensure diaphragmnaterials and seals
are Buna- N, and maxi mum servi ce-pressure rating is not less than 175 psi at
180 degrees F. Ensure val ve operation is nonslam

2.5 WATER PRESSURE- RELI EF VALVE
Construct, label, and install pressure-relief valve in accordance with
ASME BPVC SEC VI. Ensure relieving capacity is as specified by the

referenced publication, with valves of nonferrous construction, conplete
with test |ever.

PART 3 EXECUTI ON

3.1 I NSTALLATI ON
Submit installation drawings for self-contained control and relief valves,
and install valves and specify in accordance with the manufacturer's
recomendat i ons, and Section 23 05 15 COMVON Pl PI NG FOR HVAC

3.2 TEST REPORTS
Upon conpletion of the installation, test the system conponents and subnmit 6
copies of the test reports to the Contracting Oficer. Renpve and repl ace

any defective conponents at no cost to the Governnent. Retest and submt
reports to the Contracting O ficer.

3.3  WARRANTY
Submit 6 copies of the manufacturer's warranty, signed by the Authority
Havi ng Jurisdiction (AH)), assigned to the Governnent, to the Contracting
O ficer prior to project closeout.

-- BEnd of Section --
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SECTION 23 09 23.13 20
BACnet DIRECT DIGITAL CONTROL SYSTEMS FOR HVAC
08709

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 in the text by the

basic designation only.

AIR MOVEMENT AND CONTROL ASSOCIATION INTERNATIONAL (AMCA)

AMCA 500-D (2007) Laboratory Methods of Testing Dampers
for Rating

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

ASHRAE 135 (2010; INT 1 2011) BACnet-A Data
Communication Protocol for Building
Automation and Control Networks
ARCNET TRADE ASSOCIATION (ATA)
ATA 878.1 (1999) Local Area Network: Token Bus

ASME INTERNATIONAL (ASME)

ASME B16.34 (2009; Supp 2010) Valves - Flanged, Threaded
and Welding End

ASME B16.5 (2009) Pipe Flanges and Flanged Fittings:
NPS 1/2 Through NPS 24 Metric/Inch Standard

ASME B31.1 (2010) Power Piping

ASME B40.100 (2005) Pressure Gauges and Gauge Attachments

ASTM INTERNATIONAL (ASTM)
ASTM A126 (2004; R 2009) Standard Specification for
Gray lron Castings for Valves, Flanges, and
Pipe Fittings

ASTM B117 (2009) Standing Practice for Operating Salt
Spray (Fog) Apparatus

CONSUMER ELECTRONICS ASSOCIATION (CEA)
CEA-709.1-C (2010) Control Network Protocol Specification

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
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IEEE C57.13 (2008) Standard Requirements for Instrument
Transformers
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; R 2008) Recommended Practice on Surge
Testing for Equipment Connected to Low-
Voltage (1000v and less)AC Power Circuits

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (1SO)

1SO 8802-3 (2000) Information Technology -
Telecommunications and Information Exchange
Between Systems - Local and Metropolitan Area
Networks - Specific Requirements - Part 3:
Carrier Sense Multiple Access with Collision
Detection (CSMA/CD)Access Method and Physical
Layer Specifications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA/Z/ANSI C12.10 (2004) Physical Aspects of Watthour Meters -
Safety Standards

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; TIA 11-1; Errata 2011) National
Electrical Code

NFPA 72 (2010; TIA 10-4) National Fire Alarm and
Signaling Code

NFPA 90A (2009; Errata 09-1) Standard for the
Installation of Air Conditioning and
Ventilating Systems

SHEET METAL AND AIR CONDITIONING CONTRACTORS®™ NATIONAL ASSOCIATION
(SMACNA)

SMACNA 1966 (2005) HVAC Duct Construction Standards Metal
and Flexible, 3rd Edition

UNDERWRITERS LABORATORIES (UL)

UL 1449 (2006; Reprint Feb 2011) Surge Protective
Devices

UL 506 (2008; Reprint Mar 2010) Specialty
Transformers
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UL 508A (2001; Reprint Feb 2010) Industrial Control
Panels
UL 916 (2007; Reprint Jun 2010) Standard for Energy

Management Equipment
1.2  DEFINITIONS
1.2.1  ANSI/ASHRAE Standard 135

ANSI/ASHRAE Standard 135: BACnet - A Data Communication Protocol for
Building Automation and Control Networks, referred to as "BACnet". ASHRAE
developed BACnet to provide a method for diverse building automation devices
to communicate and share data over a network.

1.2.2  ARCNET

ATA 878.1 - Attached Resource Computer Network. ARCNET is a deterministic
LAN technology; meaning it"s possible to determine the maximum delay before
a device is able to transmit a message.

1.2.3 BACnet

Building Automation and Control Network; the common name for the
communication standard ASHRAE 135. The standard defines methods and
protocol for cooperating building automation devices to communicate over a
variety of LAN technologies.

1.2.4 BACnet/IP
An extension of BACnet, Annex J, defines this mechanism using a reserved UDP
socket to transmit BAChet messages over IP networks. A BACnhet/IP network is
a collection of one or more IP subnetworks that share the same BACnet
network number. See also '"BACnet Broadcast Management Device'.

1.2.5 BACnet Internetwork
Two or more BACnet networks, possibly using different LAN technologies,
connected with routers. In a BACnet internetwork, there exists only one
message path between devices.

1.2.6 BACnet Network

One or more BACnet segments that have the same network address and are
interconnected by bridges at the physical and data link layers.

1.2.7 BAChet Segment

One or more physical segments of BACnet devices on a BACnet network,
connected at the physical layer by repeaters.

1.2.8 BBMD
BACnet Broadcast Management Device (BBMD). A communications device,

typically combined with a BAChet router. A BBMD forwards BACnet broadcast
messages to BACnet/IP devices and other BBMDs connected to the same
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BACnet/IP network. Every IP subnetwork that is part of a BACnet/IP network
must have only one BBMD. See also "BACnet/IP".

1.2.9 BAS

Building Automation Systems, including DDC (Direct Digital Controls) used
for facility automation and energy management.

1.2.10 BAS Owner

The regional or local user responsible for managing all aspects of the BAS
operation, including: network connections, workstation management,
submittal review, technical support, control parameters, and daily
operation. The BAS Owner for this project is Siemens.

1.2.11 BIBBs

BACnet Interoperability Building Blocks. A collection of BACnet services
used to describe supported tasks. BIBBs are often described in terms of "A"
(client) and "B" (server) devices. The “A” device uses data provided by
the "B"™ device, or requests an action from the “B” device.

1.2.12 Bl

BACnet International, formerly two organizations: the BACnhet Manufacturers
Association (BMA) and the BACnet Interest Group - North America (BIG-NA).

1.2.13 BI/BTL
BACnet International/BACnet Testing Laboratories (Formerly BMA/BTL). The
organization responsible for testing products for compliance with the BACnet
standard, operated under the direction of BACnhet International.

1.2.14 Bridge
Network hardware that connects two or more network (or BACnet internetwork)
segments at the physical and data link layers. A bridge may also Filter
messages.

1.2.15 Broadcast
A message sent to all devices on a network segment.

1.2.16 Device
Any control system component, usually a digital controller, that contains a
BACnet Device Object and uses BACnet to communicate with other devices. See
also "Digital Controller™.

1.2.17 Device Object
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.
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1.2.18 Device Profile

A collection of BIBBs determining minimum BACnet capabilities of a device,
defined in ASHRAE Standard 135-2004, Annex L. Standard device profiles
include BACnet Operator Workstations (B-OWS), BACnet Building Controllers
(B-BC), BACnet Advanced Application Controllers (B-AAC), BACnet Application
Specific Controllers (B-ASC), BACnet Smart Actuator (B-SA), and

BACnhet Smart Sensor (B-SS). Each device used in new construction is
required to have a PICS statement listing BIBBs supported.

1.2.19 Digital Controller

An electronic controller, usually with internal programming logic and
digital and analog input/output capability, which performs control
functions. In most cases, synonymous with a BACnet device described in this
specification. See also "Device".

1.2.20 Direct Digital Control (DDC)

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.

1.2.21 DDC System
A network of digital controllers, communication architecture, and user
interfaces. A DDC system may include programming, sensors, actuators,

switches, relays, factory controls, operator workstations, and various other
devices, components, and attributes.

1.2.22 Ethernet

A family of local-area-network technologies providing high-speed networking
features over various media.

1.2.23 Firmware
Software programmed into read only memory (ROM), flash memory, electrically

erasable programmable read only memory (EEPROM), or erasable programmable
read only memory (EPROM) chips.

1.2.24 Gateway

Communication hardware connecting two or more different protocols, similar
to human language translators. The Gateway translates one protocol into
equivalent concepts for the other protocol. In BACnet applications, a
gateway has BACnet on one side and non-BACnet (usually proprietary)
protocols on the other side.

1.2.25 Half Router
A device that participates as one partner in a BACnet point-to-point (PTP)

connection. Two half-routers in an active PTP connection combine to form a
single router.
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1.2.26 Hub
A common connection point for devices on a network.
1.2.27 Internet Protocol (1P, TCP/IP, UDP/IP)

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 "sessions'™, which have end-to-end
confirmation and guaranteed sequence of delivery.

1.2.28 Input/Output (1/0)

Physical inputs and outputs to and from a device, although the term
sometimes describes software, or "virtual™ 1/0. See also "Points".

1.2.29 1/0 Expansion Unit

An 1/0 expansion unit provides additional point capacity to a digital
controller.

1.2.30 IP subnet
Internet protocol (IP) identifies individual devices with a 32-bit number
divided into four groups from O to 255. Devices are often grouped and share
some portion of this number. For example, one device has IP address
209.185.47.68 and another device has IP address 209.185.47.82. These two
devices share Class C subnet 209.185.47.00

1.2.31 Local-Area Network (LAN)

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

1.2.32 LonTalk

CEA-709.1-C. A communication protocol developed by Echelon Corp. LonTalk
is an optional physical and data link layer for BACnet.

1.2.33 MAC Address

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

1.2.34 Master-Slave/Token-Passing (MS/TP)
ISO 8802-3. One of the LAN options for BACnet. MSTP uses twisted-pair
wiring for relatively low speed and low cost communication (up to 4,000 ft
at 76.8K bps).

1.2.35 Native BACnet Device

A device that uses BACnet as its primary, if not only, method of
communication with other BACnet devices without intermediary gateways. A
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system that uses native BAChet devices at all levels is a native BACnet
system.

1.2.36 Network

Communication technology for data communications. BACnet approved network
types are BACnet over Internet Protocol (IP), Point to Point (PTP) Ethernet,
ARCNET, MS/TP, and LonTalk®.

1.2.37 Network Number

A site-specific number assigned to each network segment to identify for
routing. This network number must be unique throughout the BACnet
internetwork.

1.2.38 Object

The concept of organizing BAChet information into standard components with
various associated properties. Examples include analog input objects and
binary output objects.

1.2.39 Object ldentifier

An object property used to identify the object, including object type and
instance. Object ldentifiers must be unique within a device.

1.2.40 Object Properties

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.

1.2.41 Peer-to-Peer

Peer-to-peer refers to devices where any device can initiate and respond to
communication with other devices.

1.2.42 Performance Verification Test (PVT)
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.

1.2.43 PID

Proportional, integral, and derivative control; three parameters used to
control modulating equipment to maintain a setpoint. Derivative control is
often not required for HVAC systems (leaving "PI1" control).

1.2.44 PICS
Protocol Implementation Conformance Statement (PICS), describing the BACnet

capabilities of a device. See BACnet, Annex A for the standard format and
content of a PICS statement.
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1.2.45 Points
Physical and virtual inputs and outputs. See also "Input/Output™.
1.2.46 PTP

Point-to-Point protocol connects individual BACnet devices or networks using
serial connections like modem-to-modem links.

1.2.47 Repeater

A network component that connects two or more physical segments at the
physical layer.

1.2.48 Router

A BACnet router is a component that joins together two or more networks
using different LAN technologies. Examples include joining a BACnet
Ethernet LAN to a BACnet MS/TP LAN.

1.2.49 Stand-Alone Control

Refers to devices performing equipment-specific and small system control
without communication to other devices or computers for physical 1/0,
excluding outside air and other common shared conditions. Devices are
located near controlled equipment, with physical input and output points
limited to 64 or less per device, except for complex individual equipment or
systems. Failure of any single device will not cause other network devices
to fail. BACnet "Smart" actuators (B-SA profile) and sensors (B-SS profile)
communicating on a network with a parent device are exempt from stand-alone
requirements.

1.3 SUBCONTRACTOR SPECIAL REQUIREMENTS

Perform all work in this section in accordance with Division 01
requirements.

1.4 BACNET DIRECT DIGITAL CONTROL SYSTEMS FOR HVAC DESCRIPTION

a. provide new BACnhet and merge with existing BACnet DDC systems including
associated equipment and accessories. All new devices are accessible
using a Web browser interface and communicate using ASHRAE 135 BAChet
communications without the use of gateways, unless gateways are shown
on the design drawings and specifically requested by the Government.
Where gateways are allowed, they must support ASHRAE 135, including all
object properties and read-write services shown on Government approved
interoperability schedules. Manufacturer®s products, including design,
materials, fabrication, assembly, inspection, and testing shall be in
accordance with ASHRAE 135, ASME B31.1, and NFPA 70, except where
indicated otherwise.

b. The existing DDC system is manufactured by Siemens. The server and
operator workstation are located within the building . |If installing a
system made by the same manufacturer, upgrade or replace the existing
server, operator workstation, and laptop computer software with the
manufacturer®s latest software version for all used applications.
Upgrade hardware, memory, and operating systems if required.
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1.4.1 Design Requirements
1.4.1.1 Control System Drawings Title Sheet

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.

1.4.1.2 List of 1/0 Points

Also known as a Point Schedule, provide for each input and output point
physically connected to a digital controller: point name, point
description, point type (Analog Output (AO), Analog Input (Al), Binary
Output (BO), Binary Input (Bl)), point sensor range, point actuator range,
point address, BACnet object, associated BIBBS (where applicable), and point
connection terminal number. Typical schedules for multiple identical
equipment are allowed unless otherwise requested in design or contract
criteria.

1.4.1.3 Control System Components List
Provide a complete list of control system components installed on this
project. Include for each controller and device: control system schematic
name, control system schematic designation, device description,
manufacturer, and manufacturer part number. For sensors, include point
name, sensor range, and operating limits. For valves, include body style,
Cv, design flow rate, pressure drop, valve characteristic (linear or equal
percentage), and pipe connection size. For actuators, include point name,
spring or non-spring return, modulating or two-position action, normal
(power fail) position, nominal control signal operating range (0-10 volts DC
or 4-20 milliamps), and operating limits.

1.4.1.4 Control System Schematics
Provide control system schematics. Typical schematics for multiple
identical equipment are allowed unless otherwise requested in design or
contract criteria. Include the following:
a. Location of each input and output device
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

1.4.1.5 HVAC Equipment Electrical Ladder Diagrams

Section 23 09 23.13 20 Page 9

Rev. 1



Revitalize Mission Control EDM1715

Provide HVAC equipment electrical ladder diagrams. Indicate required
electrical interlocks.

1.4.1.6 Component Wiring Diagrams
Provide a wiring diagram for each type of input device and output device.
Indicate how each device is wired and powered; showing typical connections
at the digital controller and power supply. Show for all field connected
devices such as control relays, motor starters, actuators, sensors, and
transmitters.

1.4.1.7 Terminal Strip Diagrams

Provide a diagram of each terminal strip. Indicate the terminal strip
location, termination numbers, and associated point names.

1.4.1.8 BACnet Communication Architecture Schematic
Provide a schematic showing the project®"s entire BAChet communication
network, including addressing used for LANs, LAN devices including routers
and bridges, gateways, controllers, workstations, and field interface
devices. |If applicable, show connection to existing networks.
1.5 SUBMITTALS
Submit detailed and annotated manufacturer®s data, drawings, and
specification sheets for each item listed, that clearly show compliance with
the project specifications.
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submit the following according to 01 33 00 SUBMITTAL PROCEDURES:
SD-02 Shop Drawings

Include the following in the project"s control system drawing set:

Control system drawings title sheet; G

List of 1/0 Points; G

Control System Components List; G

Control system schematics; G

HVAC Equipment Electrical Ladder diagrams; G

Component wiring diagrams; G

Terminal strip diagrams; G

BACnhet communication architecture schematic; G

SD-03 Product Data

Direct Digital Controllers; G
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Include BACnet PICS for each controller/device type, including
smart sensors (B-SS) and smart actuators (B-SA).

BAChet Gateways; G

Include BACnet and workstation display information; bi-directional
communication ability; compliance with interoperability schedule;
expansion capacity; handling of alarms, events, scheduling and
trend data; and single device capability (not depending on multiple
devices for exchanging information from either side of the
gateway).

BACnet Protocol Analyzer; G

Include capability to store and report data traffic on BACnet
networks, measure bandwidth usage, filter information, and identify
BACnet devices.

DDC Software; G

BACnet Operator Workstation; G

BACnet Operator Workstation DDC Software; G

Include BACnet PICS for Operator Workstation software.

Notebook Computer; G

Sensors and Input Hardware; G

Output Hardware; G

Surge and transient protection; G

Indicators; G

Duct smoke detectors; G

Variable frequency (motor) drives; G
SD-05 Design Data

Performance Verification Testing Plan; G

Pre-Performance Verification Testing Checklist; G
SD-06 Test Reports

Performance Verification Testing Report; G

SD-07 Certificates

Contractor®s Qualifications; G

SD-09 Manufacturer®s Field Reports
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Pre-PVT Checklist; G

SD-10 Operation and Maintenance Data
Comply with requirements for data packages in Section 01 78
230PERATION AND MAINTENANCE DATA, except as supplemented and
modified in this specification.
BACnet Direct Digital Control Systems, Data Package 4; G
Controls System Operators Manuals, Data Package 4; G
VFD Service Manuals, Data Package 4; G

SD-11 Closeout Submittals
Training documentation; G

1.6 QUALITY ASSURANCE

1.6.1 Standard Products

Provide material and equipment that are standard manufacturer®s products
currently in production and supported by a local service organization.

1.6.2 Delivery, Storage, and Handling
Handle, store, and protect equipment and materials to prevent damage before
and during installation according to manufacturer®s recommendations, and as
approved by the Contracting Officer. Replace damaged or defective items.

1.6.3 Operating Environment
Protect components from humidity and temperature variation, dust, and
contaminants. |If components are stored before installation, keep them
within the manufacturer®s limits.

1.6.4 Finish of New Equipment
New equipment finishing shall be factory provided. Manufacturer®s standard
factory finishing shall be proven to withstand 125 hours in a salt-spray fog
test. Equipment located outdoors shall be proven to withstand 500 hours in
a salt-spray fog test.
Salt-spray fog test shall be according to ASTM B117, with acceptance
criteria as follows: immediately after completion of the test, the finish
shall show no signs of degradation or loss of adhesion beyond 0.125 inch on
either side of the scratch mark.

1.6.5 Verification of Dimensions

The contractor shall verify all dimensions in the field, and advise the
Contracting Officer of any discrepancy before performing work.

1.6.6 Contractor®s Qualifications
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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.

1.6.7

Modification of References

The advisory provisions in ASME B31.1 and NFPA 70 are mandatory. Substitute
"shall” for "should™ wherever it appears and interpret all references to the
"authority having jurisdiction'” and "owner' to mean the Contracting Officer.

1.6.8 Project Sequence
The control system work for this project shall proceed in the following
order:
a. Submit and receive approval on the Shop Drawings, Product Data, and

b.

2

Certificates specified under the paragraph entitled "SUBMITTALS."

Perform the control system installation work, including all field
check-outs and tuning.

Provide support to TAB personnel as specified under the paragraph "TEST
AND BALANCE SUPPORT."

Submit and receive approval of the Controls System Operators Manual
specified under the paragraph ""CONTROLS SYSTEM OPERATORS MANUALS."

Submit and receive approval of the Performance Verification Testing
Plan and the Pre-PVT Checklist specified under the paragraph
""PERFORMANCE VERIFICATION TESTING."

Perform the Performance Verification Testing.

Submit and receive approval on the PVT Report.

Submit and receive approval on the Training Documentation specified
under the paragraph "INSTRUCTION TO GOVERNMENT PERSONNEL' and "'VFD
Service Support'. Submit at least 30 days before training.

Deliver the final Controls System Operators Manuals and VFD Service
Manuals.

Conduct the Phase 1 Training and VFD on-site/hands-on training.
Conduct the Phase 1l Training.
Submit and receive approval of Closeout Submittals.

PRODUCTS
DDC SYSTEM
Provide a networked DDC system for stand-alone control in compliance
with the latest revision of the ASHRAE 135 BACnet standard. Include

all programming, objects, and services required to meet the sequence of
control. Provide BAChet communications between the DDC system and
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native BACnet devices furnished with HVAC equipment and plant equipment
including boilers, chillers, and variable frequency drives. Devices
provided shall be certified in the BAChet Testing Laboratories (BTL)
Product Listing.

b. Provide an operator workstation with complete interface software capable
of programming, configuring, and monitoring the digital
controllers.Interface the new DDC system with the site"s existing
server and operator workstation and software including graphic
creation, scheduling, alarming, and trending. The server and
workstation are located at [ |

2.1.1 Direct Digital Controllers
Direct digital controllers shall be UL 916 rated.
2.1.1.1 1/0 Point Limitation

The total number of 1/0 hardware points used by a single stand-alone digital
controller, including 1/0 expansion units, shall not exceed 64, except for
complex individual equipment or systems. Place 1/0 expansion units in the
same cabinet as the digital controller.

2.1.1.2 Environmental Limits

Controllers shall be suitable for, or placed in protective enclosures
suitable for the environment (temperature, humidity, dust, and vibration)
where they are located.

2.1.1.3 Stand-Alone Control
Provide stand-alone digital controllers.
2.1.1.4 Internal Clock

Provide internal clocks for all BACnet Building Controllers (B-BC) and
BACnet Advanced Application Controllers (B-AAC) using BACnet time
synchronization services. Automatically synchronize system clocks daily
from an operator-designated controller. The system shall automatically
adjust for daylight saving time.

2.1.1.5 Memory

Provide sufficient memory for each controller to support the required
control, communication, trends, alarms, and messages. Protect programs
residing in memory with EEPROM, flash memory, or by an uninterruptible power
source (battery or uninterruptible power supply). The backup power source
shall have capacity to maintain the memory during a 72-hour continuous power
outage. Rechargeable power sources shall be constantly charged while the
controller is operating under normal line power. Batteries shall be
replaceable without soldering. Trend and alarm history collected during
normal operation shall not be lost during power outages less than 72 hours
long.

2.1.1.6 Immunity to Power Fluctuations
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Controllers shall operate at 90 percent to 110 percent nominal voltage
rating.

2.1.1.7 Transformer

The controller power supply shall be fused or current limiting and rated at
125 percent power consumption.

2.1.1.8 Wiring Terminations

Use screw terminal wiring terminations for all field-installed controllers.
Provide field-removable modular terminal strip or a termination card
connected by a ribbon cable for all controllers other than terminal units.

2.1.1.9 Input and Output Interface

Provide hard-wired input and output interface for all controllers as
follows:

a. Protection: Shorting an input or output point to itself, to another
point, or to ground shall cause no controller damage. Input or output
point contact with sources up to 24 volts AC or DC for any duration
shall cause no controller damage.

b. Binary Inputs: Binary inputs shall have a toggle switch and monitor on
and off contacts from a "dry" remote device without external power, and
external 5-24 VDC voltage inputs.

c. Pulse Accumulation Inputs: Pulse accumulation inputs shall conform to
binary input requirements and accumulate pulses at a resolution
suitable to the application.

d. Analog Inputs: Analog inputs shall monitor low-voltage (0-10 VDC),
current (4-20 mA), or resistance (thermistor or RTD) signals.

e. Binary Outputs: Binary outputs shall have a toggle switch and send a
pulsed 24 VDC low-voltage signal for modulation control, or provide a
maintained open-closed position for on-off control. For HVAC equipment
and plant controllers, provide for manual overrides, either with three-
position (on-off-auto) override switches and status lights, or with an
adjacent operator display and interface. Where appropriate, provide a
method to select normally open or normally closed operation.

f. Analog Outputs: Analog outputs shall send modulating 0-10 VDC or 4-20
mA signals to control output devices.

g- Tri-State Outputs: Tri-State outputs shall provide three-point
floating control of terminal unit electronic actuators.
2.1.1.10 Digital Controller BACnet Internetwork
Provide a BACnet internetwork with control products, communication media,
connectors, repeaters, hubs, and routers. Provide intermediate gateways,

only when requested by the Government and shown on the contract drawings, to
connect existing non-BACnet devices to the BACnet internetwork. Controller
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and operator interface communication shall conform to ASHRAE 135, BAChet.
Use the building®s existing Ethernet backbone for network segments marked
"existing” on project drawings. Coordinate connections to existing Ethernet
backbones with the BAS Owner and LAN administrator. If a controller becomes
non-responsive, the remaining controllers shall continue operating and not
be affected by the failed controller.

2.1.1.11 Communications Ports

a. Direct-Connect Interface Ports: Provide at least one extra
communication port at each local BACnet network for direct connecting a
notebook computer or BACnet hand-held terminal so all network BACnet
objects and properties may be viewed and edited by the operator.

b. Telecommunications Interface Port: Provide one telecommunication port
per building, permitting remote communication via point-to-point (PTP)
protocol over telephone lines.

2.1.1.12 Modems

Provide DSL modems where required for communication between the BACnet
Operator Workstation (B-OWS) and the DDC system.

2.1.1.13 BAChet Gateways

Provide BACnet communication ports, whenever available as a plant equipment
OEM standard option, for DDC integration via a single communication cable.
Typical BACnet controlled plant equipment includes, but is not limited to,
boilers, chillers, and variable frequency motor drives.

Provide gateways to connect BACnhet to legacy systems, existing non-BACnet
devices, and existing non-BACnet DDC controlled plant equipment, only when
specifically requested and approved by the Government, and shown on the
Government approved BACnet Communication Architecture Schematic. Provide
with each gateway an interoperability schedule Use gateway interoperability
schedules shown on design drawings or other project documents, showing each
point or event on the legacy side that the BACnet *client"” will read, and
each parameter that the BAChet network will write to. Describe this
interoperability in terms of BACnet services, or Interoperability Building
Blocks (BIBBS), defined in ASHRAE 135 Annex K. Provide two-year minimum
warranty for each gateway, including parts and labor.

The following minimum capabilities are required:
a. Gateways shall be able to read and view all readable object properties

listed in the interoperability schedule on the non-BACnet network to
the BACnet network and vice versa where applicable.

b. Gateways shall be able to write to all writeable object properties
listed in the interoperability schedule on the non-BACnet network from
the BACnet network and vice versa where applicable.

c. Gateways shall provide single-pass (only one protocol to BAChet without

intermediary protocols) translation from the non-BACnet protocol to
BACnet and vice versa.
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2.1.1.

Gateways shall meet the requirements of Data Sharing Read Property (DS-
RP-B), Data Sharing Write Property (DS-WP-B), Device Management Dynamic
Device Binding-B (DM-DDB-B), and Device Management Communication
Control (DM-DCC-B) BIBBs, in accordance with ASHRAE 135.

Gateways shall include all hardware, software, software licenses, and
configuration tools for operator-to-gateway communications. Provide
backup programming and parameters on CD media and the ability to
modify, download, backup, and restore gateway configuration.

14 Digital Controller Cabinet

Provide each digital controller in a factory fabricated cabinet enclosure.
Cabinets located indoors shall protect against dust and have a minimum NEMA
1 rating, except where indicated otherwise. Cabinets located outdoors or in
damp environments shall protect against all outdoor conditions and have a
minimum NEMA 4 rating. Outdoor control panels and controllers 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. Cabinets
shall have 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

2.1.1.

keys at each panel, with one key inserted in the lock.

15 Main Power Switch and Receptacle

Provide each control cabinet with a main external power on/off switch
located inside the cabinet. Also provide each cabinet with a separate 120

VAC

2.1.2

2.1.2.

duplex receptacle.
DDC Software

1 Programming

Provide programming to execute the sequence of operation indicated. Provide

all

programming and tools to configure and program all controllers. Provide

programming routines in simple, easy-to-follow logic with detailed text
comments describing what the logic does and how it corresponds to the
project"s written sequence of operation.

a.

Graphic-based programming shall use a library of function blocks made
from pre-programmed code designed for BAS control. Function blocks
shall be assembled with interconnecting lines, depicting the control
sequence in a Flowchart. |If providing a computer with device
programming tools as part of the project, graphic programs shall be
viewable in real time showing present values and logical results from
each function block.

Menu-based programming shall be done by entering parameters,
definitions, conditions, requirements, and constraints.

For line-by-line and text-based programming, declare variable types

(local, global, real, integer, etc.) at the beginning of the program.
Use descriptive comments frequently to describe the programming.
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d. If providing a computer with device programming tools as part of the
project, provide a means for detecting program errors and testing
software strategies with a simulation tool. Simulation may be inherent
within the programming software suite, or provided by physical
controllers mounted in a NEMA 1 test enclosure. The test enclosure
shall contain one dedicated controller of each type provided under this
contract, complete with power supply and relevant accessories.

2.1.2.2 Parameter Modification
All writeable object properties, and all other programming parameters needed
to comply with the project specification shall be adjustable for devices at
any network level, including those accessible with web-browser
communication, and regardless of programming methods used to create the
applications.

2.1.2.3 Short Cycling Prevention

Provide setpoint differentials and minimum on/off times to prevent equipment
short cycling.

2.1.2.4 Equipment Status Delay

Provide an adjustable delay from when equipment is commanded on or off and
when the control program looks to the status input for confirmation.

2.1.2.5 Run Time Accumulation
Use the Elapsed Time Property to provide re-settable run time accumulation
for each Binary Output Object connected to mechanical loads greater than 1
HP, electrical loads greater than 10 KW, or wherever else specified.

2.1.2.6 Timed Local Override

Provide an adjustable override time for each push of a timed local override
button.

2.1.2.7 Time Synchronization

Provide time synchronization, including adjustments for leap years, daylight
saving time, and operator time adjustments.

2.1.2.8 Scheduling

Provide operating schedules as indicated, with equipment assigned to groups.
Changing the schedule of a group shall change the operating schedule of all
equipment in the group. Groups shall be capable of operator creation,
modification, and deletion. Provide capability to view and modify schedules
in a seven-day week format. Provide capability to enter holiday and
override schedules one full year at a time.

2.1.2.9 Object Property Override
Allow writeable object property values to accept overrides to any valid

value. Where specified or required for the sequence of control, the Out-0f-
Service property of Objects shall be modifiable using BACnet"s write
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property service. When documented, exceptions to these requirement are
allowed for life, machine, and process safeties.

2.1.2.10 Alarms and Events

Alarms and events shall be capable of having programmed time delays and
high-low limits. When a computer workstation or web server is connected to
the BACnet internetwork, alarms/events shall report to the computer,
printer, e-mail, cell phone, as defined by an authorized operator.
Otherwise alarms/events shall be stored within a device on the BACnet
network until connected to a user interface device and retrieved. Provide
alarms/events in agreement with the point schedule, sequence of operation,
and the BAS Owner. At a minimum, provide programming to initiate
alarms/events any time a piece of equipment fails to operate, a control
point is outside normal range or condition shown on schedules, communication
to a device is lost, a device has failed, or a controller has lost its
memory .

2.1.2.11 Trending

Provide BACnet trend services capable of trending all object present values
set points, and other parameters indicated for trending on project
schedules. Trends may be associated into groups, and a trend report may be
set up for each group. Trends are stored within a device on the BACnet
network, with operator selectable trend intervals from 10 seconds up to 60
minutes. The minimum number of consecutive trend values stored at one time
shall be 100 per variable. When trend memory is full, the most recent data
shall overwrite the oldest data.

The operator workstation shall upload trends automatically upon reaching 374
of the device buffer limit (via Notification_Threshold property), by
operator request, or by time schedule for archiving. Archived and real-time
trend data shall be available for viewing numerically and graphically for

at the workstation and connected notebook computers.

2.1.2.12 Device Diagnostics
Each controller shall have diagnostic LEDs for power, communication, and
device fault condition. The DDC system shall recognize and report a non-
responsive controller.

2.1.2.13 Power Loss

Upon restoration of power, the DDC system shall perform an orderly restart
and restoration of control.

2.1.3 BACnet Operator Workstation
The workstation shall be capable of accessing all DDC system devices and
communicate using the BACnet protocol. The workstation shall be capable of
displaying, modifying, creating, archiving, and deleting (as applicable):
all points, objects, object properties, programming, alarms, trends,
messages, schedules, and reports.

2.1.3.1 BACnet Operator Workstation Hardware
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Configure according to system manufacturer®s specifications and conforming
to BACnet Operator Workstation (B-OWS) device standards found in ASHRAE 135,
Annex L. Install to permit complete monitoring and troubleshooting of the
DDC system.

At a minimum the workstation hardware shall include: a desktop personal
computer with Microsoft Windows XP or VISTA Professional operating system or
equal, processor and RAM exceeding capability and speed required by
operating system and application software, hard drive capacity exceeding
software and yearly archive requirements, 16X internal DVD+/-R/RW/CD-RW
drive with archive creator software, external 200 GB USB 2.0 hard drive and
cable, 4 USB 2.0 ports, 10/100 network interface card, MS/TP card, 19-inch
LCD monitor, internal V.92 modem, sound card with speakers, 101 character
keyboard, optical mouse, USB Hub with four USB 2.0 ports and connecting
cable, ink jet printer with USB port and cable, 3 matching toner cartridges
, 120-volt 800 VA uninterruptible power supply with automatic voltage
regulation and 4 minimum battery back-up outlets and 2 surge protected
outlets, Microsoft Office bundled software, Adobe Acrobat Writer, and
Symantec Ghost disk imaging software or equal. Provide all original
licenses, installation media, documentation, and recovery CDs capable of
restoring the original configuration. Provide a manufacturer®s 3-year next
business day on-site warranty with the Government listed as the warranty
owner.

2.1.3.2 Password Protection

Provide at least five levels of password protection for operator interfaces.
The lowest level only allow viewing graphics. The second level allows
viewing graphics and changing space temperature setpoints. The third level
allows the previous level"s capability, plus changing operating schedules.
The fourth level allows access to all functions except passwords. The
highest level provides all administrator rights and allows full access to
all programming, including setting new passwords and access levels. Provide
the BAS Owner with the highest level password access. Provide automatic log
out if no keyboard or mouse activity is detected after a user-defined time
delay.

2.1.3.3 BACnet Operator Workstation 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 and in agreement with BACnhet Operator
Workstation (B-OWS) device standards found in ASHRAE 135, Annex L.

The workstation software shall permit complete monitoring, modification, and
troubleshooting interface with the DDC system. The operator interface with
the software shall 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 shall be capable of graphic display in real
time, with variables plotted as functions of time. Each alarmed point shall
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 shall be
accomplished with "fill in the blank™ and/or "point and drag"™ methods.
Modifications shall download to the appropriate controllers at the
operator”s request.
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2.1.3.4 Graphics Software

Provide web-based system graphics viewable on browsers compatible with MS
Internet Explorer 6.X or greater using an industry-standard file format such
as HTML, BMP, JPEG, or GIF.

Graphic displays shall have full-screen resolution when viewed on the
workstation and notebook computers. Dynamic data on graphics pages shall
refresh within 10 seconds using an Internet connection, or 30 seconds using
a dial-up modem connection. Graphics viewing shall not require additional
"plug-in" software like Java, Shockwave and Flash applications unless the
software is readily available for free over the Internet, and certified for
use with Navy Marine Corps Internet (NMCI) personal computers.

The graphics shall show the present value and object name for each of the
project"s 1/0 points on at least one graphic page. Arrange point values and
names on the graphic displays in their appropriate physical locations with
respect to the floor plan or equipment graphic displayed. Graphics shall
allow the operator to monitor current status, view zone and equipment
summaries, use point-and-click navigation between graphic pages, and edit
setpoints and parameters directly from the screens. Items in alarm shall be
displayed using a different color or other obvious visual indicator.

Provide graphics with the following:

a. Graphic Types: Provide at least one graphic display for each piece of
HVAC equipment, building floor, and controlled zone. Indicate dynamic
point values, operating statuses, alarm conditions, and control
setpoints on each display. Provide summary pages where appropriate.

(1) Building Elevation: For buildings more than one story, provide an
elevation view of the building with links to each of the building®s
floor plans. Simulate the building®s architecture and include the
building number and floor numbers. If possible, use an actual
photograph of the building.

(2) Building Floor Plans: Provide a floor plan graphic for each of
the building®s floors and roof with dynamic display of space
temperature and other important data. |If used, indicate and
provide links to sub-plan areas. |If possible, use the project's
electronic drawing files for the graphic backgrounds. Provide
clear names for important areas, such as ""Main Conference Room."
Include room names and numbers where applicable. Include features
such as stairwells, elevators, and main entrances. Where
applicable, include the mechanical room, HVAC equipment, and
control component locations, with corresponding links to the
equipment graphics.

(3) Sub-plan Areas: Where a building®s floor plan is too large to
adequately display on the screen, sub-divide the plan into distinct
areas, and provide a separate graphic display for each area.
Provide same level of detail requested in building floor plan
section above.

(4) HVAC Equipment: Provide a graphic display for each piece of HVAC

equipment, such as a fan coil unit, VAV terminal, or air handling
unit. Equipment shall be represented by a two or three-dimensional
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f.

2.1.4

drawing. Where multiple pieces of equipment combine to form a
system, such as a central chiller plant or central heating plant,
provide one graphic to depict the entire plant. Indicate the
equipment, piping, ductwork, dampers, and control valves in the
installed location. Include labels for equipment, piping,
ductwork, dampers, and control valves. Show the direction of air
and water flow. Include dynamic display of applicable object data
with clear names in appropriate locations.

(5) Sequence of Operation: Provide a graphic screen displaying the
written out full sequence of operation for each piece of HVAC
equipment. Provide a link to the sequence of operation displays on
their respective equipment graphics. Include dynamic real-time
data within the text for setpoints and variables.

Graphic Title: Provide a prominent, descriptive title on each graphic
page.

Dynamic Update: When the workstation is on-line, all graphic 1/0
object values shall update with change-of-value services, or by
operator selected discrete intervals.

Graphic Linking: Provide forward and backward linking between floor
plans, sub-plans, and equipment.

Graphic Editing: Provide installed software to create, modify, and
delete the DDC graphics. Include the ability to store graphic symbols
in a symbol directory and import these symbols into the graphics.

Dynamic Point Editing: Provide full editing capability for deleting,
adding, and modifying dynamic points on the graphics.

Notebook Computer

Provide a notebook computer, complete with the project"s installed DDC
software, applications database, and graphics to fully troubleshoot and
program the project®"s devices. Notebook computers for web-based systems do

not

require this installed software if they have the ability to connect

locally in real time, view all graphics, and fully troubleshoot, modify, and
program all project devices. Provide the notebook computer with ballistic
nylon carrying case with shoulder strap with all necessary cables and
interface hardware needed for setup and communication with the controllers

and

control system components.

At a minimum the notebook computer shall include: a Microsoft XP
Professional operating system, processor with capability and speed required
by application software, 40 giga-byte hard drive, 512 mega-byte RAM, 2 USB

2.0

ports, 10/100 network interface card, MS/TP card, internal V.92 modem,

15-inch display, keyboard, 3-hour battery with charger, 52X internal CD-RW
drive with CD creator software, and Microsoft Office bundled software.
Provide all original licenses, installation media, documentation, and
recovery CDs capable of restoring the original configuration. Provide the
manufacturer®s 3-year next business day on-site warranty with the Government
listed as the warranty owner.

2.1.5

BACnet Protocol Analyzer
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Provide a BACnet protocol analyzer and required cables and Ffittings for
connection to the BACnet network. The analyzer shall include the following
minimum capabilities:

a. Capture and store to a file data traffic on all network levels.
b. Measure bandwidth usage.
c. Filtering options with ability to ignore select traffic.

2.2 SENSORS AND INPUT HARDWARE

Coordinate sensor types with the BAS Owner to keep them consistent with
existing installations.

2.2.1 Field-Installed Temperature Sensors

Where feasible, provide the same sensor type throughout the project. Avoid
using transmitters unless absolutely necessary.

2.2.1.1 Thermistors

Precision thermistors may be used in applications below 200 degrees F.
Sensor accuracy over the application range shall be 0.36 degree F or less
between 32 to 150 degrees F. Stability error of the thermistor over five
years shall not exceed 0.25 degrees F cumulative. A/D conversion resolution
error shall be kept to 0.1 degrees F. Total error for a thermistor circuit
shall not exceed 0.5 degrees F.

2.2.1.2 Resistance Temperature Detectors (RTDs)

Provide RTD sensors with platinum elements compatible with the digital
controllers. Encapsulate sensors in epoxy, series 300 stainless steel,
anodized aluminum, or copper. Temperature sensor accuracy shall be 0.1
percent (1 ohm) of expected ohms (1000 ohms) at 32 degrees F. Temperature
sensor stability error over Tive years shall not exceed 0.25 degrees F
cumulative. Direct connection of RTDs to digital controllers without
transmitters is preferred. When RTDs are connected directly, lead
resistance error shall be less than 0.25 degrees F. The total error for a
RTD circuit shall not exceed 0.5 degrees F.

2.2.1.3 Temperature Sensor Details
a. Room Type: Provide the sensing element components within a decorative
protective cover suitable for surrounding decor. Provide room
temperature sensors with timed override button, setpoint adjustment
lever, digital temperature display.

b. Duct Probe Type: Ensure the probe is long enough to properly sense the
air stream temperature.

c. Duct Averaging Type: Continuous averaging sensors shall be one foot in
length for each 4 square feet of duct cross-sectional area, and a
minimum length of 6 feet.

d. Pipe Immersion Type: Provide minimum three-inch immersion. Provide
each sensor with a corresponding pipe-mounted sensor well, unless
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indicated otherwise. Sensor wells shall be stainless steel when used
in steel piping, and brass when used in copper piping. Provide the
sensor well with a heat-sensitive transfer agent between the sensor and
the well interior.

e. Outside Air Type: Provide the sensing element on the building®s north
side with a protective weather shade that positions the sensor
approximately 3 inches off the wall surface, does not inhibit free air
flow across the sensing element, and protects the sensor from snow,
ice, and rain.

2.2.2 Transmitters

Provide transmitters with 4 to 20 mA or O to 10 VDC linear output scaled to
the sensed input. Transmitters shall be matched to the respective sensor,
factory calibrated, and sealed. Size transmitters for an output near 50
percent of its full-scale range at normal operating conditions. The total
transmitter error shall not exceed 0.1 percent at any point across the
measured span. Supply voltage shall be 12 to 24 volts AC or DC.
Transmitters shall have non-interactive offset and span adjustments. For
temperature sensing, transmitter drift shall not exceed 0.03 degrees F a
year.

2.2.2.1 Relative Humidity Transmitters
Provide transmitters with an accuracy equal to plus or minus 3 percent from
0 to 90 percent scale, and less than one percent drift per year. Sensing
elements shall be the polymer type.

2.2.2.2 Pressure Transmitters
Provide transmitters integral with the pressure transducer.

2.2.3 Current Transducers

Provide current transducers to monitor motor amperage, unless current
switches are shown on design drawings or point tables.

2.2.4 Pneumatic to Electric Transducers
Pneumatic to electronic transducers shall convert a 0 to 20 psig signal to a
proportional 4 to 20 mA or O to 10 VDC signal (operator scaleable). Supply
voltage shall be 24 VDC. Accuracy and linearity shall be 1.0 percent or
better.

2.2.5 Air Quality Sensors
Provide power supply for each sensor.

2.2.5.1 C02 Sensors
Provide photo-acoustic type CO2 sensors with integral transducers and linear

output. The devices shall read CO2 concentrations between 0 and 2000 ppm
with full scale accuracy of at least plus or minus 100 ppm.
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2.2.5.2 Air Quality Sensors

Provide full spectrum air quality sensors using a hot wire element based on
the Taguchi principle. The sensor shall 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 shall
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
relative humidity.

2.2.6 Input Switches
2.2.6.1 Timed Local Overrides

Provide buttons or switches to override the DDC occupancy schedule
programming for each major building zone during unoccupied periods, and to
return HVAC equipment to the occupied mode. This requirement is waived for
zones clearly intended for 24 hour continuous operation.

2.2.7 Freeze Protection Thermostats

Provide special purpose thermostats with Fflexible capillary elements 20 feet
minimum length for coil face areas up to 40 square feet. Provide longer
elements for larger coils at 1-foot of element for every 4 square feet of
coil face area, or provide additional thermostats. Provide switch contacts
rated for the respective motor starter®s control circuit voltage. Include
auxiliary contacts for the switch"s status condition. A freezing condition
at any 18-inch increment along the sensing element"s length shall activate
the switch. The thermostat shall be equipped with a manual push-button
reset switch so that when tripped, the thermostat requires manual resetting
before the HVAC equipment can restart.

2.2.8 Air Flow Measurement Stations

Air flow measurement stations shall have an array of velocity sensing
elements and straightening vanes inside a flanged sheet metal casing. The
velocity sensing elements shall be the RTD or thermistor type, traversing
the ducted air in at least two directions. The air flow pressure drop
across the station shall not exceed 0.08 inch water gage at a velocity of
2,000 fpm. The station shall be suitable for air flows up to 5,000 fpm, and
a temperature range of 40 to 120 degrees F. The station"s measurement
accuracy over the range of 125 to 2,500 fpm shall be plus or minus 3 percent
of the measured velocity. Station transmitters shall provide a linear,
temperature-compensated 4 to 20 mA or O to 10 VDC output. The output shall
be capable of being accurately converted to a corresponding air flow rate in
cubic feet per minute. Transmitters shall be a 2-wire, loop powered device.
The output error of the transmitter shall not exceed 0.5 percent of the
measurement.

2.2.9 Energy Metering
2.2.9.1 Electric Meters

Provide kilowatt-hour (kWh) meter(s) shown in accordance with NEMA/ANSI
C12.10, suitable for the intended voltage, phases, and wye/delta
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configuration, with three current transformers and an output signal
compatible with the DDC system. The meter shall have a box-mounted socket
and an automatic circuit-closing bypass. Provide the meter with at least
four pointer-type kWh registers, provisions for pulse initiation, and
universal Class 2 indicating maximum kW demand register, sweep pointer
indicating type, and a 15 minute interval. The meter accuracy shall be
within plus or minus one percent of the actual kWh. Provide the correct
multiplier on the meter face. Provide the current transformers in
accordance with IEEE C57.13, with 600-volt insulation, and rated for
metering with voltage, IL, momentary, and burden ratings coordinated with
the ratings of corresponding meters. Provide butyl-molded donut or window
type transformers mounted on a bracket to allow secondary cables to connect
to the transformer bushings. Provide wiring identification of the current
transformer secondary feeders to permit field measurements to be taken with
hook-on ammeters.

2.2.9.2 Steam Meters

Steam meters shall be the vortex type, with pressure compensation, a minimum
turndown ratio of 10 to 1, and an output signal compatible with the DDC
system.

2.3 OUTPUT HARDWARE

2.3.1 Control Dampers

Provide factory manufactured galvanized steel dampers where

indicated. Control dampers shall comply with SMACNA 1966 except as modified
or supplemented by this specification. Published damper leakage rates and
respective pressure drops shall have been verified by tests in compliance
with AMCA 500-D requirements.

Provide damper assembly frames constructed of 0.064 inch minimum

thickness galvanized steel channels with mitered and welded corners. Damper
axles shall be 0.5 inches minimum diameter plated steel rods supported in
the damper frame by stainless steel or bronze bearings. Blades mounted
vertically shall be supported by thrust bearings.

Dampers shall be rated for not less than 2000 fpm air velocity. The pressure
drop through each damper when full-open shall not exceed 0.04 inches water
gage at 1000 fpm face velocity. Damper assemblies in ductwork subject to
above 3-inch water gauge static air pressure shall be constructed to meet
SMACNA Seal Class "A'" construction requirements.

Provide the damper operating linkages outside of the air stream, including
crank arms, connecting rods, and other hardware that transmits motion from
the damper actuators to the dampers, shall be adjustable. Additionally,
operating linkages shall be designed and constructed to have a 2 to 1 safety
factor when loaded with the maximum required damper operating force.
Linkages shall be brass, bronze, galvanized steel, or stainless steel.

Provide access doors or panels in hard ceilings and walls for access to all
concealed damper operators and damper locking setscrews.

For field-installed control dampers, a single damper section shall have
blades no longer than 48 inches and no higher than 72 inches. The maximum

Section 23 09 23.13 20 Page 26

Rev. 1



Revitalize Mission Control EDM1715

damper blade width shall be 12 inches. Larger sized dampers shall be built
using a combination of sections.

Frames shall be at least 2 inches wide. Flat blades shall have edges folded
for rigidity. Blades shall be provided with compressible gasket seals along
the full length of the blades to prevent air leakage when closed.

The damper frames shall be provided with jamb seals to minimize air leakage.
Seals shall be suitable for an operating temperature range of minus 40
degrees F to 200 degrees F.

The leakage rate of each damper when full-closed shall be no more
than 4 cfm per sq. foot of damper face area at
1.0 inches water gage static pressure.

2.3.2 Control Valves
2.3.2.1 Valve Assembly

Valve bodies shall be designed for 125 psig minimum working pressure or 150
percent of the operating pressure, whichever is greater. Valve stems shall
be Type 316 stainless steel. Valve leakage ratings shall be 0.01 percent of
rated Cv value. Class 125 copper alloy valve bodies and Class 150 steel or
stainless steel valves shall meet the requirements of ASME B16.5. Cast iron
valve components shall meet the requirements of ASTM A126 Class B or C.

2.3.2.2 Butterfly Valves
Butterfly valves shall be the threaded lug type suitable for dead-end
service and for modulation to the fully-closed position, with stainless
steel shafts supported by bearings, non-corrosive discs geometrically
interlocked with or bolted to the shaft (no pins), and EPDM seats suitable
for temperatures from minus 20 degrees F to plus 250 degrees F. Valves
shall have a means of manual operation independent of the actuator.
2.3.2.3 Two-Way Valves
Two-way modulating valves shall have an equal percentage characteristic.
2.3.2.4 Three-Way Valves
Three-way valves shall have an equal percentage characteristic.
2.3.2.5 Valves for Chilled Water, Condenser Water, and Glycol Fluid Service
a. Bodies for valves 1-1/2 inches and smaller shall be brass or bronze,
with threaded or union ends. Bodies for valves from 2 inches to 3
inches inclusive shall be of brass, bronze, or iron. Bodies for 2 inch

valves shall have threaded connections. Bodies for valves from 2-1/2
to 3 inches shall have flanged connections.

b. Internal valve trim shall be brass or bronze, except that valve stems
shall be stainless steel.
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d.

2.3.2.

Unless indicated otherwise, provide modulating valves sized for 2 psi
minimum and 4 psi maximum differential across the valve at the design
flow rate.

Valves 4 inches and larger shall be butterfly valves, unless indicated
otherwise.

6 Valves for Hot Water Service

Valves for hot water service below 250 Degrees F:

a.

f.

2.3.2.

Bodies for valves 1-1/2 inches and smaller shall be brass or bronze,
with threaded or union ends. Bodies for valves from 2 inches to 3
inches inclusive shall be of brass, bronze, or iron. Bodies for 2 inch
valves shall have threaded connections. Bodies for valves from 2-1/2
to 3 inches shall have flanged connections.

Internal trim (including seats, seat rings, modulation plugs, valve
stems, and springs) of valves controlling water above 210 degrees F
shall be Type 316 stainless steel.

Internal trim for valves controlling water 210 degrees F or less shall
be brass or bronze. Valve stems shall be Type 316 stainless steel.

Non-metallic parts of hot water control valves shall be suitable for a
minimum continuous operating temperature of 250 degrees F or 50 degrees
F above the system design temperature, whichever is higher.

Unless indicated otherwise, provide modulating valves sized for 2 psi
minimum and 4 psi maximum differential across the valve at the design
flow rate.

Valves 4 inches and larger shall be butterfly valves, unless indicated
otherwise.

7 Valves for High Temperature Hot Water Service

Valves for hot water service 250 Degrees F above:

a.

2.3.3

Valve bodies shall conform to ASME B16.34 Class 300. Valve and
actuator combination shall be normally closed. Bodies shall be carbon
steel, globe type with welded ends on valves 1 inch and larger. Valves
smaller than 1 inch shall have socket-weld ends. Packing shall be
virgin polytetrafluoroethylene (PTFE).

Internal valve trim shall be Type 316 stainless steel.

Unless indicated otherwise, provide modulating valves sized for 2 psi
minimum and 4 psi maximum differential across the valve at the design
flow rate.

Actuators

Provide direct-drive electric actuators for all control applications, except
where indicated otherwise.
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2.3.3.1 Electric Actuators

Each actuator shall deliver the torque required for continuous uniform
motion and shall have internal end switches to limit the travel, or be
capable of withstanding continuous stalling without damage. Actuators shall
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. Provide two-position actuators of single direction, spring
return, or reversing type. Provide modulating actuators capable of stopping
at any point in the cycle, and starting in either direction from any point.
Actuators shall 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. Thermal
type actuators may only be used on terminal fan coil units, terminal VAV
units, convectors, and unit heaters. Spring return actuators shall be
provided on all control dampers and all control valves except terminal fan
coil units, terminal VAV units, convectors, and unit heaters; unless
indicated otherwise. Each actuator shall have distinct markings indicating
the full-open and full-closed position, and the points in-between.

2.3.3.2 Pneumatic Actuators
Provide piston or diaphragm type actuators

2.3.4 Output Signal Conversion

2.3.4.1 Electronic-to-Pneumatic Transducers
Electronic to pneumatic transducers shall convert a 4 to 20 mA or O to 10
VDC digital controller output signal to a proportional 0 to 20 psig pressure
signal (operator scaleable). Accuracy and linearity shall be 1.0 percent or
better. Transducers shall have feedback circuit that converts the pneumatic
signal to a proportional 4 to 20 mA or O to 10 VDC signal.

2.3.5 Output Switches

2.3.5.1 Control Relays
Field installed and DDC panel relays shall be double pole, double throw, UL
listed, with contacts rated for the intended application, indicator light,
and dust proof enclosure. The indicator light shall be lit when the coil is
energized and off when coil is not energized. Relays shall be the socket
type, plug into a fixed base, and replaceable without tools or removing
wiring. Encapsulated "PAM" type relays may be used for terminal control
applications.

2.4  ELECTRICAL POWER AND DISTRIBUTION

2.4.1 Transformers
Transformers shall conform to UL 506. For control power other than terminal
level equipment, provide a fuse or circuit breaker on the secondary side of
each transformer.

2.4.2 Surge and Transient Protection
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Provide each digital controller with surge and transient power protection.
Surge and transient protection shall consist of the following devices,
installed externally to the controllers.

2.4.2.1 Power Line Surge Protection

Provide surge suppressors on the incoming power at each controller or

grouped terminal controllers. Surge suppressors shall be rated in

accordance with UL 1449, have a fault indicating light, and conform to the
following:

a. The device shall be a transient voltage surge suppressor, hard-wire
type individual equipment protector for 120 VAC/1 phase/2 wire plus
ground.

b. The device shall react within 5 nanoseconds and automatically reset.

c. The voltage protection threshold, line to neutral, shall be no more

than 211 volts.

d. The device shall have an independent secondary stage equal to or
greater than the primary stage joule rating.

e. The primary suppression system components shall be pure silicon
avalanche diodes.

f. The secondary suppression system components shall be silicon avalanche
diodes or metal oxide varistors.

g- The device shall have an indication light to indicate the protection
components are functioning.

h. All system functions of the transient suppression system shall be
individually fused and not short circuit the AC power line at any time.

i. The device shall have an EMI/RFI noise filter with a minimum
attenuation of 13 dB at 10 kHz to 300 MHz.

J- The device shall 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 shall be capable of operating between minus 20 degrees F
and plus 122 degrees F.

2.4.2.2 Telephone and Communication Line Surge Protection
Provide surge and transient protection for DDC controllers and DDC network
related devices connected to phone and network communication lines, 1in

accordance with the following:

a. The device shall provide continuous, non-interrupting protection, and
shall automatically reset after safely eliminating transient surges.
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b. The protection shall react within 5 nanoseconds using only solid-state
silicon avalanche technology.

c. The device shall be installed at the distance recommended by its
manufacturer.

2.4.2.3 Controller Input/Output Protection

Provide controller inputs and outputs with surge protection via optical
isolation, metal oxide varistors (MOV), or silicon avalanche devices. Fuses
are not permitted for surge protection.

2.4.3 Wiring

Provide complete electrical wiring for the DDC System, including wiring to
transformer primaries. Unless indicated otherwise, provide all normally
visible or otherwise exposed wiring in conduit. Where conduit is required,
control circuit wiring shall not run in the same conduit as power wiring
over 100 volts. Circuits operating at more than 100 volts shall be in
accordance with Section 26 20 00, INTERIOR DISTRIBUTION SYSTEM. Run all
circuits over 100 volts in conduit, metallic tubing, covered metal raceways,
or armored cable. Use plenum-rated cable for circuits under 100 volts in
enclosed spaces. Examples of these spaces include HVAC plenums, within
walls, above suspended ceilings, in attics, and within ductwork.

2.4.3.1 Power Wiring
The following requirements are for field-installed wiring:

a. Wiring for 24 V circuits shall be insulated copper 18 AWG minimum and
rated for 300 VAC service.

b. Wiring for 120 V circuits shall be insulated copper 14 AWG minimum and
rated for 600 VAC service.

2.4.3.2 Analog Signal Wiring

Field-installed analog signal wiring shall be 18 AWG single or multiple
twisted pair. Each cable shall be 100 percent shielded and have a 20 AWG
drain wire. Each wire shall have insulation rated for 300 VAC service.
Cables shall have an overall aluminum-polyester or tinned-copper cable-
shield tape.

2.5 FIRE PROTECTION DEVICES
2.5.1 Duct Smoke Detectors
Provide duct smoke detectors in HVAC ducts in accordance with NFPA 72 and

NFPA 90A, except as indicated otherwise. Provide UL listed or FM approved
detectors, designed specifically for duct installation.

Provide ionization or photoelectric type detectors. Detectors shall detect
both visible and invisible particles of combustion, and shall not be
susceptible to undesired operation by changes to relative humidity. Provide
each detector with an approved duct housing mounted exterior to the duct,
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and an integral perforated sampling tube extending across the width of the
duct. The detector housing shall have indicator lamps that light when the
detector is powered and when the detector is activated. Each detector shall
have an integral test port , test switch and or , remote keyed test device.
Connect new detectors to the building®s existing fire alarm control panel.
Provide control and power modules required for the operation of the
detectors in their own new control unit or integral with the existing fire
alarm panel. A ground fault, break, or open condition in the electrical
circuitry to any detector or its control or power unit shall cause
activation of a trouble signal at the building fire alarm panel. Electrical
supervision of wiring used exclusively for air-handling unit shutdown is not
required, provided a break in the wiring would cause shutdown of the
associated unit. Equipment and devices shall be compatible and operable in
all respects with, and shall in no way impair the reliability or operational
functions of, the existing fire alarm system. Provide descriptive zone
labels at the existing fire alarm panel indicating which new air-handling
unit detectors they serve and their location. Label zones modified in order
to accomplish the work.

2.6

2.6.1

INDICATORS

Thermometers

Provide bi-metal type thermometers at locations shown. Thermometers shall
have either 9 inch long scales or 3.5 inch diameter dials, with insertion,
immersion, or averaging elements. Provide matching thermowells for pipe-
mounted installations. Select scale ranges suitable for the intended
service, with the normal operating temperature near the scale"s midpoint.
The thermometer®s accuracy shall be plus or minus 2 percent of the scale
range.

2.6.2

Pressure Gauges for Piping Systems

Provide pipe-mounted pressure gauges at the locations shown. Gauges shall
conform to ASME B40.100 and have a 4-inch diameter dial and shutoff cock.
Provide gauges in steam piping with a pressure snubber pigtail fitting.
Select scale ranges suitable for the intended service, with the normal
operating pressure near the scale®s midpoint. The gauge"s accuracy shall be
plus or minus 2 percent of the scale range.

2.7

VARIABLE FREQUENCY (MOTOR) DRIVES

Provide variable frequency drives (VFDs) as indicated. VFDs shall convert
240 or 460 volt (plus or minus 10 percent), three phase, 60 hertz (plus or
minus 2Hz), utility grade power to adjustable voltage/frequency, three
phase, AC power for stepless motor control from 5 percent to 105 percent of
base speed. VFDs shall be UL listed as delivered to the end user. The VFD
shall meet the requirements specified in the most current National
Electrical Code. Each VFD shall also meet the following:

a.

b.

The VFD shall use sine coded Pulse Width Modulation (PWM) technology.
PWM calculations shall be performed by the VFD microprocessor.

The VFD shall be capable of automatic control by a remote 4-20 mA
signal, by network command, or manually by the VFD control panel.
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2.7.1

VFD Quality Assurance

VFDs shall be the manufacturer®s current standard production unit with at
least 10 identical units successfully operating in the field.

2.7.2

a.

2.7.3

VFD Service Support

Warranty: Provide the VFDs with a minimum 24-month full parts and
labor warranty. The warranty shall start when the contract"s HVAC
system is accepted by the Government. Include warranty documentation,
dates, and contact information with the VFD on-site service manuals.

VFD Service Manuals: Provide the VFDs with all necessary installation,
operation, maintenance, troubleshooting, service, and repair manuals in
English including related factory technical bulletins. Provide the
documents factory bound, in sturdy 3-ring binders, or hard bound
covers. Provide a title sheet on the outside of each binder indicating
the project title, project location, installing contractor, contract
number, and the VFD manufacturer, address, and telephone number. Each
binder shall include a table of contents and tabbed dividers, with all
material neatly organized. The documentation provided shall be
specifically applicable to this project, shall be annotated to reflect
the actual project conditions, and shall provide a complete and concise
depiction of the installed work. Provide a storage cabinet on or near
the VFD large enough to hold all of the documentation. Have the
cabinet"s proposed installation site approved in advance by the
Contracting Officer. Prominently label the cabinet "VFD OPERATION AND
MAINTENANCE MANUALS."™ Clearly label each manual with the wording
"MECHANICAL ROOM COPY - DO NOT REMOVE™.

Technical Support: Provide the VFDs with manufacturer®s technical
telephone support in English, readily available during normal working
hours, and free of charge for the life of the equipment.

Initial Start-Up: Provide the VFDs with factory-trained personnel for
the on-site start-up of the HVAC equipment and associated VFD. The
personnel shall be competent in the complete start-up, operation, and
repair of the particular model VFD installed. The factory start-up
representative shall perform the factory®s complete recommended start-
up procedures and check-out tests on the VFD. Include a copy of the
start-up test documentation with the VFD on-site service manuals.

Provide the VFDs with on-site/hands-on training for the user and
maintenance personnel. Provide a capable and qualified instructor with
minimum two years field experience with the operation and maintenance
of similar VFDs. The training shall occur during normal working hours
and last not less than 2 hours. Coordinate the training time with the
Contracting Officer and the end user. The VFD service manuals shall be
used during the training. The contractor shall ensure the manuals are
on-site before the start of training. The training shall cover all
operational aspects of the VFD.

VFD Features

VFDs shall have the following features:

a.

A local operator control keypad capable of:
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(1) Remote/Local operator selection with password access.

(2) Run/Stop and manual speed commands.

(3) AlIl programming functions.

(4) Scrolling through all display functions.
b. Digital display capable of indicating:

(1) VFD status.

(2) Frequency.

(3) Motor RPM.

(4) Phase current.

(5) Fault diagnostics in descriptive text.

(6) All programmed parameters.

c. Standard Pl loop controller with input terminal for controlled variable
and parameter settings.

d. User interface terminals for remote control of VFD speed, speed
feedback, and an isolated form C SPDT relay, which energizes on a drive
fault condition.

e. An isolated form C SPDT auxiliary relay which energizes on a run
command .

f. A metal NEMA 1 enclosure for indoors, NEMA 4 with heater for outdoors.
g- An adjustable carrier frequency with 16 KHz minimum upper limit.

h. A built in or external line reactor with 3 percent minimum impedance to
protect the VFDs DC buss capacitors and rectifier section diodes.

2.7.4 Programmable Parameters
VFDs shall include the following operator programmable parameters:
a. Upper and lower limit frequency.
b. Acceleration and Deceleration rate.
c. Variable torque volts per Hertz curve.
d. Starting voltage level.
e. Starting frequency level.
. Display speed scaling.

g. Enable/disable auto-restart feature.
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h. Enable/disable soft stall feature.
i. Motor overload level.

J- Motor stall level.

k. Jump frequency and hysteresis band.

1. PWM carrier frequency.

2.7.5 Protective Features

VFDs shall have the following protective features:

a. An electronic adjustable inverse time current limit with consideration
for additional heating of the motor at frequencies below 45Hz, for the
protection of the motor.

b. An electronic adjustable soft stall feature, allowing the VFD to lower
the frequency to a point where the motor will not exceed the full-load
amperage when an overload condition exists at the requested frequency.
The VFD will automatically return to the requested frequency when load

conditions permit.

c. A separate electronic stall at 110 percent VFD rated current, and a
separate hardware trip at 190 percent current.

d. Ground fault protection that protects the output cables and motor from
grounds during both starting and continuous running conditions.

e. The ability to restart after the following faults:
(1) Overcurrent (drive or motor).
(2) Power outage.
(3) Phase loss.
(4) Over voltage/Under voltage.

f. The ability shut down if inadvertently started into a rotating load
without damaging the VFD or the motor.

g- The ability to keep a log of a minimum of four previous fault
conditions, indicating the fault type and time of occurrence in
descriptive text.

h. The ability to sustain 110 percent rated current for 60 seconds

i. The ability to shutdown safely or protect against and record the
following fault conditions:

(1) Over current (and an indication if the over current was during
acceleration, deceleration, or running).

(2) Over current internal to the drive.
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(3) Motor overload at start-up.

(4) Over voltage from utility power.

(5) Motor running overload.

(6) Over voltage during deceleration.

(7) VFD over heat.

(8) Load end ground fault.

(9) Abnormal parameters or data in VFD EEPROM.
2.7.6 Minimum Operating Conditions

VFDs shall be designed and constructed to operate within the following
service conditions:

a. Ambient Temperature Range, O to 120 degrees F.

b. Non-condensing relative humidity to 90 percent.
2.7.7 Additional Features

Provide VFDs with the following additional features:

a. BACnet communication interface port

b. RFIZEMI Ffilters

PART 3 EXECUTION
3.1 INSTALLATION

Perform the installation under the supervision of competent technicians
regularly employed in the installation of DDC systems.

3.1.1 BACnet Naming and Addressing

Coordinate with the BAS Owner and provide unique naming and addressing for
BACnet networks and devices.

a. MAC Address

Every BACnet device shall have an assigned and documented MAC Address
unique to its network. For Ethernet networks, document the MAC Address
assigned at its creation. For ARCNET or MS/TP, assign from 00 to 64.

b. Network Numbering

Assign unique numbers to each new network installed on the BACnet

internetwork. Provide ability for changing the network number; either
by device switches, network computer, or Ffield operator interface. The
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C.

BACnet internetwork (all possible connected networks) can contain up to
65,534 possible unique networks.

Device Object Identifier Property Number

Assign unique Device "Object ldentifier" property numbers or device

The

For

The

f.

instances for each device on the BACnet internetwork. Provide for
future modification of the device instance number; either by device
switches, network computer, or field interface. BACnet allows up to
4,194,302 possible unique devices per internetwork.

Device Object Name Property Text
Device Object Name property field shall support 32 minimum printable
characters. Assign unique Device "Object Name"™ property names with
plain-English descriptive names for each device
example, the Device Object Name that for the device controlling the
chiller plant at Building 3408 would be:
Device Object Name = CW System B3408

A Device Object Name for a VAV box controller might be:

Device Object Name = VAV BOX25
Object Name Property Text (Other than Device Objects)
Object Name property field shall support 32 minimum printable
characters. Assign Object Name properties with plain-English names
descriptive of the application. Examples include '"Zone 1 Temperature"
and "Fan Start/Stop™.

Object ldentifier Property Number (Other than Device Objects)

Assign Object ldentifier property numbers according to design drawings or

3.1.2

For

all

The

tables if provided. If not provided, Object ldentifier property
numbers may be assigned at the Contractor®s discretion but must be
approved by the Government. In this case they must be documented and
unique for like object types within the device.

Minimum BACnet Object Requirements
Use of Standard BACnet Objects

the following points and parameters, use standard BACnhet objects, where
all relevant object properties can be read using BACnet®"s Read Property
Service, and all relevant object properties can be modified using
BACnet"s Write Property Service:

device physical inputs and outputs, all set points, all PID tuning
parameters, all calculated pressures, flow rates, and consumption
values, all alarms, all trends, all schedules, and all equipment and
lighting circuit operating status.

BACnet Object Description Property

Object Description property shall support 32 minimum printable
characters. For each object, complete the description property field
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C.

using a brief, narrative, plain English description specific to the
object and project application. For example: "HW Pump 1 Proof."
Document compliance, length restrictions, and whether the description
is writeable in the device PICS.

Analog Input, Output, and Value Objects

Support and provide Description and/or Device Type text strings matching

d.

signal type and engineering units shown on the points list.

Binary Input, Output, and Value Objects

Support and provide Inactive_Text and Active_Text property descriptions

For

Use

3.1.3

Use

matching conditions shown on the points list.
Calendar Object

devices with scheduling capability, provide at least one Calendar
Object with ten-entry capacity. All operators may view Calendar
Objects; authorized operators may make modifications from a
workstation. Enable the writeable Date List property and support all
calendar entry data types.

Schedule Object

Schedule Objects for all building system scheduling. All operators may
view schedule entries; authorized operators may modify schedules from a
workstation.

Loop Object or Equal

Loop Objects or equivalent BACnet objects in each applicable field
device for PID control. Regardless of program method or object used,
allow authorized operators to adjust the Update Interval, Setpoint,
Proportional Constant, Integral Constant, and Derivative Constant using
BACnet read/write services.

Minimum BACnet Service Requirements
Command Priorities
commandable BACnet objects to control machinery and systems, providing
the priority levels listed below. If the sequence of operation

requires a different priority, obtain approval from the Contracting
Officer.

Priority Level Application

Manual-Life Safety
Automatic-Life Safety
(User Defined)
(User Defined)
Critical Equipment Control
Minimum On/Off
(User Defined)
Manual Operator
(User Defined)

0 (User Defined)

POO~NOUITDAWNE
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b.

C.

11 Load Shedding
12 (User Defined)
13 (User Defined)
14 (User Defined)
15 (User Defined)
16 (User Defined)
Alarming

(1) Alarm Priorities - Coordinate alarm and event notification with the
BAS Owner.

(2) Notification Class - Enable writeable Priority, Ack Required, and
Recipient List properties of Notification Class objects.

(3) Event Notification Message Texts - Use condition specific narrative
text and numerical references for alarm and event notification.

Updating Displayed Property Values

Allow workstations to display property values at discrete polled intervals,

3.1.4

or based on receipt of confirmed and unconfirmed Change of Value
notifications. The COV increment shall be adjustable by an operator
using BACnet services, and polled intervals shall be adjustable at the
operator workstation.

Local Area Networks

Obtain Government approval before connecting new networks with existing
networks. Network numbers and device instance numbers shall remain unique
when joining networks. Do not change existing network addressing without
Government approval. See also "BACnet Naming and Addressing'.

3.1.5

BACnet Routers, Bridges, and Switches

Provide the quantity of BACnet routers, bridges, and switches necessary for
communications shown on the BACnet Communication Architecture schematic.
Provide BACnet routers with BACnet Broadcast Message Device (BBMD)
capability on each BAChet internetwork communicating across an IP network.
Configure each BACnet device and bridge, router, or switch to communicate on

its

3.1.6

a.

b.

network segment.
Wiring Criteria

Run circuits operating at more than 100 volts in rigid or flexible
conduit, metallic tubing, covered metal raceways, or armored cable.

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.

Provide circuit and wiring protection required by NFPA 70.

Run all wiring located inside mechanical rooms in conduit.

Do not bury aluminum-sheathed cable or aluminum conduit in concrete.
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f. 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 that fully encircles the wire, cable,
or tube. Locate the markers within 2 inches of each termination.
Match the names and 1/0 number to the project®s point list. Similarly
label all power wiring serving control devices, including the word
"power™ in the label. Number each pneumatic tube every six feet.
Label all terminal blocks with alpha/numeric labels. All wiring and
the wiring methods shall be in accordance with UL 508A.

g- For controller power, provide new 120 VAC circuits, with ground.
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.

h. 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.

i. 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 shall have a direct path to
the building earth ground. Ground sensor drain wire shields at the
controller end.

J- The Contractor shall be responsible for correcting all associated
ground loop problems.

k. Run wiring in panel enclosures in covered wire track.
3.1.7 Accessibility
Install all equipment so that parts requiring periodic inspection,
operation, maintenance, and repair are readily accessible. Install digital
controllers, data ports, and concealed actuators, valves, dampers, and like
equipment in locations freely accessible through access doors.
3.1.8 Digital Controllers
a. Install as stand alone control devices (see definitions).
b. Locate control cabinets at the locations shown on the drawings. |[If not
shown on the drawings, install in the most accessible space, close to
the controlled equipment.

3.1.9 Hand-Off-Auto Switches

Wire safety controls such as smoke detectors and freeze protection
thermostats to protect the equipment during both hand and auto operation.

3.1.10 Temperature Sensors

Install temperature sensors in locations that are accessible and provide a
good representation of sensed media. Installations in dead spaces are not
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acceptable. Calibrate sensors according to manufacturer®s instructions. Do
not use sensors designed for one application in a different application.

3.1.10.1 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 the
sensor 54 inches above the floor to meet ADA requirements.

3.1.10.2 Duct Temperature Sensors

a. Probe Type: Provide a gasket between the sensor housing and the duct
wall. Seal the duct penetration air tight. Seal the duct insulation
penetration vapor tight.

b. Averaging Type (and coil freeze protection thermostats): Weave the
capillary tube sensing element in a serpentine fashion perpendicular to
the flow, across the duct or air handler cross-section, using durable
non-metal supports. Prevent contact between the capillary and the duct
or air handler internals. Provide a duct access door at the sensor
location. The access door shall 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 shall be fully accessible through the air handler®s access
doors without removing any of the air handler®s internals.

3.1.10.3 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. 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 shall not restrict flow area to less
than 70 percent of pipe area. Increase piping size as required to avoid
restriction. Provide thermal conductivity material within the well to fully
coat the inserted sensor.

3.1.10.4 Outside Air Temperature Sensors
Provide outside air temperature sensors in weatherproof enclosures on the
north side of the building, away from exhaust hoods and other areas that may

affect the reading. Provide a shield to shade the sensor from direct
sunlight.

3.1.11 Energy Meters

Locate energy meters as indicated. Connect each meter output to the DDC
system, to measure both instantaneous and accumulated energy usage.

3.1.12 Damper Actuators
Where possible, mount actuators outside the air stream in accessible areas.

3.1.13 Thermometers and Gages
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Mount devices to allow reading while standing on the floor or ground, as
applicable.

3.1.14 Pressure Sensors
Locate pressure sensors as indicated.
3.1.15 Component ldentification Labeling

Using an electronic hand-held label maker with white tape and bold black
block lettering, provide an identification label on the exterior of each new
control panel, control device, actuator, and sensor. Also provide labels on
the exterior of each new control actuator indicating the (full) open and
(full) closed positions. For labels located outdoors, use exterior grade
label tape, and provide labels on both the inside and outside of the panel
door or device cover. Acceptable alternatives are white plastic labels with
engraved bold black block lettering permanently attached to the control
panel, control device, actuator, and sensor. Have the labels and wording
approved by the BAS Owner prior to installation.

3.1.16 Network and Telephone Communication Lines

When telephone lines or network connections by the Government are required,
provide the Contracting Officer at least 60 days advance notice of need.

3.2 TEST AND BALANCE SUPPORT

The controls contractor shall coordinate with and provide on-site support to
the test and balance (TAB) personnel specified under Section 23 05 93
TESTING, ADJUSTING AND BALANCING. This support shall include:

a. On-site operation and manipulation of control systems during the
testing and balancing.

b. Control setpoint adjustments for balancing all relevant mechanical
systems, including VAV boxes.

c. Tuning control loops with setpoints and adjustments determined by TAB
personnel.

3.3 CONTROLS SYSTEM OPERATORS MANUALS

Provide two electronic and printed copies of a Controls System Operators
Manual. The manual shall be specific to the project, written to actual
project conditions, and provide a complete and concise depiction of the
installed work. Provide information in detail to clearly explain all
operation requirements for the control system.

Provide with each manual: CDs of the project"s control system drawings,
control programs, data bases, graphics, and all items listed below. Include
gateway back-up data and configuration tools where applicable. Provide CDs
in jewel case with printed and dated project-specific labels on both the CD
and the case. For text and drawings, use Adobe Acrobat or MS Office file
types. When approved by the Government, AutoCAD and Visio files are
allowed. Give files descriptive English names and organize in folders.
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Provide printed manuals in sturdy 3-ring binders with a title sheet on the
outside of each binder indicating the project title, project location,
contract number, and the controls contractor name, address, and telephone
number. Each binder shall include a table of contents and tabbed dividers,
with all material neatly organized. Manuals shall include the following:

a.

A copy of the as-built control system (shop) drawings set, with all
items specified under the paragraph "Submittals.” Indicate all field
changes and modifications.

A copy of the project"s mechanical design drawings, including any
official modifications and revisions.

A copy of the project"s approved Product Data submittals provided under
the paragraph "Submittals."

A copy of the project"s approved Performance Verification Testing Plan
and Report.

A copy of the project"s approved final TAB Report.

Printouts of all control system programs, including controller setup
pages if used. Include plain-English narratives of application
programs, flowcharts, and source code.

Printouts of all physical input and output object properties, including
tuning values, alarm limits, calibration factors, and set points.

A table entitled "AC Power Table' listing the electrical power source
for each controller. Include the building electrical panel number,
panel location, and circuit breaker number.

The DDC manufacturer®s hardware and software manuals in both print and
CD format with printed project-specific labels. Include installation
and technical manuals for all controller hardware, operator manuals for
all controllers, programming manuals for all controllers, operator
manuals for all workstation software, installation and technical
manuals for the workstation and notebook, and programming manuals for
the workstation and notebook software.

A list of qualified control system service organizations for the work
provided under this contract. Include their addresses and telephone
numbers.

A written statement entitled "Technical Support™ stating the control
system manufacturer or authorized representative will provide toll-free
telephone technical support at no additional cost to the Government for
a minimum of two years from project acceptance, will be furnished by
experienced service technicians, and will be available during normal
weekday working hours. Include the toll-free technical support
telephone number.

A written statement entitled "Software Upgrades'™ stating software and
firmware patches and updates will be provided upon request at no

additional cost to the Government for a minimum of two years from
contract acceptance. Include a table of all DDC system software and
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firmware provided under this contract, listing the original release
dates, version numbers, part numbers, and serial numbers.

3.3.1 Storage Cabinets

In each project mechanical room, provide a wall-mounted metal storage
cabinet with hinged doors. In addition to the number of manuals specified
above, provide an additional copy of the manuals in each of these mechanical
room storage cabinets. Provide cabinets large enough to hold the entire set
of Controls System Operators Manuals, and the HVAC operation and maintenance
manuals provided under Division 15 MECHANICAL. Locate cabinets adjacent to
DDC control panels where applicable. Have each cabinet®s proposed
installation site approved in advance by the Contracting Officer and the BAS
Owner. Prominently label each cabinet with the wording "OPERATION AND
MAINTENANCE MANUALS."™ Prominently label each binder with the wording
""MECHANICAL ROOM COPY - DO NOT REMOVE."

3.4 PERFORMANCE VERIFICATION TESTING (PVT)
3.4.1 General

The PVT shall demonstrate compliance of the control system work with the
contract requirements. The PVT shall be performed by the Contractor and
witnessed and approved by the Government. |IFf the project is phased, provide
separate testing for each phase. A Pre-PVT meeting to review the Pre-PVT
Checklist is required to coordinate all aspects of the PVT and shall include
the Contractor®s QA representative, the Contractor"s PVT administrator, the
Contracting Officer"s representative, and the BAS Owner.

3.4.2 Performance Verification Testing Plan

Submit a detailed PVT Plan of the proposed testing for Government approval.
Develop the PVT Plan specifically for the control system in this contract.
The PVT Plan shall be an clear list of test items arranged in a logical
sequence. Include the intended test procedure, the expected response, and
the pass/fTail criteria for every component tested.

The plan shall clearly describe how each item is tested, indicate where
assisting personnel are required (like the mechanical contractor), and
include what procedures are used to simulate conditions. Include a separate
column for each checked item and extra space for comments. Where sequences
of operations are checked, insert each corresponding routine from the
project’s sequence of operation. For each test area, include signature and
date lines for the Contractor®s PVT administrator, the Contractor®s QA
representative, the Contracting Officer"s representative, and the BAS Owner
to acknowledge successful completion. The BAS Owner can provide sample PVT
forms and procedures upon request.

3.4.3 PVT Sample Size

Test all central plant equipment and primary air handling unit controllers
unless otherwise directed. Twenty percent sample testing is allowed for
identical controllers typical of terminal control like VAV boxes and fan
coil units. The Government may require testing of like controllers beyond a
statistical sample 1T sample controllers require retesting or do not have
consistent results.
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The Government may witness all testing, or random samples of PVT items.
When only random samples are witnessed, the Government may choose which
ones.

3.4.4 Pre-Performance Verification Testing Checklist

Submit the following as a list with items checked off once verified.
Provide a detailed explanation for any items that are not completed or
verified.

a.

Verify all required mechanical installation work is successfully
completed, and all HVAC equipment is working correctly (or will be b
the time the PVT is conducted).

Verify HVAC motors operate below full-load amperage ratings.

EDM1715

y

Verify all required control system components, wiring, and accessories

are installed.

Verify the installed control system architecture matches approved
drawings.

Verify all control circuits operate at the proper voltage and are free

from grounds or faults.
Verify all required surge protection is installed.

Verify the A/C Power Table specified in ""CONTROLS SYSTEM OPERATORS
MANUALS'" is accurate.

Verify all DDC network communications function properly, including
uploading and downloading programming changes.

Using the BACnet protocol analyzer (if provided or required in this
specification), verify communications are error free.

Verify each digital controller’s programming is backed up.
Verify all wiring, components, and panels are properly labeled.
Verify all required points are programmed into devices.

Verify all TAB work affecting controls is complete.

Verify all valve and actuator zero and span adjustments are set
properly.

Verify all sensor readings are accurate and calibrated.

Verify each control valve and actuator goes to normal position upon
loss of power.

Verify all control loops are tuned for smooth and stable operation.
View trend data where applicable.

Verify each controller works properly in stand-alone mode.
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S.

3.4.6

Verify all safety controls and devices function properly, including
freeze protection and interfaces with building fire alarm systems.

Verify all electrical interlocks work properly.

Verify all workstations, notebooks and maintenance personnel interface
tools are delivered, all system and database software is installed, and
graphic pages are created for each workstation and notebook.

Verify the as-built (shop) control drawings are completed.
Conducting Performance Verification Testing

Conduct Government-witnessed PVT after approval of the PVT Plan and the
completed Pre-PVT Checklist. Notify the Contracting Officer of the
planned PVT at least 15 days prior to testing. Provide an estimated
time table required to perform the testing. Furnish personnel,
equipment, instrumentation, and supplies necessary to perform all
aspects of the PVT. Ensure that testing personnel are regularly
employed in the testing and calibration of DDC systems. Using the
project"s as-built control system (shop) drawings, the project"s
mechanical design drawings, the approved Pre-PVT Checklist, and the
approved PVT Plan, conduct the PVT.

During testing, identify any items that do not meet the contract
requirements and if time permits, conduct immediate repairs and re-
test. Otherwise, deficiencies shall be investigated, corrected, and
re-tested later. Document each deficiency and corrective action taken.

IT re-testing is required, follow the procedures for the initial PVT.
The Government may require re-testing of any control system components
affected by the original failed test.

Controller Capability and Labeling

Test the following for each controller:

a.

Memory: Demonstrate that programmed data, parameters, and trend/ alarm
history collected during normal operation is not lost during power
failure.

Direct Connect Interface: Demonstrate the ability to connect directly
to each type of digital controller with a portable electronic device
like a notebook computer or PDA. Show that maintenance personnel
interface tools perform as specified in the manufacturer®s technical
literature.

Stand Alone Ability: Demonstrate controllers provide stable and
reliable stand-alone operation using default values or other method for
values normally read over the network.

Wiring and AC Power: Demonstrate the ability to disconnect any
controller safely from its power source using the AC Power Table.
Demonstrate the ability to match wiring labels easily with the control
drawings. Demonstrate the ability to locate a controller®s location
using the BACnet Communication Architecture Schematic and floor plans.
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3.4.7

For

3.4.8

Nameplates and Tags: Show the nameplates and tags are accurate and
permanently attached to control panel doors, devices, sensors, and
actuators.

Workstation and Software Operation
every user workstation or notebook provided:
Show points lists agree with naming conventions.
Show that graphics are complete.

Show the UPS operates as specified.

BACnet Communications and Interoperability Areas

Demonstrate proper interoperability of data sharing, alarm and event
management, trending, scheduling, and device and network management. If
available or required in this specification, use a BACnhet protocol analyzer
to assist with identifying devices, viewing network traffic, and verifying
interoperability. These requirements must be met even if there is only one
manufacturer of equipment installed. Testing includes the following:

a.

b.

Data Presentation: On each BACnet Operator Workstation, demonstrate
graphic display capabilities.

Reading of Any Property: Demonstrate the ability to read and display
any used readable object property of any device on the network.

Setpoint and Parameter Modifications: Show the ability to modify all
setpoints and tuning parameters in the sequence of control or listed on
project schedules. Modifications are made with BAChet messages and
write services initiated by an operator using workstation graphics, or
by completing a field in a menu with instructional text.

Peer-to-Peer Data Exchange: Show all BAChet devices are installed and
configured to perform BACnet read/write services directly (without the
need for operator or workstation intervention), to implement the
project sequence of operation, and to share global data.

Alarm and Event Management: Show that alarms/events are installed and
prioritized according to the BAS Owner. Demonstrate time delays and
other logic is set up to avoid nuisance tripping, e.g., no status
alarms during unoccupied times or high supply air during cold morning
start-up. Show that operators with sufficient privilege can read and
write alarm/event parameters for all standard BAChet event types. Show
that operators with sufficient privilege can change routing (BACnet
notification classes) for each alarm/event including the destination,
priority, day of week, time of day, and the type of transition involved
(TO-OFF NORMAL, TO-NORMAL, etc.).

Schedule Lists: Show that schedules are configured for start/stop,
mode change, occupant overrides, and night setback as defined in the
sequence of operations.

Schedule Display and Modification: Show the ability to display any
schedule with start and stop times for the calendar year. Show that
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all calendar entries and schedules are modifiable from any connected
workstation by an operator with sufficient privilege.

h. Archival Storage of Data: Show that data archiving is handled by the
operator workstation/server, and local trend archiving and display is
accomplished with BACnet Trend Log objects.

i. Modification of Trend Log Object Parameters: Show that an operator
with sufficient privilege can change the logged data points, sampling
rate, and trend duration.

J- Device and Network Management: Show the following capabilities:
(1) Display of Device Status Information
(2) Display of BACnet Object Information
(3) Silencing Devices that are Transmitting Erroneous Data
(4) Time Synchronization
(5) Remote Device Reinitialization
(6) Backup and Restore Device Programming and Master Database(s)
(7) Configuration Management of Half-Routers, Routers and BBMDs
3.4.9 Execution of Sequence of Operation
Demonstrate that the HVAC system operates properly through the complete
sequence of operation. Use read/write property services to globally read
and modify parameters over the internetwork.
3.4.10 Control Loop Stability and Accuracy
For all control loops tested, give the Government trend graphs of the
control variable over time, demonstrating that the control loop responds to
a 20 percent sudden change of the control variable set point without
excessive overshoot and undershoot. If the process does not allow a 20
percent set point change, use the largest change possible. Show that once
the new set point is reached, it is stable and maintained. Control loop
trend data shall be in real-time with the time between data points 30
seconds or less.
3.4.11 Performance Verification Testing Report
Upon successful completion of the PVT, submit a PVT Report to the Government
and prior to the Government taking use and possession of the facility. Do
not submit the report until all problems are corrected and successfully re-
tested. The report shall include the annotated PVT Plan used during the
PVT. Where problems were identified, explain each problem and the
corrective action taken. Include a written certification that the
installation and testing of the control system is complete and meets all of
the contract®s requirements.

3.5 TRAINING REQUIREMENTS
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Provide a qualified instructor (or instructors) with two years minimum field
experience with the installation and programming of similar BACnet DDC
systems. Orient training to the specific systems installed. Coordinate
training times with the Contracting Officer and BAS Owner after receiving
approval of the training course documentation. Training shall take place at
the job site and/or a nearby Government-furnished location. A training day
shall occur during normal working hours, last no longer than 8 hours and
include a one-hour break for lunch and two additional 15-minute breaks. The
project"s approved Controls System Operators Manual shall be used as the
training text. The Contractor shall ensure the manuals are submitted,
approved, and available to hand out to the trainees before the start of
training.

3.5.1 Training Documentation
Submit training documentation for review 30 days minimum before training.
Documentation shall include an agenda for each training day, objectives, a
synopses of each lesson, and the instructor®s background and qualifications.
The training documentation can be submitted at the same time as the
project"s Controls System Operators Manual.

3.5.2 Phase 1 Training - Fundamentals
The Phase 1 training session shall last one day and be conducted in a
classroom environment with complete audio-visual aids provided by the
contractor. Provide each trainee a printed 8.5 by 11 inch hard-copy of all
visual aids used. Upon completion of the Phase 1 Training, each trainee
should fully understand the project"s DDC system fundamentals. The training
session shall include the following:

a. BACnet fundamentals (objects, services, addressing) and how/where they
are used on this project

b. This project®s list of control system components

c. This project”s list of points and objects

d. This project®s device and network communication architecture

e. This project”s sequences of control, and:

f. Alarm capabilities

g- Trending capabilities

h. Troubleshooting communication errors

i. Troubleshooting hardware errors

3.5.3 Phase Il Training - Operation
Provide Phase Il Training shortly after completing Phase I Training. The
Phase Il training session shall last two consecutive days and be conducted
at the DDC system workstation, at a notebook computer connected to the DDC

system in the field, and at other site locations as necessary. Upon
completion of the Phase 1l Training, each trainee should fully understand
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the project"s DDC system operation. The training session shall include the
following:

a.

A walk-through tour of the mechanical system and the installed DDC
components (controllers, valves, dampers, surge protection, switches,
thermostats, sensors, etc.)

A discussion of the components and functions at each DDC panel
Logging-in and navigating at each operator interface type

Using each operator interface to find, read, and write to specific
controllers and objects

Modifying and downloading control program changes

Modifying setpoints

Creating, editing, and viewing trends

Creating, editing, and viewing alarms

Creating, editing, and viewing operating schedules and schedule objects
Backing-up and restoring programming and data bases

Modifying graphic text, backgrounds, dynamic data displays, and links
to other graphics

Creating new graphics and adding new dynamic data displays and links
Alarm and Event management

Adding and removing network devices

-- End of Section --
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EDML715

SECTION 23 25 00

CHEM CAL TREATMENT OF WATER FOR MECHANI CAL SYSTEMS
11/08

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASME | NTERNATI ONAL ( ASME)

ASME B40. 100 (2005) Pressure Gauges and Gauge
Attachnents

ASTM | NTERNATI ONAL ( ASTM

ASTM D 2688 (2011) Corrosivity of Water in the Absence
of Heat Transfer (Wight Loss Methods)

ASTM D 596 (2001; R 2011) Reporting Results of
Anal ysi s of Water

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOC!I ATI ON ( NEMA)

NEVA MG 1 (2009) Mdtors and Generators

.2 SYSTEM DESCRI PTI ON

Thi s section covers the provisions and installation procedures necessary
for a conplete and totally functional water systemn(s) chemical treatnent.
Provide and install the systemw th all necessary System Conponents,
Accessories, Piping Conmponents, and Suppl enental Conponents/ Servi ces.

.3 SUBM TTALS

CGovernnment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for Contractor Quality Control
approval . Subnmit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 03 Product Data

Water Treatnent Systen;, G
Water Analysis; G

Spare Parts

Field Instructions

Tests; G

Trai ning Course; G

SD- 06 Test Reports
Condenser Water QA Tests
Steam Boi |l er Water QA Tests
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SD-10 Operation and Mai ntenance Data
Wat er Treatnent System
1.4 QUALI TY ASSURANCE
1.4.1 Saf ety

Exposed noving parts, parts that produce high operating tenperature, parts
which nmay be electrically energized, and parts that may be a hazard to
operating personnel shall be insulated, fully enclosed, guarded, or fitted
with other types of safety devices. Install safety devices so that proper
operation of equipnment is not inpaired. Provide catwal k, |adder, and
guardrail where indicated and in accordance with Section 05 50 13

M SCELLANEQUS METAL FABRI CATI ONS .

1.4.2 Dr awi ngs

Because of the small scale of the drawings, it is not possible to indicate
all offsets, fittings, and accessories that may be required. Carefully
investigate the plunbing, fire protection, electrical, structural and
finish conditions that would affect the work to be perforned and arrange
such work accordingly, furnishing required offsets, fittings, and
accessories to neet such conditions.

1.5 DELI VERY, STORAGE, AND HANDLI NG

Protect all equipnent delivered and placed in storage fromthe weather,
hum dity and tenperature variations, dirt and dust, or other contam nants.

1.6 MAI NTENANCE

Submit spare parts data for each different itemof material and equi pnent
specified, after approval of the detail drawi ngs, not |later than 1 nonths
prior to the date of beneficial occupancy. The data shall include a
complete list of parts and supplies, with source of supply

PART 2 PRODUCTS
2.1 STANDARD PRODUCTS

a. Provide materials and equi prent which are standard products of a
manuf acturer regularly engaged in the manufacturing of such products,
that are of a simlar material, design and workmanshi p and that have
been in satisfactory commercial or industrial use for two years prior
to bid opening.

b. The two-year use shall include applications of equipnment and
material s under sinilar circunstances and of simlar size. The two
years experience shall have been satisfactorily conpleted by a product
whi ch has been sold or is offered for sale on the comercial market

t hrough advertisenents, nanufacturer's catal ogs, or brochures.

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

c. Al products shall be supported by a service organization. Submt
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a certified list of qualified pernanent service organi zations for
support of the equipment, including their addresses and
qualifications. These service organizations shall be reasonably
convenient to the equi pnment installation and shall be able to render
sati sfactory service to the equi pment on a regular and energency basis
during the warranty period of the contract.

d. The selected service organization shall provide the chenicals
requi red, the concentrations required, and the water treatnent

equi pnent sizes and flow rates required. The conpany shall provide al
chemicals required for the condenser and chilled water systens and fil
the systens with chemicals to the levels specified. The chemical shal
neet the requirenments of this specification as well as the
recommendati ons fromthe manufacturers of the condenser and cooling
tower. Acid treatnment chemicals shall not be used.

2.2 NAVEPLATES

Each maj or component of equi prent shall have the manufacturer's nane,
address, type or style, and catal og or serial nunber on a plate securely
attached to the item of equipnment. Naneplates shall be provided for

a. Punmp(s)
b. Punp Mtor(s)
2.3 ELECTRI CAL WORK

El ectrical equi pment, notors, notor efficiencies, and wiring shall be in
accordance with Section 26 20 00 | NTERI OR DI STRI BUTI ON SYSTEM  Provi de

el ectrical notor driven equip